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Am2900 COMPONENTS CONTINUOUSLY
BECOME FASTER AND FASTER

MORE SPEED: NO MORE POWER

There's a good old tried and proven way to make faster IC's —
burn more power. (That's the only real difference between “LS"
and “S” devices). But that solution isn't satisfactory for LS| de-
vices like the Am2900 family. Power is constrained to existing
tevels for reliability reasons.

Am2900 parts are always designed to obtain the maximum
speed at a power level which is safe for the package types and
operating environment of the part. To increase speeds, new
technologies must be used to build faster components at no
increase in power.

NEW CIRCUIT DESIGN TECHNIQUES MAKE FASTER
GATES

One way to make faster components is to use new circuit de-
sign techniques. The most obvious is internal ECL, which pro-
vides very fast gates at similar power levels to LS TTL. Other
design techniques, such as low-leve! logic (with very small logic
swings on-chip), can also provide higher speeds without intro-
ducing the time penalty of ECL to TTL conversion.

Finally, very low power gates used in non-critical speed paths
make more power available for use in critical speed paths. As
the 2900 family develops, all these technologies will be used
within a single component to achieve the highest speeds with-
out increasing power. Among the first products to take advan-
tage of mixed-circuit technology will be the Am2903A.

IMPROVED PROCESS CONTROL ALLOWS TIGHTER
SPECS

Today’s 2900 parts are carefully characterized over a wide
range of voltages, temperatures, and process parameters be-

fore an AC specification is published. As manufacturing
technology improves, the process is subject to smaller run-to-
run variations, so that all of the product is closer to design
nominal. This makes it possible to specify parameters more
closely to typical without incurring large yield losses. The first
product reflecting this is the Am2903.

WHAT'S GOOD FOR THE GOOSE IS GOOD FOR THE
GANDER

Many new tools in production technology are emerging, primar-
ily spurred by the emphasis on high-speed MOS memories.
The same tools, such as projection masking, also provide for
smaller geometries in bipolar circuits. As MOS gets faster, so
does bipolar. The Am2901B obtains its speed improvement over
the Am2901A through these tools.

DESIGN FOR THE FUTURE

Every Am2900 part will undergo an evolution as new
technologies become practical for production. Every part type
will continuously become faster. Within a few short years, 2900-
based designs will compete favorably with Schottky MSI on a
speed basis at a fraction of the component count.

Most existing 2900 designs can be offered in higher perfor-
mance versions simply by substitution of the 2901B for the
2901A, the 2909A for the 2909, the 2903A for the 2903, and so
forth. Your 2900 design won't run out of speed in a few years.
Advanced Micro Devices’ 2900 Family will serve tomorrow’s
needs as well as today's.
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INTRODUCTION

THREE GENERATIONS OF TTL

Transistor-transistor logic has been the dominant technology
for digital circuits since it was developed in the mid-1960's.
It has proven itself to be manufacturable in high volume using
an extremely reliable process technology. The processes used
for TTL have evolved over the years, making components
smaller, faster and less expensive. Relative to a TTL gate
manufactured in 1966, a gate on a circuit manufactured today
occupies 1/5 the area, consumes 1/10 the power, is twice as
fast and costs less than 1/100 the price.

The circuits built using TTL technology have gone through
two generations; the Am2900 Family represents the beginning
of the third. Each generation consists of circuits which are
fundamental building blocks of systems — circuits which can
be interconnected in many different ways to build many
different systems. Only by producing such universal circuits
can manufacturing volumes be high enough to generate the
rapid cost reductions characteristic of the integrated circuit
industry.

The quality which distinguishes one generation from another
is the level of integration used, and, because of the level of
integration, the philosophy behind the circuit.

if one draws a curve plotting the cost of an individual gate
against the number of gates on a chip, Figure 1 results.

LABOR
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Figure 1. MPR-001

At the left, cost per gate is inversely proportional to the
number of gates on the chip. The chip is small enough that
it does not represent a significant portion of the cost of the
product — it is virtually free. The cost of the product is
composed of labor in assembly and test, the cost of processing
an order, shipping and fixed overhead. Doubling the number of
gates on the chip doesn’t materially affect the cost so the cost
per gate halves. As the number of gates per chip increases, the
die begins to cost more, reversing the downward trend. As die
cost dominates, the cost per gate remains relatively flat until
the yield of the die begins to decline markedly. The cost per
gate then begins to fise again. The lowest cost per gate is
achieved .at a level of integration corresponding to the flat
region. This is the optimum level of integration.

As technology improves, costs are constantly reduced and the
/ optimum level of integration occurs at more and more gates
* per chip.

The three curves of Figure 2 are the reason for the three
generations of TTL. Each generation has consisted of funda-
mental system building blocks designed to take advantage of
the optimum level of integration at the time.
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GENERATION | — SSI, 1965

In 1965, the optimum level of integration was three-to-six
gates per chip. Users were delighted to buy such chips at
$10-20 each. The circuits were useful in many systems, They
consisted of gates — the 7400, 7410, 7420 — and, pressing the
state of the art, some flip-flops. They were fundamental
building blocks.

GENERATION Il — MSI, 1970

Beginning around 1968, it became economical to put more
gates on a chip and the industry was faced with a problem:
How does one put 20 gates on a chip and build a universal
building block? Clearly, one answer was to bring the inputs
and outputs off chip as had been done before. But that was
the wrong answer. The right answer was to redefine funda-
mental building blocks. The new building blocks fell into seven
categories:

Counters

Decoders

Multiplexers

Operators (adders, comparators)
Encoders

Registers

Latches

All systems could be defined in terms of these seven functions,
and integrated circuits could be defined at the 20-50 gate/
chip level which performed these functions efficiently. This,
of course, is MSI. Over the last six or seven years, more and
more circuits of this type have been introduced, utilizing
standard gold-doped technology, low-power TTL, high-speed
TTL, Schottky TTL, and now low-power Schottky TTL
technology. Today, there are over 250 different MSI circuits
and new ones appear every month. But in today’s technology,
many of these circuits are not particularly cost effective. They
are too small for today’s technology and their costs are labor
intensive. (Labor costs do not follow traditional semiconductor
pricing patterns.) In 1977, the optimum level of integration
for bipolar logic is around 500 gates/chip.

GENERATION 11l — The Am2900 Family, 1976

At a 500-gate-per-chip level of integration, one does not build
counters, decoders, and multiplexers. A new definition of
fundamental system functions is needed. Advanced Micro
Devices has defined these eight categories:



Data Manipulation
Microprogram Control
Macroprogram Control
Priority Interrupt
Direct Memory Access
1/0 Control

Memory Control
Front Panel Control

The Am2900 Family consists of circuits designed to perform
those functions efficiently. They are fundamental system
building blocks they contain hundreds of gates per chip;
they are fast — utili izing Low-Power Schottky TTL technology;
they are expandable; they are flexible — useful in emulation;
and they are driven under microprogram control.

THE Am2900 FAMILY

The Am2900 Family consists of a series of LS| building blocks
designed for use in microprogrammed computers and con-
trollers. Each device is designed to be expandable and suffi-
ciently flexible to be suitable for emulation of many existing
machines. It is the wide variety of machine architectures
possible with the Am2900 Family which sets it apart from the
fixed-instruction microprocessors such as the Am9080A.

While an Am9080A can be used to build a microcomputer with
only four or five packages, an Am2900 design will require 30
or 40 or more. The Am9080A design will, therefore, almost
always be cheaper. But the Am9080A, or any other fixed-
instruction processor, can execute only one instruction set, so
it is not really suitable for emulation of another machine.

Moreover, a fixed-instruction processor operates only on
words of a single length, usually eight bits. An Am2900 design,
on the qther hand, can be constructed for any word length
which is a multiple of four bits.

Many applications require specialized operations to be per-
formed at relatively high speed. Such functions as multiply
and divide and special graphic control operations, can be done
in microcode 10-100 times faster than in fixed-instruction
MOS processors.

MICROPROGRAMMED ARCHITECTURE

Most small processors today are being designed using a tech-
nique called microprogramming. in microprogrammed systems,
a large portion of the system’s control is performed by a read
only memory (usually PROM) rather than large arrays of gates
and flip-flops. This technique frequently reduces the package
count in the controller and provides a highly ordered structure
in the controller, not present when random logic is used.
Moreover, microprogramming makes chaiges in-the machines’

instruction set very simple to perform — reducing the post-

production engineering costs for the system substantially.

The Am2900 Family of Bipolar LS| devices has been designed
for use in microprogrammed systems. Each device performs a
basic system function and is driven by a set of control lines
from a microinstruction.

Figure 3 illustrates a typical system architecture. There are
two ‘“‘sides’ to the system. At the left is the control circuitry
and on the right is the data manipulation circuitry. The block
labeled “2901 array”” consists of the ALU, scratchpad registers,
data steering logic (all internal to the Am2901's), plus left/
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right shift control and carry lookahead circuit. Data is pro-
cessed by moving it from main memory (not shown) into the
2901 registers, performing the required operations on it and
returning the result to main memory. Memory addresses may
also be generated in the 2901's and sent out to the memory
address register (MAR). The four status bits from the 2901's
ALU are captured in the status register after each operation.

The logic on the left side is the control section of the com-
puter. This is where the Am2909, 2910, or 2911 is used. The
entire system is controlled by a memory, usually PROM,
which contains long words called microinstructions. Each
microinstruction contains bits to control each of the data
manipulation elements in the system. There are, for example,

-nine bits for the 2901 instruction lines, eight bits for the A

and B register addresses, two or three bits to control the
shifting multiplexers at the ends of the 2901 array (Figure 19
on 2901 data sheet), and bits to control the register enables
on the MAR, instruction register, and various bus transceivers.
When the bits in a microinstruction are applied to all the data
elements and everything is clocked, then one small operation
(such as a data transfer or a register-to-register add) will occur.

A “machine instruction’ (such as a minicomputer instruction
or a 9080A instruction) is performed by executing several
microinstructions in sequence. Each microinstruction therefore
contains not only bits to control the data hardware, but also
bits to define the location in PROM of the next microinstruc-
tion to be executed. The fields are labeled in Figure 3 as |, CC,
and BA. The | field controls the sequencer. It indicates where
the next address is located — the uPC, the stack, or the direct
inputs — and whether the stack is to be pushed or popped.

The CC field contains bits indicating the conditions under
which the 1 field applies. These are compared with the condi-
tion codes in the status register and may cause modification to
the | field. The comparing and modification occurs in the
block labeled “control logic”. Frequently this isa PROM or PLA.
In the case of the Am2910, it is built into the chip. The BA field
is a branch address or the address of a subroutine.

PIPELINING

The address for the microinstructions is generated by the
sequencer, starting from a clock edge. The address goes from
the sequencer to the ROM and, an access time later, the micro-
instruction is at the ROM outputs.

A pipeline register is a register placed on the output of the
microprogram memory to essentially split the system in two.
The pipeline register contains the microinstruction currently
being executed (1). (Refer to the circled numbers in Figure 3.)
The data manipulation control bits go out to the system
elements and a portion of the microinstruction-is returned to
the sequencer () to determine the address of the next micro-
instruction to be executed. That address (3) is sent to the ROM
and the next microinstruction @ sits at the input of the
pipeline register. So while the 2901's are executing one instruc-
tion, the next instruction is being fetched from ROM. Note
that there is no sequential logic in the sequencer between the
select lines and the output. This is important because the loop

to to to must occur during a single clock cycle.
During the same time, the loop from to must occur in
the 2901's, These two paths are roughly the same (around
200ns worst case for a 16-bit system). The presence of the
pipelihe register allows the microinstruction fetch to occur
in parallel with the data operation rather than serially, allowing
the clock frequency to be doubled.
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The system shown in Figure 3 works as follows. A sequence
of microinstructions in the PROM is executed to fetch an
instruction from main memory. This requires that the program
counter, often in a 2901 working register, be sent to the
memory address register and incremented. The data returned
from memory is loaded into the instruction register. The
contents of the instruction register is passed through a PROM

or PLA to generate the address of the first microinstruction

which must be executed to perform the required function.
A branch to this address occurs through the sequencer. Several
microinstructions may be executed to fetch data from memory,
perform ALU operations, test for overflow, and so forth. Then
a branch will be made back to the instruction fetch cycle. At
this point, there may be branches to other sections of micro-

code. For example, the machine might test for an interrupt
here and obtain -an “interrupt service routine address from
another mapping ROM rather than start on the next machine
instruction. There are obviously many possibilities. Through-
out this data book, in application notes, and within data
sheets, some suggested techniques will be found.

Additional application notes are in preparation and are planned
for publication. Advanced Micro Devices’ Applications’ staff
is available to answer auestions and provide technical assistance
as well. They may be reached by calling (408) 732-2400, or,
outside California (800) 538-8450. Ask for Am2900 Family
Applications.



Am2901 - Am2901A - Am2901B

Four-Bit Bipolar Microprocessor Slice -

DISTINCTIVE CHARACTERISTICS

® Two-address architecture —
Independent simultaneous access to two working registers
saves machine cycles.

Eight-function ALU —

Performs addition, two subtraction operations, and five logic
functions on two source operands.

Flexible data source selection —
ALU data is selected from five source ports for a total of 203
source operand pairs for every ALU function.

Left/right shift independent of ALU —
Add and shift operations take only one cycle.

Four status flags —
Carry, overflow, zero, and negative.

Expandable —
Connect any number of Am2901’s together for longer word
lengths.

Microprogrammable —
Three groups of three bits each for source operand, ALU
function, and destination control.

Fast —

Am2901B is up to 27% faster than Am2901A, up to 50%
faster than Am2901. The Am2901B meets or exceeds all of
the specifications for the Am2901 and Am2901A.

GENERAL DESCRIPTION

The four-bit bipolar microprocessor slice is designed as a high-
speed cascadable element intended for use in CPU’s, peripheral
controllers, programmable microprocessors and numerous
other applications. The microinstruction flexibility of the Am2901
will allow efficient emulation of almost any digital computing
machine.

The device, as shown in the block diagram below, consists of a
16-word by 4-bit two-port RAM, a high-speed ALU, and the. as-
sociated shifting, decoding and multiplexing circuitry. The nine-
bit microinstruction word is organized into three groups of three
bits each and selects the ALU source operands, the ALU func-
tion, and the ALU destination register. The microprocessor is
cascadable with full look-ahead or with ripple carry, has three-
state outputs, and provides various status flag outputs from the
ALU. Advanced low-power Schottky processing is used to fabri-
cate this 40-lead LSI chip.

The Am2901B is a plug-in replacement for the Am2901 or
Am2901A, but is 25% faster than the Am2901A and 50% faster
than the Am2901.

MICROPROCESSOR SLICE BLOCK DIAGRAM
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Am2901 - 2901A « Am2901B

ARCHITECTURE

A detailed block diagram of the. bipolar microprogrammable
microprocessor structure is shown in Figure 1. The circuit is a
four-bit slice cascadable to any number of bits. Therefore, all
data paths within the circuit are four bits wide. The two key
elements in the Figure 1 block diagram are the 16-word by 4-bit
2-port RAM and the high-speed ALU.

Data in any of the 16 words of the Random Access Memory
(RAM) can be read from the A-port of the RAM as controlled by
the 4-bit A address field input. Likewise, data in any of the 16
words of the RAM as defined by the B address field input can be
simultaneously read from the B-port of the RAM. The same code
can be applied to the A select field and B select field in which case
the identical file data will appear at both the RAM A-port and
B-port outputs simultaneously.

When enabled by the RAM write enable (RAM EN), new data is
always written into the file (word) defined by the B address field
of the RAM. The RAM data input field is driven by a 3-input
multiplexer. This configuration 'is used to shift the ALU output
data (F) if desired. This three-input multiplexer scheme allows the
data to be shifted up one bit position, shifted down one bit posi-
tion, or not shifted in either direction.

The RAM A-port data outputs and RAM B-port data outputs
drive separate 4-bit latches. These latches hold the RAM data
while the clock input is LOW. This eliminates any possible race
conditions that could occur while new data is being written into
the RAM.

The high-speed Arithmetic Logic Unit (ALU) can perform three
binary arithmetic and five logic operations on the two 4-bit input
words-R and S. The R input field is driven from a 2-input multi-
plexer, while the S§ input field is driven from a 3-input multi-
plexer. Both multiplexers also have an inhibit capability; that is,
no data is passed. This is equivalent to a "'zero’’ source operand.

Referring to Figure 1, the ALU R-input multipléxer has the RAM
A-port and the direct data inputs (D} connected as inputs. Like-
wise, the ALU S-input multiplexer has the RAM A-port, the
RAM B-port and the Q register connected as inputs.

This multiplexer scheme gives the capability of selecting various
pairs of the A, B, D, Q and 0" inputs as source operands to the
ALU. These five inputs, when taken two at a time, result in ten
‘possible combinations of source operand pairs. These combin-
ations include AB, AD, AQ, A0, BD, BQ, B0, DQ, D0 and Q0.
it is apparent that AD, AQ and AO are somewhat redundant with
BD, BQ and BO in that if the A address and B address are the
same, the identical function results. Thus, there are only seven
completely non-redundant source operand pairs for the ALU.
The Am2901 microprocessor implements eight of these pairs.
The microinstruction inputs used to select the ALU source
operands are the Ig, 11, and | inputs. The definition of Ig, 11,
and 19 for the eight source operand combinations are as shown in
Figure 2. Also shown is the octal code for each selection.

The two source operands not fully described as yet are the D in-
put and Q input. The D input is the four-bit wide direct data
field input. This port is used to insert all data into the working
registers inside the device. Likewise, this input can be used in the
ALU to modify any of the internal data files. The Q registeris a
separate 4-bit file intended primarily for multiplication and
division routines but it can also be used as an accumulator or
holding register for some applications.

The ALU itself is a high-speed arithmetic/logic operator capable
of performing three binary arithmetic and five logic functions.
The 13, I4, and |5 microinstruction inputs are used to select the

ALU function. The definition of these inputs is shown in Figure 3.
The octal code is also shown for reference. The normal technique
for cascading the ALU of several devices is in a look-ahead carry
mode. Carry generate, G, and carry propagate, P, are outputs of
the device for use with a carry-look-ahead-generator such as the
Am2902. A carry-out, Cn+4., is also generated and is available
as an output for use as the carry flag in a status register. Both
carry-in (Cpn) and carry-out (Cn+4) are active HIGH.

The ALU has three other status-oriented outputs. These are F3,
F =0, and overflow (OVR}. The F3 output is the most significant
(sign) bit of the ALU and can be used to determine positive or
negative results without enabling the three-state data outputs.
Fg is non-inverted with respect to the sign bit output Y3. The
F = 0 output is used for zero detect. It is an open-collector out-
put and can be wire OR’ed between microprocessor slices. F =0
is HIGH when all F outputs are LOW. The overflow output (OVR)
is used to flag arithmetic operations that exceed the available
two’s complement number range. The overflow output (OVR)
is HIGH when overflow exists. That is, when Cj,;3 and C 4 are
not the same polarity.

The ALU data output is routed to several destinations. |t can be a
data output of the device and it can also be stored in the RAM or
the Q register. Eight possible combinations of ALU destination
functions are available as defined by the lg, 17, and lg micro-
instruction inputs. These combinations are shown in Figure 4.

The four-bit data output field (Y) features three-state outputs and
can be directly bus organized. An output control (OE) is used to
enable the three-state outputs. When OE is HIGH, the Y outputs
are in the high-impedance state.

A two-input multiplexer is also used at the data output such that
either the A-port of the RAM or the ALU outputs (F) are selected
at the device Y outputs. This selection is controlled by the lg, |7,
and g microinstruction inputs. Refer to Figure 4 for the selected
output for each microinstruction code combination.

As was discussed previously, the RAM inputs are driven from a
three-input multiplexer. This allows the ALU outputs to be
entered non-shifted, shifted up one position (X2) or shifted down
one position (+2). The shifter has two ports; one is labeled RAMg
and the other is labeled RAM3. Both of these ports consist of a
buffer-driver with a three-state output and an input to the multi-
plexer. Thus, in the shift up mode, the F AM3 buffer is enabled
and the RAMg multiplexer input is enabled. Likewise, in the shift
down mode, the RAMq buffer and RAM3 input are enabled. In
the no-shift mode, both buffers are in the high-impedance state
and the multiplexer inputs are not selec:ed. This shifter is con-
trolled from the lg, |17 and lg microinstruction inputs as defined
in Figure 4.

Similarly, the Q register is driven from a 3-input multiplexer. In
the no-shift mode, the multiplexer enters the ALU data into the
Q register. In either the shift-up or shift-iown mode, the multi-
plexer selects the Q register data apprcpriately shifted up or
down, The Q shifter also has two ports; one is labeled Qg and the
other is Q3. The operation of these two ports is similar to the
RAM shifter and is also controlled from Ig, |7, and Ig as shown
in Figure 4.

The clock input to the Am2901 controls the RAM, the Q register,
and the A and B data latches. When enabled, ddta is clocked into
the Q register on the LOW-to-HIGH transition of the clock. When
the clock input is HIGH, the A and B latches are -open and will
pass whatever data is present at the RAM outputs. When the
clock input is LOW, the latches are closed and will retain the
last data entered. If the RAM-EN is enabled, new data will be
written into the RAM file (word) definec by the B address field
when the clock input is LOW.
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MICRO CODE P PErannCE MICRO CODE ALU
SYMBOL
Octal ! Octal Function
Mnemonic | I [ lo Code R S Mnemonic | I5 | I4 f I3 Code
AQ LL|L 0 A o} ADD LiLfL 0 R Plus S R+S
AB L| L H 1 A B SUBR L|L|H 1 S Minus R S-R
za L{H|L 2 o} Q SUBS LintL 2 R Minus S R-S
z8 L | H|H 3 0 B OR L|H]H 3 RORS RV S
ZA H L L 4 o A AND HiL|L 4 RAND S RAS
DA H L H 5 D A NOTRS H|L|H 5 RAND S RAS
DQ H| H|[ L 6 D a EXOR H{H]|L 6 REXORS R¥VS
Dz H| H|H 7 D o} EXNOR |H|H|H 7 REX-NORS | R3S
Figure 2. ALU Source Operand Control. Figure 3. ALU Function Control.
RAM Q-REG. RAM Q
MICRO CODE FUNCTION FUNCTION v SHIFTER SHIFTER
Mnemonic | Ig | 17 | Is | 92! | Shift | Load | Shift | Load OUTPUT | pam, | RAM; | Qo | Qg
QREG L]t 0 X NONE | NONE | F>aQ F X X X X
NOP L | L] H 1 X NONE X NONE F X X X X
RAMA L|H|L 2 NONE | F>B X NONE A X X X X
RAMF L | H|H 3 NONE | F—>B X NONE F X X X X
n|l ramap [H | L | L 4 DOWN |F2-B | DOWN | Q20 F Fo INg Qo IN3
x| RrAMD HiL|H 5 DOWN |[F2-B X NONE F Fo INg Qo X
Al rRAMQU | H | H | L 6 up 2F>B uP 20~ Q F INg Fa INg Q3
RAMU H|H]|H 7 upP 2F> B X NONE F INg Fa X Q3
e renT UsE 0 DIsaBLE FEN B BNABLE FEN

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-img.edance state
B = Register Addressed by B inputs.

UP is toward MSB, DOWN is toward LSB.

Figure 4. ALU Destination Control.

o 1510 OCTAL 0 1 2 4 5 6 7
%'5 éLU
Al U A A,B 0,Q 0,8 0,A D,A D,Q D,0
L3 .
Function
Cn=L A+Q A+B Q A D+A D+Q D
0 RPlusS
Ch=H A+Q+1 AtBH Q+1 B+1 A+l D+A+1 D+Q+1 D+1
Cn=L Q--A-1 B-A-1 Q-1 B-1 A1 A-D-1 Q--D-1 -D-1
1 | SMinusR
Ch=H Qa-A B-A Q A A-D Q-D -D
Cn=L A—Q-1 A-B-1 -Q-1 -B-1 —A-1 D—A—1 D—-0-1 D—1
2 | RMinusS
Cn=H A-Q A-B -Q -B ~A D-A D-Q D
3 RORS AvQ AVB Q A DVA pva D
4 | RANDS AAQ AAB 0 0 DAA DAQ 3}
5| RANDS ArQ AnB e} A OAA bAQ o
6 |[REX-ORS| AvQ A¥B Q A DV A D¥Q D
7 |REX-NORS| AvQ AV B a A DvA Dva D
+ = Plus; - = Minus; V =0R.: A = AND; ¥ = EX-OR

Figure 5. Source Operand and ALU Function Matrix.
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SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the lg, 19, and I3 instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The
13, 14, and Ig instruction inputs control this function selection.
The carry input, Cp, also affects the ALU results when in the
arithmetic mode. The Cp input has no effect in the logic mode.
When lg through |5 and Cp are viewed together, the matrix of

Am2901 - 2901A - 2901B

Figure 5 results. This matrix fully defines the ALU/source
operand function for each state.

The ALU functions can also be examined on a ‘‘task’’ basis,
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the
carry will affect the function performed while in the logic
mode, the carry will have no bearing on the ALU output.
Figure 6 defines the various logic operations that the Am2901
can perform and Figure 7 shows the arithmetic functions of
the device. Both carry-in LOW (Cn = 0) and carry-in HIGH
(Ch, = 1) are defined in these operations.

" Ocal G .
! 1543.1210 roup Function
'
40 AAQ
41 AAB
5 AND DAA
16 DAQ
: AvQ
01 AVB
15 OR DVA
pva
\ 60 AvQ
61 EX.OR AVB
65 DVA
66 Dva
70 AvQ
71 AVEB
75 EX-NOR 5vA
76 bva
72 Q
7: B
7 INVERT A
77 (D
62 Q
€3 B
PASS
(4 A
' 7 D
32 Q
33 B
34 PAS,S A
37 D
42 0
43 v 0
ZERO"
44 o 0
47 0
50 AANQ
51 MASK ANB
55 DAA
56 DAQ
Fiure 6. ALU Logic Mode Functions.

Octal Ch =0 (Low) Cn = 1 (High)
1543, 1210 Group Function Group Function
00 A+Q A+Qt+1
01 ADD A+B ADD plus A+B+1
05 D+A one D+A+1
06 D+Q D+Q+1
02 Q Qa+1
03 PASS B Increment | B+1
04 A A+l
07 D D+1

12 Q-1 Q
13 Decrement B—1 PASS B
14 A—1 A
27 D—1 D
22 —-Q—1 -Q
23 1's Comp. —B—1 2's Comp. | —8B
24 INV ~A—1 | (Negate) | —A
17 -D—1 -D
10 Q—-A-1 Q—A
11 Subtract B—A—-1 Subtract B—-A
156 {1's Comp} | A—D-1 (2's Comp) | A—D
16 Q-D-1 Q-D
20 A-Q—1 A-Q
21 A—B—1 A—B
25 D—-A-1 D—-A
26 D-Q—1 D—Q

Figure 7. ALU Arithmetic Mode Functions.
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LOGIC FUNCTIONS FOR G, P, Ch+4, AND OVR Definitions (+ = OR)

The four signals G, P, Cn+4, and OVR are designed to indicate ~ F0 = Ra + Sp Go = RoSo
carry and overflow conditions when the Am2901 is in the add Py = Ry + 84 G1 = R¢154
or subtract mode. The table below indicates the logic equations Py = Ry + 5, Gy = RySp
for these four signals for each of the eight ALU functions. The Pa = Ra + 8§ Ga = RaS

R and S inputs are the two .inputs selected according to 3 373 3 393

Figure 2. Caq = Gz + P3Gy + P3P2Gy + P3PoP1Gg + P3P2P1PCh
C3 = Gz + PoGy + P3P1Gp + P2P1PoCh

Ig43 | Function P G Cn+4 OVR
0| R+s P3P2P1Po B3 7 P3G, + PaP2G 1 P3PaP; Go " Ca Ca¥ Ca
1 S—R |w= Same as R + S equations, but substitute ﬁ. for Rj in definitions -
2 R—S |wa— Same as R + S equations, but substitute §. for S in definitions -
3 | RVS Low " pgPaPiPy P3P2P1Pg + Cn P3tzP1Pg + Cn
4 RAS LOW Gz +Gg + Gq + Go Gz + Ga +Gq + Gg +Cp, G3z + G+ Gy + Gg + Cpy
5 RAS LoOw -a———— Same as R A S equations, but substitute Rj for Rj in definitions ——— g |
6 R¥VS |- Same as R ¥ S, but substitute R; for Rj in definitions
7 | R¥S | Gg+Gp+Gy+Go Gy + P3Gy + PgPoGy + PgPoPyPy B3t P3Gy + PaPaGy Seenote
+P3PaP1Pg (Gg + Cp)
Note: [Py +G,P1+G2G1 Py +G2G1 GoCn] ¥ [P3+G3aPa+G3GoP1 +G3G2G1 P+ G3G2G1 GoCnl +=0R

Figure 8.

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and scriening level.

Am2901 Am2901A Am2901B Package Type Operating Range Screening Leve
Order Number Order Number Order Number (Note 1) (Note 2) (Mote 3)
AM2901PC AM2901APC AM2901BPC P-40 Cc CA1
AM2901DC AM2901ADC AM2901BDC D-40 C C-1
AM2901DC-B AM2901ADC-B AM2901BDC-B D-40 c B-2 (Note 4)
AM2901ADM AM2901BDM D-40 M C-3
AM2901ADM-B AM2901BDM-B D-40 M B-3
AM2901AFM AM2901BFM F-42 M C-3
AM2901AFM-B AM2901BFM-B F-42 M B-3
AM2901AXC ~ AM2901BXC Dice c phoual Mapacton
AM2901AXM AM2901BXM Dice M Metht) d 20108.

Notes: 1. P = Molded DIE, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B fddetailed
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless iherwise
specified.

. € =0°Cto +70°C, Vg = 4.75V to 5.25V, M = — 55°C to +125°C, Vg = 4.50V to 5.50V. .

. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conformso MIL-
STD-883, Class B.

4. 96 hour burn-in.

w N

Figure 9.
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METALLIZATION AND PAD LAYOUT

Top View Top View
40 OF DIP
3 Y3
:g ;7 3: :f Y w0l ] oE
Al 3 B Yo 2 o =
Ag 4 % P A ] =R
6 5 34 OVR A0 [ 4 v
A — 15 5 36 {1 Yo
g 6 — v g e Bs[1F
A | 33 Chea 717 34 [] OVR
_ Ramz [ja 33 [ Cn+a
— 32 G RAMg [0 2%
77— —— 31 F3 Vee T 0 ELl . ]
RAM3 8 — | F=0 1 30 [ ] GND
RAMp 9 — lo ]2 29 S
vee 10 — — 30 GND (I K] 28114
6ND ——] i L 2 C I 14 27 ls
Fa0 11 —1 — 28 g ce []s PIY Y
o 12 — — 27 g 3 16 25 ] B9
13— L2 1 8o 7 247 01
(':% 11;_—— 8y )18 2[5
B |19 220y
o L Ll B3 (] 20 211 %
03 16— | 26 D
By 17 % o) A
B 18 —— | 23 py MPR-006 J APR-007
Bz 19 4
83 20
ay 21
D3 22
Am2901B
DIE SIZE 0.117" X 0.128” Note: Pin 1 is marked for orientation.
Figure 10.

CONNECTION DIAGRAM

FLAT PACK CONNECTIONS

PIN DEFINITIONS

Ap.3

Bo.3

lo-s

RAM;

RAM,

Do-3

The four address inputs to the register stack used to
select one register whose contents are displayed through
the A-port.

The four address inputs to the register stack used to
select one register whose contents are displayed through
the B-port and into which new data can be written when
the clock goes LOW.

The nine instruction control lines. Used to determine what
data sources will be applied to the ALU (lg12), what func-
tion the ALU will perform (l345), and what data is to be
deposited in the Q-register or the register stack (lg7g).

A shift line at the MSB of the Q register (Qz) and the
register stack (RAMj3). Electrically these lines are three-
state outputs connected to TTL inputs internal to the
device. When the destination code on lg7g indicates an up
shift (octal 6 or 7) the three-state outputs are enabled and
the MSB of the Q register is available on the Q3 pin and
the MSB of the ALU output is available on the RAM; pin.
Otherwise, the three-state outputs are OFF (high-imped-
ance) and the pins are electrically LS-TTL inputs. When
the destination code calls for a down shift, the pins are
used as the data inputs to the MSB of the Q register (octal
4) and RAM (octal 4 or 5).

Shift lines like Q3 and RAMj;, but at the LSB of the
Q-register and RAM. These pins are tied to the Q3 and
RAM; pins of the adjacent device to transfer data be-
tween devices for up and down shifts of the Q register and
ALU data.

Direct data inputs. A four-bit data field which may be
selected as one of the ALU data sources for entering data
into the device. Dy is the LSB.
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9|
|

OVR

F3

Cnta
CP

The four data outputs. These are three-state output lines.
When enabled, they display either the four outputs of the
ALU or the data on the A-port of the register stack, as
determined by the destination code lg7s-

Output Enable. When OE is HIGH, the Y outputs are OFF;
when- OE is LOW, the Y outputs are active (HIGH or
LOW).

The carry generate and propagate outputs of the internal
ALU. These signals are used with the Am2902 for carry-
lookahead.

Overflow. This pin is logically the Exclusive-OR of the
carry-in and carry-out of the MSB of the ALU. Atthe most
significant end of the word, this pin indicates that the
result of an arithmetic two’s complement operation has
overflowed into the sign-bit.

This is an open collector output which goes HIGH (OFF) if
the data on the four ALU outputs Fy_3 are all LOW. in
positive logic, it indicates the result of an ALU operation is
zero.

The most significant ALU output bit.
The carry-in to the internal ALU.
The carry-out of the internal ALU.

The clock input. The Q register and register stack outputs
change on the clock LOW-to-HIGH transition. The clock
LOW time is internally the write enable to the 16 x 4 RAM
which compromises the “master” latches of the register
stack. While the clock is LOW, the “slave” latches on the
RAM outputs are closed, storing the data previously on
the RAM outputs. This allows synchronous master-slave
operation of the register stack.
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MAXIMUM RATINGS {Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —~55°C to +125°C
Supply Voltage to Ground Potential —-0.5Vto+7.0V
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +V¢c max.
DC Input Voltage —-0.5 Vto+56.5V
DC QOutput Current, Into Outputs 30 mA

DC Input Current

—30 mA to +5.0 mA

OPERATING RANGE

Part Number

Suffix Vcc

Temperature

PC, PCB,
DC, DCe
XC

4.75V to 5.25V

Ta = 0°C to +70°C

DM, DMB
FM, FMB
XM

4.50V to 5.50V

Tc = —55°C to +125°C

Notes on Testing

Incoming test procedures on this device should be carefully
planned, taking into account the high complexity and power levels
of the part. The following notes may be useful.

1.

Insure the partis adequately decoupled at the test head. Large
changes in V¢e current as the device switches may cause
erroneous function failures due to V¢ changes.

. Do not leave inputs floating during any tests, as they may start

to oscillate at high frequency.

. Do not attempt to perform threshold tests at high speed.

Following an input transition, ground current may change by
as much as 400maA in 5-8ns. Inductance in the ground cable
may allow the ground pin at the device to rise by 100’s of
millivolts momentarily.

4. Use extreme care in defining input levels for AC tests. Many

inputs may be changed at once, so there will be significant
noise at the device pins and they may not actually reach V,_or
Vi until the noise has settled. AMD recommends using V,_ <
0.4V and V| = 2.4V for AC tests.

. To simplify failure analysis, programs should be designed to

perform DC, Function, and AC tests as three distinct groups of
tests.

. To assist in testing, AMD offers complete documentation on

our test procedures and, in most cases, can provide Fairchild
Sentry programs, under license.
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
(Group A, Subgroups 1, 2, and 3)

} Typ.
Parameters Description N Test Conditions (Note 1) Min. (Note 2) Max. Units
| = —1.6mA
OH 24
Yo.Y1,Y2,¥3
=-1.0mA, C .
Vee = MIN. foH m n+4 24 S P 4
Von Output HIGH Voltage v v v loH = —800uA, OVR, P 24 Volts
= or
IN = ViH or ViL ToH = —600uA, F3 24
| = —600uA
OH W 24
RAMg, 3, Qp, 3
10H = —1.6mA, G 24
Output Leakage Current Voo = MIN,, Vg = 5.5V 250 A
ICEX | for F = 0 Output ViN = ViH or V| #
g | =20mA (COM’L) 0.5
Yo. Y1, Y2, Y3 ok
Vce = MIN., oL = 16mA (MIL) 0.5
VoL Output LOW Voltage VIN = VIH G, F=0 oL = 16mA 0.5 Vot
. olts
or VL Ch+4 lgL = 10mA 0.5
OVR, P IoL = 8.0mA 0.5
F3, RAM .
3 0.3, IoL = 6.0mA 05
Qo,3
Vin Input HIGH Level Guaranteed input légncal HIGH ) 20 Volts
voltage for all inputs (Note 7)
ViL Input LOW Level Guaranteed input logical LOW 0.8 Volts
voltage for all inputs (Note 7) )
V) Input Clamp Voltage Ve = MIN., Iy = —18mA . -1.56 Volts
Clock, OE —0.36
Ag. A1, A2, A3 . —0.36
80, B1,B2, B3 —0.36
he Input LOW Current Ve = MAX., VN = 0.5V Dg. D1, B2, D3 —0.72 mA
lg. 11,12, 1g. Ig —0.36
13. 14, 15, 17 —0.72
RAMg, 3, Qp, 3 {Note 4) -0.8
Cn 36 |
Clock, O 20
Ap. A1, A2, A3 20
Bo, B1, B2, B3 20
WH Input HIGH Current Vee = MAX,, VN =27V Do. D1, D2, D3 40 uA
lo, 11,12, 1g. 1g 20
13, 14,15, 17 40
RAMg, 3, Qo, 3 (Note 4) 100
Cn 200
] input HIGH Current Vee = MAX., ViN = 6.5V 1.0 mA
Yo. Y1, Vo =24V 50
Y2, Y3 Vo = 0.5V )
10zH Off State {High Impedance) Ve = MAX. Vo =24V 100 wA
lozL Output Current RAMg, 3 (Note 4}
Qq, 3 Vo =05V _800
(Note 4)
Y0.Y1.Y2,.Y3, G -30 —85
los Output Short Circuit Current | vae = MAX. + 0.5V, Vo = 0.5V Cntg —30 : 'Bs.ﬁ__‘ mA
cc (TOSV. Vo =E OVR,P —30 —85
(Note 3}
F3 —30 —85
. RAMg, 3. Qo, 3 -30 —85
COM’Land MIL | Ta=25°C 160 250
CoM'L oni TA=0°Cto+70°C 265
n
\ Power Supply Current Vee = MAX, v Ta=+70°C 220
cc - mA
(Note 6) (See Fig. 11} Tg=-55°Cto
: MIL Only +126°C . ‘ 280
Tc=+125°C 198

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Charactgristics for the applicable device type.

2. Typlcal limits are at Voo = 5.0V, 25°C amblient and maximum loading.

3.-Not more than one output should be shorted at a time, Duration of the short circuit test should not exceed one second.

4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with Ig7g in a state such that the three-
state output is OFF.

5. MIL’ = Am2901XM, DM, FM. “COM’L" = Am2901XC, PC, DC.

6. Worst case |gc Is at minimum temperature.

7. These Input levels provide zero noise immunity and should only be tested in a static, noise-free environment.
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l. Am2901B Guaranteed Commercial
Range Performance

The tables below specify the guaranteed performance of the
Am2901B over the commercial operating range of 0°C to +70°C,
with Vge from 4.75V to 5.25V. All data are in ns, with inputs
switching between OV and 3V at 1V/ns and measurements made
at 1.5V. All outputs have maximum DC load.

This data applies to the following part numbers: Am2901BPC

Notes: 1.

Am2901BDC

A. Cycle Time and Clock Characteristics.

Read-Modify-Write Cycle (from selection of A, B registers 69n
to end of cycle.) s
Maximum Clock Frequency to shift Q (50% duty cycle, 16MHz
| = 432 or 632)

Minimum Clock LOW Time 30ns
Minimum Clock HIGH Time 30ns
Minimum Clock Period 69ns

B. Combinational Propagation Delays.

C| = 50pF
| —_To Output _ RAMO Qo
From Input Y F3 Cn+4 G, P F=0 OVR RAM3 Q3
A, B Address 60 61 59 50 70 67 71 -
D 38 36 40 33 48 44 45 -
Cn 30 29 20 - 37 29 38 -
012 50 | 47 45 45 56 53 57 -
1345 51 52 52 45 60 49 53 -
1678 28 - - - - - 27 27
: Eyg;)s(s; ALU a7 _ _ _ _ _ _ _
Clock _4~ 49 48 47 37 58 55 59 29
C. Set-up and Hold Times Relative to Clock (CP) input.
. N /
Input CP: L— D '_7
Set-up Time Hold Time Set-up Time Hold Time
Before H—> L After H—> L Before L -~ H After L— H
A, B Source Address 20 0 (Note 3) 69 (Note 4) 0
2(’3:;;?5‘“0" 15 Do Not Change 0
D - - 51 0
Cn - - 39 0
1012 - - 56 0
1345 - - 55 0
1678 11 Do Nothhange 0
RAMO, 3, QO, 3 - - | 16 0

D. Output Enable/Disable Times.
Output disable tests performed with C_ = 5pF and
measured to 0.5V change of output voltage level.

Input

Output

Enabie

Disable

OE

Y

35

25

2-10

A dash indicates a propagation delay path or set-up time constraint does not exist.

. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change”.

. Source addresses must be stable prior to the clock H = L transition to allow time to access the source data before the latches close. The A
address may then be changed. The B address could be changed it itis not a destination; i.e. if data is not being written back into the RAM. Normally
A and B are not changed during the clock LOW time.

. The set-up time prior to the clock L = H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It

includes all the time from stable A and B addresses to the clock L= H transition, regardiess of when the clock H— L transition occurs.
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Il. Am2901B Guaranteed Military ‘ A. Cycle Time and Clock Characteristics.
Range Perform.ance Read-Modify-Write Cycle (from selection of A, B registers a8
The tables below specify the guaranteed performance of the to end of cycle. [ens
Am2901B over the military operating range of —55°C to +125°C Maximum Clo - -
N A . o . ck Frequency to shift Q (50% duty cycle,

with V¢ from 4.5V to 5.5V. All data are in ns, with inputs switch- - 432 or 632) quency to shift Q ( y oy 15MHz

ing between 0V and 3V at 1V/ns and measurements made at — )

1.5V. All outputs have maximum DC load. Minimum Clock LOW Time 30ns

This data applies to the following part numbers: Am2901BDM Minlmum Clock HIGH Time 30ns
Am2901BFM Minimum Clock Period 88ns

B. Combinational Propagation Delays.

C_ = 50pF
To Output RAMO Qo
From Input Y F3 Cn+4 G, P F=0 OVR RAM3 Q3
A BAddress | 82 | 84 80 70 90 86 94 -
D 44 | 38 40 34 50 45 48 -
Cn 34 32 24 - 38 31 39 -
1012 ' 53 50 47 46 65 55 58 -
1345 58 58 58 48 64 56 55 -
1678 29 - - - - - 27 27‘ E
Clock _4~ 53 50 49 4 63 58 61 31 |
C. Set-up and Hold Times Relative to Clock (CP) Input.
— —
Input CP: L -_—-T "———7
Set-up Time Hold Time Set-up Time Hold Time
Before H - L After H —~ L Before L > H After L > H
A, B Source Address 30 0 (Note 3) 88 (Note 4) 0
2d3f:;?aﬁ°n' 15 Do Not Change 0
D _ - 55 0
Cn - - 42 0 i
012 - - 58 0
1345 - - 62 0
1678 14 Do Not‘Change 0
RAMO, 3, Q0, 3 - - 18 3

D. Output Enable/Disable Times.
Output disable tests performed with C, = 5pF and
measured to 0.5V change of output voltage level.

Input Output Enable Disable
OE Y 40 25

Notes: 1. A dash indicates a propagation delay path or set-up time constraint does not exist.
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change™.
3. Source addresses must be stable prior to the clock H — L transition to aliow time to access the source data before the latches close. The A
address may then be changed. The B address could be changed if itis not a destination; i.e. if data is not being written back into the RAM. Normally
A and B are not changed during the clock LOW time.
4. The set-up time prior to the clock L = H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It
inciudes all the time from stable A and B addresses to the clock L—> H transition, regardless of when the clock H— L transition occurs.

2-11
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lil. Am2901A Guaranteed Commercial Range Performance

The Am2901B meets or exceeds all of the specifications for the earlier Am2201A.
Parts may still be ordered and marked as Am2901A.

IV. Am2901A Guaranteed Military Range Performance

The Am2901B meets or exceeds all of the specifications for the earlier Am2901A.
Parts may still be ordered and marked as Am2901A.

V. Am2901 Guaranteed Commercial Range Performance

The Am2901B meets or exceeds all of the specifications of the Am2901.
Parts may still be ordered and marked as Am2901.

2-12




Am2901 « 2901A + Am2901B

MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS

Speeds used in calculations for parts other than Am2901B are
representative for available MSI parts.

MUX ® SEQUENCER
@ Am2910

MICROPROGRAM
® MEMORY
LSB __ MSB
G, P L] L] L]
® ® Ciral] 4 status | STATUS
REGISTER A, 8. 1,C, Am2901A  OVR REGISTER "
F.
Am2001A F=g ®
Cq
“ v
L4 ®
lo—
Cy  Am2902 - DATA
s lo— REGISTER
CLOCK l
MPR-010
Pipelined System. Add without Simultaneous Shift.
DATA LOOP CONTROL LOOP
(@) Register  Clock to Output 15 (D Register  Clock to Output 15
+(2)2901B ABtoG P 50 + (® MUX Select to Output 20
+ (3 2902 Go, Poto Cpt2 10 + (@ 2910 CC to Output 45
+(4)2901B Cht0Chya, OVR, F3, F=0,Y 37 + (8) PROM Access Time 55
+ (&) Register  Set-up Time 5 + (D Register  Set-up Time 5
117ns 140ns

Minimum clock period = 140ns

Figure 12.
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS ‘(Cont.)

Speeds used in calculations for parts other than Am2901B are
representative for available MSI parts.

@ SEQUENCER
Am2910

!

L1

MICROPROGRAM mux
Ls8 @ ° ¢ * @ MsB
® o] RAMg ® RAM RAMg RAM; [=— MUX
REGISTER A A.B,1.Cy GF Am2901A ® (—‘—‘
Am2901A @ F 'Fg
Cn OVR ———
M Cn+d
—1 1 )
$ J) $ ] STATUS
\- p_ REGISTER
Am2002 - DATA
o, lo— REGISTER
CLOCK
MPR-011
Pipelined System. Simultaneous Add and Shift Down.
DATA LOOP CONTROL LOOP
@ Register Clock to Output 15 (DRegister  Clock to Output 15
+(2901B ABtG,P 50 + (® MUX Select to Output 20
+ (@ 2902 GoPo to Cryz 10 + (@ 2910 CC to Output 45
+(@)2901B ChtoF3, OVR 29 + (& PROM Access Time 55
+ (8 XOR and MUX 21 + @) Register  Set-up Time 5
+®2901B RAM; Set-up 16 140ns
141ns

Minimum clock period = 141ns

Figure 12 {Cont).
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PNP
DRIVEN INPUT DRIVEN INPUT DRIVEN INPUT

L

ﬁ; R i R i R
oy FT_ o - o |

Vee

in

; e — —~—
IH IR lin
T ’
R= - R= - - R=
13,467 10k cp 6k
Cn 2k 101,68 20k 12 10k
Qg 3. RAMg 3 15k OE 20k Ap-3.Bo-3 Bk
Do-3 10k
MPR-013
C} ~ 6.0pF, all inputs
502 NOM 5052 NOM
loH lox
*—0
oL
s
%»
Qq, 3. RAMg, 3 G, Cn+4 -
Y QUTPUTS OVR, F3 E=0
MPR-014

Co~ 5.0pF, all outputs

Figure 13. Input/Output Current Interface Conditions.
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v,
Vee cc
Tk 1 ]7 |10 |3 |4 |5 |6 16

0.1uF

MR CEP CET Py Py Py Py Voo |,
GND
Amg316 =
2 15
cLOCK cp Tc
Qo Q Q Q3
14 13 12 1
15 17 18 19 20 6 Vee
cp Bo B, B, By Ig
14 1 470
2 F=0 —AAM—8
il 35 560
27 F——AM——-4
I3
281 a2 270
5 192
34 560
0| Am2901 OVR F—"A—4
OF a3 470
— C
1k = g n+d 1
Voo WA F3 0. 118 680
9 3 —
RAMO
21 g 680
Qy RAMg |2 AAA,—
g 14 13 C, Dy Dy Dy D3 g Ve GND Ay Ay Ay Ag Yo Yq Y, Yg
. 12 ' 13 |7 |29 [25 [24 |23 22 Js 10 30 B EBE 36 |37 [38 |30
Vg~ A —— — L <>—J
Io.mF
Vee
270 |270 | 270 {270
Vee MPR-015

Vee =50V
Frequency = T00KHz
Ta =125°C

This circuit conforms to MIL-STD-883, method 1015, condition D.

Figure 14. Life Test and Burn-in Circuit for Military Class B Parts.
{Contact Factory for Commercial Burn-in Conditions)
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USING THE Am2901

BASIC SYSTEM ARCHITECTURE

The Am2901 is designed to be used in microprogrammed
systems. Figure 15 illustrates such an architecture. The nine
instruction lines, the A and B addresses, and the D data
inputs normally will all come from registers clocked at the
same time as the Am2901. The register inputs come from a
ROM or PROM — the ““microprogram store’’. This memory
contains sequences of microinstructions, typically 28 to 40
bits wide, which apply the proper control signals to the
Am2901°s and other circuits to execute the desired operation.

The address lines of the microprogram store are driven from
the Am2910 microprogram sequencer. This device has facilities
for storing an address, incrementing an address, jumping to any
address, and linking subroutines. The Am2910 is controlled by
some of the bits coming from the microprogram store. Essen-
tially these bits are the ''next instruction’’ control.

Note that with the microprogram register in-between the micro-
program memory store and the Am2901's, an instruction
accessed on one cycle is executed on the next cycle. As one
instruction is executed, the next instruction is being read from
microprogram memory. In this configuration, system speed is
improved because the execution time in the Am2901’s ncatirs
in parallel with the access time of the microprogram store.
Without the ‘“‘pipeline register”, these two functions must
occur serially.

EXPANSION OF THE Am2901

The Am2901 is a four-bit CPU slice. Any number of Am2901’s
can be interconnected to form CPU's of 12, 16, 24, 36 or
more bits, in four-bit increments. Figure 16 illustrates the
interconnection of three Am2901‘s to form a 12-bit CPU,
using ripple carry. Figure 17 illustrates a 16-bit CPU using carry
lookahead, and Figure 18 is the general carry lookahead
scheme for long words.

With the exception of the carry interconnection, all expansion
schemes are the same. Refer to Figure 16. The Q3 and RAM3
pins are bidirectional left/right shift lines at the MSB of the
device. For all devices except the most significant, these lines

significant device. These connections allow the Q-registers of
all Am2901’s to be shifted left or right as a contiguous n-bit
register, and also allow the ALU output data to be shifted left
or right as a contiguous n-bit word prior to storage in the RAM.
At the LSB and MSB of the CPU, the shift pins should be
connected to three-state multiplexers which can be controlled
by the microcode to select the appropriate input signals to the
shift inputs. (See Figure 19)

The open collector F = 0 outputs of all the Am2901's are
connected together and to a pull-up resistor. This line will go
HIGH if and only if the output of the ALU contains all zeroes.
Most systems will use this line as the Z (zero) bit of the
processor status word.

The overflow and Fg pins are generally used only at the most
significant end of the array, and are meaningful only when
two's complement signed arithmetic is used. The overflow pin
is the Exclusive-OR of the carry-in and carry-out of the sign
bit (MSB). It will go HIGH when the result of an arithmetic

START

ADDRESS cLock
J L DATA IN
Am2y1u
MICROPROGRAM
=) SEQUENCER ¢, ¢, RECISTER

I

ADDRESS

o
<

MICROPROGRAM
STORE STATUS
ouT

ouT

REGISTER
T

2840 81TS

<O

(ROM/PROM)

_CONTROL

i AnoREss

TO OTHER
DEVICES

MPR-016

are connected to the Qg and RAMg pins of the adjacent more  Figure 15. Microprogrammed Architecture Around Am2901's.

Dg_3 D47 Dg_11
Q10 Qg D a3 ) o Qg Qg L L
RAM 1/0 RAM, RAMj RAMg RAMg RAMg RAM; |— RAMqq 10
Am2901 Am2001 Am2901
CARRY IN Cy Cnig Cy Cnig Cy Cnta c
OVR |— OVR f— OVR v
_ Faf— _ F3 |— F3 N
O€ v F=0 — OE v F0 r OF v F=0 z
1T I .
Yo-3 Ya-7 Yg-n 4709
e AAA——0O VG
OUTPUT
CONTROL
MPR-017

Figure 16. Three Am2901’s used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B, and

1 Pins on all Devices are Connected Together.
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operation is a number requiring more bits than are available,
causing the sign bit to be erroneous. This is the overflow (V)
bit of the processor status word. The F3 pin is the MSB of the
ALU output. It is the sign of the result in two’s complement
notation, and should be used as the Negative (N) bit of the
processor status word.

The carry-out from the most significant Am2901 (Cn+4 pin) is

the carry-out from the array, and is used as the carry (C) bit of
the processor status word.

Carry interconnections between devices may use either ripple
carry or carry lookahead. For ripple carry, the carry-out
(Ch+4) of each device is connected to the carry-in (Cp) of the
next more significant device. Carry lookahead uses the Am2902
lookahead carry generator. The scheme is identical to that used
with the 74181/74182. Users unfamiliar with this technique
should refer to AMD’s application note on Arithmetic L.ogic
Units. Figures 17 and 18 illustrate single and multiple level

lookahead.

Do-3

1

D7

1l

Dg_11

11

Dyza_1g

iy

Q110 — aq [ Qg ag ay 0y Q Q3 Q5110
RAMg 1/0 —] RAMg RAM3 RAMg RAM3 RAMg RAM3 RAMg RAM3 |—— RAM45 /0
(] G p——— G D——-‘ G P
*P Am29 *p 2001 P Am2901 i -
CARRY-IN —¢—]c, Am290T - Corg b — Cn 20T Cug p— ¢, A Covq |— —| Ca Cora c
OVR p— OVR p— OVR |— OVR - V
A Faf— Fsl— F3 fa—N
4 £-0 F<0 F=0 F=0 z
Yo-3 Ya_7 Yg_11 Y1z-15 Ry
4700
: AA—O Voo
] l P I J.; L
PGy P1 G PG P3G
G po—
¢, Am2902
plo—
cn#x CHVV cn*Z
MPR-018
Figure 17. Four Am2901s in a 16-Bit CPU Using the Am2902 for Carry Lookahead.
Am2901’s
|
Cin Co
G P
Q- Q Q.0
GgPp GyPy GpPy G3Py Gi Py GyPp G3Pg GoPg GiPp GpPp GgPy
P o— P P o——
b 1c, Am 2002 ] c, Am 2902 - Am 2902
G G G
Chex Coty Cotz Coix Criy Cniz Chix Crsy Chiz
ToCqy ToCg ToCyy ToCyg ToCpy ToCpg ToCag ToCsg ToCay
L l J) Q.Q
GgPg G Py GpPy G3Py
ro—
Cy Am 2002
6 p—
Crix Crsy Crtz
L Cag
ToCqg ToCqy
MPR-019

Figure 18. Carry Lookahead Scheme for 48-Bit CPU Using 12 Am2901s. The Carry-Out Flag (C4g) Should

be Taken From the Lower Am2902 Rather Than the Right-Most Am2901 for Higher Speed.
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i7 S5 So 8 17
I LSB MSB |
1G A B 26 G A B 26
—{ 1C0 1c0 :‘
H—+1C1 Ex ic1 —H
102 ES% v a a, wogsh o
gx INPUTS INPUTS BE
p—1 1C3 3_'&_,. FOR FOR A 1e3
1 2co gj; up DOWN iga.,: Pty =
H——f2ct EZ SHIFT SHIFT £33 e pd—n
22 2
T 15, <2 2¥ RAMg RAM,, 2 32 35,
2c3 2c3 |
Am2801
e ARRAY A
MSB—F, }
(SIGN BIT)

MPR-020

Figure 19. Three-State Multiplexers Used on Shift 1/0 Lines.

SHIFT 1/O LINES AT THE END OF THE ARRAY

The Q-register and RAM left/right shift data transfers occur
between devices over bidirectional lines. At the ends of the
array, three-state multiplexers are used to select what the new
inputs to the registers should be during shifting. The Am2904
includes these multiplexers in a single LS| chip. Figure 19
shows two Am25L.5253 dual four-input multiplexers connected
to provide four shift modes. Instruction bit |7 (from the
Am2901) is used to select whether the left-shift multiplexer or
the right-shift multiplexer is active. The four shift modes in
this example are:

A LOW is shifted into the MSB of the RAM on a
down shift. If the Q-register is also shifted, then a
LOW is deposited in the Q-register MSB. If the
RAM or both registers are shifted up, LOWs are
placed in the LSBs.

Zero

One Same as zero, but a HIGH level is deposited in the
LSB or MSB.
Rotate A single precision rotate. The RAM MSB shifts

into the LSB on a right shift and the LSB shifts
into the MSB on a left shift. The Q-register, if
shifted, will rotate in the same manner.

Arithmetic A double-length Arithmetic Shift if Q is also
shifted. On an up shift a zero is loaded into the
Q-register LSB and the Q-register MSB is loaded
into the RAM LSB. On a down shift, the RAM LSB
is loaded into the Q-register MS’B and the ALU
output MSB (Fp, the sign bit) is loaded into the
RAM MSB. (This same bit will also be in the next
less significant RAM bit.)

Code Source of New Data i
Shift Type
Iz 81 8 Qo Q, RAMg RAM,,
H L L 0 Qp-1 0 Fn-1 Up Zero
H L H 1 Qn-1q 1 Fn-1 One
H H L Qn Qn-1 Fn Frn-1 Rotate
H H H 0 Qn-1 Qn Frn-1 Arithmetic
L L L Q4 0 Fq 0 Down Zero
L L H Qq 1 Fq 1 One
L H L o1} Qp F4 Fo Rotate
£t H H 04 Fo Fi  |RAMp=RAMu-q = Fpy Arithmetic

HARDWARE MULTIPLICATION

Figure 20 illustrates the interconnections for a hardware mul-
tiplication using the Am2901. The system shown uses two
devices for 8 x 8 multiplication, but the expansion to more
bits is simple — the significant connections are at the LSB
and MSB only.

The basic technigue used is the ““add and shift” algorithm. One
clock cycle is required for each bit of the multiplier. On each
cycle, the LSB of the multiplier is examined; if it isa /1", then

the multiplicand is added to the partial product to generate
a new partial product. The partial product is then shifted one
place toward the LSB, and the multiplier is also shifted one
place toward the LSB. The old LSB of the multiplier is
discarded. The cycle is then repeated on the new LSB of the
multiplier available at Qg.

The multiplier is in the Am2901 Q-register. The multiplicand
is in one of the registers in the register stack, Ra. The product
will be developed in another of the registers in the stack, Rp.
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The A address inputs are used to address the multiplicand in
Rj. and the B address inputs are used to address the partial
product in Rp. On each cycle, Rj is conditionally adaed to Ry,
depending on the LSB of Q as read from the Qg output, and
both Q and the ALU output are shifted down one place. The
instruction lines to the Am2901 on every cycle will be:

ig76 = 4 (shift register stack input and Q register left)
1543 =0 (Add)
lo1g = Tor3 (select A, B or 0, B as ALU sources)

Figure 20 shows the connections for multiplication. The
circled numbers refer to the paragraphs below.

1. The adjacent pins of the Q-register and RAM shifters are
connected together so that the Q-registers of both (or all)
Am2901s shift left or right as a unit. Similarly, the entire
eight-bit (or more) ALU output can be shifted as a unit
prior to storage in the register stack.

@ MSB
®‘L 9 a3 7] % Q3 j
RAMg RAM; ——| "M RAMZ 5
Low Am2901 @ Am2801 z
FOR™] Cn Casa Cp Coeg |—
ADD OVR [— OVR
F3 b~ [N
cp =0 [— Cp Fap b—

MPR-021

Figure 20. Interconnection for Dedicated Multiplication
(8 by 8 Bit) (Corresponding A, B and | Connected Together).

. The shift output at the LSB of the Q-register determines

whether the ALU source operands will be A and B (add
multiplicand to partial product) or 0 and B {(add nothing to
partial product. Instruction bit {1 can select between A, B
or 0, B as the source operands; it can be driven directly
from the complement of the LSB of the multiplier.

. As the new partial product appears at the input to the

register stack, it is shifted left by the RAM shifter. The new
LSB of the partial product, which is complete and will not
be affected by future operations, is available on the RAMq
pin. This signal is returned to the MSB of the Q-register. On
each cycle then, the just-completed LSB of the product is
deposited in the MSB of the Q-register; the Q-register fills
with the least significant half of the product.

. As the ALU output is shifted down on each cycle, the sign

bit of the new partial product should be inserted in the
RAM MSB shift input. The F3 flag will be the correct
sign of the partial product unless overflow has occurred. If
overflow occurs during an addition or subtraction, the OVR
flag will go HIGH and F3 is not the sign of the result. The
sign of the result must then be the compiement of F3. The
correct sign bit to shift into the MSB of the partial product
is therefore F3 ® OVR; that is, F3 if overflow has not
occurred and F3 if overflow has occurred. On the last cycle,
when the MSB of the multiplier is examined, a conditional
subtraction rather than addition should be performed,
because the sign bit of the multiplier carries negative rather
than positive arithmetic weight.

Y =-Y2 4 Y 27T+ Y20

This scheme will produce a correct two's complement
product for all multiplicands and multipliers in two's
complement notation.

Figure 21 is a table showing the input states of the Am2901
for each step of a signed, two’s complement multiplication.
The Am2904 LSI chip conveniently implemerts the required
shift linkages and the EX-OR function for this algorithm.

Initial Register States Am2901 Microcode Final Register States
R R
0 [ Multiplier 2's Comp. Multipl 0] Multiplier
1] Multiplicand Program e Y 1| Multiplicand
2(X 8/5/75 J.S. 2| LSH Product
a[x Date By 3| MSH Product
3 Pin States (Octal) Jump
S,F— | D Description Repeat
A laze| Isaz| l210 Ch | Qo Q3 RAMp | RAM3 | To | If

OVA Q Move Multiplier to Q - 0 0 3 4 X X X

OAB B Clear R3 - X 2 4 X X X X

(0+B)/2 . 1or3

B Cond. Add & Shift n—1 1 3 4 0 0 - RAM, - Fa\OVR|
(A+B)/2 I =0QpL0 0 e
(8—0)/2 . Tor3
B | Cond. Subt. & Shift - 1 3 4 1 1 - | RAM = [FaOVR|
(B—A)2 ! I = GgLO 0 3
ova B Move LSH Prod. to Ry - X 2 2 3 2 X X X X X
X = Don’t Care S = Source F = Function D = Destination
Figure 21.
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Hardware Division

Division, unlike multiplication, is much more difficult to
realize. One of these difficulties can be easily understood by
visualizing a 2n-bit Dividend (X) and an n-bit Divisor (Y). The
Quotient (Q) can range from 1 bit (when X < Y) to 2 n bits
{when Y = 1), discarding the attempt to divide by 0. In most of
the divide functions, the Remainder (R) is as important to find
as is the Quotient — there is no equivalent to it in multiplica-
tion. Division becomes even more complicated when nega-
‘tive numbers are represented in the 2's complement nota-
tion. In the “everyday’’ decimal system, using Sign-and-
Magnitude notation, dealing with negative numbers is rela-
tively easy: The sign of the quotient is determined first and
then a normal division is performed. Note that in this ’nor-
mal” division we first “’guess’’ the first digit of the quotient by
comparing the most significant part of the dividend to the
divisor. Then verify our guess by a multiplication (no “direct”’
division method is known), and continue to do so forall of the
other digits, shifting the divisor to the right one place at a
time.

The most straightforward division scheme (for unsigned
numbers) is Subsequent Subtraction. The algorithm is as
follows: Subtract divisor from dividend and increment a
counter (initially reset to zero). Continue to do so as long as
the Remainder is positive. When the Remainder becomes
negative, cancel the last step; i.e., add back divisor and de-
crement counter. The counter will contain the Quotient and
the Remainder will be correct. The main drawback of this
scheme is, of course, the great number of arithmetic opera-
tions needed. Again, when dealing with signed numbers, the
subtraction should be substituted by addition and vice versa.

A more rapid division can be realized by calculating the
Quotient digits instead of counting them. In this algorithm,
the divisor is first subtracted from the most significant part of
the dividend. If the remainder is positive, the quotient digit is
1", otherwise the subtraction is cancelled (by -adding the

Am2901 - 2901A « Am2901B

divisor to the remainder) and the quotient digit will be “0".
Now shift the remainder one place to the right {(much like you
do in a “paper and pencil” division) and repeat until all the
quotient digits have been calculated. This algorithm is called
“‘Restoring Division”. When signed numbers are involved,
inversion of the operations and the quotient digits will be
necessary and correction should be performed in some
cases. Some time is wasted in the Restoring Division be-
cause for every 0" digit in the quotient, two arithmetic
operations are needed. This can be saved in the “Non-
Restoring Division”.

The basis of Non-Restoring Division is the same as in Restor-
ing Division. Consider first unsigned (positive) numbers
only. At the beginning, the divisor is subtracted from the
most significant part of the dividend. If the result (first re-
mainder) is positive (or zero), the first quotient digit is “1"".
Otherwise, the quotient digit is ‘0", but do not restore! Shift
divisor one place to the right (or remainder to the left) and
add if last quotient digit was “‘0”’; otherwise subtract. Deter-
mine quotient digit as before and continue until all quotient
digits have been computed. The remainder will be correct ifit
is non-negative, otherwise correction is needed by a restor-
ing operation (on the remainder only). Extreme care should
be taken of the number of bits and the value of the divisor.
Assuming the divisor has n bits and the dividend as 2n bits,
the above process develops n+1 bits of the quotient. This
will not be sufficient if the MSB of the divisor is “0” (which
means that the divisor is a small number and more digits are
needed in the quotient). Although this condition can be eas-
ily detected as overflow will occur in the first subtraction, it
can be avoided by aligning the first “1” of the divisor to the
MSB of the dividend (by shifting the divisor left until all
leading zeros are discarded) before performing the first sub-
traction. Ample space should be provided for the additional
bits of the quotient. Note that leading zeros in the dividend
do not disturb the normai operation. The flow chart for un-
signed non-restoring division is shown in Figure 22,

DIVISOR

NO YES

YE o

STEP

<0

ADD SHIFT R
DIVISOR - BACK

S LAST N

>0

[ SUBTRACT |

L |

EXIT

i+

MPR-022

Figure 22. Flowchart for Non-Restering Division (Unsigned Numbers).
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The unsigned division scheme can be applied to signed posi-
tive numbers without any change. When negative numbers
are encountered, however, changes in the algorithm are
necessary. The straightforward method of signed division
seems to be “’Division in the first quadrant.” In that scheme,
negative numbers are 2's complemented to obtain positive
numbers, remembering the changes done. The division is
performed on positive numbers, and finally again 2's com-
plementing occurs wherever necessary. Figure 23 is the
flowchart for this algorithm.

Figure 24 is the Interconnection Diagram for both the align-
ment procedure and the Division Algorithm. It is assumed
that the Dividend is in Register Ry (it will be lost during the
division and replaced by the Remainder), the Divisor is in
Register Ry. The Quotient will be in the Q register, which
should be cleared beforehand.

After checking the signs of the Dividend and Divisor, setting
the flags and negating (using 23 or 24 octal as |5 through |y
ALU control bits) when necessary, the Divisor should be
aligned. This can be done by ORing Ry with 0 {Is_o = 33
octal). The most significant bit is deposited in the Status
Register, and can be shifted out by setting Ig = | = HIGH and
I to the Exclusive NOR of the previous and present MSB of
the Divisor. If these are both 0", I; will be HIGH, and an up
shift will occur, filling in trailing zeros. When the checked bits
are different, I; will go LOW, causing a down shift. At the
same time the Y output of the Status Register is enabled the
leftmost 0" (the sign bit) will be restored.

The first step in the Division routine is a subtract, then
shift the Rx and Q registers up. lg7g will be 6 in octal while
l219 = 1in octal and Il = |4 = LOW. Pulling the CL bit in the
microcode to HIGH, both I3 and C,, will be HIGH and the ALU
is performing a 2's complement subtract. The sign of the
Remainder will be latched in the Status Register and the
complement of it will be stored in the LSB of the Q register
during the shift up operation, which also discards the sign bit
of the Remainder.

Now repeating the same operation for all of the other bits of
the Remainder with the CL bit in the microcode LOW will
leave the control of I3 to the (complemented) previous sign
bit. If it was 0" (R = 0), I3 and C,, will be HIGH and the ALU
will subtract; ifitwas 1 (R < 0), I3 and C,, will be LOW and the
ALU will ADD, as required. In each up shift, the complement
of the present sign bit wil! be placed at the right of the
Quotient, again, as required.

At the end of the division, the sign of the Remainder should
be examined and if it is HIGH, the Divisor should be added to
it. This can be easily implemented (not depicted on Figure 24)
by performing an unconditional ADD (with C,, LOW), letting
1, LOW, Ig HIGH and controlling |4 by the complement of the
sign of the Remainder, thus adding to RX either RY (ifRg = 1)
or zero (if Rg = 0). If an alignment was performed, the
remainder should be shifted down the same number of
places.

Finally, the Quotient and/or the Remainder should be 2's
complemented again according to the flags.

Figure 25 is a table showing the input states of the Am2901s
for each phase of the Alignment and Division.

START
YES
X<0
25 NO
COMPLEMENT
X
SET "X < 0"
FLAG

i

YES
Y<o0
27 NO
COMPLEMENT
Y
SET "Y <0”
FLAG
DIVIDE
(FIG. 22)

2's RESET
COMPLEMENT

|

SET X < 0"
FLAG
2's RESET
COMPLEMENT
Q

N ]

s
COMPLEMENT
R

L

EXIT

MPR-023
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Figure 23. Flowchart for First Quadrant Division with
Signed Numbers.
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mse LsB
Q3 9 Q3 L)
RAM. RAM, RAM, RAM
3 Am2901 0 3 Am2901 0 _L
Cq [ Cn
F3

Am2918 ,DC TO |3 (ALU DESTINATION)

STATUS REGISTER Y BE a

T

TO I3 (ALY FUNCTION}

cL

FROM PIPE-LINE
REGISTER

MPR-024
Figure 24. Interconnections for Dedicated Division.
Initial Register Status o Am2901 Microcode Final Register Status
R R
0 | Dividend - 0 | Remainder
1 | Divisor Program: 2's Complement Division 1 | Divisor
Q | (Cleared) Date: 9/24/76 By: M.S. Q | Quotient
Pin Status (Octal) Jump
S, F D Description CL |Repeat | A | B | Ig7g | 1543 | 1210 | Cn | Qo | Q3 | RAMg RAM3| to | if
ovB B | Align Divisor x| k |x|1]|s7 | 3| 3 | x|x|x] o éig;
(B-A)*2 | B | First Subtract & Shift 1 - 1/0/ 6 1 1 1 | F | X 0 X
(BrA)*2 B | Loop Subtract/Add & Shift 0 k 1 (¢} 6 1/0 1 10 F_3 X ] X
B+A or B | Correct Remainder X - 110 3 0 113 0 X X X X
B+0 8 | Shift Remainder 1 k X |1 5 1 3 1 X X X Sign

k = Number of leading zeros of the Divisor

Figure 25. Am2901 Microcode for Dedicated Division.
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EXAMPLES OF SOME OTHER OPERATIONS The PC can be read out and incremented in one cycle by

i 1 inati ,and add ing the
1. Byte Swapping using the Am2901 destination code 2, and addressing

Occasionally the two halves of a 16-bit word must be
swapped. Dg_; is interchanged with Dg_15. The quickest
way to perform this operation is to rotate the word in
RAM, shifting two bits at a time. Only four shift cycles are
required. The same register is selected on both the A and
B ports; the two are added together with carry-in con-
nected to carry-out, producing a right shift of one place;
then the ALU is shifted right one more place prior to
storage.

Byte Swap of Ry
A = B = 0 | = 701 RAMO = RAM15 CIN = COUT
Repeat 4 times.

. Instruction Fetch Cycle

Execution of a macroinstruction generally begins with an
instruction fetch cycle. The current contents of the PC (in
one of the registers) is the address of the macroinstruc-
tion to be fetched, and must be read out to the memory
address register. Then the PC is incremented to point to
the next macroinstruction. The macroinstruction ob-
tained from memory is then loaded into the micropro-
gram sequencer to cause a jump to the microcode for
executing the instruction.

2-24

PC with both the A and B addresses. The current value of
PC will appear on the Y outputs, and PC+1 will be re-
turned to the register. If the PC is in register 15, then:

A =B = 15,1 = 203, Carry-in = 1

The PC will be on the Y outputs viathe RAM A-port. On the
clock LOW-to-HIGH transition, the program counter is in-
cremented and the value on the Y outputs is loaded into
the memory address register. During the following cycle,
the memory is read and, on the next clock LOW-to-HIGH
transition the instruction from the memory is dropped
into the instruction register. The fetch operation requires
only two microcycles.

ADDITIONAL READING

For more detailed information on applications of the
Am2901, the following application notes are available from
AMD.

Publication

Title Number
A 16-Bit Microprogrammed Computer AM-PUBO030
An Emulation of the Am9080A AM-PUBO064

A High Performance Disc Controller AM-PUBO065
Build a Microcomputer
Chapter Ili AM-PUB073-3
Chapter IV AM-PUB073-4



Am2901C

Four-Bit Bipolar Microprocessor Slice

ADVANCED INFORMATION

DISTINCTIVE CHARACTERISTICS

¢ Third generation of Am2901 four-bit slice

Internal ECL circuitry and state-of-the-art process technology
combined to provide fastest version of popular Am2901.

® Plug-in replacement for Am2901, Am2901A, Am2901B
The Am2901C is a pin-for-pin replacement for earlier versions
of the device. Only the switching speeds are changed.

o Improved speed

25-30% speed improvement on the critical paths versus

the Am2901B

MICROPROCESSOR SLICE BLOCK DIAGRAM

| 1

sl7]e[sfa[3]2]1]0
DESTINATION ALU ALU
CONTROL FUNCTION SOURCE

MICROINSTRUCTION DECODE
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8
(READ/WRITE)
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DIRECT
DATA IN

CARRY IN

OUTPUT
ENABLE

U

s

———|RAMG  RAMSHIFT  RAM,|=—
T T =19, Q=
7 QSHIFT
‘B’ DATA IN J I
‘A’ ADDRESS ce 1
RAM F o
16 ADDRESSABLE REGISTERS
QREGISTER
‘B ADDRESS
a cp
DATA  DATA . 2
ouT _ ouT I

=il

J\/[__ﬁ

D

A B g

ALU DATA SOURCE
SELECTOR

R S

a

J U

—]

R s

8-FUNCTION ALU

F

F— G
E—

|~ Cyia
|— £ s1G8)
|——= OVERFLOW
|——— £ = 0000

—] s

A F
OUTPUT DATA SELECTOR
Y

U DATA OUT
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Am2902A

High-Speed Look-Ahead Carry Generator

DISTINCTIVE CHARACTERISTICS

e Provides look-ahead carries across a group of four Am2901
microprocessor ALU's

e Capability of multi-level look-ahead for high-speed
arithmetic operation over large word lengths

e Typical carry propagation delay of 4.5 ns

® 100% reliability assurance testing in compliance with
MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am2902A is a high-speed, look-ahead carry generator
which accepts up to four pairs of carry propagate and carry
generate signals and a carry input and provides anticipated
carries across four groups of binary ALU's. The device also
has carry propagate and carry generate outputs which may be
used for further levels of look-ahead.

The Am2902A is generally used with the Am2901 bipolar
microprocessor unit to provide look-ahead over word lengths
of more than four bits. The look-ahead carry generator can be
used with binary ALU’s in an active LOW or active HIGH input
operand mode by reinterpreting the carry functions. The con-
nections to and from the ALU to the look-ahead carry
generator are identical in both cases.
The logic equations provided at the outputs are:
Cntx = Go + PoCp
Cn+y = G1 + P1G0 + P1PoCn
Cn+z = Ga + P3Gy + PoP1Gg + PoP1PoCh

= Gg + P3G2 + P3P2G1 -+ P3P2P1G0

P = p3P2P1 Pu

LOGIC DIAGRAM

S Gg Py & % P12 Gy Py
h i )
) T 1| i |
- - -
Cnx Chty Ch+z P
MPR-026
CONNECTION DIAGRAM LOGIC SYMBOL
Top View

3 4 1 2 14 15 5 6
Vee Pa G2 Cn Chix Cruy & Chpp J) é g $ A & $ $
mEnEnEnEnEREnE

Gy Py Gy Py Gp Py Gy P
16 15 14 13 12 11 10 9 o oo Mmoo T2 T

AM2902A ep—r
13 —4Cn LOOK-AHEAD CARRY
GENERATOR
° P lo— 7
! 2 3_4 5 5 u 8 Crtx Crey Chtz
guubuugog
Gy Py G Py G3 Py F GND I
12 1 9
VCC = Pin 16
Note: Pin 1 is marked for orientation. MPR-027 GND = Pin 8 MPR-025
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7.0V
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vc max.
DC Input Voltage —0.5V to +6.6V
DC Output Current, Into Outputs 30 mA
DC Input Current —30 mA to +5.0 mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Am20902AXC  Tp =0°Cto +70°C Vee = 5.0V £5% (COM’L) MIN, = 4,75V MAX, = 5,25V
AmM2902AXM Ta = —556°C to +126°C Ve = 6.0V £10% (MIL) MIN. = 4.50V MAX. = 6.50V Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
= = MiL 25 34
VoH Output HIGH Voltage Vee = MIN., IoH = —1mA Volts
VIN = VIH or Vi com 2.7 3.4
Vce = MIN., Igp = 20mA
v Output LOW Voltage cc 0.5 Volts
oL VIN = ViHor ViL
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 20 Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs 0.8 Volts
' Input Clamp Voltage Ve = MIN,, Iy = —18mA -1.2 Volts
Cn -2
P3 —4
i ) -6
L input LOW Current Vee = MAX., Vi = 0.5V — mA
Po, P1, G3 —8
Go. G2 —14
Gq -16
Cn 50
P3 100
IiH Vog = MAX., ViN = 2.7V P2 150 A
Input HIGH C t = - =2. —— M.
P urren cc IN Po.P1,G3 200
Gop, Go 350
Gy 400
1] input HIGH Current Vee = MAX,, Vg = 6.5V 1.0 mA
QOutput Short Circuit » _ _
Isc {Note 3) Vee = MAX., VoyT = 0.0V —40 100 mA
Ve = MAX, MiL 69 99 mA
. All Outputs LOW COM'L 69 109
icc Power Supply Current 7
Vee = MAX. ML mA
All Ouputs HIGH [e{e] V4 35
Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Voc = 5.0V, 26°C ambient and maximum loading.
3. Not more than one output shouid be shorted at a time, Duration of the short circuit test should not exceed one second.

SWITCHING CHARACTERISTICS
(Ta = +25°C, Ve = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
tpLH 6.5 10
Cp 10 Cpyys Cnty- O C ns
tPHL n n+x: “n+y n+z 7 105
tpLH — — 45 7
Pjor Gj to Cpyx: Cppys OF C ns
tPHL i i n+x: ¥nty: n+z 45 7 CL = 15pF
R = 28092
t - = = 5 7.5 L
PLH PiorGjto G ns
tpHL 7 10.5
! e 4.5 6.5
PLH Pito P ns
tPHL 6.5 10

2-27




Am2902A

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Tp = 0°C to +70°C |Tp = —55°Cto +125°C
Ve = 5.0V +5% Ve = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tpLH 13 15 ns
Cnto Chtx, Cpopys 0r C
1PHL n n+x: “n-+y: n+z 12 16.5 ns
tPLH Pjor Gi 1o Cpix, C (o] i ) iy
i i , , or
tPHL i i n+x» “¥n+y n+z 9 115 ns CL - 50pF
R, = 280Q
t - = = 12 16.5 ns L
PLH FiorGito G
tpHL 12 13.5 ns
t S 9.5 11.5 ns
PLH FitoP
tpHL 11 12 ns

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

DEFINITION OF FUNCTIONAL TERMS

C,, Carry-in. The carry-in input to the look-ahead generator. Also
the carry-in input to the nth Am2901A microprocessor ALU input.

Cn+; Carry-out. (j = x, y, z). The carry-out output to be used at
the carry-in inputs of the n+1, n+2 and n+3 microprocessor ALU

Gj, P; Generate and propagate inputs respectively (i = 0, 1, 2,
3). The carry generate and carry propagate inputs from the n,
n+1, n+2 and n+3 microprocessor ALU slices.

G, P Generate and propagate outputs respectively. The carry

generate and carry propagate outputs that can be used with the

slices. next higher level of carry look-ahead if used.
TRUTH TABLE Metallization and Pad Layout
lnputs Oulpu!s
,,L§° .‘E‘?,_F!, P GZ P G P, c"+x cn+ycn+zG P
X H H L
L H X L
X L X H — _
H X L H Gy 1 P
X X X H H L
X H H H X L
L H X H X L
X X X L X H = —
X L X X L H Py 2 G
H X L X L H G 3
X X X X X H H L _
X X X H H H X L Pg 4
X H H H X H X L & s
L HXHXH X L ¢
X X X X X L X H
X X X L X X L H Crne
X L X X L X L H = e
H X L X L X L H j
X X X X X H H H PoT
X X X H H H X H
X H H H X H X H
H H X H X H X H
X X X X X L X L
X X X L X X L L GND 8 o 10 1 Cpyy
X L X X L X L L
L X L X L X L L Ch4z G
H X X X H
X H X X H
X X H X H
X X X H H
L L L L L

H = HIGH Voltage Level
L = LOW Voltage Level
X = Don't Care

DIE SIZE 0.062” X 0.067"
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APPLICATIONS
CARRY.IN c, Am2901A ¢, Am2901A e Am2901a o, AM20TIA CARRY.OUT
G P G P G P
Gy Py Cnix Gy P Cpay Gy Py Cpig
—=1Cp Am2902A
16-BIT CARRY LOOK-AHEAD CONNECTION.
MPR-028
y Am2901 N
CARRY-IN RO PR IR N [ JI GO R (T G _ G Cn Cnisf—= carry-OUT
g_»p G_p G_p G_p G p G_p G_ 7

Gy Py Cpx Gy Py Couy G Py Cnuy Gg Py 8o Po Cnix 61 Py Cory G Py Coez Gg Py
amnay
Cn 7 Am2902A i 5 Cn Am2902A
Gy Py C
el 0 M Am2902A

32-BIT ALU, THREE LEVEL CARRY LOOK-AHEAD.
MPR-029

ORDERING INFORMATION
Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2902APC P-16 C C-1
AM2902ADC D-16 (o} C-1
AM2902ADC-B D-16 (o} B-1
AM2902ADM D-16 M C-3
AM2902ADM-B D-16 M B-3
AM2902AFM F-16 M C-3
AM2902AFM-B F-16 M B-3
AM2902AXC Dice c :gsh:fi'g-sr%eggosn
Am2902AXM Dice M Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C = 0°Cto +70°C, Vg = 4.75V t0 5.25V, M = — 55°C to +125°C, Vee = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
Class B.
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If You Liked Our 2901,
You’ll Love Our 2903!

Plus These Added Features:

Same Powerful

Architecture:

® 16 Working Registers in 2-address
architecture

@ Left-Right shift of Data after ALU

® Auxiliary Register for multiple-length
operations

® Expandable to any word length in
multiples of four bits

® Carry, Overflow, Zero, and Negative
Status Flags

® Two’s Complement and Unsigned
Multiply

The Am2903 performs both signed
and unsigned multiplication without
requiring any additional hardware.
For unsigned n x n-bit multiply, a
single microinstruction is repeated
n times. For a two’s complement
multiply, a single microinstruction
is executed n-1 times, and a second
microinstruction is executed once.
Both kinds of multiplies produce
2n bit products.

® Two’s Complement Divide

The Am2903 performs a signed
division using a non-restoring
algorithm. A 2n bit dividend is
divided by an n-bit divisor in n
cycles (after justification). An n-bit
signed quotient and n-bit signed
remainder are produced. Extension
to multiple length division is

simple. No extra hardware is
needed.

® Single and Double Length
Normalization

Both single length words and
double length words can be
normalized; i.e., shifted up to
remove leading zeros or ones.
During the normalize instructions,
the Am2903 provides special flags
signaling the completion of
normalization.

@ Conversion Between Sign-Magnitude
and Two’s Complement Notations
On a single cycle, the Am2903
will switch a word from one
notation to the other.

® Increment by One or Two
On a single cycle, the Am2903 can
add either 1 or 2 to a word,
depending on carry-in.

If You Didn’t Like Our 2901,
You’ll Love Our 2903!

® Two Data Input Ports
The Am2903 can operate between
any two internal registers, any
internal register and an external
data bus, or two external data
buses.

® Expandable Register File
The Am29705 hooks directly onto
the Am2903 to provide any number
of working registers, without losing
the two-address architecture. You

can even go to a three-address
system, where on one cycle you
operate on two registers and place
the result in a third.

® Arithmetic and Logical Shifts
Arithmetic shifts hold the MSB
(sign bit) in place and shift the rest
of the word around the MSB.
Logical shifts shift all the bits in
the word. The 2903 provides both
types of shift.

@ Sixteen-Function ALU
Provides 9 Logic Functions and 7
Arithmetic Functions, twice as
many functions as the 2901.

® Parity Generated Internally
A Parity Generator operates on the
ALU output and is cascaded
between devices, so that a single
pin contains parity across the entire
ALU output.

And If You Don’t Quite Like Our 2903,
You’ll Definitely Love Our Am29203!

® BCD Arithmetic
The Am29203 includes special
functions for BCD add and subtract,
as well as conversion between binary
and BCD notations.

® A Byte Better
The Am29203 is designed to
efficiently handle byte operations
with a minimum of external logic.
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® Both Data Lines Bidirectional
® Decrement by 1 or 2 Instruction

® RAM is enabled only if instruction
execution is enabled.



Am2903 « Am29203

The Superslice®

DISTINCTIVE CHARACTERISTICS

® Expandable Register File —
Like the Am2901, the Am2903/29203 contains 16 internal
working registers arranged in a two-address architecture. But
the Am2903/29203 includes the necessary “hooks” to ex-
pand the register file externally to any number of registers.

® Built-in Multiplication Logic —
Performing multiplication with the Am2901A requires a few
external gates — these gates are contained on-chip in the
Am2903/29203. Three special instructions are used for un-
signed multipication, two’s complement multiptication and the
last cycle of a two's complement multiplication.

® Built-in Division Logic —
The Am2903/29203 contains all logic and interconnects for
execution of a non-restoring, multiple-length division with cor-
rection of the quotient.

® Built-in Normalization Logic —
The Am2903/29203 can simuitaneously shift the Q Register
and count in a working register. Thus, the mantissa and ex-
ponent of a floating-point number can be developed using a
single microcycle per shift. Status flags indicate when the
operation is complete.

® Buiit-in Parity Generation Circuitry —
The Am2903/29203 can supply parity across the entire ALU
output for use in error detection.

® Built-in Sign Extension Circuitry —
To facilitate operation on different length two’s complement
numbers, the Am2903/29203 provides the capability to ex-
tend the sign at any slice boundary.

® BCD Arithmetic (Am29203 only) —

Automatic BCD add and subtract and conversion between
binary and BCD.

® Improved Byte Handling (Am29203 only) -
Zero detection and register writing can be performed on a
single byte rather than the whole word.

® Two Bidirectional Data Lines (Am29203 only) —

GENERAL DESCRIPTION

The Am2903 is a four-bit expandabie bipolar microprocessor

slice. The Am2903 performs all functions performed by

the in-

dustry standard Am2901 and, in addition, provides a number of
significant enhancements that are especially useful in arithme-
tic-oriented processors. Infinitely expandable memory and
three-port, three-address architecture are provided by the
Am2903. In addition to its complete arithmetic and logic instruc-
tion set, the Am2903 provides a special set of instructions which
facilitate the implementation of muitiplication, division, normali-

zation, and other previously time-consuming operation

s. The

Am29203 is a similar device, but has additional I/O capability,

more special instructions and will be at least 30% faster.
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Notes: 1. DAg_3 is input only on Am2903, but is I/O port on Am29203.

2. OnAm2903, zero logic is connectedto Y, after the OEy

buffer.
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ARCHITECTURE OF THE Am2903 AND Am29203

The Am2903/29203 is a high-performance, cascadable, four-bit
bipolar microprocessor slice designed for use in CPUs,
peripheral controllers, microprogrammable machines, and
numerous other applications. The microinstruction flexibility of
the Am2903/29203 allows the efficient emulation of almost any
digital computing machine. The nine-bit microinstruction selects
the ALU sources, function and destination. The Am2903/29203
is cascadable with full lookahead or ripple carry, has 3-state
outputs, and provides various ALU status flag outputs. Ad-
vanced Low-Power Schottky processing is used to fabricate this
48-pin LSI circuit.

All data paths within the device are four bits wide. As showninthe
block diagram, the device consists of a 16-word by 4-bit, two-port
RAM with latches on both output ports, a high-performance ALU
and shifter, a multi-purpose Q Register with shifter input, and a
nine-bit instruction decoder.

Two-Port RAM

Any two RAM words addressed at the A and B address ports can
be read simultaneously at the respective RAM A and B output
ports. ldentical data appear at the two output ports when the
same address is applied to both address ports. The latches atthe
RAM output ports are transparent when the clock input, CP, is
HIGH and they hold the RAM output data when CP is LOW.
Under control of the OEg three-state output enable, RAM data
can be read directly at the Am2903 DB 1/O port. On the
Am29203, E, provides the same feature at the DA port.

External data at the Am2903/29203 Y /O port can be written
directly into the RAM, or ALU shifter output data can be enabled
onto the Y I/O port and entered into the RAM. Data is written into
the RAM at the B address when the write enable input, WE, is
LOW and the clock input, CP, is LOW.

Arithmetic Logic Unit

The Am2903 high-performance ALU can perform seven arithme-
tic and nine logic operations on two 4-bit operands. Multiplexers
at the ALU inputs provide the capability to select various pairs of
ALU source operands. The E, input selects either the DA exter-
nal data input or RAM output port A for use as one ALU operand
and the OEg and |, inputs select RAM output port B, DB external
data input, or the Q Register content for use as the second ALU
operand. Also, during some ALU operations, zeroes are forced at
the ALU operand inputs. Thus, the Am2903 ALU can operate on
data from two external sources, from an internal and external
source, or from two internal sources. Table | shows all possible
pairs of ALU source operands as a function of the Ea, OEg, and Iy
inputs.

When instruction bits ly, I3, I, 11, and lg are LOW, the Am2903
executes special functions. Table 4 defines these special func-
tions and the operation which the ALU performs for each. When
the Am2903 executes instructions other than the nine special
functions, the ALU operation is determined by instruction bits 14,
13, 15, and |;. Table 2 defines the ALU operation as a function of
these four instruction bits. The Am29203 ALU is identical, but
executes 16 special instructions.

Am2903/29203s may be cascaded in either a ripple carry or
lookahead carry fashion. When a number of Am2903/29203s
are cascaded, each slice must be programmed to be a most
significant slice (MSS), intermediate slice (IS), or least signifi-
cant slice (LSS) of the array. The carry generate, G, and carry
propagate, P, signals required for a lookahead carry scheme are
generated by the Am2903/29203 and are available as outputs of
the least significant and intermediate slices.

TABLE 1. ALU OPERAND SOURCES

EA | lg | OEg | ALU Operand R | ALU Operand S

L L L RAM Output A RAM Output B
L | L H RAM Output A DBg.3

L H X RAM Output A Q Register

H L L DAg-3 RAM Output B
H | L H DAg.3 DBg.3

H H X DAg-3 Q Register

L= LOW H = HIGH X = Don't Care

TABLE 2. ALU FUNCTIONS

Iirxir|lrjirxlx x| Ty r s

ALU Functions
Special Functions
F; = HIGH
F = S Minus R Minus 1 Plus Cp,
F = R Minus S Minus 1 Plus C,
F = R Plus S Plus Cp,

F = S Plus Cy,

F = S Plus Cp,

Reserved Special Functions
F = R Plus Cp N
Reserved Special Functions
F = R Plus Cp,

Reserved Special Functions
Fj = LOW

Fi = Rj AND S;

F; = R; EXCLUSIVE NOR S;
F, = R; EXCLUSIVE OR S;

e I B el B o e o T ool Bl e o e ol s ol e o B ol B ol B o s S Ml e Rl [
T rrlz-|lxzi-lzi-|- Tz 0| T T |
><><><><><X><Ir'Ir_Ir—><><><><><Il“o_

F; = R; AND S
F; = R;NOR S,
Fi = R; NAND S;
Fi = R; OR S
L=L0 H = HIGH i=0to3
X = LOW or HIGH

The Am2903/29203 also generates a carry-out signal, Cp4,
which is generally available as an output of each slice. Both the
carry-in, Cy,, and carry-out, C,;4, signals are active HIGH. The
ALU generates two other status outputs. These are negative, N,
and overflow, OVR. The N output is generally the most signifi-
cant (sign) bit of the ALU output and can be used to determine
positive or negative results. The OVR output indicates that the
arithmetic operation being performed exceeds the available
two’s complement number range. The N and OVR signals are
available as outputs of the most significant slice. Thus, the
multipurpose G/N and P/OVR outputs indicate G and P at the
least significant and intermediate slices, and sign and overfiow
at the most significant slice. To some extent, the meaning of the
Chnitan P/OVR, and G/N signals vary with the ALU function being
performed. Refer to Table 5 for an exact definition of these four
signals as a function of the Am2903/29208 instruction.
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BLOCK DIAGRAM
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- ADDRESS ADDRESS
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o—— cp
A B -
4 DATA OUT . DATAOUT | jo———
b g
4 4 Am29203 ONLY
cP—=]E LATCH LATCH E J=—cp
Am29203 -
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4
OFg
(S — |
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DAg_3 (NOTE 1) 4 3
= r— DBg_3
Ea
- MUX S fe——o g
4
4 4
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T AN CETRA VY4 Soy c
n
—PIOVR \ ALU <3
< F
N\ 0-3
Cnia — s10y
s &3
$I105 ; ‘ aiog
ALU _J | Q ZE
EF SHIFTER SHIFTER
al0; 4 4
& p w—
OEy cp a
57 REGISTER
[
TEN | ot 4
lo-lg ¢
o] : K
INSTRUCTION | ©® zero | Yo-3
DECODE (NOTE 2)
[ ]
WRITE/ : : cP
S8 b4 —-—
& — —
z
— —— Am29203
T~ "7 onLy ene
_-—

Notes: 1. DAg.3 is input only on Am2903, but is I/O port on Am29203.
2. On Am2903, zero logic is connected to Y, after the OEy buffer.

MPR-030

ALU Shifter

most significant (sign) bit position of the most significant slice, shift output.

and a logical shift operation shifts data through this bit position
Under instruction control, the ALU shifter passes the ALU output (see Figure A). SIOg and SIO; are bidirectional serial shift
(F) non-shifted, shifts it up one bit position (2F), or shifts it down inputs/outputs. During a shift-up operation, SIO, is generally a
one bit position (F/2). Both arithmetic and logical shift operations serial shiftinput and SIO; a serial shift output. During a shift-downr.
are possible. An arithmetic shift operation shifts data around the -operation, SIO; is generally a serial shift input and SIO, a serial
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Significant Significant or
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Am2903/29203 Arithmetic Shift Path
1 LI
siog siog
it 1
All
Slice Positions
Am2903/29203 Logical Shift Path
Figure A. MPR-031

To some extent, the meaning of the SIO,.and SIOj; signals is
instruction dependent. Refer to Tables 3 and 4 for an exact
definition of these pins.

The ALU shifter also provides the capability to sign extend at slice
boundaries. Under instruction control, the SIOg (sign) input can
be extended through Yy, Y+, Y2, Y3 and propagated to the SIO;
output.

A cascadable, five-bit parity generator/checker is designed into
the Am2903/29203 ALU shifter and provides ALU error-detec-
tion capability. Parity for the Fy, F1, Fp, F3 ALU outputs and S1O3
input is generated and, under instruction control, is made avail-
able at the S10, output. Refer to the Am2903/29203 applications
section for a more detailed description of the Am2903/29203
sign extension and parity generation/checking capability.

The instruction inputs determine the ALU shifter operation. Table
4 defines the special functions and the operation the ALU shifter
performs for each. When the Am2903/29203 executes instruc-
tions other than the special functions, the ALU shifter operation
is determined by instruction bits Igl;lgls. Table 3 defines the ALU
shifter operation as a function of these four bits.

Q Register

The Q Register is an auxiliary four-bit register which is clocked on
the LOW-to-HIGH transition of the CP input. ltis intended primar-
ily for use in multiplication and division operations; however, it
can aiso be used as an accumulator or holding register for some

applications. The ALU output, F, can be loaded into the Q Regis-
ter, and/or the Q Register can be selected as the source for the
ALU S operand. The shifter at the input to the Q Register provides
the capability to shift the Q Register contents up one bit position
(2Q) or down one bit position (Q/2). Only logical shifts are per-
formed. QIOg and QIO; are bidirectional shift serial inputs/
outputs. During a Q Register shift-up operation, QIQ, is a serial
shift input and QIO; is a serial shift output. During a shift-down
operation, QIQ5 is a serial shift input and QIO is a serial shift
output.

Double-length arithmetic and logical shifting capability is pro-
vided by the Am2903/29203. The double-length shift is per-
formed by connecting QIO; of the most significant siice to SIOg
of the least significant slice, and executing an instruction which
shifts both the ALU output and the Q Register.

The Q Register and shifter are controlled by the instruction in-
puts. Table 4 defines the Am2903/29203 special functions and
the operations which the Q Register and shifter perform for
each. When the Am2903/29203 executes instructions other than
the special functions, the Q Register and shifter operation is
controlied by instruction bits Igl/lgls. Table 3 defines the Q Reg-
ister and shifter operation as a function of these four bits.

Output Buffers

The DB and Y ports are bidirectional I/O ports driven by three-
state output buffers with external output enable controls. On the
Am29203, the DA port is also bidirectional. The Y output buffers
are enabled when the OEy input is LOW and are in the high
impedance state wrle_n__(ﬁ is HIGH. The DB output buffers are
enabled when the OEg input is LOW and the DA buffers are
enabled when Ej is LOW. (On the Am2903 DA is input only; the
pins are never outputs.)

The zero, Z, pin is an open collector input/output that can be
wire-OR'ed between slices. As an output it can be used as a zero
detect status flag and generally indicates that the Yo.a pins are all
LOW. To some extent the meaning of this signal varies with the
instruction being performed. Refer to Table 5 for an exact defini-
tion of this signal as a function of the Am2903 and Am29203
instructions. On the Am292083, the Z pin will be HIGH if OEy is
HIGH, allowing zero detection on less than the full word.

TABLE 3. ALU DESTINATION CONTROL FOR Iy OR |4 OR I3 OR I3 OR |5 = HIGH, TEN = LOW.

S105 Y3 \¢] Q Reg &
Hex ALU Shifter Most Sig. | Other | Most Sig. | Other | Most Sig. | Other —_— Shifter
Ig 1y lg lg | Code Function Slice | Slices | Stice | Slices | Slice | Slices | Y, | Yo | S10p | Write Function | QI0, 1 QIO,
Lt L L 0 Arith. Fl2—Y Input Input Fa 5103 S103 F3 F2 |Fy Fo L Hold Hi-Z | Hi-Z
L L L H 1 Log. Fl2—+Y tnput “input SI03 SI03 Fy Fy Fa |Fy Fp L Hold Hi-Z | Hi-Z
L L H L 2 Arith, Fl2—Y Input Input F3 5103 SI0g F3 F2 |Fy Fo L Log Q/2-Q [ input | Qg
L L H H 3 Log. Fl2—Y Input Input SI03 SI03 Fy Fj3 Fp |Fy Fo L Log. Q/2—»Q input | Qg
L H t L 4 FY Input Input Fy Fs (A Fa Fy | Fo Parity L Hotd Hi-Z | Hi-Z
L H L H 3 FoY Input Input s | Fs Fy [ Fi |Fo Parity H Log. Q/2—+Q | nput | Qg
L H H L 6 FY Input Input F3 3 Fy Fp Fi_|Fg Parity H F~Q Hi-Z | Hi-Z
L H H H 7 FY Input Input Fa- F3 [ [ F1 | Fo Parity L F~Q H-Z | HI-Z
AL L L 8 Arith, 2F Y F2 [ F, | R Fi Fy Fo |SiOp | Input L Hold Hi-Z | Hi-Z
H L L H ] Log. 2F Y Fa Fa F Fp Fy 3 Fo {SIOp | input L Hold HI-Z | HI-Z
H L H L A Arith, 2F—>Y Fa F3 F3 Fp Fy £y Fo |Si10p | tnput L Log.20+Q | Q3 Input
HW L H H| B [Log2F=y Fa B | R R Fy Fy Fo |SIOg | Input L 10g.20~+Q | Qg | Iput
R H L L c Fav Fa [ F3 | Fp Fy |Fo HI-Z H Hold  * HI-Z | HI-Z
H H L H [ FoY F3 Fa F3 F3 Fp Fp Fy |Fo HI-Z H Log. 2Q—Q Qg Input
H H H L E §10g—+Yg. Y1, Y2, Y3 S10g Si0g SI0g Si0g SI0y SI0g | $10g[SI0g | Input L Hold HI-Z | Hi-Z
W H H H F F=Y Fs F3 Fa Fy Fa Fp Fi |Fo H-Z L Hold Hi-Z | HI-Z
Parity = F3¥% Fa ¥ Fq ¥ Fg ¥ 8103 L =LOW Hi-Z = High Impedance
¥ = Exclusive OR H = HIGH
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TABLE 4. SPECIAL FUNCTIONS: Ig = Iy =I5 = I3 = I3 = LOW, IEN = LOW

S104
. Q Reg &
Hex | Available Special ALU Shifter | Most Sig.| Other Shifter __
g 17 lg 15 Code On Function ALU Function Function Slice Slices | 8I0, | Function | QIO4 Qio, WRITE
Am2903 ) § F= S+Cp i Z=L Log. F2~eY .
Lot 0 Am29203 Unsigned Muttiply F=R+8-+Cp if Z=H (Note 1) Hi-Z Input Fo Log. /2+Q | input Qp L
L L L H 1 Am29203
Am2903 Two's Complement F=S+Cp if Z=L Log. F/2-sY 3 .
L L H L 2 AM29203 Mukiply F=R+S1Cp it Z=H (Note 2) Hi-Z Input Fo Log. Q/2+Q | nput Qg L
L L H H 3 Am29203
LML L e e
g‘:’g’m&? F=S+1+Cp FaY Input Input Parity | Hol HI-Z Hi-Z L
L BT e
agni - F=8+Cpn i1 Z=L F-sY . - -
Two's Compiement F=3. +C: it Z=H (';;“ ? Input Input Parity Hold Hi-Z Hi-Z L
Am2903 Two's Complement F=S+Cp it Z=L Log. Fi2—Y .
L H H LI 6 AM29203 |  Multiply, Last Cycle | F=S—R—1+Cp itZ=H (Note 2) Hi-z Input Fo Log. @2+ | inpt | Qg L
L H H H 7 AmM29203
Am2903 Single Length i
HoLoLL 8 Am29203 Normalize F=§+C, FsY [ Fa Hi-Z Log. 20+Q Qs Input L
H L L H 9 Am29203
H L H L| A Am2908 m:u;um F=8+C, Log 2F-s¥ Ry ¥F. F. nput | Log. 20-+Q Q Input L
AmM29203 Fieh Ditigs Op. n 09 3 VF3 3 pul 0g. 3
H L H H| B | Am29203 '
Am2903 Two's Complement F=S+R+Cp it Z=L
H H L L| C Am26203 Divide FS-R-11C, itz=H Log. 2F—Y Rg¥ F3 Fa Input | Log. 20-Q Qs Input L
H H L H D Am29203
“Two's Complement .
Am2903 o ; F=S+R+Cy if Z=L K
HOH W LI B | amaspog | Sid Correction F=S-R-14Cyitz=H | F=¥ Fa F3 H-Z | tog20~Q | Q input
H H H H| F Am29203

NOTES: 1. At the most significant slice only, the Cp, .4 signal is internally gated to the Y3 output. L =LOW Hi-Z = High Impedance

2. At the most significant slice only, F3 ¥ OVR is internally gated to the Y3 output. H = HIGH ¥ = Exclusive OR

3. At the most significant slice only, S3¥ F3 is generated at the Y3 output. X = Don't Care Parity = SIO3 VF3 ¥ Fo ¥ Fy ¥ Fg
Instruction Decoder HIGH programs the slice to operate as an intermediate slice (IS)

prog ; 6>

The Instruction Decoder generates required internal control sig-  and tying it LOW programs the slice to operate as a most signifi-
nals as a function of the nine Instruction inputs, lo_g; the Instruc- cant slice (MSS). The W/MSS pin must be tied HIGH through a
tion Enable input, IEN; the LSS input; and the WRITE/MSS resistor. W/MSS and LSS should not be connected together.
input/output. See Figure 2 of applications.

The WRITE output is LOW when an instruction which writes data
into the RAM is being executed. Refer to Tables 3 and 4 for a
definition of the WRITE output as a function of the Am2903
instruction inputs.

On the Am2903, when IEN is HIGH, the WRITE output is forced poRECIAL
HIGH and the Q Register and Sign Compare Flip-Flop contents AORCI
are preserved. When |EN is LOW, the WRITE output is enabled_
and the Q Register and Sign Compare Flip-Flop can be written
according to the Am2903 instruction. The Sign Compare Flip- cr — cLk
Flop is an on-chip flip-flop which is used during an Am2903 divide
operation (see Figure B). On the Angzoﬂﬁ controls internal
writing, but does not affect WRITE. The IEN signal can then be
controlied separately at each chip to facilitate byte operations.

Ry v F3

SIGN
COMPARE

|

m
2

ol

The sign compare signal appears at the Z output of the most
Programming the Am2903/29203 Slice Position significant slice during special functions C, D and E, F. Refer

Tying the LSS input LOW programs the slice to operate asaleast | 1© Table 5.
significant slice (LSS) and enables the WRITE output signal onto
the WRITE/MSS bidirectional I/O pin. When [SS is tied HIGH, the
WRITE/MSS pin becomes an input pin; tying the WRITE/MSS pin Figure B. Sign Compare Flip-Flop.

MPR-032
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TABLE 5. Am2903/29203 STATUS OUTPUTS

P/OVR G/N Z (OEy = LOW)
(Hex)  (Hex) Pi Most Sig. | Other | Most Sig. | Other | Most Sig. | intermediate | Least Sig
Igi7lgls lalzl2ly lo (i=0to 3) Chtd Slice Slices Slice Slices Slice Slice Slice
X 0 H 1 0 0 0 Fg G YoY1YaY3 YoY1Y2Y3 YoYqY2Y3
1 X RVS GVPCq | CnizyCnta| P F3 G VoViv2¥s | YoY1YaVs YovV1V2Ys |
2 3 "RV E GV F Cn+3 ¥Cnia| P Fa [ YoY1Y273 VoV1V2V3 \NAZE
K X VS Cn+3 ¥ Cnta| P TR T [ VYoYiYaY3 YoY1Y2Y3 YoY1Y2Y3
AT S; CnrawCnia| P F3 ] Vo¥i¥a¥3 | Yov4v2¥a | Vov1v2'3
5 X 5 3 P F3 [ YoV1Y2Ya YoY1Y2Y3 YoV1YaYs
6 X A P Fa [] Vo¥1¥a¥s | Yo¥iY2¥3 | Yo¥iY2Ys
X Ri Cn+3 ¥Cn+a| P F3 G VoV1YaYs | Yovi¥eYs | YoY1Y2Vs
8 X i 0 0 F3 <] Yovi¥aYa YoV1v273 VoV1Y273
e x| T o 0 Fa [} Yo¥1Y2Y3 YoV1YaY3 YoY1Y2Y3
A X [ RAS R V S 0 0 [ G YoY1YaV3 YoY1YaYa YoY1YaY3
B X | RiAS RV S K 0 F3 [] YoV1V273 VoV172Y3 YoV1V2Y3
c X |RiAS] |1 1 0 0 Fa G Yo¥4YaYs YoY1YaY3 YoY1V2Ya
) X TR AS 1 6 0 Fa e VoViVovs | Vo¥ivava | Yoviva's
TETT X TRIASTTTTT T . Kl "o Fa [} Yov1¥273 VoV1Va¥a A\AOAE
F X [RiAS 1 o 0 Fa G YoV1YaY3 Yov1YaVs VoY1Y¥aYa
- 0if Z=L §jitz=L 1 ’ 5 - =
0 0 L RAS; it Z=H | R{VS;if Z=H GV PCq Cn+3 ¥ Cn+d P Fg G fnput Input Qo
0ifZ=L SiifZ=L Toy on = =
2 0 L RAS I Z=H | RjV S it Z=H GV PCp Cn+3 ¥ Cn+4 P F3 G Input Input Qp
4 0 L | See Note 1 See Note 2 GV PCp Cn+3 ¥ Cn+4a P F3 G YoY1Y2Y3 YoY1YaY3 YoY1Y2Y3
SiifZ=L = Faif Z=L =
5 0 Lo Stz GV PCp Cnt+3a¥Cnta| P Fay S51Z-H G S3 Input Input
0if Z=L S;if = —
6 0 L | Rasitz-H | Rive; ifz=H GV PCp Cn+3yCnra| P F3 G Input Input Qg
8 0 L]o Si See Note 3 Qo ¥ Qq P Q3 G QoQ1QpQ3 | QpQ1Q2Q3 | QpQ1Q2Q3
A 0 Lo S; See Note 4 Fa ¥ Fq P F3 G See Note 5 Ses Note 5 See Note 5
RiAS; if Z=L R;VS;itZ=L = - Sign Compare
¢ 0 L Rins ifz-H | Rivsiitz=n | CVPCn | Cnra¥Cnrel F Fa G FF Output nput Input
RiAS; if Z=L R;VSj it Z=L 5 = Sign Compare
E 0 b | RiAsiitz=r | Fivsiitz=n | CVFOn Cr+a¥Cnea| P Fa G FF Output Input input
L=tOW=0 NOTES: 1. If LSS is LOW, Gg = Sg and G,2,3 = 0
H = HIGH = 1 i LSS is HIGH, Gg,1,2,3 = 0
V= OR 2. 1SS is LOW, Py = 1 and Py,2,3 = S1,2,3
A= AND If LSS is HIGH, P; = §;
¥ = EXCLUSIVE OR 3. At the most significant slice, Cn44 = Qz¥ Qg
P = P3PyP4Pg At other slices, Cp,+4 = GVPCy

G = GyVGyP3V G1PaP3V GoP1P2P3
Cn+3 = G2V G{PaVGP1PaVCLPLP1P2

4. At the most significant slice, Cp.+.4 = F3¥ F2
At other slices, C44 = GV PCpy

Am2903 SPECIAL FUNCTIONS

The Am2903 provides nine Special Functions which facilitate the
implementation of the following operations:

e Single- and Double-Length Normalization

o Two's Complement Division

e Unsigned and Two's Complement Multiplication

e Conversion Between Two's Complement and Sign/Magnitude
Representation

e Incrementation by One or Two

Table 4 defines these Special Functions.

The Single-Length and Double-Length Normalization functions
can be used to adjust a single-precision or double-precision
floating point number in order to bring its mantissa within a
specified range.

Three Special Functions which can be used to perform a two’s
complement, non-restoring divide operation are provided by the
Am2903. These functions provide both single- and double-
precision divide operations and can be performed in “n” clock
cycles, where “n” is the number of bits in the quotient.

The Unsigned Multiply Special Function and the two Two's Com-
plement Multiply Special Functions can be used to multiply two
n-bit, unsigned or two’s complement numbers, respectively, in
n clock cycles. These functions utilize the conditional add and
shift algorithm. During the last cycle of the two’s complement
multiplication, a conditional subtraction, rather than addition, is
performed because the sign bit of the multiplier carries negative
weight.

The Sign/Magnitude-Two's Complement Special Function can
be used to convert number representation systems. A number
expressed in Sign/Magnitude representation can be converted to
the Two’s Complement representation, and vice-versa, in one
clock cycle.

The Increment by One or Two Special Function can be used
to increment an unsigned or two's complement number by
one or two. This is useful in 16-bit word, byte-addressable
machines, where the word addresses are multiples of two.

Refer to Am2903 applications section for a more detailed descrip-
tion of these Special Functions.
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PIN DEFINITIONS

Ag_3

Bo—3

DA;_3

DBo_3

Cn+a

GIN

P/OVR

Four RAM address inputs which contain the
address of the RAM word appearing at the
RAM A output port.

Four RAM address inputs which contain the address
of the RAM word appearing at the RAM B output
port and into which new data is. written when the
WE input and the CP input are LOW.

The RAM write enable input. if WE is LOW, data
at the Y /O port is written into the RAM when
the CP input is LOW. When WE is HIGH,
writing data into the RAM is inhibited.

A four-bit external data input which can be
selected as one of the Am2903 ALU operand
sources; DAg is the least significant bit. On the
Am29203, the DA path is bidirectional, operating as
either an ALU source operand or as an external output
for the RAM A-port.

A control input which, when HIGH selects DAg_sasthe
ALU R operand, and, when LOW, selects RAM output
A as the ALU R operand and the DA,_5 output data.

A four-bit external data input/output. Under
control of the OEg input, RAM output port B
can be directly read on these lines, or input
data on these lines can be selected as the
ALU S operand.

A control input which, when LOW, enables RAM
output B onto the DBy_3 lines and, when HIGH,
disables the RAM output B tri-state buffers.

The carry-in input to the Am2903/29203 ALU.

The nine instruction inputs used to select the
Am2903/29203 operation to be performed.

The instruction enable input which, when LOW, allows
the Q Register_and the Sign Compare flip-flop to be
written. When IEN is HIGH, the Q Register and Sign
Compare flip-flop are in the hold mode. On the
Am2903, IEN also controls WRITE. On the Am29203,
WRITE is not affected by IEN, but internally disables
the RAM write enable.

This output generally indicates the carry-out of the
Am2903/29203 ALU. Refer to Table 5 for an exact
definition of this pin.

A multi-purpose pin which indicates the carry
generate, G, function at the least significant and
intermediate slices, and generally indicates the
sign, N, of the ALU result at the most significant
slice. Refer to Table 5 for an exact definition of
this pin.

A multi-purpose pin which indicates the carry prop-
agate, P, function at the least significant and inter-
mediate slices, and indicates the conventional two’s
complement overflow, OVR, signal at the most sig-
nificant slice. Refer to Table 5 for an exact definition
of this pin.

SI0,,
$10,

QIo,,
QI0,

LSs

cpP

An open-collector input/output pin which, when HIGH,
generally indicates the outputs are all LOW. For some
Special Functions, Z is used as an input pin. Refer to
Table 5 for an exact definition of this pin.

Bidirectional serial shift inputs/outputs for the
ALU shifter. During a shift-up operation, S10,
is an input and SlO; an output. During a
shift-down operation, SIO; is an input and SIQ,
is an output. Refer to Tables 3 and 4 for an exact
definition of these pins.

Bidirectional serial shift inputs/outputs for the Q
shifter which operate like SIO, and SIO;. Refer
to Tables 3 and 4 for an exact definition of
these pins.

An input pin which, when tied LOW, programs the
chip to act as the least significant slice (LSS) of
an Am2903/29203 array and enables the WRITE out-
put onto the WRITE/MSS pin. When LSS is tied HIGH, _
the chip is programmed to operate as either an inter-
mediate or most significant slice and the WRITE out-
put buffer is disabled.

When LSS is tied LOW, the WRITE output signal
appears at this pin; the WRITE signal is LOW
when an instruction which writes data into
the RAM is being executed. When LSS is tied
HIGH, WRITE/MSS is an input pin; tying it HIGH
programs the chip to operate as an inter-
mediate slice (IS) and tying it LOW programs the
chip to operate as the most significant siice (MSS).

Four data inputs/outputs of the Am2903/29203. Under
control of the OEy input, the ALU shifter output data
can be enabled onto these lines, or these lines can be
used as data inputs when external data is written di-
rectly into the RAM.

A control input which, when LOW, enables
the ALU shifter output data onto the Y,_5 lines
and, when HIGH, disables the Y,.j; three-
state output buffers.

The clock input to the Am2903/29203. The Q Register
and Sign Compare flip-flop are clocked on the
LOW-to-HIGH transition of the CP signal. When en-
abled by WE, data is written in the RAM when CP is
LOW.
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LOGIC SYMBOL CONNECTION DIAGRAM METALLIZATION AND PAD LAYOUT
Top View
Y 7 654 3 2 1 48 47 46 45 44 43
£ Ay By f— 44 a1 @ 48] 0103 \ \ ‘ t l ‘ |
2% —a 8 f—— 45 Lo a7[18
28—l Al B f— 48 pAg []3 45182 i
21— ay oy f— @ oA s M =L | - 42
We p— 37 s U 18 8 — L — 41
3 ——]DAg DBy }—— 23 bA3 e a3 dcrp ° | — 40
4 —10A 084} 24 27 a2 % - | a9
5 ——]0A; DBy f—m 25 3]s af3dh 10 —
6 — % 08y f— 26 a0 a0 [ WRAITE/MSS 11— — 38
2 —FA BEg f—— 31 [ o »[ s 12 —| -
3 -~ GND
1w ——e, ard TN Am2903 B ) ER
e Am2903 Bty 10 sovn 12 amespos ¥ dwe {GND) 13 — -36 (Vo)
2 —ig Am29203 ;,:\j: F— 14 oo 13 281 vee 10— [
n—, — " [ - B[ 34
77— z 2 oey 15 W 15 —|
8 ——11; Yo []ve sy 16 — |
3: '|‘ WRITE/MBS f— 40 :‘ E 7 32 g :;E | gg
—1'% 5 b 2 2 e k1l 8
3 —] Ya[]o 308 ] A 17 —
3 1 510y 20 8109 ] 20 281 18 —t 3
32— 1g 8103 f—— 21 8103 21 w42 — 30
z[ ]2 22714
. %& 2‘.20 ',s DBy 23 26 {1 083 g
38 — SE. 3 -
Ei" T T Vl‘ T il el 19 20 21 22 GND 23 24 25 26 27 28 29
15 19 18 17 16 rr .
DIE SIZE 0.163" X 0.197"
Ve = Pin 36 Note: Pin 1 is marked Note: Pin numbers correspond
GND = Pin 13 for orientation. to DIP package.
MPR-033 MPR-034
Vee CLOCK Ve ‘x .
= Vee
12 & 43|32 |3a|3 |5 {2 [30]as|15]|3
ud I CP 13 lg DAy DA, EA LSS iEN OEV OEB .| 14 2700
3
— 27 22 3000
A z
9 2 10 16 3002
— Cn Yo
PE CUS T 46 : 17 3000
Py Qg |— B, ¥ —— Nt
28 18 3000
e A v, ——AA———t
2 12 20 19 3000
. Q, S0 Y3
P, 1 _|12 4700
Qlo, P
3 13 45 Am2903 1 560()
Po  Amo3te By Chta AN~
29 21 5600
10 cer Ay 810,
14 7 28 5600
. Qp I Qi0; ANA-
44 23 5600
CEP By DBy
Ll 15 30 24 560
MR TC Ag DBy e AANA————
Vee GND a1 . on, 128 5600
1 2 AN
16 8 w0l 2 5600
MSS —_ DB
Vgg —————+ Vec GND I, 15 14 I3 lg DAy DA; WE i
Otuf | 36 ]13]33]35]9 |8 |42a [6 |37
Vee {H
0.1puF
==
MPR-582
Vee = 5.0V
Frequency = 100kHz
Ta = +125°C

All registers are 1/4 watt +5%
This circuit conforms to MIL-STD-883, Methods 1005 and 1015, Condition D.
One Am9316 Can Drive Maximum of Five Am2903s.

Am2903 Burn-in and Life Test Circuit
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OPERATING RANGES (over which DG, switching, and functional specifications apply)

Part Number
Range Suffix Temperature Vee ViH ViL

PC, PCB,
COM'L DC, DCB, Ta =010 70°C 4.75 to 5.25V 2.0v 0.8v
XC

DM, DMB,
MIL -FM, FMB, Tc = —-55t0 +125°C 4.50 to 5.50V 2.0v 0.3V
XM

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2903 - Am29203

Storage Temperature

—65 to +150°C

Temperature (Ambient) Under Bias

—55 to +125°C

Supply Voltage to Ground Potential Continuous -0.5t0 +7.0V
DC Voitage Applied to Outputs for High Output State —0.5t0 +V¢c max.
DC Input Voltage —0.5to +5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —30 to +5.0mA

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am29203 Am2903
Order Order Package Type Operating Range Screening Level
Number Number (Note 1) (Note 2) (Note 3)
AM29203DC AM2903DC D-48 C C-1
AM29203DC-B AM2903DC-B D-48 C B-2 (Note 4)
AM29203DM AM2903DM D-48 M C-3
AM29203DMB AM2903DM-B D-48 M B-3
AM29203FM AM2903FM F-48 M C-3
AM29203FMB AM2903FM-B F-48 M B-3
I Visual inspection
Am29203XC Am2903XC Dice (o}
AmM29203XM AM2903XM Dice M ] to MIL-STD-863

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.

2. C = 0°Cto +70°C, Ve = 4.75V 10 525V, M = — 55°C to +125°C, Vi = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,

Class B.
4. 96 hour burn-in.
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DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
lon = —_1.6mA
Yo-Ya, GIN 24
Vee = MIN, lon = —800pA
Von Output HIGH Voltage Vin = Vi or Vi DBg.3, PIOVR 0a Volts
S10g, 5103, QI0g, QIO3, :
WRITE, Cp44
Output Leakage Current | Voo = MIN,, Vo = 5.5V
leex for 2 Output (Note 4) Vin = Vig or Vi, 250 uh
Yo Y1, Y2 |loL = 20mA (COML) o5
; Y3 Z loL = 16mA (MIL) ’
' DBg, DBy, |loL = 12mA (COM'L)
: DB3, DBy loL = 8.0mA (MIL) 05
: Vou Output LOW Voltage Vee = MIN. oL — Volts
Vin = Vig = or Vi G/N loL = 18mA 0.5
P/OVR loL = 10mA 0.5
Cn+4, Sl0g
SI0z, QI0g | loL. = 8.0mA 0.5
QIO3, WRITE
Guaranteed input logical HIGH
MU Input HIGH Level voltage for all inputs (Note 6) 20 Volts
Guaranteed input logical LOW
Vie Input LOW Level voltage for all inputs (Note 6) 08 Volts
Vi Input Clamp Voltage Vee = MIN, [y = ~18mA -15 Volts
Cn -36
Yo, Y1, Y2, Y3 -1.13
o 11, laa 13, g 072
- = DAy, DAy, DAy, DA -Y
i Input LOW Current Veg = MAX., Vin = 0.5V 0 ro2s mA
(Note 4) 10, S103, QIO
QlO3, MSS, DBy, DBy, ~0.77
DB,, DB3
All other inputs -0.36
Cn 200
Yo, Y1, Y2, Ya. 110
lo-l3, DAg-DA3 40
H Input HIGH Current Vee = MAX,, Viy = 27V S10g, Sl03, QI0g, pA
(Note 4) QIO;, DBq.3, 90
MSS
All other inputs 20
Iy Input HIGH Current Vee = MAX, Viy = 5.5V 1.0 mA
Vg = 24V 110
-Y:
lozH Off State Vee = Max,, | Yo3 Vo = 0.5V 1130 | wA
(HIGH Impedance) (Note 4) Ve T 2.4y 5
lozL Output Current DBp.3, Qi0g, QI0y, o = 2.
SIOg, SI0g, MSS/IS | Vg = 0.5V ~770
Output Short Circuit Ve = MAX + 0.5V
| -30 - A
s Current (Note 3) Vo = 05V 8 m
Ta = 25°C 220 335
P s WG COML Ta = 0to 70°C 350
ower Supply Cutrent _ ——
lcc (Note 5) Vee = MAX. Tp = 70°C 291 mA
Te=- o
ML ¢ = —55to 125°C 395
Te = 125°C 258

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Yo_3, DBg_3, SIOg 3, Qi0g,; and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-coliector output internally
connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF state.
5. Worst case I Is at minimum temperature.
6. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment.

2-40



Am2903 - Am29203
Am2903 SWITCHING CHARACTERISTICS

Am2903 switching characteristics are dependent on tempera- of this data sheet. For reference, one set of these tables is

ture, voltage, and the operating mode of the device. The detailed reproduced on this page and the next. For switching data for

data for the part is given in the 24 tables comprising Appendix A special functions and military devices, refer to Appendix A.
TABLE Il A

Guaranteed Combinational Delays
Ta = 0°C to +70°C, Vo = 4.75V to 5.25V
Standard Functions

To Output L QI0, S0

From Input Y Chta | G P| Z(s) N OVR DB WRITE | QIO3 Sl0y | SIO3 Parity
A Address 86 81 69 110 86 108 - - - 84 94 115
(Arith. Mode)

B Address 99 88 81 123 99 112 49 - - 94 104 140
A Address 87 - | 68 111 89 - - - - 79 94 115
(Logic Mode)

.B Address 84 - 73 108 84 - 49 - - 84 a0 120
DA Inputs 63 60 49 87 64 89 - - - 60 70 101
(Arith. Mode)

DB Inputs 61 59 a7 85 62 84 - - - 62 68 98
DA Inputs 64 - 48 88 66 - - - - 61 72 101
(Logic Mode)

DB Inputs 55 - 32 79 57 - - - - 52 61 93
EA 59 53 42 83 59 83 - - - 57 64 98
Cnh 40 30 - 64 40 58 - - - 38 46 67
lo 52 48 36 76 52 63 - 49 * 50 58% 93
l4a21 71 65 72 95 69 84 - 49 * 66+ 73% 105%
la765 42 - - 66 - - - 50 60% 42% 45% 42
EN - - - =T - - 22 - - - -
Sl03, SI0g 26 - - 50 - - - - - - 29 36
Clock 87 87 71 111 88 108 37 - 40 84 92 105
Y - - - 24 - - - - - - - -
MSS 44 - 44 68 |'44 44 - - - 44 46 44

Note: A “*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay
to correct data on an enabled output. A-x shown without a number means the output is disabled by the input or it is enabled but the delay to
correct data is determined by something else.
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TABLE i B
Guaranteed Set-up and Hold Times
Ta = 0°C to +70°C, V¢ = 4.75V to 5.25V
All Functions
CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint.

To Output HIGH-to-LOW LOW-to-HIGH
With Respect k— A
From Input to this Signal Set-up Hold Set-up Hold Comment
Y Clock NA NA 20 3 To store Y in RAM or Q
'WE HIGH Clock 25 Note 2 Note 2 0 To Prevent Writing
‘WE LOW Clock NA NA 30 0 To Write into RAM
A, B as Sources Clock 27 3 NA NA See Note 3
B as a Destination Clock and WE both LOW 6 Note 4 Note 4 3 ;L% vgg:ega;a :;(lj);eig;o
QIOg, QIOg Clock NA NA 21 3 To Shift Q
Ig765 Clock 24 Note 5 Note 5 0
IEN HIGH Clock 30 Note 2 Note 2 0 To Prevent Writing into Q
IEN LOW Clock NA NA 30 0 To Write into Q
lazz10 Clock 24 - 68 0 See Note 6
Notes: 3. A and B addresses must be set-up prior to clock LOW transi-

1.

For set-up times from all inputs not specified in Table B, the
set-up time is computed by calculating the delay to stable Y
outputsand then allowing the Y set-up time. Even ifthe RAM is
not being loaded, the Y set-up time is necessary to set-up the
Q register. All unspecified hold times are less than or equal to
zero relative to the clock LOW-to-HIGH edge.

2. WE controls writing into the RAM. IEN controls writing into Q

and, indirectly, controls WE through the write output. To pre-
ventwriting, IEN and WE must be HIGH during the entire clock
LOW time. They may go LOW after the clock has gone LOWto
cause a write provided the WE LOW and IEN LOW set-up
times are met. Having gone LOW, they should not be returned
HIGH until after the clock has gone HIGH.

TABLE i C
Guaranteed Enable/Disable Times
Ta = 0°C to +70°C, Vo = 4.75V to 5.25V
All Functions

From To Enable Disable
OEY Y; 27 25 ns
OEB DB; 31 25 ns
Ig SI0g, S04 25 ns
lg765 QIOg, QIO3 60 ns
l43210 QI0g, QIOg 65 60 ns
=y WRITE 31 25 ns
Note:

1. C = 5.0pF for output disable tests. Measurement is made to a 0.5V

change on the output.
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tion to capture data in latches at RAM output.

. Writing occurs when CP and WE are both LOW. The B ad-

dress should be stable during this entire period.

- Because lgzg5 control the writing or not writing of data into

RAMand Q, they should be stable during the entire clock LOW
time unless IEN is HIGH, preventing writing.

. The set-up time prior to the clock LOW-to-HIGH transition

occurs in parallel with the set-up time prior to the clock HIGH-
to-LOW transition and the clock LOW time. The actual set-up
time requirement on {4351, relative to the clock LOW-to-HIGH
transition, is the longer of (1) the set-up time prior to clock
L = H, and (2) the sum of the set-up time prior to clock
H = L and the clock LOW time.

TABLE i D
Guaranteed Clock and Write Pulse Characteristics
Ta = 0°C to +70°C, V¢ = 4.75V to 5.25V
All Functions

Minimum Clock LOW Time 30 ns
Minimum Clock HIGH Time 30 ns

Minimum Time CP and WE
both LOW to Write

30 ns
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CYCLE TIMES FOR 16-BIT SYSTEM
FOR COMMON OPERATIONS

The illustration below shows a typical configuration using 4
Am2903 Supersiices, an Am2902A carry lookahead chip, and the
Am2904 for shift multiplexers, status registers, and carry-in con-
trol. For the system enclosed within the dashed lines, there are
four major switching paths whose values for various kinds of
cycles are summarized below, and shown on the timing
waveform.

1. MICROCYCLE TIME (TCHCH).
The minimum time which must elapse between a LOW-TO-
HIGH clock transition and the next LOW-TO-HIGH clock
transition.

4. CP TO Y (TCHYV).
The maximum time required to obtain valid Y outputs after a
clock LOW-TO-HIGH transition.

The types of cycles for which data is summarized are as follows:

1. Logic — Any logical operation without a shift.

2. Logic Rotate — Any logic operation with a rotate or shift.

3. Arithmetic — An add or subtract with no shift.

4. Multiply — The first cycle of a 2's complement multiply instruc-

tion. Subsequent cycles require less time.

Divide — The iterative divide cycle. The first divide instruction
and the last divide (correction) instruction require
less time.

5.

Time in ns Over Commercial Operating Range

2. DATA SET-UP TIME (TDVCH). CYCLE TCHCH TDVCH TDVYV TCHYV
The minimum time which must be allowed between valid,- LOGIC 143 105 64 102
tsrtaa:slﬁignata on the D inputs and the clock LOW-TO-HIGH LOGIC ROTATE 180 143 123 160

3. D TO Y (TDVYV). ARITHMETIC 184 137 96 143
The maximum time required to obtain valid Y output data after MULTIPLY 200 140 120 180
the D inputs are valid. This is the combinational delay throug
the parts from D to Y. » DIVIDE 228 167 128 189

FROM MICROPROGRAM
Dy MEMORY
18
(71
DA DA DA DA.
|| si0; 2903 2903 S10g
|-t Ql0, 18 18 Qio, (P rireLg AbGisTER
N
Amasos  |—]c % Am2902A 2908
f——f A
e N B
12 lo
CP i Y CP Y cP Y cP Y cP
Cl L[ J1J
cLock | |
16
Y-0UT
16-Bit System with Am2903, Am2902A, Am2904
MPR-583
TDVCH TCHCH |
; X SRR
TOVYV TCHYV
NNNNONNN“NNN QOQEXR) NNNON
" SRR RN

Timing Waveforms for Data In, Clock, and Y Out

MPR-584
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USING THE Am2903 AND Am29203
Except Where Otherwise Noted, All References
to the Am2903 Also Apply to the Am29203.

Am23803 APPLICATIONS

The Am2903 is designed to be used in microprogrammed sys-
tems. Figure 1 illustrates a recommended architecture. The con-
trol and data inputs to the Am2803 normally will all come from
registers clocked at the same time as the Am2903. The register
inputs come from a ROM or PROM - the “microprogram store”.
This memory contains sequences of microinstructions which
apply the proper control signals to the Am2903's and other cir-
cuits to execute the desired operation.

The address lines of the microprogram store are driven from the
Am2910 Microprogram Sequencer. This device has facilities for
storing an address, incrementing an address, jumping to any
address, and linking subroutines. The Am2910 is controlled by
some of the bits coming from the microprogram store. Essen-
tially, these bits are the “next instruction” control.

One Level Pipeline Based System

MAP

Am2910

{

MICROPROGRAM
MEMORY

l

PIPELINE
REGISTER

=t MUX cc

CLOCK

— 1

STATUS
REGISTER

Figure 1. Typical Microprogram Architecture.
: MPR-035

Note that with the microprogram register in between the micro-
program memory store and the Am2903's, a microinstruction
accessed on one cycle is executed on the next cycle. As one
microinstruction is executed, the next microinstruction is being
read from microprogram memory. In this configuration, system
speed is improved because the execution time in the Am2903's
occurs in parallet with the access time of the microprogram store.
Without the “pipeline register”, these two functions must occur
serially.

Expansion of the Am2903

The Am2903 is a four-bit CPU slice. Any number of Am2903's
can be interconnected to form CPU’s of 8, 16, 32, or more bits, in
four-bitincrements. Figure 2 illustrates the interconnection of four
Am2903's to form a 16-bit CPU, using ripple carry.

With the exception of the carry interconnection, all expansion
schemes are the same. The QIO; and S10; pins are bidirectional
left/right shift lines at the MSB of the device. For all devices
except the most significant, these lines are connected to the QlOg
and SIQg pins of the adjacent more significant device. These
connections aliow the Q Registers of all Am2903’s to be shifted
left or right as a contiguous n-bit register, and aiso allow the ALU
output data to be shifted left or right as a contiguous n-bit word
prior to storage in the RAM. At the LLSB and MSB of the CPU, the
shift pins should be connected to a shift multiplexer which can be
controlied by the microcode to select the appropriate input sig-
nals to the shift inputs.

Device 1 has been defined as the least significant slice (LSS) and
its LSS pin has accordlrlgl_y__been grounded. The Write/Most
Significant Slice (WRITE/MSS) pin of device 1 is now defined as
being the Write output, which may now be used to drive the write
enable (WE) signal common to the four devices. Devices 2 and 3
are designated as intermediate slices and hence the LSS and
WRITE/MSS pins are tied HIGH. Caution: W/MSS must be tied
to Ve through a resistor; W/MSS and LSS may not be shorted
directly together. Device 4 is designated the most significant slice
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held
LOW. The open collector, bidirectional Z pins are tied together for
detecting zero or for inter-chip communication for some special
instruction. The Carry-Out (Cp,14) is connected to the Carry-In
(Cp) of the next chip in the case of ripple carry. For a faster carry
scheme, an Am2902 may be employed (as shown in Figure 3)
such that the G and P outputs of the Am2903 are connected to the
appropriate G and P inputs of the Am2902, while the C4x, Cp+y.
and Cp, ¢, outputs of the Am2902 are connected to the Cp, input of
the appropriate Am2903. Note that G/N and P/OVR pin functions
are device dependent. The most significant slice outputs N and
OVR while all other slices output G and P.

MSS
DEVICE 4

{4

DEVICE3

{

LSS
DEVICE 1

{4

DEVICE 2

{e

81095 ~a—e] 5103 S10g |-4——————————-] S10g S10g }w————————————a] SI03 8104 8105 $10g fw——ue SI0y

DA DB DA DB
Q1015 w—w| QIO Qio, aiog ato,
e L e O

NEGATIVE =— N Am2903/20203 Am2903/29203

OVERFLOW ——-f ovR W/NEE ————-L WSS

ZERO z S—s = 2 s3
Yy WE Y WE
/‘/4 * !

DA DB DA DB
Qiog ao, Qi0g QIO |e—a QIO
Cn+g Cn C+a o |=— ﬁ\fRRY

+5

Am2903/29203
W/NSS :ﬁj WIS

1z 58 ‘K4 Es'_—l
Y WE v WE
/1/4 /t/4

Am2903/29203

VWV +5

Figure 2. 16-Bit CPU with Ripple Carry.

MPR-036
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The IEN pin of the Am2903 allows the option of conditional
instruction execution. If IEN is LOW, all internal clocking is en-
abled, allowing the latches, RAM, and Q Register to function. If
IENis HIGH, the RAM and Q Register are disabled. The RAM is
controlled by IEN if WE is connected to the WRITE output.

It would be appropriate at this point to mention that the Am2903
may be microcoded to work in either two-or three-address ar-
chitecture modes. The two-address modes allow A+ B —> B while

Parity

The Am2903 computes parity on a chosen word when the instruc-
tion bits Is_g have the values of 4,4 to 745 as shown in Table 3.
The computed parity is the result of the exclusive OR of the
individual ALU outputs and SIO;. Parity output is found on SIO,.
Parity between devices may be cascaded by the interconnection
of the SIO, and SIO; ports of the devices as shown in Figure 3.
The equation for the parity output at SIOq port of device 1 is

the three-address mode makes possibleA+B — C. Implementa- given by SlOg = Fys V" Fiq ¥ Fy3 ¥ ... ¥ Fy ¥ Fo ¥
tion of a three-address architecture is made possible by vary- S104s.
ing the timing of IEN in relationship to the external clock and
changing the B address as shown in Figure 4. This technigue is
discussed in more detail under Memory Expansion.
mss LSS
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
{4 {4 {4 4
DA DB DA DB DA OB DA DB
01015 w—w] QO3 Qiog QI0g Qi0g Q10,4 a0, QI0, Q0g fe—— QIO
1015 =] 5105 siag $103 s1og s103 s1og s10g $10g fe——— si0g
gﬁ'?_RV R Cq <, po c, p Cq %‘RRV
NEGATIVE ==— N An2003/20203 € Am2903/29203 G Am2003/20203 G
OVERFLOW ~—— OVR W/MSS —F W/NES ﬁ — B WSS ﬁ r W/NBS
ZERO z iss | 7 1-__. z X33 ’_ z [ —z (e __l_
Y WE F Y WE v Wwe v WE —
1 2 ¥ T.
VWA~ +5
Cniz G2 Py Cosy B1 Py Catx Gg Py
C,

Am2902

Figure 3. 16-Bit CPU with Carry Look Ahead.

MPR-037
“————‘ TWO ADDRESS MODE———»’——vTHREE ADDRESSS MODE—>'
IEN \ / \ ’
' STABLE STABLE
Figure 4. Relationship of IEN and Clock During Two Address and Three Address Modes.
MPR-038
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tions (Table 3), the sign extend instruction (Hex instruction E)
on l5_g causes the sign present at the SIQOy port of a device
to be extended across the device and appear at the SIO3 port
and at the Y outputs. If the least significant bit of the instruc-
tion (bit I5) is HIGH, Hex instruction F is present on Is_g,
commanding a shifter pass instruction. At this time, F3 of the
ALU is present on the SIO; output pin. It is then possible to
control the extension of the sign across chip boundaries by
controlling the state of Is when lg_g are HIGH. Figure 5 out-
lines the Am2903 in sign extend mode. With lg_g held HIGH,
the individual chip sign extend is controlled by lsa.p. If, for
example, Is4 and lgg are HIGH while lsc and lsp are LOW,
the signal present at the boundaries of devices 2 and 3 (F3 of
device 2) will be extended across devices 3 and 4 at the SIO;
pin of device 4. The output of the four devices will be avail-
able at their respective Y data ports. The next positive edge
of the clock will load the Y outputs into the address selected
by the B port. Hence, the results of the sign extension is
stored in the RAM.

SPECIAL FUNCTIONS

When lp—4 = 0, the Am2903 is in the Special Function mode. In
this mode, both the source and destination are controlled by ls.-g.
The Special Functions are in essence special microinstructions
that are used to reduce the number of microcycles needed to
execute certain functions in the Am2903.

Normalization, Single- and Double-Length

Normalization is used as a means of referencing a number to a
fixed radix point. Normalization strips out all leading sign bits such
that the two bits immediately adjacent to the radix point are of
opposite polarity.

Normalization is commonly used in such operations as fixed-to-
floating point conversion and division. The Am2903 provides for
normalization by using the Single-Length and Double-Length
Normalize commands. Figure 6a represents the Q Register of a
16-bit processor which contains a positive number. When the
Single-Length Normalize command is applied, each positive
edge of the clock will cause the bits to shift toward the most
significant bit (bit 15) of the Q Register. Zeros are shifted in viathe
QIO port. When the bits on either side of the radix point (bits 14
and 15) are of opposite value, the number is considered to be
normalized as shown in Figure 6b. The event of normalization is
externally indicated by a HIGH level on the Cp. 4 pin of the most
significant slice (C,+4 MSS = Q3 MSS ¥ Qy'MS3).

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
SIGN Am2903/29203 Am2903/29203 Am2903/29203 Am2903/29203 sI6N
ouT 18105 si0g §105 510g 5104 $10g siog s10g f=— *\1
's~'s ls—1g lg=lg G
) —]'sc —1 's8 lsa
HIGH
t5p p——
cHip |'sC
SIGN
EXTEND | 1gg
'sA
Figure 5. Sign Extend. MPR-039
RADIX
Sign Extend
. R N 15914 13 12|11 10 9 8|7 6 5 4|13 2 1 0
Sign extension across any number of Am2903 devices can be ) 1T | I T.T.0T I ) | T
. . " . . 1
done in one microcycle. Referring again to the table of instruc- QREGISTER 10 10 (0 I !
LSS

SS
DEVICE 4 DEVICE 3 DEVICE 2 QEVICE 1

a) Unnormalized Positive Number.

RADIX

15914 13 12|11 10 9 8|7 6 5 4|3 2 1 0
QREGISTER | 0 1|1|1 1l1|0|0 1|0|0I1 1|0|0‘04|

MSS LSS

b) Normalized Positive Number.

Figure 6. MPR-040

There are also provisions made for a normalization indication
via the OVR pin one microcycle before the same indication is
available on the C,.4 pin (OVR = Qz MSS ¥ Q; MSS). This
is for use in applications that require a stage of register buffer-
ing of the normalization indication.

Since a number comprised of all zeros is not considered for
normalization, the Am2903 indicates when such a condition
arises. If the Q Register is zero and the Single-Length Normaliza-
tion command is given, a HIGH level will be present on the Z line.
The sign output, N, indicates the sign of the number stored in
the Q register, Q3 MSS. An unnormalized negative number
(Figure 7a) is normalized in the same manner as a positive
number. The results of single-length normalization are shown
in Figure 7b. The device interconnection for single-length
normalization is outlined in Figure 8. During single length
normalization, the number of shifts performed to achieve
normalization can be counted and stored in one of the work-
ing registers. This can be achieved by forcing a HIGH at the
C,, input of the least significant slice, since during this special
function the ALU performs the function [B] + Cy and the re-
sult is stored in B.

Normalizing a double-length word can be done with the Double-
Length Normalize command which assumes that a user-selected
RAM Register contains the most significant portion of the word to
be normalized while the Q Register holds the least significant half
(Figure 9). The device interconnection for double-length normal-
ization is shown in Figure 10. The C,,+4, OVR, N, and Z outputs of
the most significant slice perform the same functions in double-
length normalization as they did in single-length normalization
except that Cp,+4, OVR, and N are derived from the output of the
ALU of the most significant slice in the case of double-length
normalization, instead of the Q Register of the most significant
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RADIX
15§14 13 12§11 10 9 8{7 6 6 43 2 1 o 15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0
QREGISTER 1l1 1 00|°|°01|1 LERER 0A1| QREGISTER 1lolo|o o|o|1|1 o|1|1|o1|olo|o]
mss LSS
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
a) Unnormalized Negative Single Length Number. b) Normalized Negative Single L.ength Number.
Figure 7. MPR-041
F=[B] +Cp, F-Y,B 2a-Q
QMss —=—] Ql0g a0, Qiog Qio, aiog Qioy [ Qi0g f=—r o
Qg¥Qy MSS ~——] Cpig
02\*01 M$s —=——] OVR . ‘Am2903/29203 Am2903/29203 Am2903/29203 Cnf—1
Am2903/29203
Qg MsS ~—1
—— SI0. S10 S10. 810, SI10. S10, S10. 80—
3 z 0 3 z 0 3 z 0 3 z 0 +5
To-Tyee .,
Figure 8. Single Length Normalize.
MPR-042
RADIX
31930 29 28 27 26 25 24 23 22 21 20 19 18 17 16
wnseasen | [ | [ [ [ L] ]]
Q REGISTER % 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 9. Double Length Word.
MPR-043
F=[B] +Cp, Log. 2F > Y,B 20—+Q
Qg Mss
Qlo, ato, a0, Q1o aiog Qiog Q104 10y fe— o
(F3¥Fp) MSS ———] C1q
(FzVF-|) MSS ~a——— OVR Am2803/29203 Am2903/29203 Am2903/29203 Cp, fa—— 0
Am2903/29203
FaMss =—— N
] S10. SI10, SI0. $10, S$10. SI0, SI0. S$10,
3 z 0 3 z (] 3 z 0 '3 z 0 5
Foe Froe Fyo Ggs Gyes G,
Figure 10. Double Length Normalize.
MPR-044
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slice as in single-length normalization. A high-level Z line in
double-length normalization reveals that the outputs of the ALU
and Q Register are both zero, hence indicating that the double-
length word is zero.

When double-length normalization is being performed, shift
counting is done either with an extra microcycle or with an exter-
nal counter.

Sign Magnitude, Two’s Complement Conversion

As part of the special instruction set, the Am2903 can convert
between two’s complement and sign/magnitude representa-
tions. Figure 11 illustrates the interconnection needed for sign
magnitude/two’'s complement conversion. The word to be
converted is applied to the S input port of the ALU (from the
RAM B port or the DB I/O port). The C,, input of device 1 is
connected to the Z pin. The sign bit (S3MSS) is brought out on the
Z line and informs the other ALU'’s if the conversion is being
performed on a negative or positive number. If the number to be
converted is the most negative number in two's complement
[i.e.,100...00 (—2"], an overflow indication will occur. This is
because —2" is one greater than any number that can be repre-
sented in sign magnitude notation-and herice an attempted con-
version to sign magnitude from —2" will cause an overflow. When
minus zero in sign magnitude notation (100 . . . 0)is convertedto
two’'s complement notation, the correct result is obtained
0...0).

Increment by One or Two

Incrementation by One or Two is made possible by the Special
Function of the same name. This command is quite useful in the
case of byte addressable words. Referencing Figure 12, a word
may be incremented by one if C,, is LOW or incremented by two if
C,, is HIGH.

Unsigned Multiply

This Special Function allows for easy implementation of un-
signed multiplication. Figure 13 is the unsigned multiply flow
chart. The algorithm requires that initially the RAM word ad-
dressed by Address port B be zero, that the multiplier be in the
Q Register, and that the multiplicand be in the register ad-
dressed by Address port A. The initial conditions for the
execution of the algorithm are that: 1) register Ry be reset to
zero; 2) the multiplicand be in Ry; and 3) the multiplier be in
R,. The first operation transfers the multiplier, Ry, to the Q
Register. The Unsigned Multiply instruction is then executed
16 times. During the Unsigned Multiply instruction, Rq is ad-
dressed by RAM address port. B and the multiplicand is ad-
dressed by RAM address port A.

When the unsigned Multiply command is given, the Z pin of
device 1 becomes an output while the Z pins of the remaining
devices are specified as inputs as shown in Figure 15. The Z
output of device 1 is the same state as the least significant bit
of the multiplier in the Q Register. The Z output of device 1
informs the ALU’s of all the slices, via their Z pins, to add the
partial product (referenced by the B address port) to the mul-

F=[B] +ChifZ=0

F=[Bl +Cnitz=1 F+Y,B HOLD O
Y3 MSS = (S5 F3) MSS
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
—Jaiog Ql0g a0y Qo Qo Qi0g Q105 Qiog
-] Cris
{B]= 10004440 —e——o OVR Am2903/29203 Am2903/29203 Am2903/29203 C,
Am2803/29203 N
—
] si0. SI0 $10, slo, S10. $10, si0 SI10,
EI 0 s, o s, ] s, o
S3 mMss %
Figure 11. 2's Complement-=—=Sign/Magnitude.
MPR-045
F=I[B] +1+Cqn, F-Y,B HOLDQ
] a0, alog alog Qo Q104 alo, Q105 alog }——
~—Cpia
~a—— OVR Am2803/29203 Am2903/29203 Am2903/29203 cn f—— 1/0
Am2903/29203
-—]
—]s10 SI0, sto. S10, slo. SI0, $105 si0g
3 2 o I o 3 2 ] 2 -
Figure 12. Increment by 2/1.
MPR-046
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START

0inRg @
Multipticand in Rq

Multiplier in Ry

Ry—Q
16—~CTR

UNSIGNED

DECREMENT CTR

END
Product (MS) in Rg
Product (LS) in Q
Multiplicand in Rq

Muitiplier in Ry MPR-047

Figure 13. Unsigned 16 X 16 Multiply Flowchart.

tiplicand (referenced by the A address port) if Z = 1. Z = 0,
the output of the ALU is simply the partial product (referenced
by the B address port). Since C,, is held LOW, it is not a fac-
tor in the computation. Each positive-going edge of the clock
will internally shift the ALU outputs toward the least significant
bit and simultaneously store the shifted resuits in the register
selected by the B address port, thus becoming the new partial
sum. During the down shifting process, the C,,4 generated in
device 4 is internally shifted into the Y3 position of device 4.
At this time, one bit of the multiplier will down shift out of the
QIO ports of each device into the QIO; port of the next less
significant slice. The partial product is shifted down between
chips in a like manner, between the SIOq and SIO3 ports, with
SIO, of device 1 being connected to QIO; of device 4 for
purposes of constructing a 32-bit long register to hold the
32-bit product. At the finish of the 16 x 16 multiply, the most
significant 16 bits of the product will be found in the register
referenced by the B address lines while the least significant
16 bits are stored in the Q Register. Using a typical Computer.
Control Unit (CCU), as shown in Figure 16, the unsigned mul-
tiply operation requires only two lines of microcode, as shown
in Figure 17, and is executed in 17 microcycles.

Two’s Complement Multiplication

The algorithm for two’s complement multiplication is illustrated
by Figure 14. The initial conditions for two's complement mul-
tiplication are the same as for the unsigned multiply operation.
The Two's Complement Multiply Command is applied for 15
clock cycles in the case of a 16 x 16 multiply. During the
down shifting process the term N¥OVR generated in device
4 is internally shifted into the Y3 position of device 4. The data
flow shown in Figure 15 is still valid. After 15 cycles, the sign
bit of the multiplier is present at the Z output of device 1. At
this time, the user must place the Two's Complement Multiply
Last cycle command on the instruction lines. The intercon-
nection for this instruction is shown in Figure 18. On the next
positive edge of the clock, the Am2903 will adjust the partial
product, if the sign of the multiplier is negative, by subtracting
out the two’s complement representation of the muitiplicand. If
the sign bit is positive, the partial product is not adjusted. At
this point, two’s complement multiplication is completed. Using
a typical CCU, as shown in Figure 16, the two’s complement
multiply operation requires only three lines of microcode, as
shown in Figure 19, and is executed in 17 microcycles.

START

0inRg @
Multiplicand in Rq

Multiplier in Ry

Ry—Q
15 —CTR

2's COMPLEMENT
MULTIPLY
DECREMENT CTR

2's COMPLEMENT
MULTtPLY
LAST CYCLE

END

Product (MS) in Rg
Product (LS) in Q@
Multiplicand in Ry
Muitiplier in Ry

Figure 14. 2's Complement 16 X 16 Multiply.
MPR-048

F=[B] +CnifZ=0

F=(B] +[A] +CpifZ=1 Log. Fi2>Y,B a2-0

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
- QLss
QIDS 0|00 0|03 0'00 Ql03 Ql0g Qiog Qiog fj—
R — C"’_a
Am2903/2 Am2903/20203 Am2903/20203 C,, |-
= ©V®am2903/20203 m2903/29203 m2903/ " n 0
-—" F
. 0 LSS
X {Note) =——=] s10; s10, si0g 810, 5104 s10g $105 s10,
z z z z 5
Qg 55

Note: For unsigned multiply, Cp, +4 MSS is internally shifted into position Y3 MSS; 2's complement multiply N¥OVR

is internally shifted into position Y3 MSS.

Figure 15. Multiply.
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MACRO INSTRUCTION

l Am2910
1 |iseen 6
1
MAPPING | 12 ALD 7 CONTROL SYSTEM
rom'C 7], nr “PIPELINE [~ CONTROL
0-3 12 REGISTER | | TO 2903'S
EN 12 Y, ya
o1y 011 cp
. L MICRO-
FEV——=p CI — PROGRAM 1
e OF FULL MEMORY
= VECT
Zc MAP 12 2918 12 OTHER
1 o DATA [
1 PIPELINE
; REGISTER | 12
‘ cP OF
P s J
VECTOR | 12 1
MAPPING |—+<
ROM
Am2922
3 4
v ox MEBC A
- STATUS M |
cp poL| !
INTERRUPT Dp Dy Dz D3 Dy D5 Dg Dy
t o, |
Qp Q1 @, Q3 T4 Qg Qg
CLK cp STATUS REG EN
D, D3 Dy Dg D,
f’ T T 13 '4 ’5 6 Am25L8377
Figure 16. Typical Computer Control Unit (CCU).
MPR-050
Micro Data
Memory Am2910 Pipeline
Address Inst Reg. Iy l4—1y lg—Is OEB OEY A3z—Ag Bz—Bg Cp Comment
n LDCT | 00F,5 |[X| 6 ' 6 | X [ X Ra X | 0[Load Counter & R, > Q
n+1 | RPCT | n+1 |O] 0 | O 0 0 R4 Ro 0 | Unsigned Multiply
Figure 17. Micro Code for Unsigned 16 X 16 Multiply.
F=[Bl+CpifZ=0
F=[B] —[A] —1+CpifZ=1 Lop.F/2-Y,B az-a
Qg 58
Qiog alo, Q104 Qo Qi0y aio, Qlog Ql0g }——e
-~ Cris
c
ey 0VRAm2903/29203 Am2603/29203 Am2903/29203 Am2903/29203 “n
N FoLss
X (Note) ~——s=] SIO:, SlOo S|03 S10g Si0g SIOo SIOa SIOD s
+
Qg L5
Note: N % OVR Is Internally shifted into position Y5 MSS.
Figure 18. 2’s Complement Multiply, Last Cycle.
MPR-051
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‘Data < &
Memory Am2910 Pipeline _r _:n Q> | |
Address Inst Reg. ©° ¥ » Ig Ig <ﬂ o oc Comment
n’ LDCT | 00Ews | X|6] 6 |X| X |[Ry|X | 0 ]Load Counter & R, = Q
n+1 RPCT n+1 0|0 2 0! 0 |R4|Rg| O | 2’s Complement Multiply
2's Complement
n+2 X
X 010] 6 |00 RyRy) 2 Multiply (Last Cycle)

Figure 19. Microcode for 2’s Complement 16 x 16 Multiply.

START ’

Divisor in R TWO’S COMPLEMENT DIVISION
Dividend {MS) in Rq

Dividend (LS} in Ry

The division process is accomplished using a four quadrant

non-restoring algorithm which yields an algebraically correct
m answer such that the divisor times the quotient plus the re-

mainder equals the dividend. The algorithm works for both
single precision and multi-precision divide operations. The
only condition that needs to be met is that the absolute mag-
nitude of the divisor be greater than the absolute magnitude
of the dividend. For multi-precision divide operations the least
significant bit of the dividend is truncated. This is necessary if
the answer is to be algebraically correct. Bias correction is au-
tomatically provided by forcing the least significant bit of the
quotient to a one, yet an algebraically correct answer is still
maintained. Once the algorithm is completed, the answer may
be modified to meet the user's format requirements, such as
rounding off or converting the remainder so that its sign is the
same as the dividend. These format modifications are ac-
complished using the standard Am2903 instructions.

SCALE
DIVIDEND
M The true value of the remainder is equal to the value stored in

the working register times 2"~ when n is the number of quo-
tient digits.

The following paragraphs describe a double precision divide
operation. The double precision flow chart is based upon the
use of the architecture detailed in Figure 16.

Referring to the flow chart outlined in Figure 20, we begin the
algorithm with the assumption that the divisor is contained in
Ry, while the most significant and least significant halves of
‘—‘——T the dividend reside in Ry and Ry respectively. The first step is
to duplicate the divisor by copying the contents of Rg into Rj3.

Next the most significant half of the dividend is copied by
transferring the contents of Ry into R, while simultaneously
checking to ascertain if the divisor (Ry) is zero. If the divisor is
zero then division is aborted. If the divisor is not zero, the
copy of the most significant half of the dividend in R, is con-

owvison || verted from its two's complement to its sign magnitude rep-
DIVIDEND resentation. The divisor in R is converted in like manner in
the next step, while testing to see if the resuilts of the dividend

N
conversion yielded an indication on the overflow pin of the
Am2903. If the output of the overflow pin is a ‘one’ then the

dividend is —2" and hence is the largest possible number,
m meaning that it cannot be less than the divisor. What must be

done in this case is to scale the dividend by down shifting the
upper and lower halves stored in Ry and R, respectively.
After scaling, the routine requires that the algorithm be
reinitiated at the beginning.

Conversely, if the output of the overflow pin is not a one,
the sign magnitude representation of the divisor (R3) is shifted
up in the Am2903, removing the sign while at the same time
testing the results of two's complement to sign magnitude
conversion of the divisor in the Am2910. If the results of the
test indicate that the divisor is —2" i.e., overflow equals one,
Figure 20. Division Flow Chart — Double Precision Divide. then the lower half of the dividend is placed in the Q register

Y
28C+
CORRECTION

END
Quotient in Q

Remainder in Rq MPR-052
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F = (B] +Cn, Log. 2F Y, B 20-0
Q3 mMss
Qo3 Qiog Q103 a0y alo3 Qiog Qiog Qlog
F3¥ Fy MSS ~a—d 14
Fz’v‘ F1 MS§ ~e———tf OVR Am2903/29203 Am2903/29203 Am2903/29203 Am2903/29203 C, |[~=—— 0
F3 MSS ~~——f N
5103 : si0g 103 109 S103 s10g s103 5109
(Rg¥F3) MSS z . 2z z z +5

FyeeFneGge0qee Ty

Figure 21. Double Length Normalize/First Divide Operation.

MPR-053
F=[B] +[A] +CpifZ=0
F=[B] — [A]l —1+CpifZ=1 Log.2F +V,B 20 +Q
S
Qg Ms§
Qiog Qlog Qioz Qiog Qlo3 Qi0g alog Qlog
- Cp1gq
~—— OVR Am2903/29203 Am2903/29203 Am2803/29203 C,
Am2903/29203
-—
— Sl03 S10g s103 S10g SI103 si0g S103 siog f———
{F3¥Rg) MsS z z z z +5
SIGN COMPARE FF
Figure 22. 2’s Complement Divide.
MPR-054
F=(B] +[Al +CpifZ=0
F=1[B] — (Al -1+Cpif2=1 F~VY,B 20-Q
03 MSS ] QI03 QIOO QI03 OIOD 0103 QIOO Ql03 OIOO f-—1
~— Cphssg
~a——1 OVR Am2903/29203 Am2903/29203 3 ¢,
Am2903/29203 "
~— N
] S103 Si0g sl0g SI0g 103 S10g S10g 10
r4 z r4 z
+5
SIGN COMPARE FF
Figure 23. 2’s Complement Divide Correction.
MPR-055

and division may proceed. This is possible because the di-
visor is now guaranteed to be greater than the dividend. If
overflow is not a one then we must proceed by shifting out
the sign of the sign magnitude representation of the dividend
stored in Ry. At this point we are able to check if the divisor is
greater than the dividend by subtracting the absolute value of
the divisor (R3) from the absolute value of the upper half of
the dividend (R,) and storing the results in R3. Next, the least

significant half of the dividend is transferred from R4 to the Q
register while simultaneously testing the carry from the result
ofthe divisor/dividend subtraction. If the carry (C,+4) is one,
indicating the divisor is not greater than the dividend then a
scaling operation must occur. This involves either shifting up
the divisor or shifting down the dividend. If the carry is not
one then the divisor is greater than the dividend and division
may now begin.
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Micro Data
Memory Am2910  Pipeline Am2903/29203 Am2922
Address Inst. Reg. lp 41y lgls EA Ag-Ag B3-By C, | SEL POL Comments
n CONT X o| 6 ‘4 Ro Rj 0 X X Ro —> R3

n+1 CJP Abort 0| 6 4 R4 Ry 0 Ry — Ry, if Ry = 0 Abort

n+2 CONT X 0 0 5 X X Ry z X X 2's C to S/M (Ry)
Scale 2's C to S/M (Ry), if

n+3 CJP Dividend 0 0 5 X X R3 Z | OVR 1 OVR = 1, scale

n+4 CJP n+7 0 4 9 X X Ra OVR 1 Shift out sign of divisor

n+5 CONT X 0 4 X X R3 0 X X Shift out sign of divisor

n+6é CONT X 0 2 0 Ry R3 1 X X Dividend - Divisor
Scale .
gy Ry —> Q, if

n+7 CJP Dlv@epd (o] 6 6 0 Ry X 0 |Cnig 1 Carry = 1, scale

or Divisor
Loop set up and
n+8 PUSH 00D+g 0, 0 A 0 Ro R 0 0 1 First Divide Operation
Test Loop Count and
n+9 RFCT X 0 0 C 0 Ro Rq z X X 25 C Divide
n+A CONT X 0 0 E 0 Ro Ry z X X 2's C Divide Correction

Figure 24. Microcode for Double Precision Divide.

The first divide operation is used to ascertain the sign bit of
the quotient. The two's complement divide instruction is then
executed repetitively, fourteen times in the case of a sixteen
bit divisor and a thirty-two bit dividend. The final step is the
two's complement correction command which adjusts the quo-
tient by allowing the least significant bit of the quotient to be
set to one. At the end of the division algorithm the sixteen bit
quotient is found in the Q register while the remainder now
replaces the most significant half of the dividend in Rq. It
should be noted that the remainder must be shifted down fif-
teen places to represent its true value. The interconnections
for these instructions aré shown in Figures 21, 22, 23. Using
a typical CCU as shown in Figure 16, the double precision di-
vide operation requires only eleven lines of microcode, as
shown in Figure 24.

For those applications that require truncation instead of bias
correction, the same algorithm as above shouid be im-
plemented except one additional Two's Complement Divide
instruction should be used in lieu of the Two’s Complement
Divide Correction and Remainder instruction. However, this
technique results in an invalid remainder.

It is possible to do multiple-precision divide operations beyond
the double precision divide shown above. For example, to do
a triple precision divide for a 16-bit CPU, the upper two thirds
of the dividend are stored in Ry and Q as in the case for dou-
ble precision divide. The lower third of the dividend is stored
in a scratch register, Rs. After checking that the magnitude of
the divisor is greater than the magnitude of the dividend,
using the same tests as defined in Figure 20, the procedure is
as follows:

1. Execute a Double Length Normalize/First Divide Operation
instruction.

2. Execute the Two’s Complement Divide instruction fifteen
times.

3. Transfer the contents of Q, the most significant half of the
quotient, to R,.

4. Transfer Rg to Q.

5. Execute the Two's Complement Divide instruction fifteen
times.

6. Execute the Two's Complement Divide Correction and
Remainder instruction.

The upper half of the quotient is then in Ry, the lower half of
the quotient is in Q and the remainder is in Ry. The flow chart
for this is shown in Figure 25. This technique can be ex-
panded for any precision which is required.

BYTE SWAP

The multi-port architecture of the Am2903 allows for easy im-
plementation of high- and low-order byte swapping. Figure 26
outlines a byte swap implementation utilizing two data ports.
Initially, the lower order 8-bit byte is stored in devices 1 and 2,
while the high-order byte is in devices 3 and 4. When the user
wishes to exchange the two bytes, the register location of the
desired word is placed on the B address port. When the byte
swap line is brought LOW, the bytes to be swapped will be
flowing from the DB ports of the Am2903 through the
Am2958/2959 Three-state Buffers. The outputs of the three-
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START

Divisor In Rg
Dividend (MS) in Ry
Dividend (int.) in Ry
Dividend (LS) in Rg

1

R Ry

Ri-=Ry

v
@ ABORT
R

N

2’5 C-=S/M (Ry)

2'S C-=5/M (Ry)

SCALE
DIVIDEND
2Ry~ R,
Ry —Ry
Rg—=Q
SCALE
DIVISOR
OR
DIVIDEND

1ST DIVIDE OP

2'sC+

f

Q-=R,

Rg-=Q

2sCc+

2'$C+
CORRECTION

!

END

Quotient (MS) In Ry
Quotlent (LS) In Q
Remainder In Ry

Figure 25. Division Flow Chart — Triple Precision Divide.

MPR-056

state buffers are permuted such that the byte swap is achieved.
The resultant permuted data is presented to the DA ports of the
Am2903 where it is re-loaded into the memories of the Am2903
on the next positive edge of CP using the source and function
commands of F = A plus C,, (C, = 0) for the Am2958 or F = A
plus C,, (C,, = 0) for the Am2959 and the destination command
F Y,B.

A higher speed technique for achieving the byte swap opera-
tion is illustrated in Figure 27 Instead of inputting the per-
muted data via the DA ports, the permuted data is entered via
the Y input/output ports with OEy held HIGH. This technique
bypasses the ALU, thus allowing faster operation. The Am2903
destination command F — Y, B should be used.
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WORD/BYTE OPERATIONS

The Am29203 allows for Word/Byte Operations. Figure 28 pic-
tures a 16-bit system which is capable of doing word or byte
(lower half of word) operations.

In the Byte mode the BYTE/WORD line is HIGH which in turn
asserts a LOW on the W/MSS input of Device 2 making it the
MSS device. At the same time the multiplexer selects the status
flags of Device 2. The IEN and OEy of Devices 4 and 3 are
forced HIGH which disables them from writing into RAM or onto
the Y bus.

in the word mode Device 4 is the MSS device and the muiti-
plexer selects its status flags. The IEN inputs are brought low
which enables writing in to RAM. The OEy is also allowed to go
low.

MEMORY EXPANSION

Both the Am2903 and Am29203 allow for a theoretically infinite
memory expansion, but the technique is slightly different. (The
Am29203 allows writing less than a full word, e.g., a byte.) Fig-
ure 29, Am2903 and Am29705, pictures a 4-bit slice of a system
which has 48 words of RAM and 16 words of ROM. RAM storage
is provided by the Am2903 and the Am29705s. The Am29705
RAM is functionally identical to the Am2903 RAM. The
Am27519 is used to store constants and masks and is ad-
dressable from address port A only. The system is organized
around five data buses. Inter-bus communication may be done
through the Am29705s or the Am2903. The memory addressing

scheme specifies the data source for the R input of the ALU
eminating from the register locations specified by address field
A. Ay_3 addresses 16 memory locations in each chip while ad-
dress bits A;_g are decoded and used for the output enable for
the desired chip. The B address field is used to select the S input
of the ALU and the C field is used to specify the register location
where the result of the ALU operation is to be stored.

Bits By—5 are for source register addressing in each chip. Bits B,
and Bs are used for chip output enable selection. Cy_; access the
16 destination addresses on each chip while bits C4 and Cs
control the Write Enable of the desired chip. The source and
destination register address are multiplexed such that when the
clock is HIGH, the source register address is presented to the B
address ports of the RAM’s. The Instruction Enable (IEN) is HIGH
atthis time. The data flows fromthe Y port or the internal B port as
selected by the decoder whose inputs are B4 and Bs. When the
clock goes LOW, the data eminating from the selected Y outputs
of the Am29705's and the RAM outputs of the Am2903 are
latched and the destination address is now selected for use by the
RAM address lines. When the destination address stabilizes on
the address lines, the IEN pin is brought LOW. The WRITE output
of the Am2903 will now go LOW, enabling the decoder sourced
by address bits C4 and Cs. The selected decoder line will go
LOW, allowing the desired memory location to be written into. To
switch between two- and three-address architecture, the user
simply makes the source and destination addresses the same;
i.e., Bo—g = Cop—3 and By—5 = C4_5. For two-address ar-
chitecture, the MUX is removed from the circuit.

MSS
DEVICE 4 DEVICE 3

LSS
DEVICE 2 DEVICE 1

Am2903/29203 Am2903/29203

DBg—3

Am2903/29203 AmZ20803/29203

] PA0-3 PBo-3

DAg_3 DBg_3 [ DAg-3
4 aqa

DAg.3 DBg_3
4 /{ a 4

BYTE
SWAP

m

Am2958/2959

I

E Am2958/2959
4 4

alals|s

Figure 26. Byte Swap.

MPR-057
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MSS
DEVICE 4

Am2903/29203

DEVICE 3

Yo-3 DBy_3

Am2903/29203

Yo-3 DBg.g3

DEVICE 2

Am2903/29203

LSS
DEVICE 1

Am2903/29203

Figure 28. Connections for Word/Byte Operations (Am29203 Only).
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Figure 27. High Speed Byte Swap.
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WE FOR

BUS 1 BUS 2 BUS3 CP BUS4 BUS EXT DEST
PROM
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O cs
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Figure 29. Expanded Memory on Am2903.

MPR-059

Memory Expansion with the Am29203

The expansion scheme using the Am29203 and Am29705 is
only slightly different from that for the Am2903, and is illustrated
in Figure 30. The difference is due to the fact that the WRITE
signal from the Am29203 is not internally gated by IEN. This
gating is performed external to the Am29203, either in a gate or,
as shown in Figure 30, by using the enable on the chip select

decoder. The advantage of separating the write signal from the
IEN signal is that writing can be controlled over less than the full
word length. For example, in a 16-bit system, the lower two
devices can have one IEN signal and the upper two devices a
second IEN signal. Controlling these two signals separately al-
lows data to be written in either byte without disturbing the other
byte. The 2- and 3-address architecture is handled in the same
way as with the Am2903.
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Figure 30. Expanded Memory for Am29203.
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APPENDIX A

Am2903 SWITCHING CHARACTERISTICS

The switching characteristics of the Am2903 are a function of the
power supply voltage, the temperature, and the operating mode
of the device. The data has been condensed onto the tables on
the following 24 pages. The first sets of tables define the speeds
of the device for all operations except the special functions
(where l4321¢0 = 00000). The remaining tables define the speeds
of the combinational paths for each of the special functions.
Set-up and hold times do not change for the special functions. An
index to the AC tables is shown below. The roman numeral
identifies the conditions: :

| = room temperature typical

1l = room temperature guaranteed
Il = guaranteed commercial operating range
IV = guaranteed military operating range

The letter designates the type of data:

il

standard function combinational delays
set-up and hold times

Enable/Disable times

clock and write pulses

special function combinational delays

Il

Il

mooOw>»
i

Data is shown in Tables E in bold face where different from the
data given in Tables A. Except where otherwise noted, data is
taken with inputs switching between 0V and 3.0V at 1V/ns, with
the measurement point at 1.5V. Outputs are measured at 1.5V
and are loaded with G, = 50pF and maximum DC load.

INDEX TO SWITCHING TABLES

Typical/

Table Data Type Guaranteed Conditions Applicable to

1A Combinational Delays Typical 5.0V, 25°C Standard functions

A Combinational Delays Guaranteed 5.0V, 25°C Standard functions
A Combinational Delays Guaranteed 4.75 t0 5.25V, 0°C to +70°C Standard functioris
ns Set-up and Hold Times Guaranteed 4.75 to 5.25V, 0°C to +70°C All functions
mc Enable/Disable Times Guaranteed 4.75 t0 5.25V, 0°C to +70°C All functions
o Write Pulse and Clock Guaranteed 4.75 t0 5.25V, 0°C to +70°C All functions
Il E-0 Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C Unsigned muitiply instruction
It E-2 Combinational Delays Guaranteed 4.75 10 5.25V, 0°C to +70°C Two's complement multiply instruction
I E-4 Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C Increment by one or two instruction
M E-5 Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C Sign magnitude/two’s complement conversion
I E-6 Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C Two's complement multiply, last cycle
I E-8 Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C Single-length normalize
HI E-A Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C First divide operation (dbl. length norm.)
i E-C Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C Two's complement divide
N E-E Combinational Delays Guaranteed 4.75 to 5.25V, 0°C to +70°C Two's complement divide, correction
IVA Combinational Delays Guaranteed 4.5 10 5.5V, —55°C to +125°C Standard functions
VB Set-up and Hold Times Guaranteed 4.5 to 5.5V, —55°C to +125°C All functions
wC Enable/Disable Times Guaranteed 4.5 to 5.5V, —55°C to +125°C All functions

VD Write Pulse and Clock Guaranteed 4.5 to 6.5V, —55°C to +125°C All functions
IV E-0 Combinational Delays Guaranteed 4.5 to 5.5V, —55°C to +125°C Unsigned multiply instruction
IV E-2 Combinational Delays Guaranteed 4.5 to 5.5V, —~55°C to +1256°C Two's complement multiply instruction
IV E-4 Combinational Delays Guaranteed 4.5 to 5.5V, ~55°C to +125°C Increment by one or two instruction
IV E-5 Combinational Delays Guaranteed 4.5 to 5.5V, —55°C to +125°C Sign magnitude/two’s complement conversion
IV E-6 Combinational Delays Guaranteed 4.5 to 5.5V, —55°C to +125°C Two's complement multiply, last cycle
IV E-8 Combinational Delays Guaranteed 45 to 5.5V, —55°C to +125°C Single-length normalize

IV E-A Combinational Delays Guaranteed 4.5 to 5.5V, —55°C to +125°C First divide operation (dbl. length norm.)
IVE-C Combinational Delays Guaranteed 4.5 to 5.5V, —55°C to +125°C Two's complement divide

IV E-E Combinational Delays Guaranteed 4.5 to 5.5V, —55°C to +125°C Two's complement divide, correction
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Am2903 + Am29203

TABLE | A
Typical Combinational Delays
Ta = 25°C, V¢ = 5.0V
Standard Functions

\w‘tpul _ ‘_ Qi0g 5'90
From Input —— Y Chirqa [ G, P | Z(s) N OVR DB WRITE Ql03 Sl0g S04 Parity
A Address 54 48 43 66 54 67 - . - 52 58 74

(Arith. Mode)

B Address 63 56 52 75 62 71 31 - - 61 66 90
A Address 54 - 42 86 55 - - - - 49 59 74
(Logic Mode)

B Address 53 - 45 63 53 - 31 - - 53 56 76
DA inputs 40 36 30 52 40 55 - - - 37 43 62
(Arith. Mode)

DB inputs 38 35 28 50 38 52 . = - 38 41 61
DA inputs 40 - 29 52 40 - - - - 38 43 62
(Logic Mode)

DB inputs 34 - 20 46 35 - = - - 34 38 57
EA : 39 32 26 51 39 52 - - - 36 42 61
Cn 25 18 37 25 35 - - - 22 28 41

- -

lo 33 29 22 43 33 38 N 33 * 33# 36 * 59 %
14321 46 42 44 57 44 52 - 33 * 42+ 47« 68
lg765 28 - - 40 . - - 32 36 * 27 « 28 * 27 *
EN - - - = - - 12 . - - -
S103, SIOg 15 - - - - . - - - - 17 20
Clock 55 53 44 67 57 67 23 - 25 53 60 66
Y - - - 12 - - = - - - - -
MSS 28 - 28 40 28 28 - - - 28 30 28

Note: A*“x” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay
to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the delay to
correct data is determined by something else.
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TABLE il A
Guaranteed Combinational Delays
Tp = 0°C to +70°C, Vg = 4.75V to 5.25V
Standard Functions

To Output _ Qi S0,
From Input Y Chtsa , P | Z(s) N OVR DB WRITE | QIO3 Si0g | SI0g Parity
A Address 86 81 69 110 86 108 - - - 84 94 115
(Arith. Mode) i ]
B Address 99 88 81 123 99 112 49 - - 94 104 140
A Address 87 - 68 111 89 - - - - 79 94 115
(Logic Mode) - -
B Address 84 - 73 108 84 - 49 - - 84 90 120
DA Inputs 63 60 49 87 64 89 - - - 60 70 101
(Arith. Mode)
DB Inputs 61 59 47 85 62 84 - - - 62 68 98
DA Inputs 64 -~ 48 88 66 - - - - 61 72 101
(Logic Mode)
DB inputs 55 - 32 79 57 - - - - 52 61 93
EA 59 53 42 83 59 83 - - - 57 64 98
Ch 40 30 - 64 40 58 - - - 38 46 67
lo 52 48 36 76 52 63 - 49 * 50% 58% 93 %
laa21 71 65 72 95 69 84 - 49 * 66% 73« 105*
15765 42 - - 66 - - - 50 60 42% 45% 42%
IEN - - - - - - - 22 - - - -
SlO0g3, SI0g 26 - -~ - 50 - - - - - - 29 36
Clock 87 87 71 111 88 108 37 - 40 84 92 105
Y - - - 24 - - - - - - - -
MSS 44 - 44 68 44 44 - - - 44 46 44

Note: A*“#*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay
to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the delay tc
correct data is determined by something else.
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TABLE il B
Guaranteed Set-up and Hold Times
Tp = 0°C to +70°C, Vo = 4.75V to 5.25V
All Functions r
CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint.

To Output HIGH-to-LOW LOW-to-HIGH
With Respect \ ’I
From Input to this Signal Set-up Hold Set-up Hold Comment
Y Clock NA NA 20 3 To store Y in RAM or Q
WE HIGH Clock 25 Note 2 Note 2 0 To Prevent Writing
‘WE Low Clock NA NA 30 0 To Write into RAM
A, B as Sources Clock 27 3 NA NA See Note 3
B as a Destination Clock and WE both LOW 6 Note 4 Note 4 3 :;]oevgz:?ezaéa ::c'i);ei:;o
QIOy, QIO3 Clock NA NA 21 3 To Shift Q
lg765 Clock 24 Note 5 Note 5 0
IEN HIGH Clock 30 Note 2 Note 2 0 To Prevent Writing into Q
IEN LOW Clock NA NA 30 0 To Write into Q
l43210 Clock 24 - 68 0 See Note 6
Notes: 3. A and B addresses must be set-up prior to clock LOW transi-

1. For set-up times from all inputs not specified in Table B, the
set-up time is computed by calculating the delay to stable Y
outputs and then allowing the Y set-up time. Even ifthe RAMis
not being loaded, the Y set-up time is necessary to set-up the
Q register. All unspecified hold times are less than or equal to
zero reiative to the clock LOW-to-HIGH edge.

2. WE controls writing into the RAM. TEN controls writing into Q
and, indirectly, controls WE through the write output. To pre-
vent writing, IEN and WE must be HIGH during the entire clock
LOW time. They may go LOW after the clock has gone LOW to
cause a write provided the WE LOW and IEN LOW set-up
times are met. Having gone LOW, they should not be returned
HIGH until after the clock has gone HIGH.

TABLE Il C
Guaranteed Enable/Disable Times
Ta = 0°C to +70°C, Vi = 4.75V to 5.25V
All Functions

From To Enable Disable
OEY Y; 27 25 ns
OEB DB; 31 25 ns
I SI0g, SI04 25 ns
lg765 QI0g, QIO 60 ns
k43210 QIOg, QIO3 65 60 ns
38 WRITE 31 25 ns
Note:

1. C = 5.0pF for output disable tests. Measurement is made to a 0.5V

change on the output.
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tion to capture data in latches at RAM output.

. Writing occurs when CP and WE are both LOW. The B ad-

dress should be stable during this entire period.

. Because lgz7g5 control the writing or not writing of data into

RAM and Q, they should be stable during the entire clock LOW
time unless IEN is HIGH, preventing writing.

. The set-up time prior to the clock LOW-to-HIGH transition

occurs in parallel with the set-up time prior to the clock HIGH-
to-LOW transition and the clock LOW time. The actual set-up
time requirement on l43,1¢, reiative to the clock LOW-to-HIGH
transition, is the longer of (1) the set-up time prior to clock
L — H, and (2) the sum of the set-up time prior to clock
H = L and the clock LOW time.

TABLE lli D
Guaranteed Clock and Write Pulse Characteristics
Ta = 0°C to +70°C, Vo = 4.75V to 5.25V
All Functions

Minimum Clock LOW Time 30 ns
Minimum Ciock HIGH Time 30 ns
Minimum Time CP and WE 30 ns
both LOW to Write




Am2903 « Am29203

TABLE 1ii E-0
Guaranteed Combinational Delays
Tp = 0°C to +70°C, Vo = 4.75V to 5.25V
Unsigned Multiply Instruction

(lg765 = O, la321 = O, lg = 0)

w Slice - _ Qlog S10g
From Inpu Position | ¥ | Chi4 [G,P|Z(s)| N |OVR | DB |WRITE| QIO3 | SIOg | SIO3 | Parity
A, B Address MSS 102 88 - - 99 112 49 - - 94 - -
(Arith. Mode) IS, LSS 99 88 81 - ~ - 49 - - 94 - -
DA, DB Inputs MSS 65 60 - - 64 89 | - - - 62 - -
IS, LSS 63 60 49 - - - - - - 62 - -
EA MSS 73 53 - - 59 83 - - - 57 - -
1S, LSS 59 53 42 - - - - - - 57 - -
Cn MSS 45 30 - - 40 58 - - - 38 - -
IS, LSS 40 30 - - - - - - = 38 - =
MSS 94 95 — - 87 102 - - * 70% * -
lo IS 94 95 80 - - - . - * 70 % * -
LSS 94 95 80 42 - - = 49 * 70 * * -
MSS 102 96 - ~ 92 110 - - * 72 * -
l4321 IS 102 26 81 - - - - - * 72% * -
LSS 102 96 81 43 - - - 49 * 72 % * -
MSS 102 90 - - 77 84 - = * 72 % * -
la765 s 102 90 84 - - - - - * 72 * -
LSS 102 90 84 46 - - - 50 * 72+ * -
MSS 91 87 - - 88 108 37 - 40 84 - -
Clock
1S, LSS 87 87 71 53 - - 37 - 40 84 - -
7 MSS 74 62 - - 70 78 - - - Il -~ -
1S 74 62 48 - - - - - - 2] - -
IEN Any - - - - - - - 22 - - - -
S04, SI0g Any 26 - - - - - - - - - - -

F=S+ChifZ=0
S+R+CuifZz=1

Y3 = Cn+4 (MSS)

Z = Qq (LSS)

Notes: 1. A “*” means the output is enabled or disabled by the input. See Tables C for enable and disabie times. A number shown with a * is the
delay to correct data on an enabled output. A ¥ shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE Ili E-2
Guaranteed Combinational Delays
Ta = 0° to +70°C, Vo = 4.75 to 5.25V
Two’'s Complement Multiply Instruction
(lg765 = 24, laz21 = Oy, Ig = 0)

To Output Slice L QlOg Si0g
From Input Position | Y | Chys |[G,P| Z(s) | N | OVR | DB |WRITE | QIO3 | SIOq |SIO3| Parity
A, B Address MSS 106 88 - - 99 112 49 — - 94 - -
(Arith. Mode) 1S, LSS 99 88 81 - - - 49 - - 94 - -

MSS 78 60 - - 64 89 - - - 62 - -
DA, DB Inputs IS,Lss | es | 60 |4 | - | - | - | = = T e | - -
= MSS 85 53 - - 59 83 - - - 57 - -
IS, LSS 59 53 42 - - - - - - 57 - -
c MSS 58 30 - - 40 58 - - - 38 - -
" 1S,LSS | 40 30 - - - - - - - 38 - -
MSS 104 95 - - 89 102 - = * 68 % * .
lo 1S 104 95 78 - - - - -~ * 68 * _
Lss 104 95 78 42 - - - 49 * 68+ * -
MSS 112 95 - - 94 | 108 - - * 71+ * -
14321 IS 112 95 78 - - - - - * 71* * -
LSS 112 95 78 43 - - - 49 * 7+ * -
MSS 98 84 - - 76 100 - - * 71 *
Ig7g5 IS 98 84 82 - - - - - * T * -
Lss 98 84 82 46 - - - 50 * 71+ * -
Mss 100 87 - - 88 | 108 | 37 - 40 84 - | -

Clock
I8, LSS 87 87 71 53 - - 37 - 40 84 - -
2 MSS 90 62 - - 69 78 - . - gl . -
1S 90 62 48 - - - - . - 7 - -
EN Any - - - - - - - 22 - - - -
SI03, Si0q Any 26 - - - - - - - - - - -

F=S+ChifZ=0

R+8+ChifZ=1
Y3 = F3 @ OVR (MSS)
Z = Qq (LSS)

Notes: 1. A "x" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
deiay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “~" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE Il E-4
Guaranteed Combinational Delays
Tp = 0°C to +70°C, Vo = 4.75V to 5.25V
Increment by One or Two Instruction
(lg765 = 44, l4321 = Oy, Ip = 0)

To Output Slice _ QI0, SI0g
From Inpu Position | Y | Chtq |G,P| Z(s) | N | OVR | DB | WRITE | QiO;3 | SIOq | SIO3 | Parity
A, B Address MSS 99 88 — | 123 {99 112 | 49 - - - - 140
(Arith. Mod 1S,Lss | 99 | 88 81 | 123 | - - 49 - - = - a0
DA, DB Inputs MSS 63 60 - 87 | 64| 89 - - - - - 101

IS, LSS | 63 60 49 | 87 | - - - - - - - 101
- MSS - - - - - - - - - [ B
1S, LSS - - - - - - - - - - - -
. MsS 0| 30 | - | e |40 s8 | - - - | -1 -1 e
IS, LSS | 40 | 30 - 64 | 40 | 58 - - - - - 67
MSS 66 | 60 e |7| 82 | - - P - « | 103
o s 66| 60 |58 | 90 | - | - - - « | x| x| 10
LSs 66 | 60 58 | 90 | - = - 49 * * * 103*
MSS 71 60 ~ | 95 |72] 80 | - - * * | « | 1020
L4321 1S 7 60 58 | 9 | - | - - - M * * 102
LSS 71 60 58 | 95 | - - - 49 P M 102"
MsS 71| 60 ~ | es 72| 8 | - | - * * x | 102 |
765 ) 71 60 58 | 95 | - - - - * * * 102*
LSS 7 60 58 | 95 | - - - 50 * * * 102*
Clock MSS 87 | 87 71| 111 |88 | 108 | 37 - w0 | - - 105
1S, LSS | 87 | 87 71 | 111 | 88| 108 | 37 - 40 -z - 105
7 MSS Z is an output -
IS, LSS Z is an output
Y Any - - - 24 - - - - - - - -
— - - - - - - - . - T
SI03, 8109 Any 26 - - - - - - - - - -
F=8+1+Cp

Notes: 1. A “#” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a « is the
delay to correct data on an enabled output. A % shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE Il E-5
Guaranteed Combinational Delays
Ta = 0°C to +70°C, Vo = 4.75V to 5.25V
Sign Magnitude/Two’s Complement Conversion
(lg765 = 5, 14321 = O, lg = 0)

To Output Slice b -QI0g S10g
From input Position Y Cht+4 |G,P|{Z(s)| N |OVR| DB |WRITE| QIO3 | SlOg, | SIO3 | Parity
A, B Address MSS 138 88 - 70 | 138 | 112 | 49 - - - - 140
(Arith. Mode) IS, LSS 99 88 81 - - - 49 - - - - 140

MSS 08 60 - 4 | 98 | 89 - - - - - 101
DA, DB Inputs
IS, LSS 63 60 49 - - - - - - - - 101
£ MSs - - - - - - - - - - - -
IS, LSS - - - - - - - - - - - -
G MSS 79 30 - - 79 | 58 - - - - - 67
n 1S, LSS 40 30 - - - - - - - - - 67
MSS 102 78 - 46 | 100 | 112 - - * * * 131+
Iy is 102 78 70 - - - - - * * * 131+
LSS 102 78 70 - - - - 49 * * * 131
MSS 102 78 - 46 | 100 | 103 - - * * * 131+
14321 IS 102 78 72 - - - - - * * * 131*
LSS 102 78 72 - - - - 49 * * * 131*
MSS 100 78 - 46 | 97 | 105 - - * * * 138*
lg765 15 100 78 65 - - - - - * * * 138"
LSS 100 78 65 - - - - 50 * * * 138*
Clock MSS 118 87 71 58 | 118 | 108 | 37 - - - - 105
1S, LSS 87 87 71 - - - 37 - - - - 105
z MSS Z is an output
IS, LSS 72 60 48 - - - - - - - - 114
EN Any - - - - - - - 22 - - - -
SI103, SI0g Any 26 - - - - - - - - - - -

F=S+CpifZ=0

S+ChifZ=1
Y3 = S3 @ Fj (MSS)
Z = S5 (MSS)

Notes: 1. A “*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE Ill E-6
Guaranteed Combinational Delays
Ta = 0°C to +70°C, Y = 4.75V to 5.25V
Two’s Complement Multiply, Last Cycle

(lg765 = 61, 14321 = Oy, Ig = 0)

To Output Slice - . QIO S0,
From Input Position | Y | Chyy |G,P| Z(s) | N | OVR | DB |WRITE| QIO; | SIOg | SIO3 | Parity
A, B Address MSs 120 88 - - 99 | 112 | 49 - - 94 - -
(Arith. Mode) 1S,LSS | 99 88 81 - - - 49 z = 91 - o
DA, DB Inputs MSS 85 60 - - 64 | 89 - - - 62 - -
IS, LSS 63 60 49 - - - - - - 62 - -
o7y MSS 93 53 - - 59 | 83 - - - 57 - -
IS, LSS 59 53 42 - - - - - - 57 - -
c MSS 64 30 - - 40 | 58 - - - 38 - -
n 1S, LSS 40 30 - - - - - - - 38 - -
MSS 112 99 - - 91 | 120 - - * 98+ * -
lp IS 12 99 86 - - - - - * 98x * -
LSS 112 99 86 42 - - - 49 * 98 * -
MSS 115 93 - - 94 | 124 - - * 97x * -~
laz21 IS 115 93 85 - - - - - * 97 * -
Lss 115 93 85 43 - - - 49 * 97+ * -
MSS 105 93 - - 88 | 114 - - * 96+ * -
la765 IS 105 93 78 - | - - - - * 96 * -
LSS 105 93 78 50 - - - 50 * 96+ * -
MSS 110 87 - - 88 | 108 | 37 - 40 84 - -
Clock B S ISR A
IS, LSS 87 87 71 53 - - 37 - 40 84 - -
7 MSS 91 64 - - 74 | 98 - - - 70 - -
Is 91 64 50 - - - - - - 70 - -
EN Any - - - - - - - 22 - - - -
5103, SI0 Any 26 - - - -1 = - - - - - -

F=8+ChifZ=0
S-R-1+Cpifz=1

Y3 = OVR @ Fj (MSS)

Z = Qq (LSS)

Notes: 1. A*"+” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a x is the
delay to correct data on an enabled output. A » shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “~" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE Ill E-8
Guaranteed Combinational Delays
Ta = 0°C to +70°C, Vg = 4.75V to 5.25V
Single-Length Normalize Instruction
(lg765 = 8, l4321 = Oy, bp = 0)

To Output Slice S QIO SI0g
From Input Position | Y | Chys |G,P| Z(s)| N | OVR | DB |WRITE| QlO3 | SIOg | SIO3 | Parity
A, B Address MSS 99 88 - - 99 | 112 49 - - - — -
(Arith. Mode) IS, LSS 99 88 81 - - - 49 - - - - -
DA, DB Inputs MSS 63 60 - - 64 89 - - - - - -
IS, LSS 63 60 “49 - - = - - - - - -
EA MSS 59 63 - - 59 83 - - - - - -
IS, LSS 59 53 42 - - - - - - - - -
c, MSS 40 30 - - 40 | 58 - - - - - -
IS, LSS 40 30 - - - - - -~ - - - -
MSS 67 52 - 33 45 42 - - * * 72+ -
lg IS 67 52 58 33 - - - - * * 72% -
LSS 67 52 58 33 - - - 49 * * 72+ -
MSS 68 58 - 34 45 47 = - * * 72 % —
l4301 IS 68 58 58 36 - - = - * * 72% -
LSS 68 58 58 36 - - - 49 * * 72+ -
MSS 66 70 - 44 50 47 - - * * 72 % -
l8765 IS 66 70 ] a4 - - - - * * 72% -
LSS 66 70 41 44 - - - 50 * * 72 % -
Glock MSS 87 49 - 46 49 47 37 - 40 - 92 -
I8, LSS 87 87 71 48 - - 37 - 40 - 92 -
z MSS Z is an output
IS, LSS Z is an output
IEN Any - - - - - - - 22 - - - -
SIO3, SIOg Any 26 - - - - - - - - - - -
F=8+Cp

Cnisq = Q3 @ Qp (MSS)
OVR = Q; ® Qq (MSS)
N = Q3 (MSS)

Z= 60616253

Notes: 1. A “x”" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
délay to correct data on an enabled output. A x shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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First Divide Operation (Double Length Normalize)

TABLE ill E-A

Guaranteed Combinational Delays
Ta = 0°C to +70°C, Voo = 4.75V to 5.25V

(lg765 = Ans l432¢1 = O, 1o = 0)

Am2903 « Am29203

To Output Slice L QlOg S0y
From Input Position Y Ch+a |G, P| Z(9) N OVR | DB |WRITE| QIO3 | SIOy | SIO3 | Parity
A, B Address MSS 99 113 - 94 | 94 | 102 | 49 - - - 120 -
(Arith. Mode) IS, LSS 99 88 81 - - - 49 - - - 104 -
DA, DB Inputs MSS 63 75 - 54 | 54 | 62 - - - - 80 -
1S, LSS 63 60 49 - - - - - - - 70 -
= MSS - - - - - - - - - - 76 -
1S, LSS - - . - - - - - - - 64 -
c MSS 40 54 - 45 | 45 | 50 - - - - 68 -
n IS, LSS | 40 30 - - - - - - - - 46 -
MSS 69 95 - 68 | 72 | 86 - - * * 96 -
Ip 1S 69 95 56 68 -~ - - -~ * * 96 « -
LSS €9 95 56 68 - - - 49 * 96 % -
MSS 69 94 - 68 | 72 | 86 - - * M 96 « -
l4321 1S 69 94 57 68 - - - - * 96 x —
LSS 69 9 57 68 - - - 49 % %% | -
MSS 69 95 - 68 | 72 | 86 - - ® 96 * -
lg765 Is 69 95 57 68 - - - - * 96 * -
LSS 69 95 57 68 - - - 50 * 96 -
Clock MSS 87 101 - 80 | 84 | 89 37 - 40 | - | 108 -
IS, LSS 87 87 71 80 - - a7 - 40 - 92 -
z MSS Z is an output
IS Z is an output
TEN Any - - - - - - - 22 - - - -
Sl03, SI0g Any 26 . - - - - - - - - - -
F=S+Cp
N = F3 (MSS)

Sl03 = F3 @ Rg3 (MSS)
Cn+4 = F3 @ Fa (MSS)
OVR = F, @ F; (MSS)

Z = 0001 0203FOF1 F2F3

Notes: 1. A" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A "~" means the delay path does not exist.
3. Data in bold face is different from Table A, other data is the same.
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TABLE lll E-C
Guaranteed Combinational Delays
Ta = 0°C to +70°C, Vo = 4.75V to 5.25V
Two’s Complement Divide Operation

(lg765 = Ch, la321 = Oy, Ip = 0)

To Output Slice _ QIO S0y
From Input Position | Y | Chyq4 [G,P| Z(s)| N |OVR | DB |WRITE| QIO3; | SIOq | SIO3 | Parity
A, B Address MSS 99 88 - - 99 112 49 - - - 107 -
(Arith. Mode) IS,LSS | 99 88 81 - - - | 49 - - - 104 -
MSs 63 60 - - 64 89 - - - - 84 -
DA, DB inputs
IS, LSS 63 60 49 - - - - - - - 70 -
A MSS 59 53 - - 59 83 - - - - 91 -
i8, LSS 59 53 42 - - - - - - - 64 -
c MSS 40 30 - - 40 58 - - - - 64 -
" 1S, LSS 40 30 - - - - - - - - 46 -
MSS 94 93 - 39 94 120 - - * * 108* -
lo ] 94 93 74 - - - - - * * 108* -
LSS 94 93 74 - - - - 49 * * 108* -
MSS 94 84 - 42 93 120 - - * * 108* -
14321 IS 94 84 74 ~ - - - — * * 108 -
LSS 94 84 74 - - - - 49 * * 108* -
MSS 93 89 - 43 93 120 - * * 108* -
lg765 1S 93 89 64 - - - - - * * 108* -
LSS 93 89 64 - - - - 50 * * 108* -
MSS 87 87 - 53 88 108 37 - 40 - 130 -
Clock
18, LSS 87 87 7 - - - 37 - 40 - 92 -
7 MSS Z is an output
IS, LSS 68 65 52 - - - - - . — 77 -
IEN Any - - - - - - - 22 - - - -
8l03, SI0p Any 26 - - - - - - - - - - -

F=R+8+CrifZ=0
S-R-1+CphifZ=1

Sl0; = F3 @ R3 (MSS)

Z = F3 @ R3 (MSS) from previous cycle

Notes: 1. A “x" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a « is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A "“=" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE Il E-E

Guaranteed Combinational Delays
Ta = 0°C to +70°C, Vo = 4.75V to 5.25V
Two’s Complement Divide, Correction
(lg765 = Ep, lg321 = Oy, Ig = 0)

Am2903 « Am29203

To Output Slice - QIO SI0g
From input Position | Y | C,4 |G,P| 2Z(s)| N | OVR| DB |(WRITE| QIO3 | SIOg | SIO3 | Parity
A, B Address MSS 99 88 - - 99 112 49 - - - 104 -
(Arith. Mode) IS, LSS 99 88 81 - - - 49 - - - 104 -
DA. DB Inputs MSS 63 60 - - 64 | 89 - - - - 70 -
IS, LSS 63 60 49 - - - - - - - 70 -
R MSS 59 53 - - 59 | 83 - - - - 64 -
IS, LSS 59 53 42 - - - - - - - 64 -
c, MSS 40 30 - - 40 | 58 - - - - 46 -
IS, LSS 40 30 - - - - - - - - 46 -
MSS 95 ot - 42 | 94 | 120 - - * * 98* -
o ) 95 o1 72 - - - - - * * 98* -
LSS 95 | o 72 - - - - 49 ¥ * | 98 | - ]
MSS 96 o1 - 42 | 9| 118 - - * 98+ -
lag21 IS 96 91 78 - - - - - 28" -
LSS 9 91 78 - - - - 49 98 | -
MSS 85 78 - 43 | 74 | 89 - - 88* -
lg76s 1S 85 78 62 - - - - - 88* -
LSS 85 78 62 - - - - 50 * 88* -
Clock MSS 87 87 - 53 | 88 | 108 | 37 - 40 - 92 -
IS, LSS 87 87 71 - - - a7 - 40 - 92 -
Z MSS Z is an output
IS, LSS 73 66 54 - - - - - - - 79 -
IEN Any - - - - - - - 22 - - - -
SI0g, S10, Any 26 - - - | -1 - - - - — | - -

F=R+8+CphifZ=0
S§~R~-1+ChifZ=1

Z = F3 @ Rj3 (MSS) from previous cycle

Notes: 1. A “*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a- % is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “~" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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Table IV A
Guaranteed Combinational Delays
Tc = —55°to +125°C, V¢ = 4.5V to 5.5V
Standard Functions

To Output Qi0g Sl0g
From Input Y { Chys |G,P| Z(s) | N | OVR | DB | WRITE | QIO; | SIOy | SIO3 | Parity
A Address 91 85 72 116 92 115 - - - 89 98 120
(Arith. Mode)
B Address 101 93 84 126 | 102 | 118 52 - - 97 106 148
A Address 92 - 72 17 93 - - - - 84 98 120
(Logic Mode)
B Address 86 - 73 111 89 - 52 - - 86 92 125
DA Inputs 64 62 51 89 66 94 - - - 62 71 107
(Arith. Mode)
DB Inputs 63 60 48 88 63 89 - - - 64 68 100
DA Inputs 65 - 51 90 67 - - - - 62 72 108
(Logic Mode)
DB inputs 56 - 32 81 57 - - - - 52 63 100
EA 60 56 43 85 60 87 - - - 58 64 103
Cn 40 30 - 65 40 59 - - - 38 46 69
lo 52 50 36 77 52 66 - 53 * 51 % 58+ 96 *
l4321 72 69 73 97 71 88 - 53 * 66 * 75% 111%
lg765 44 - - 69 - - - 50 65+ 42 % 45 42
EN - - - - - - - 24 - - - -
SI03, SI0g 26 - - 51 - - - - - - 29 36
Clock 89 90 74 114 89 116 39 - 42 ot 96 110
Y - - - 25 - - - - ~ - - -
MSS 45 - 44 70 44 44 - - - 44 46 44

Note: A “s" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a x is the delay
to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the delay to
correct data is determined by something else.
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TABLE IV B
Guaranteed Set-up and Hold Times
Tc = —55°C to +125°C, V¢ = 4.5V to 5.5V
All Functions
CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint.

Am2903 - Am29203

HIGH-to-LOW LOW-to-HIGH
With Respect | f
Input to this Signal Set-up Hold Set-up Hold Comment
Y Clock NA NA 23 3 To store Y in RAM or Q
‘WE HIGH Clock 25 Note 2 Note 2 0 To Prevent Writing
WE LOW Clock NA NA 35 0 To Write into RAM
A, B as Sources Clock 38 3 NA NA See Note 3 .
B as a Destination Clock and WE both LOW 6 Note 4 Note 4 3 o Warte Data only into
QIOg, QIO3 Clock NA NA 23 3 To Shift Q@
lg765 Clock 24 Note 5 Note 5 0
IEN HIGH Clock 30 Note 2 Note 2 0 To Prevent Writing into Q
IEN LOW Clock NA NA 30 0 To Write into Q
lag210 Clock 24 - 74 0 See Note 6 ;
Notes: 3. A and B addresses must be set-up prior to clock LOW transi-

1. For set-up times from all inputs not specified in Table IV B,

the set-up time is computed by calculating the delay to stable
Y outputs and then allowing the Y set-up time. Even if the
RAM is not being loaded, the Y set-up time is necessary to
set-up the Q register. All unspecified hoid times are less than
or equal to zero relative to the clock LOW-to-HIGH edge.

2. WE controls writing into the RAM. TEN controls writing into Q

and, indirectly, controls WE through the write output. To pre-
ventwriting, IEN and WE must be HIGH during the entire clock
LOW time. They may go LOW after the clock has gone LOW to
cause a write provided the WE LOW and IEN LOW set-up
times are met. Having gone LOW, they should not be returned
HIGH until after the clock has gone HIGH.

TABLE IV C
Guaranteed Enable/Disable Times
Tc = —55°C to +125°C, V¢ = 4.5V to 5.5V
Al Functions

From To Enable Disable
OEY Yi 27 25 ns
OEB DB; 34 25 ns
lg SIOy, SIO;3 25 ns
lg765 QIOg, QI3 60 ns
143210 QIOy, QIO 70 60 ns
TSsS ‘WRITE 34 25 ns
Note:

1. C = 5.0pF for output disable tests. Measurement is made to a 0.5V

change on the output.
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tion to capture data in latches at RAM output.

. Writing occurs when CP and WE are both LOW. The B ad-

dress should be stable during this entire period.

. Because lIgzg5 control the writing or not writing of data into

RAM and Q, they should be stable during the entire clock LOW
time unless EN is HIGH, preventing writing.

. The set-up time prior to the clock LOW-to-HIGH transition

occurs in parallel with the set-up time prior to the clock HIGH-
to-LOW transition and the clock LOW time. The actual set-up
time requirement on l4321, relative to the clock LOW-to-HIGH
transition, is the longer of (1) the set-up time prior to clock
L = H, and (2) the sum of the set-up time prior to clock
H = L and the clock LOW time.

TABLE IV D
Guaranteed Clock and Write Pulse Characteristics
Tc = —55°C to +125°C, Ve = 4.5V to 5.5V
All Functions

Minimum Clock LOW Time 40 ns
Minimum’ Clock HIGH Time 40 ns
Minimum Time CP and WE 40 ns
both LOW to Write
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TABLE IV E-0
Guaranteed Combinational Delays
Tc = —55°C to +125°C, Vi = 4.5V to 6.5V
Unsigned Multiply Instruction
(8765 = Opp» l4321 =04, o = 0)

To Qutput Slice — Q10 S10,
From Input Position | Y | Cy.4 |G, P| Z(s) | N | OVR | DB |WRITE| QIO3 | SIOg | SIO3 Parity
A, B Address MSS 103 | 93 - - l102| 118 | 52 ~ - 97 - -
(Arith. Mode) IS, LSS | 101 93 84 - - - 52 - - 97 - -
DA, DB Inputs MsS 66 62 S 66 | 94 - - - 64 - -
IS, LSS 64 62 51 - - - - - - 64 - -
A MSS 74 56 - - 60 | 87 - - - 58 - -
1S, LSS 60 56 43 - - - - - - 58 - -
cy MSS 45 30 - - 40 | 59 - - - 38 - -
IS, LSS 40 30 - - - - - - - 38 - -
MSS 97 97 - - 87 | 106 | - - * e | % -
lo 1S 97 97 85 - - - - - * e | o -
LSS 97 97 85 42 - - - 53 * Tix | = -
MSS 103 | 100 - - 9 | 111 - - * 73% * -
l4321 IS 103 | 100 86 - - - - - * 3% | -
LSS 103 | 100 86 | 43 - - - 53 * 73 | = -
MSS 102 | 93 - - 76 | 89 - - * 75x% | -
Ig765 1S 102 | 93 92 - - - - - * 5% | % -
LSS 102 | 93 92 51 - - - 50 * 75 * -
MSS 94 90 - — 89 | 116 | 39 - 42 91 - -
Clock
IS, LSS 89 90 74 57 - - 39 - 42 91 - -
2 MSS 76 65 - - 70 | 81 - - ~ 72 - -
1s 76 65 49 - - - - - - 72 - -
EN Any - - - - - - - 24 - - - -
S103, SI0g Any 26 - - - - - - - - - - -

F=8+Cnifz=0
S+R+CuifZ=1

Y3 = Cp+q (MSS)

Z = Qq (LSS)

Notes: 1. A “x" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
delay to correct data on an enabled output. A » shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “-" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-2
Guaranteed Combinational Delays
Tc = —55°C to +125°C, Vg = 4.5V to 5.5V
Two’s Complement Multiply Instruction
(lg765 = 2u, l4321 = Oy, Ip = 0)

To Output Slice _ QlQ, S|00
From Input Position | ¥ | Cyy4 |G,P| Z(s) | N | OVR.| DB |WRITE| QIO; | SIO, Sl03 | Parity
A, B Address MSS 113 93 - - 102 | 118 | 52 - - 97 - -
(Arith. Mode) IS, LSS 101 93 84 - - - 52 - - 97 - -

MSS 78 62 - - 66 | 94 - - - 64 - -

DA,'DB Inputs iSLss |64 | e | m | - | = | = - - - 64 | - z
@ MSS 85 56 - - 60 | 87 - - - 58 - -
IS, LSS 60 56 43 - - — - - - 58 - -

N Mss 58 30 - - |40 | 50 - - - a8 - -
IS, LSS 40 30 - - - - | - - - 38 - -

MSS 105 97 - - 89 | 102 - - * 71 % * -

lo IS 105 97 81 - - - - - * 71% * -
LSS 105 97 81 42 - - - 53 * 71 * -

MSS 112 98 - - 94 | 111 - - * 75% * =

laa2q IS 112 98 85 - - - - = * 75% * -
LSS 112 98 85 43 - - - 53 * 75% * -

) MSS 99 86 - - 78 | 100 - - % 74 % * -

la7es IS 99 86 84 - - - - - * 74+ * -
LSS | 99 86 84 48 - - - 50 * 74+ * -

Clock MSS 107 90 - - 89 | 116 | 39 - 42 91 - -
IS, LSS 89 90 74 57 - - 39 - 42 91 - -

7 MSS 90 65 - - 70 | 81 - - - 72 - -
1S 90 65 48 - - - - - - 72 - -

EN Any - - - - - ~ - 24 - - - -
SI03, SI0g Any 26 - . - - - - - - . - -

F=8S+Cpifz=0

S+R+CphisZ=1
Y3 = F3 @ OVR (MSS)
Z = Qg (LSS)

Notes: 1. A*x" means the output is enabled or disabled by the input. See Tables C for enabie and disable times. A number shown with a  is the
delay to correct data on an enabled output. A ¥ shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “~" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-4
Guaranteed Combinational Delays
Tc = —55°C to +125°C, Vo = 4.5V to 5.5V
Increment by One or Two Instruction
(lg765 = 4, laz21 = O, lg = 0)

To Output Slice o QI0, S10g
From Input Position | Y | Chys |G, P| 2Z(s) | N | OVR | DB |WRITE| QIO3 | SlOg | SIO3 | Parity
A, B Address MSS 101 93 - 126 102 118 52 - - - - 148
(Arith. Mode) IS, LSS 101 93 84 126 | - - 52 - - - - 148
- - - - - - 107
T 0 0 O s
— MS - - - - - - - -~ - - - -
EA IS, ﬁss - - - - - - - - - - - -
c, MSS 40 30 - 65 40 59 - - - - - 69
1S, LSS 40 30 - 65 40 59 - - - - - 69
MSS 73 61 - 98 72 87 - - * * * 110
lo IS 73 61 62 98 - - - - * * * 110 %
LSS 73 61 62 98 - - - 53 * * * 110 *
MSS 72 61 - 97 74 87 - - * * * 110
14321 1S 72 61 62 97 - - - - * * * 110+
LSS 72 61 62 97 - - - 53 * * * 110 %
MSS 72 61 - 97 74 87 - - * * * 110 %
la765 1S 72 61 62 97 - — — — * * * 110 %
LSS 72 61 62 97 - - - 50 * * * 110«
Clock MSS 89 90 74 114 89 116 39 - 42 - - 110
IS, LSS 89 90 74 114 89 116 39 - 42 - - 110
7 MSS Z is an output
18, LSS Z is an output
Y Any - - - 25 - - - - - - - -
TEN Any - - - - - - - 24 - - - -
SI03, S10, Any 26 - - - - - - - - - - -
F=8+1+Cy,

Notes: 1. A “#" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a « is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “-" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-5
Guaranteed Combinational Delays
Tc = —55°C to +125°C, V¢ = 4.5V to 5.5V
Sign Magnitude/Two’s Complement Conversion
(Ig765 = 5Hs l4321 = Oy, 1g = 0)

To Output Slice Q1o SI0,
From Input Position | Y | Cyi4 |[G,P| Z(s) | N | OVR | DB |WRITE| QIO3 | SIOg | SIO; | Parity
A, B Address MSS 143 93 - 78 | 143 | 118 | 52 - - - - 148
(Arith. Mode) IS, LSS 101 93 84 - - - 52 - - - - 148
M 10 - 4 1 4 - - - -~ - 107
DA, DB Inputs SS 3 62 0 03| o
IS, LSS 64 62 51 - - - - - - - - 107
= MSS - - - - - - - - - - - -
IS, LSS - - - - - - - - - - - -
c MSS 83 30 ~ - 83 59 - - - - - 69
n IS, LSS 40 30 - - — — - - - - - 69
MSS 102 80 - 50 | 100 | 115 - - * * * 132
lo 1S 102 80 70 - - - - - * * * 132«
LSS 102 80 70 - - - - 53 * % * 132
MSS 102 80 - 50 | 102 | 110 - - * * * 132+
la321 IS 102 80 75 - = - - - * * * 132+
LSS 102 80 75 - - - - 53 * * * 132 |
MSS 103 80 - 50 | 100 | 112 - - * * * 142 »
l8765 IS 103 80 65 - - ~ - - * * * 142+
LSS 103 80 65 - - - - 50 * * * 142 %
MSS 120 20 - 61 |120 | 116 | 39 - - - - 110
Clock
IS, LSS 89 90 74 - - — 39 - - - - 110
2 MSS Z is an output
1S, LSS 76 61 51 - - - - - —~ - - 118
IEN Any - - - - - - - 24 - - - -
SI03, SI0g Any 26 - - - - - - - - - - -
F=S+Chifz=0
S+ CrifZ=1
Y3 = 83 @ F3 (MSS)
Z = S5 (MSS)

Notes: 1. A*“+*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a « is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A "“—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-6
Guaranteed Combinational Delays
Tc = —55°C to +125°C, V¢ = 4.5V to 5.5V
Two’s Complement Multiply, Last Cycle
(18765 = 6h; lag21 = On, lp = 0)

To Output Slice L Q10 SI0g
From Input Position | Y | Cphiq |G, P| 2Z(s) | N | OVR | DB | WRITE | QIO; | SIOg | SIO3 | Parity
A, B Address MSS 121 93 - - |102| 118 | 52 - - 97 - -
(Arith. Mode) 1S, LSS 101 93 84 - - - 52 - - 97 - -
DA, DB Inputs MSS 88 62 - - 66 | 94 - - - 64 - -
IS, LSS 64 62 51 - - - - - - 64 - -
% MSS 96 56 - - 60 | 87 - - - 58 - -
IS, LSS 60 56 43 - - - - - ~ 58 - -
cn MSS 64 30 - - 40 | 59 - - - 38 - -
1S, LSS 40 30 - - - - - - - 38 - -
MSS 18 | 102 - - 97 | 126 - - * 102% | = -
Iy IS 118 | 102 87 - - - - - * 102+ | # -
LSS 118 | 102 87 42 - - - 53 * 1025 | -
MSS 120 | 101 - - 97 | 127 - - * 101+ | = -
l4321 s 120 | 101 86 - - - - - * 101 | * -
LSS 120 [ 101 86 a3 - - - 53 * 101% | = =
MSS 105 98 - - 88 | 115 - - * 102+ | -
lg765 1S 105 98 86 - - - - - * 102 % * -
LSS 105 98 86 51 - - - 50 * 102 * * -
Clock MSS 110 90 - - 89 | 116 | 39 - 42 91 - -
IS, LSS 89 90 74 58 - - 39 - 42 91 ~ -
5 MSS 92 67 - - 80 | 103 - - ~ 72 - -
is 92 67 53 - - - - - - 72 - -
EN Any - - - - - - - 24 - - - -
Sl03, S10g Any 26 - - - - - - - - - - -

F=S+ChifZ=0
S-R-1+CpisZ=1

Y3 = (OVR @ F3) MSS

Z = Qq (LSS)

Notes: 1. A “#" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a  is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-8
Guaranteed Combinational Delays
Tc = —55°C to +125°C, Vo = 4.5V to 5.5V
Single-Length Normalize Instruction
(lg765 = 8H, laz21 = On, lo = 0)

To Output Siice _ Ql0g SO

From Input Position | Y [ C,, 4 | G,P|2Z(s)| N |OVR| DB |WRITE| QIO3 |SIOg | SIO3 | Parity

A, B Address MSS 101 93 - - 102 118 52 - - - - =

(Arith."Mode) IS,LSS | 101 93 84 - - - 52 - - - - -

DA, DB Inputs MSS 63 60 - - | 66 | ‘94 ~ - - - - -
IS, LSS 63 60 51 - = - = - - - - -

A MSS 60 56 - - 60 87 - - - - - -
IS, LSS 60 56 43 - - - - - - - - -

c MSS 40 30 - - 40 | 59 - - - - - -

" IS, LSS | 40 | 30 - - | - - - - - - - -

MSS 72 60 - 34 43 42 - - * * 78 -

lo . 1S 72 60 59 34 - - - - * * 78 -
LSS 72 60 59 34 - - - 53 * * 78 -
MSS 72 | 60 - | 38 |48 | a7 | - - * w | 78% | -

l4321 1S 72 60 60 38 | - - - - * * 78+ -
LSS 72 60 60 38 - - - 53 * * 78+ -
MSS 67 58 - 50 53 47 - - * * 72+ -

la765 IS 67 58 42 50 - - - - * * 72 -
LSS 67 58 42 50 - - - 50 * * 724 -

Clock MSS 89 53 - 53 49 49 . 39 - 42 - 96 -
1S, LSS 89 90 74 53 - - 39 - 42 - 96 -

2 MSS Z is an output
IS, LSS Z is an output

IEN Any - - - - - - - 24 - - - -

SI03, SIOg Any 26 - - - | - - - - - - - -

F=8+GCp

Cn+a = Q3 @ Qz (MSS)
OVR = Qy @ Qq (MSS)
N = Q3 (MSS)

Z = QpQ1Q2Q3

Notes: 1. A “*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A "“~" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-A
Guaranteed Combinational Delays
T = —55°C to +125°C, Vg = 4.5V to 5.5V
First Divide Operation (Double Length Normalize)
(lg765 = An, laz21 = O, lp = 0)

To Output Slice _ Ql0, S10

From Input Position | Y | Chis |G, P|2Z(s)| N |OVR| DB |WRITE| QIO; | SIOg | SIO3 | Parity

A, B Address MSS 101 | 122 - 96 | 100 | 112 | 52 - - - 130 -

(Arith. Mode) 1S, LSS 101 93 84 - - - 52 - - - 106 -

DA, DB Inputs MsS 64 80 - 63 | 65 | 72 - - - - 84 -
IS, LSS 64 62 51 - - - - Z Z - 7 -

. MSS - - - - - - - - - - 80 -
S, LSS - - - - | -1 - - - - - | 4 -

c MsS 40 57 - 48 | 48 | 55 - - - - 68 -

" IS, LSS | 40 | 30 - - - - - - - — | 46 -

MSS 4 98 - 85 | 72 | o9t - - * * | 101 -

lo 1S n 98 61 85 - - - - * * | 101 -
LSS n 98 61 85 - - - 53 * % | 101* -
MSS 7 98 - 85 | 76 | 91 - - * % | 101" -

lag21 1S 7 98 61 85 - - - - * * | 101" -
LSS 71 9 | 61 85 - - - 53 * * | 101 -
MSS 71 98 - 85 | 76 | 91 - - * * | 101* -

Ig765 1S 71 98 61 85 - - - - * * | 101 -
LSS 71 98 61 85 - - - 50 * * | 101" -

Clock MSS 89 113 - 9 | 87 | 98 39 - 42 - 114 -
1S, LSS 89 90 74 90 - - 39 - 42 - 96 -
MSS Z is an output

z 1S Z is an output

IEN Any - - - - - - - 24 - - -

Sl0g, SIOg Any 26 - - - - - - - - - - -

F=8+Cy,
N = F3 (MSS)

8103 = F3 ® R (MSS)
Z = 60616263?0?1?2?3
Cn+4 = F3 @ Fp (MSS)
OVR = F, @ Fq (MSS)

Notes: 1. A ‘“*” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or itis enabled but the
delay to correct data is determined by something else.

2. A “—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-C
Guaranteed Combinational Delays
Tc = —55°C to +125°C, Vo = 4.5V to 5.5V
Two’s Complement Divide Operation

(Ig765 = Cn; 4321 = On, lp = 0)

To Output Slice _ QI0, Sl0g
From Input ~ Position | Y | Ch,4 |G,P|Z(s)| N |OVR| DB |{WRITE| QIO3 |SIOg| SIO; | Parity
A, B Address MSS 101 93 - - 102 |-118 | 52 - - - 112 -
(Arith. Mode) IS,LSS | 101'| o3 84 - - - 52 - - - 106 -

MSS | 64 | 62 - - | 66 | o4 - - - - 88 -
DA, DB Inputs 15,188 | 64 | 62 | 51 | - | = | - z - - S -
&= MSS 60 56 - - 60 | 87 -~ - - - 96 -
1S, LSS 60 56 43 - -0 - - - - - 64 -
c MSS 40 30 - - 40 | 59 - - - - 64 -
n IS, LSS 40 30 - - - - - - - - 46 -
MSS 95 96 - 42 | 98 | 127 - - * * | 113» -
I IS 95 96 77 - - - - - * * | 113+ —
LSS 95 96 77 - - - - 53 * * 13« | = ]
MSS 96 96 - 42 | 97 | 124 - - * * | 114 -
l4321 IS 96 97 82 - - — - - * * | 114x -
LSS 96 97 82 - - - - 53 * x| 14x | = |
MSS 98 97 - 44 | 102 | 112 - - * x| 119% -
lg765 IS 98 97 64 - - - - ~ * x| 119 -
LSS 98 97 64 - - - - 50 * * | 119% -
MSS 89 | 90 — | 58 | 89 | 116 | a9 - 42 — | 136 -
Clock -
1S, LSS 89 90 74 - - - 39 - 42 - 96 -
2 MSS Z is an output
IS, LSS 7 68 56 - - - - - - - 81 -
IEN Any - - - - -l = - 24 - - - -
S103, S0 Any 26 - - - - - R - - - - -

F=S+R+ChifZz=0
S-R-1+CnhifZ=1

SIO; = F3' @ R3 (MSS)

Z = F3 @ R (MSS) from previous cycle

Notes: 1. A “+*"” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the
delay to correct data on an enabled output. A # shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “-=" means the deiay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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TABLE IV E-E
Guaranteed Combinational Delays
Tc = —55°C to +125°C, V¢ = 4.5V to 5.5V
Two's Complement Divide, Correction

(5765 = Ep, 14321 = Oy, o = 0)

To Output Slice _ QIO Si0g
From Input Positon | Y | Cnhig4 |G,P| Z(s) | N | OVR | DB |WRITE| QIO; | SIOg S103 | Parity
A, B Address MSS 101 93 - — |102| 118 | 52 - - - 106 -
(Arith. Mode) IS, LSS | 101 93 84 - - - 52 - . - 106 -
DA, DB Inputs MSS 64 62 - - 66 94 - - - - 71 -

IS, LSS 64 62 51 - - = - - - - 71 -
A MSS 60 56 - - 60 87 - - - - 64 -
IS, LSS 60 56 43 - - - - - - - 64 -
c MSS 40 30 - - 40 59 - - - - 46 -
n IS, LSS | 40 30 - - - - - - - - 46 -
MSS 98 96 - 42 96 127 - - * * 105 % -
lo 1S 98 96 78 - - - - - * * 105 » -
LSS 98 96 78 - - - - 53 * * 105 -
MSS 100 96 = 43 97 123 - - * * 104 * -
l4321 1S 100 96 84 - - - - - * * | 104« -
LSS 100 96 84 - - - - 53 * * 104 » -
MSS 85 78 - 44 78 95 - - * * 89 * -
Ig765 IS 85 78 62 - - - - - * * 89 » -
LSS 85 78 62 - - - - 50 * * 89 » -
MSS 89 90 - 58 89 | 116 39 - 42 - | 96 -
Clock
1S, LSS 89 90 74 - - - 39 - 42 - 96 -
2 MSS Z is an output
IS, LSS 76 70 54 - - - - - - - 79 -
EN Any - - - - - - - 24 - - - -
S|03, S|Oo Any 26 - - - - - - b = - - -

F=R+S+CnifZ=0
S-R-1+CphitZ=1
Z = F3 ® R3 (MSS) from previous cycle

Notes: 1. A “x” means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with-a » is the
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the
delay to correct data is determined by something else.

2. A “—" means the delay path does not exist.
3. Data in bold face is different from Table A; other data is the same.
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The Superslice®

ADVANCED INFORMATION

DISTINCTIVE CHARACTERISTICS
¢ Second generation of Am2903 Superslice® —

Improved design/process results in fastest version of the

Am2903.

® Plug-in replacement for Am2903 —
The Am2903A is a pin-for-pin replacement for

version of the Am2903. Only the switching speeds have

changed.

® At least 30% faster —
The design objective is for the Am2903A to be a

faster than the original Am2903 on critical paths.

the original

t least 30%
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Status and Shift Control Unit

DISTINCTIVE CHARACTERISTICS

e Replaces most MSI used around any ALU including the
Am2901, Am2903 and MSI ALUs.

e Generates Carry-in to the ALU
Carry signal is selectable from 7 different sources.

e Contains shift linkage multiplexers
Connects to shift lines at the ends of an Am2901 or Am2903
array to implement single and double length arithmetic and
logical shifts and rotates — 32 different modes in all.

e Contains two edge-triggered status registers
Use for foreground/background registers in controllers or as
microlevel and machine level status registers. Bit manip-
ulating instructions are provided.

e Condition Code Multiplexer on chip
Single cycle tests for any of 16 different conditions. Tests can
be performed on either of the two status registers ar directly on
the ALU output.

DESCRIPTION

The Am2904 is designed to perform all the miscellaneous func-
tions which are usually performed in MSI around an ALU. These
include the generation of the carry-in signal to the ALU and carry
lookahead unit; the interconnection of the data path, auxiliary
register, and carry flip-flop during shift operations; and the stor-
age and testing of ALU status flags. These tasks are ac-
complished in the Am2904 by three nearly independent blocks of
logic. The carry-in is generated by a multiplexer. The shift link-
ages are established by four three-state multiplexers. There are
two registers for storing the carry, overflow, zero, and negative
status flags. The condition code multiplexer on the Am2904 can
look at true or complement of any of the four status bits and
certain combinations of status bits from either of the storage
registers or directly from the ALU.

For additional applications refer to Chapter 4 of “Build A Mi-
crocomputer,” the AMD application book on bipolar micro-
processors.
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BASIC FEATURES OF Am2904

All the logic shown except the array of 2901s or
2903s is contained in the Am2904.
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Am2904 ARCHITECTURE

The Am2904 Status and Shift Control Unit provides four
functions which are included in all processors. These are:
a) Status Register, b) Condition Code Multiplexer, ¢) Shift
Linkages and d) Carry-in Control. The architecture and in-
struction codes have been designed to complement the flexi-
bility of the 2900 Family.

Status Register

The Am2904 contains two four-bit registers which can store
the status outputs of an ALU: Carry (C), Negative (N), Zero
(Z), and Overflow (OVR). They are designated Micro Status
Register (uSR) and Machine Status Register (MSR). Each
register can be independently controlled. The registers use
edge-triggered D-type flip-flops which change state on the
LOW to HIGH transition of the Clock Input.

The uSR can be loaded from the four status inputs (I, In, 1z,
lovg) or from the MSR under instruction control (lp—s). The
bits in the uSR can also be individually set or reset under in-
struction control (ly._5). When the CEw input is HIGH, the uSR
is inhibited from changing, independent of the lg_g inputs.

The MSR can be loaded from the four status inputs (I, In, Iz,
lovr). from the uSR, and from the four parallel input/output
pins (Yc¢, Yn, Yz, Yovr) under instruction control (lo—s) .The
MSR can also be set, reset or complemented under instruc-
tion control (lg—s). The bits in the MSR can be selectively up-
dated by controlling the four bit-enable inputs s (Ez, En, Ec,
Eovr) and the CEy input. A LOW on both the CEyy input and
the bit enable input for a specific bit enables updating that bit.
A HIGH on a given bit enable input prevents the corresponding
bit changing in the MSR. A HIGH on CEy prevents any bits
changing in the MSR.

The four parallel bidirectional input/output pins (Yz, Yy, Ye,
Yovnr) allow the contents of both the wSR and the MSR to be
transferred to the system data bus and also allows the MSR to
be loaded from the system data bus. This capability is used to
save and restore the status registers during certain subroutines
and when servicing interrupts.

Condition Code Multiplexer

The Condition Code Multiplexer output, CT, can be selected
from 16 different functions. These include the true and com-
plemented state of each of the status bits and combinations of
these bits to detect such conditions as ‘“‘greater than”,
“greater than or equal to”, “less than” or “less than or equal
to” for unsigned or two's complement numbers.

The Am2904 can perform these tests on the contents of the
SR, the MSR or the direct status inputs, (Iz, In, lc, lovr)-
The CT output is used as the test (CC) input of the Am2910
and is provided with an output enable, OEct to make the ad-
dition of other condition inputs to this point easy.

Shift Linkage Multiplexer

The Shift Linkage Multiplexer generates the necessary link-
ages to allow the ALU to perform 32 different shift and rotate
functions. Both- single length and double length shifts and ro-
tates, with and without carry (Mc), are provided. When the SE
input is HIGH, the four input/output pins (Sl0g, SIO,, QIO,,
QIO,,) are disabled. The SlO,, SIO,, QIO,, QIO, pins of the
Am2904 are intended to be directly connected to the RAMy,
RAM3, Qg and Qg3 pins of the Am2901 or the SIOQg, SIO3, QIO,,
QIO  pins of the Am2903.

Carry-In Control Multiplexer

The Carry-In Control Muitiplexer generates the Cy output
which can be selected from 7 functions (0, 1, Cx, ¢, Mg, Ec

Mg). These functions allow easy implementation of both single
length and double length addition and subtraction. The Cx
input is intended to be connected to the Z output of the
Am2903 to facilitate execution of some of the Am2903 special
instructions. The Cq pin is to be connected to the Cp, pin of
the least significant Am2901 or Am2903 and the Cy, pin of the
Am2902A.

Am2904 INSTRUCTION SET

The Am2904 is controlled by manipulating the 13 _instruction
lines, lg—12, together with the nine enable lines, CEy, CEx,

Ez. Ec, En. Eovr, OEy, OEct, SE. Most systems will save on
microword bits by tying some of these lines to a fixed level or
by connecting certain lines together, or by decoding mic-
roinstructions to generate appropriate Am2904 controls.

Status Registers

Instruction lines Is, lg, 13, 12, b1, lp control the Status Registers.
Below, these lines are referred to as two octal digits.

Micro Status Register (uSR)

The instruction codes for the Micro Status Register fall into
three groups: Bit Operations, Register Operations and Load
Operations (See Table 1 and Map 1). All operations require

TABLE 1. MICRO STATUS REGISTER
INSTRUCTION CODES.

Bit Operations

ls4s210 wSR Comments
Octal Operation
10 0 — uz RESET ZERO BIT
11 1 = uy SET ZERO BIT
12 0 = uc RESET CARRY BIT
13 1 = pc SET CARRY BIT
14 0 = uy RESET SIGN BIT
15 1 = un SET SIGN BIT
16 0 > wovm RESET OVERFLOW BIT
17 1 = uovR SET OVERFLOW BIT
Register Operations
Isas210 MSR. Comments
Octal Operation
00 My = ux LOAD MSR TO uSR
01 1 = ux SET uSR
02 My = px REGISTER SWAP
03 0 > ux RESET uSR
Load Operations
ls4s210 “SH_ Comments
Octal Operation
086, 07 Iz = pz
Ic = uc LOAD WITH
IN = BN OVERFLOW RETAIN
lovr + MOVR = MOVR
30, 31 Iz = uz
50, 51 Tc = nuc LOAD WITH
70, 71 IN = BN CARRY INVERT
lovR — KOVR
04, 05 Iz > uz
20-27 Ic = e LOAD DIRECTLY
32-47 IN = BN FROM
52-67 lovR — HOVR Iz, 1c. N, lovr
72-77

Note: The above tables assume CE w is LOW.
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MAP 1. MICRO STATUS REGISTER INSTRUCTION CODES.

I210

000 001 010 o1 100 101 110 "1
1543 I |
LOAD
SET RE RESET LOAD WITH
000 !'_"SR s sw?xp s OVERFLOW
0 psR RETAIN

RESET SET RESET SET RESET SET RESET SET
"z Hz “C re HMN MN HOVR HOVR

010

011 LOAD WITH
CARRY INVERT

100

LOAD WITH

101 | CARRY INVERT

110

LOAD WITH
CARRY INVERT

T I [ I !

Notes: 1. All unmarked locations are a load
direct from Iz, g, In, lovr-

that CE be LOW to operate.

Instruction Codes 10g to 173 are BIT operations. These oper-
ations set or reset the individual bits in the uSR.

Instruction Codes 00g to 03g are REGISTER operations.
These operations affect all bits in the uSR.

00g This instruction loads the uSR with the contents of
the MSR while loading the MSR from the Y inputs
and is further explained under “INTERRUPTS".

O1g This instruction SETS all «SR bits.

02g This instruction SWAPS the contents of the uSR
and the MSR. It will also COPY one register to the
other if the register to be copied is not enabled.

03g This instruction RESETS all xSR bits.

All instruction codes except those mentioned in the
above two sections cause a LOAD operation from
the 12, IC! le IOVR mputs

08g, 073 When a series of arithmetic operations are being
executed sometimes it is not necessary to test for
an overflow condition after each operation, but
rather it is sufficient simply to know that an overflow
occured during any one of the operations. Use of
these instructions captures the overflow condition by
loading the uSR overflow bit with the LOGICAL OR
of its present state and lgyr. Thus, once an over-
flow occurs, wOVR will remain set throughout the
remaining operations.

30g, 31g, These instructions cause a load from the | inputs,

50g, 51g, but invert the carry bit. The reason for this is

70g, 71 explained more fully under the “BORROW SAVE”
section.

All The remaining instructions load the uSR directly from
others  the Iz, Ig, Iy, loyr inputs.
Machine Status Register (MSR)

The instruction codes for the MSR fall into two groups; REG-
ISTER Operations and LOAD Operations. All operations re-
quire that CEyy be LOW to operate (See Table 2 and Map 2).

BIT operations are accomplished by the use of Register or
Load Operations with the Ez, E¢, Ey, Egyr inputs selectively
set LOW.

Instruction codes 00g-03g and 054 are REGISTER operatlons

They affect only those bits enabled by E, E¢, Ej, Eovn

00g This instruction loads the MSR from the Y inputs
while transferring the present contents to the uSR.
The use of this instruction is further explained under
“INTERRUPTS".

01g This instruction SETS all enabled MSR bits.

024 This instruction SWAPS the contents of the uSR
and the MSR. It will also COPY one register to the
other if the register to be copied is not enabted.

03g This instruction RESETS all enabled MSR bits.

05g This instruction "*COMPLEMENTS all enabled MSR
bits.

All instruction codes except those mentioned in the above

section cause a LOAD operation from the Iz, Ig, Iy, lovg in-

puts.

045 The Am2904 Shift Linkage Multiplexer allows for
shifts and rotates through the MSR CARRY bit.
Some machines require a shift or rotate through the
OVERFLOW bit. By using‘this code, which swaps
the contents of the MSR CARRY bit (M¢) and
OVERFLOW bit (Mgyg), the shift or rotate can be
made to appear to take place through the OVER-
FLOW bit. The procedure is to swap the bits, shift
or rotate (any number or positions) then swap the
bits again.

TABLE 2. MACHINE STATUS REGISTER
INSTRUCTION CODES.
Register Operations
ls43210 MSR
Octal Operation Comments
00 Yy > My ‘lngh?STqZ' Yc. YN. Yovr
o1 1 = My SET MSR
02 ux = My REGISTER SWAP
03 0 - My RESET MSR
05 My = My INVERT MSR
Load Operations
ls4az10 MSR
Octal Operation Comments
o4 >N LOAD FOR SHIFT
|N°V_§ My c THROUGH OVERFLOW
NMc - Moya OPERATION
10, 11 Iz > Mz
30, 31 Ic = Mc LOAD WITH
50, 51 In = My CARRY INVERT
70, 71 lovk = Movr
08, 07 Iz = Mz
12-17 Ic = Mc LOAD DIRECTLY
20-27 Iy &> My FROM Iz, Ig
32-37 lovk = Movr In: lovr
40-47
52-67
72-77

Notes: 1. The above tables assume CEM, Ez, E—c, E,J, Egvgr are
LOW.

2., A shift-through-carry instruction loads Mc irrespective of
Is"o.
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MAP 2. MACHINE STATUS REGISTER 10g, 115
INSTRUCTION CODES. 304, 31g
210 500 201 010 o1t 100 101 110 m 5081 51g
Ise3 ' 70g, 71g
LOAD o .
000 | MR SET REG RESET |SWAP INVERT
fromy | MSR SWAP | MSR Mc.Movr| MSR
o1 | LORD WiTH

CARRY INVERT

LOAD WITH
CARRY INVERT

100

LOAD WITH

197 | CARRY INVERT

These instructions cause a load from the | inputs
but invert the CARRY bit. The reason for this is
explained more fully under the “BORROW SAVE”
section

Condition Code Multiplexer

The four instruction lines I3, Iz, ly, lo will select one of 16 pos-
sible operations to be carried out on the input bits, the result
being routed to the Conditional Test Output (CT). Eight of the
operations supply an individual status bit or its complement to
the CT output. Another four do more complex operations while
the remaining four are the complemented results of these
(See Table 4).

TABLE 3. Y OUTPUT INSTRUCTION CODES.

, OEy Is 14 Y Output Comment
10
Output Off
» ! X X z High Impedance
11 LOAD WITH
CARRY INVERT [6) o X wi = Vi See Note 1
I I I I I I o} 1 o M = Y;
Note 1. All unmarked locations are a load direct from iz, I, lovr, IN- o 1 1 [
06g, 075 These instructions load the MSR directly from the
12g-27g |z, Ic. Ins lovg inputs. Notes: 1. For the conditions:
32g-474 5, 4 13, 12, 11, lo are LOW, Y is an input.
524-67 OEy is “Don't Care" for this condition.
87078 2. X is “Don't Care” condition.
72g-77g
TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES.
ISHEXO |3 |2 |1 |Q |5=|4=0 |5=0,|4=1 |5=1,|4=0 |5=|4=1
0 0 0 0 0| («n®rovr)t#uz (kN @ novR) + 1z (M@ Movr) + Mz (UnN® lovr) * 1z
1 0 0 0 1| (unOuovr)'Az (uN®rovr) * iz (MN®MoyR) * Mz (IN® lovR) * Iz
2 0 0 1 0| en@rovr N ® povR Mn @ Movr IN® lovr
3 o 0 1 1| un®rovr ANOOVR MnNO® Movr INO®lovr
4 o 1 0 0| pz uz Mz Iz
5 o 1 0 1| g 74 Mz Tz
6 o 1t 1 0| uovr HOVR Movr lovr
7 0o 1 1t 1| Aovm EovR Movr Tova
8 1 0 0 0| pctuz e+ pz Mc + Mz e+ 1z
9 1 0 0 1| EceRz ZcrFz Mc - Mz Ic Tz
A 10 1 0| me e Mc Ic
B 1 0 1 1 e e l\_ﬂc T(:j
c 1 1 0 0| mc+mz Fc + uz M + Mz Tc+1z
D 110 1| uctBz etz Mc - Mz lc*lz
E 1 1 1 0 In©® My AN Mn In
F 11 1 1| INOMy N My N

Notes: 1. @ Represents EXCLUSIVE-OR
(® Represents EXCLUSIVE-NOR or coincidence.

TABLE 5. CRITERIA FOR COMPARING TWO NUMBERS FOLLOWING “A MINUS B”” OPERATION.

For Unsigned Numbers For 2's Complement Numbers
L - H l3-0
Relation Status CT=H [ CT=L Status CT=H | CT=1L
A=8 Z=1 4 5 Z=1 4 5
TA£B | z=0 s | 4 |z T s &
A=B | C-= ) A B " NOOVR = s | 2]
“A<B | C- B AT T Nwova h 2 | s
"A=B | c-Z-1 D c INGOVR)+Z = 1 K 0
TaAcB | Tez=1 c D N@QOW +z=1 | o T
P = Exclusive OR H = HIGH Note: For Am2910, the CC input is active LOW, so use 3. code to produce

(> = Exclusive NOR

L =LOW

CT = L tor the desired test.
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The more complex operations are intended to follow the calcu-
lation A-B to give an indication of which is the larger (A, B un-
signed) or more positive (A, B in 2's complement form). See
Table 5.

The two instruction lines l4, |5 select whether the SR, the
MSR or the direct inputs Iz, Ig, In, lovr are used as the inputs
to the Y output buffer and the CT output (see Tables 3 and 4).

Instruction codes 165 and 17g form the EXCLUSIVE — OR
and the EXCLUSIVE — NOR functions of My and ly. The use
of these instructions is explained under “NORMALIZING”

Shift Linkage Multiplexer

The five instruction lines lqg, lg, lg, 7, lg control the SHIFT
LINKAGE multiplexer. All instructions set up the linkages for
both the ALU shifter (RAM shifter on the Am2901A) and the Q
register.

UP and DOWN shifts are decided by Iy which should be
connected to lg of the Am29083's instruction lines or |; of the
Am2901’s instruction lines. A wide range of input and output
connections are provided, allowing for single or double length
shifting or rotating with or without the use of the MSR CARRY
or SIGN bits (See Table 7).

In the following discussion of some of the shifts the instruction
codes are given as two octal digits AB; A represents lyg, lg, B
represents lg, l7, lg.

When adding and down shifting on the same microcycle, (i.e.
when doing multiplication or averaging) the shifter input must
be the present CARRY, I¢, rather than the carry resuiting from
the last cycle (Mc). Instruction Code 13g accomplishes this for
unsigned arithmetic. For 2's complement arithmetic, the re-
quired shifter input is: Iy © loyr. This is provided by Instruc-
tion Code 16g.

Instruction Codes 14g, 15g, 17g provide the RIGHT ROTATE
THROUGH CARRY, ROTATE BRANCH CARRY and RO-
TATE WITHOUT CARRY functions respectively.

Instruction Codes 34g, 35g, 37g provide the LEFT ROTATE
THROUGH CARRY, ROTATE BRANCH CARRY and RO-
TATE WITHOUT CARRY functions respectively.

The shift outputs are in the high impedance state unless SE is
LOW.

Loading of the M¢ bit by a shift operation overrides any load-
ing or_holding of the Mc bit by MSR Instructions (lp—5, CEy
and Eg).

“CARRY-IN" Control Multiplexer

The two instruction lines ly5, 144 control the source of the
CARRY output (Cy).

When |12 =0 Co = |11

When 45 = 1 and ly1-= 0, the external carry input Cy is pre-
sented to the carry output. ’

When |y, = l44 = 1 the carry output is selected from uc , g,
Mc or Mg as defined by Is, i3, I, | (See Table 6).

APPLICATIONS INFORMATION

Borrow — Save

One of the capabilities of the Am2900 Family is the complete
emulation of other processing machines. One requirement of
an emulator is that, when a caiculation is being performed, not
only must the answer obtained from the Am2900 chips be the
same as that from the machine being emulated, but after each
machine level instruction, the status bits must be indentical.

TABLE 6. CARRY-IN CONTROL
MULTIPLEXER INSTRUCTION CODES.

4

o
<3
5

lip |

-

1

Cx

= o|=l0O

HC

“C

=X | XXX X

H“C

[z

Mc

Mc

e ialololo|lOo | X | XX

Mc

JEPQ QPG NG PG JEFQS I Y
= IX|X|ol=|X|X|o|X|X]|X
O X[ =|IX[|O|X|=|X|X|X{X
o|=|IX|X|©

-

Mg

There are alternative methods for subtracting in a digital
machine and the state of the CARRY after the calculation de-
pends on the method. For instance, the subtraction of 0100
from 1010 by the 2's complement add method generates a
result of 0110 with a CARRY. Direct subtraction however,
yields an answer of 0110 with no BORROW.

Many machines store the state of the CARRY for subtract op-
erations, and this is the recommended method for maximum
effective use of the Am2904, but, to allow those machines
which store the BORROW to be efficiently emulated, the
Am2904 has allocated special instructions. Using these codes
causes the CARRY bit to be inverted before storage in the
status registers and also re-inverts these status bits before
using them as carry inputs. These codes are 10g, 115, 30g,
31g, 50g, 51g, 70g, 715 (I5—0)-

Notice that when these codes are used to load the inverted
CARRY to either of the status registers, the CT output
selected by the Condition Code Multiplexer assumes the
CARRY is inverted and still defines whether A > BorA<B
(See Table 4).

Similarly, when doing a compare on a machine which saves
the borrow, testing for A > B, A< B forces the complement of .
the CARRY to be stored in the status registers (See Tables 1
and 2).

Normalizing

Normalizing is the process of stripping off all leading sign bits
until the two most significant bits are complementary. The
Am2904 facilitates both single and double length normaliza-
tion in the Am290t and the Am2903. When using the NOR-
MALIZE special instructions with the Am2903, the EXCLU-
SIVE — OR of the most significant two bits is generated at the
Ch+-4 pin of the most significant Am2903. The EXCLUSIVE —
OR of the two bits next to the most significant bit is also gen-
erated at the OVR pin. The procedure for normalizing then is
to loop on the normalize instruction with a branch condition on
the C..4 state or the OVR state, depending on the architec-
ture employed. The C,4+4 or OVR output is routed to the
Am2910 CC input through the Am2904 Condition Code muil-
tiplexer. As the contents of the status registers always refers
to the last cycle, not the present one, the last operation in
Normalizing is to downshift, bringing the sign bit (My) back
into the most significant bit position. This is achieved using
the shift operations 05g (l19—g) for double length normalizing,
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TABLE 7. SHIFT LINKAGE MULTIPLEXER INSTRUCTION CODES.

o lg lg ‘Iz Ig| Mg RAM Q sio, | sio, |ai0, | a0, ,‘;:::dﬁg
MSB LSB MSB LSB
0 0 0 0 0 O o= o~—1F z 0 z 0
0 0 o0 0 1 0~ [=F —=F z i z 1
o 0 0o 1 o == | 2 0 z My SI0,
o o o0 1 1 1 =] z 1 z SI0,
0o 0 1 0 O t+—{i}—{=1F .| z Mc z SI0,
o 0 1 0 Ow~{=1—{—=F z My z SI0,
o o0 1 1 0 O «~=] z 0 z SI0,
6o 0 1 1 1| OQe—=——I=VH| z 0 z S0, Qio,
0 1 0 0 0 D-LEJ E z SI0, z QIO, SI0,
o 1 0o o 1| [—T=FH z Mc z | ao, SI0,
o 1 o0 1 o0 O EE—] z SIO, z QIO,
o 1 0 1 1 O [—] z [ z SI0,
o 1 1 0o o D—=—T=¥ |z | M |z |si| ao
o 1 1 0 1 z Qlo, z SIO, Qio,
o 1 1 1 0 (] ) O Z |ly®lowvr| Z SI0,
o 1 1 1 A O @ z Qlo, Z SIO,
MSB LSB MSB LSB
1 0 0 0 O [(—{=1o0-[=J| © z 0 z SI0,
1 0 0 0 1 1 -=1] 1 z 1 z slo,
1 0 0 1 o0} O -[=fo-[—1-| 0 z 0 z
10 0 1 1 0O - =1 1 z 1 z
1 0o 1 o 0 - == 1=+ | QIO, z 0 z SIO,
1 0 1 o0 1 O—"_=1—-"=—13| Qio, z 1 z sIo,
1 0 1 1 0 | — 1+ | Qi0, z 0 z
10 1 1 1 O -~[=J—A=—1'|aio, Z 1 z
1 1 0 0 O D—@ Sio,, z QIo, z SI0,
11 0 0 1 L= Mc z  |Qo, z Slo,
i 1 0 1 o0 O SIO, z QIo, z
11 0 1 1 =0 M¢ Z 0 Z
1 1 1 0 0 QlO, z Mc z slo,
i1 1 0 1 Qlo, z SIo, z SIO,
1 1 1 1 0 E'J Qlo, z Mg z
11 1 11 O QlIo, Z SIo, z

Notes: 1. Z = High impedance (outputs off) state.__
2. Qutputs enabled and Mc loaded only if SE is LOW.

3. Loading of M¢ from l4q.g overrides control from I5.q, CEwm Ec.

n
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and 02g for single length normalizing. For more details re-
garding normalizing with the Am2903 see the Am2903 data
sheet. :

The Am2901 does not have the EXCLUSIVE — OR gates to help
with normalizing, so the Am2904 includes in the Condition Code
multiplexer the EXCLUSIVE — OR and EXCLUSIVE — NOR
functions of My, (the sign bit resulting from the last operation) and
In (the sign bit resulting from the present operation).

Interrupts

Some machines allow interrupts only at the machine instruc-
tion level while others allow them at the microinstruction level.
The Am2904 is designed to handle both cases.

When the machine is interrupted, it is necessary to store the
contents of either the MSR (machine instruction level inter-
rupts) or both the status registers. (micro instruction level inter-

rupts) into an external store. This transfer is intended to take
place over the Y input/output pins (See Table 3).

After the interrupt has been serviced the registers must be re-
stored to their pre-interrupt state. This is accomplished by two
operations of instruction 00g (ls—g) which loads the MSR from
the Y inputs while loading the uSR from the MSR. Thus, the
pre-interrupt contents of the uSR are first loaded to the MSR
(first instruction 00g), then this data is transferred to the uSR
while the MSR is restored to its pre-interrupt state (second in-
struction 00g).

In controllers and some other microprogrammed machines the
applications program itself is often in the microprogram mem-
ory; that is, there is no macroinstruction set. These machines
require only a microstatus register since there is no separate
machine status. The MSR in the Am2904 can be used as a
one-level stack on the microstatus register. When an interrupt
occurs, the uSR and the MSR are simply ‘swapped (ls_g =
02g).
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Iz

lovr
lo—12

CEm

—E_—Zr EC
En,
Eovr

Yz, YC!

Yovr

PIN DEFINITIONS

Zero status input pin, intended for connection to the
Z outputs of the Am2903 or the F = 0 ouputs of the
Am2901.

Carry status input pin, intended for connection to the
Ch+4 output of the most significant ALU slice.

Sign status input pin, intended for connection to the
most significant ALU slice. The connection is to the
N pin on the Am2903, and the F3 pin on the
Am2901.

Overflow status input pin, intended for connection to
the OVR pin on the most significant ALU slice.

The thirteen instruction pins which select the opera-
tion the Am2904 is to perform.

This pin, used in conjunction with Ez, Eg, En, Eovr
acts as the overall enable for the machine status
register. When the pin is LOW, MSR bits may_be
modified, according to the states of Ez, Eg, Ey,
Eovr. When HIGH, the MSR will retain_the present
state, regardless of the state of Ez, E¢, En, Egyr-

These pins, when LOW, enable the corresponding
bits in the Machine Status Register. When HIGH,
they will prevent the corresponding bits from chang-
ing state. By using these pins together with the CEy
pin, MSR bits can be selectively modified.

This pin, when LOW, enables all four bits of the
Micro Status Register. When this pin is HIGH, the
1SR will not change state.

These pins form a three-state bidirectional bus over
which MSR and wSR status can be read out or the
MSR can be loaded in paraliel.

OF,
CT
OEcr

SI0,,
SIO,
Qlo,
Qlo,

Co

Cx

CP

When LOW, this pin enables the Y pins as outputs.
When HIGH, the Y outputs are in the high impe-
dance state.

The conditional test output. The output of the Condi-
tion Code multiplexer appears here.

When this pin is LOW, the CT pin is active. When
HIGH the CT pin is in the high impedance state.

These pins complete the linking for the various shift
and rotate conditions. SIOq is intended for connec-
tion to the SIO, pin of the least significant Am2903
slice (RAM, for Am2901). SIO,, connects to the S10; pin
of the most significant Am2903 slice, (RAM; for
Am2901). QIO, connects to the QIO pin of the least
significant Am2903 slice (QIOg for Am2901) and QIO,
connects to the QIO3 pin of the most significant Am2903
slice (Q3 for Am2901).

This pin controls the state of the shift outputs. When
LOW, the shift outputs are enabled. When HIGH, the
shift outputs are in the high impedance state.

This pin is the output of the Carry In control multi-
plexer. It connects to the C,, input of the least sig-
nificant ALU slice, and the C,, input of the Am2902A.

This pin is used as an input to the Carry In Control
multiplexer which can route it to the Cq pin. The Cx
pin is intended for connection to the Z output of the
Am2903 to facilitate some of the Am2903 special in-
structions.

The clock input to the device. The wSR and MSR are
modified on the LOW to HIGH transition of the clock
input. All other portions of the Am2904 are combina-
tional and are unaffected by CP.

ORDERING INFORMATION

Order the part number according to the table below to obtain the de-
sired package, temperature range, and screening level.

Package Operating Screening
Order Type Range Level
Number (Note 1) (Note 2) (Note 3)
AM2904PC P-40 C C-1
AM2904DC D-40 C C-1
AM2904DC-B D-40 (&7 B-2 (Note 4)
AM2904DM D-40 M C-3
AM2904DM-B D-40 M B-3
AM2904FM F-42 M Cc-3
AM2904FM-B F-42 M B-3
AM2904XC Dice c Visual inspection
AM2904XM Dice M to MIL-STD-883
Method 2010B.
Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow-
ing letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the
variations of the package may be used unless otherwise specified.

2. C = 0°C to +70°C, Vgg = 4.75V to 5.25V.

M = —55°C to +125°C, Vg = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 con-
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-

883, Class B.
4. 96 hour burn-in.
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CONNECTION DIAGRAMS
Top Views
DIP Flat Package

die N~ awbw ki e ~ a2,
2 391 lo CEn]2 a1 15
ls 381 ho Ez[C]3 40{ g
Ja 37 SE NC[T}4 39 [JCEu
s 36 [] SI0, 128 a8 1,
s 35 [ SIO, Vec ] 6 37 [l
7 34 [] QIO, Ec[]7 38 Iy
s 33[] QIo, ic]s 35 iy
] AmM2904 5y, Ey]o 34 []SE
10 3] Yo In[J10 33 [Jsi0,
—n 30 [ GND Eovr[] 11 32[1slo,
12 20 [ Yn Nec[]12 31 [Jaio,
13 28 [ Yovr lova [} 13 30 [alo,
14 27 Jcr cP]1a 20y,
115 26 [} OEgy W15 28 v
[ T 251 ¢co 1[j1e 27 [JGND
117 24 [ ] Cx OBy [ 17 26 1Yy
mm R 231 2 12 18 25 [ Yovr
s KT 22 [ Wy e )19 24 [Jer
20 21 k2 142 ] 20 23 [10Ecr

cx 21 22[]co

MPR-723 MPR-724

Note: Pin 1 is marked for orientation.

NC = No Connection.

LOGIC SYMBOL
(DIP)
17 cpP Ejo— s
Elo— 1t
EyJo— 13
9 —ylz Eovr fO— 15
12—l
14— Iy CEyjo— 7
16 — lovr CEx jO— 2
R ¥, fe 32
18— Iy Yo b— 31
19— Yy p—29
21—} 1, Am2904 28
§ =t I3 OEy 20
s — 1y
44— 15
3 ——diy crb——27
11—l OEct |O— 26
40— 15
39 —] 1,
38— 1y SI0, — 36
22 —— Iy $i0, | 35
23— Iyp Qlo, [—— 34
alo, |—— 33
sElo—a7
24 — Cx Cob—25
MPR-725
Vcc = Pin 10
GND = Pin 30

Am2904 Metallization and Pad Layout

Pad Numbers correspond to DIP pinout

2627 28 20 30 31 32 33 3435
GND

DIE SIZE 0.140” X 0.161”
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MAXIMUM RATINGS (Above which the useful lite may be impairéd)

Storage Temperature

-65°C to +150°C

Temperature (Case) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential -0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —-0.5V to V¢ ¢ max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs 30mA

DC Input Current

~30mA to +5.0mA

OPERATING RANGE

P/N Range Temperature Vece
Am2904PC, DC COM'L | Tp = 0°C to +70°C Veg = 5.0V £5% (MIN. = 4.75V, MAX. = 5.25V)
Am2904DM, FM MiIL Te = —55°C to.+125°C Voo = 5.0V 210%  (MIN. = 4,50V, MAX. = 5.50V)
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
lon = ~1.6mA 24 Volts
Ver = MIN Yz Yc. YN Yovn
Vo Output HIGH Voltage VCC;V oV lon = —0.8mA
IN=TIHOTEIL 510, SI0,, QIO 24 Volts
QlO,, CT, CO
Yz, Y loL = 24mA (Com'l) 0.5
- Yn. Y = X
VoL Output LOW Valtage Vcc_ MIN., N: YOVR loL = 16mA (MIL) 05 Volts
Vin=VinorViL 7510, QI0,, CT, I = 8mA 05
SIOp, QIO,, CO oL = :
Vin Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs (Note 7) 2.0 Voits
ViL Input LOW Voitage Guaranteed Input Logical LOW Voltage for all Inputs (Note 7) 08 Volts
v, Input Clamp Voltage Ve = MIN,, iy = —18mA o ~15 | Volts
cP -0.7
CEm, CEux -1.8
Iz, lc. IN: love -1.2
Voo = MAX. o En B
[ Input LOW Current cc ' lo-l12. Ez, Ec, En mA
I P Vin = 0.5V B gy B, -0.45
Cx. Yz, Yc. YN Yovm .
SE, Sl0,, SIOn, _
QIo,, QI0;, 1.35
CP, Ig-l2. Ez, Eg, 20
En. Eova. OEy. OEcr. Cx
M Input HIGH Current Vee = MAX. CEm, CEn 80 nA
Vin = 27V Iz, Ic. \n. lovr, SE 60
S10,, SIOy, QI0,, QI0, 110
Yz Yo YN Yovr 70
Iy tnput HIGH Current Vce = MAX,, V|y = 5.5V 1.0 mA
Vo = 2.
cr o=24 50
Vg = 0.5 —50
! i Vo =24 110
0ZH Off State (High Impedance) Vee = MAX. SI0,, SIOy, SI0,, QIO, 0 A
lozL Output Current {Note 4) Vo =05 —1350
Yz, Yo YN Yovr Vo =24 70
(Note 4) Vo =05 -450
Output Short Circuit Current _ - _ _
los (Note 3) Vee = 5.75V, Vg = 0.5V 30 85 mA
Ta = 25°C 180 296
Ta = 0°Cto +70°C 318
Am2904PC, DC ~
\ Power Supply Current Ver = MAX Ta = +70°C 262 mA
cc (Note 6) ce ‘ Tc = —55°C to +125°C 346
Am2904DM, FM -
T = +125°C 220
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH.
5, “MIL" = Am2904 XM, DM, FM. “COM'L" = Am2904 XC, PC, DC.
6. Worst case Igg is at minimum temperature.
7. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment.
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The tables below define the Am2904 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with
input levels at OV or 3V. All values are in ns. All outputs have maximum DC loading.

SWITCHING CHARACTERISTICS

TYPICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, V¢ = 5.0V, C = 50pF)

A. Set-up and Hold Times (ns)

B. Combinational Delays (ns)

C. Clock Requirements (ns)

Input ts th From (Input) To (Output) tod Minimum Clock LOW Time 10

Iz, In. lovr 8 2 Iz Yz Minimum Clock HIGH Time 10
! Y,
Ic (17 Ig 13 # 001 20 1 C c 27
cllylzly ) n Yu
Ic (14 12 I3 = 001) 8 1 lovr Yovr D. Enable/Disable Times (ns)
CEu 12 0 cP Yz, Y¢. Yn: Yovm 38 C_ = 5.0pF for Output Disable Tests
EEM_ _ 16 0 4 ls Yz, Y. YN, Yovr 32 From To
Ez, Ec, En, EovR 14 0 Iz, tc In lovr | CT 35 (Input) (Output) Enable | Disable
Io-15 29 0 cP cT 43 OEct cT 13 10
0
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GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE
(Tp = 0°C to +70°C, Ve = 4.75V to 5.25V, C_ = 50pF)

A. Set-up and Hold Times (ns) B. Combinational Delays (ns) C. Clock Requirements (ns)
Input tg ty From (Input) To (Output) tod Minimum Clock LOW Time 30
Iz, Iny lover 27 5 Iz Yz Minimum Clock HIGH Time 30
Icli1z13#001) | 28 | & lc Ye a8
In Y
lgllilplg=001) | 17 | S lova | Yovn | ] D. Enable/Disable Times (ns)
CEn 20| 5 cp Yz. Y. Yn. Yovr | 50 C_ = 5.0pF for Output Disable Tests
S’EM— _ 25 5 lg, Is Yz Yc. YN, Yovm 43 From To
Ez, Ec.En. Eovr | 23 5 Iz g Ins love | CT 48 (Input) (Output) Enable | Disable
lo-ls a1 0 cp cT 58 OEct | CT 23 18
lg-l10 40 0 boel cT 50 == SI0,, SIO
2 ols SE Qlos. Qio, 34 16
SE 36| 0 Cx Co 20
Yz. Yo, Yn. Yo | SI0g, SI0, a4 a3
el = oW R |18 8 cp Co 37 10 QI0,, QIO
SI0,, 510, QI0, | 19 | 5 hzasiaz | Co 87 Oy Yz. Yo, Y. Yova | 28 21
10y, Q10 810, 25 lo-l5 Yz, Yc, YN, YovR 43 4
SI0,, QIO, SIOn 24
Ic In. lovr S0, 32
IOy, Q0 Qlo, 26
SI0,, QIO, Qlo, 23
SI0, SIOp
cP Qi0y, QIO,, 39
i SI0,, SIO,
o Qio,, QIO

TARY OPERATING RANGE
4.5V t0 5.5V, C, = 50pF)

C. Clock Requirements (ns)

Input t, t, tod Minimum Clock LOW Time 30
1z I lovR 17 Minimum Clock HIGH Time 30
Ic (14 Iz 13 # 001) 28 40
S S D. Enable/Disable Times (ns)
Ig (i1 Iz I3 = 001) 18 Yz Yo Yn. Yovr 50 C_ = 5.0pF for Output Disable Tests
Ge T Yz, Yo Yn. Yovm | 43 From To
FE lc Iy love | CT 55 (Input) (Output) Enable | Disable
?M‘E‘ = cT T T e OEcr cT 25 18
Ezv Cr EN P CT 65 a= SIO,, SIO,
-OVR o-ls SE Qlo.. Qo 34 16
lo-ls Cx Co 24 kil
- — | SI0,, SI0,, " a3
ls-l10 ce Co 38 | 10 QiO0,, QIO
s ) | W2,3511,12 | Co 43 OEy Yz, Yc, Yn. Yovr 28 21
Yz. Ye. Yn. Yovm | 48 6 Si0n, QIO, SI0, 27 lols Yz, Y¢, Yn. Yovr 43 41
lo-s=tow) | | S0, QIO, SI0y, 27
S10,, SIOn, 19 | 6 e, Iny lova 510, a5
QIO,
S10,, QIO,, QIO 28
S10,, QIO Qio, 28
SIO,, SI0n
ce QI0,, QIO 39
) SIO,, SI0
Ll QIOg, QIO 32
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L90-HdIN

DATA BUS (16 BITS)

Y 16 BITS
INSTRUCTION er co
REGISTER 0 BUS INTERFACE
— Am2917A
Ic 105 |
Am2902 | |
lovr SI0q [
n a0 16 BITS
iz @io,
4
1
MAPPING
OE [o=y 13
PROM v v v v
D D D D
t a3 Q Qg Qg Qy Q Qg Q
RAM;  RAM RAM;  RAM, RAM;  RAMg RAM;  RAM,
— OTHER STATUS —qa . €y G Cn G Cn 016  am2s01
—QP  Am2901 P Am2901 P Am2901 (—0 P Cn
Cn+se —Cn+a Chta —Cn+a
Do—11 Map Am2922 OVR lo—g [ —{ovr lo-8 [~ OvR lo-s [ —{ owr lo—s [~
Am2910 & CONDITION F. a —F A F, A J
CODE 3 ™ 3 ™\ 3 ™ 3 ™
lo—3 BL mMux y—{ F=0 B — F=0 B F=0 B F=0 B
L I R v Y v N B
MICROPROGRAM A
MEMORY
T
‘ [ (=
PIPELINE
OE REGISTER +sv Am2s02
Cn b=
OPERAND AB, 8 y, J J J
SELECT
OTHER
_ J gy 9 b, ), ) L

N

MEMORY ADDRESS REGISTER

Am2920

A4

MEMORY ADDRESS REGISTER Am2920

RV

.

Ry

ADDRESS BUS (16 BITS)

Figure 1. Typical Application of Am2904 with Am2901.

vo6cwy



86-¢

290-HdN

DATA BUS (16 BITS)

Y 16 BITS
INSTRUCTION or coH suUS
REGISTER Am29174
P
— iz si10g H
Am2904 ] l
Ic 10, H
16 BITS
lovr Giop H
In @0, H
3 L
1
MAPPING
o i N/ NS N \}
PROM
DA DA DA
- a0, P* aio, Qwo; G0y Qo; . GIog oo, - @Iog
si0; 104 si03 10y $103 s10g slo;  SI0g
" OTHER STATUS [ G Cq G [N G
Am2903 P Am2903 P Am2903 P amzs0s &0
Cn+a —Cn+4 Cnta —{ Cr+a
Do—11 MAP Am2s22 OVR o-8 [~ o [ lo-g —w lo-s —7
& CONDITION a A a
e * Fig y . —7 N ) z B q
_ Mux B — B z B
lo-s PL v z ¥ M z Y R Y ) Y
| 5
~
MICROPROGRAM
MEMORY
4 ] i g
+5V
PIPELINE
O REGISTER Amzsozc
n
OPERAND AB,8 Y. J ) W,
SELECT
OTHER
W, los /9 . / / /

MEMORY ADDRESS REGISTER  Am2920

y

7

MEMORY ADDRESS REGISTER Am2920

.

Y

ADDRESS BUS (16 BITS

Figure 2. Typical Application of Am2904 with Am2903.
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Am2905

Quad Two-Input OC Bus Transceiver With Three-State Receiver

Distinctive Characteristics

® Quad high-speed LS| bus-transceiver

® Open-collector bus driver

® Two-port input to D-type register on driver

® Bus driver output can sink 100 mA at 0.8V max.

Receiver has output latch for pipeline operation
Three-state receiver outputs sink 12 mA

Advanced low-power Schottky processing

100% reliability assurance testing in compliance with

MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am2905 is a high-performance, low-power Schottky
bus transceiver intended for bipolar or MOS microprocessor
system applications. The device consists of four D-type
edge-triggered flip-flops with a built-in two-input multi-
plexer on each, The flip-flop outputs are connected to four
open-collector bus drivers. Each bus driver is internally con-
nected to one input of a differential amplifier in the receiver,
The four receiver differential amplifier outputs drive four
D-type latches that feature three-state outputs.

This LS! bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs (except the BUS in-
puts) are one LS unit load. The open-collector bus output
can sink up to 100 mA at 0.8V maximum. The BUS input
differential amplifier contains disconnect protection diodes
such that the bus is fail-safe when power is not applied. The
bus enable input (BE) is used to force the driver outputs to
the high-impedance state. When BE is HIGH, the driver is
disabled. The open-collector structure of the driver allows
wired-OR operations to be performed on the bus.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the
input of each flip-flop, A common select input (S) controls
the four muitiplexers. When S is LOW, the Aj data is stored
in the register and when S is HIGH, the B; data is stored.
The buffered common clock (DRCP) enters the data into
this driver register on the LOW-to-HIGH transition.

Data from the A or B inputs is inverted at the BUS output.

Likewise, data at the BUS input is inverted at the receiver
output. Thus, data is non-inverted from driver input to
receiver output. The four receivers each feature a built-in
D-type latch that is controlled from the buffered receiver
latch enable (RLE) input. When the RLE input is LOW, the
latch is open and the receiver outputs will follow the bus
inputs (BUS data inverted and OE LOW). When the RLE
input is HIGH, the latch will close and retain the present
data regardless of the bus input. The four latches have three-
state outputs and are controlled by a buffered common
three-state control (OE) input. When OE is HIGH, the
receiver outputs are in the high-impedance state.

LOGIC SYMBOL

4 3 8 9 1615 220
Ap Bg Ay By Ay By Ag B3
13 —s Rol—2
23 ——{ DRCP
R b——10
11 —0] 8E Am2905
Ry f— 12
1 —Of RLE
12 —O| oE Ry b— 22
BUS;  BUS; BUS, BUSy

rr

Vee = Pin 24
GND4 = Pin 6

GNDy = Pin 18

i

19

MPR-063
CONNECTION DIAGRAM
Top View
. -/
REE[}1 24 [ ] Vee
Ro ]2 23 [ ] oRee
B[] 2{ ]R3
ap[1a 21 [Jes
BUSH | 5 20 [] A3
GND BUS,
e Am?2008 1o [18%
w5, ] 7 1 [ ono,
A : 8 17 [ ] 808,
By : 9 16 []A2
R, Ef 10 15 [ 182
B[ |n 1 []R2
O[]z 13[]s
Note: Pin 1 is marked for orientation. MPR-064
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Am2905

LOGIC DIAGRAM

(o]

o

805, 805, 8US, 80,

o

Ao
D
D a
B0 O——

cP

3

b

(=]

o
o
0

0y

03

i
¥EY
o

] cr
SELECT so——-Do—

DRIVER

Lok DRCPO——DC

Yy Y1V Y

9%

| OFRg
9

—0 H1

RECEIVER

BUS
ENABLE  BE o——oD 4& O RLE 'éﬁ);g:s
MPR-065
MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7V
DC Voltage Applied to Outputs for HIGH Output State —0.5V 10 +Vc max.
DC Input Voltage —0.5V to +7V
DC Output Current, Into Qutputs (Except Bus) 30mA
DC Output Current, Into Bus 200mA
DC Input Current —30mA to +5.0mA
ELECTRICAL CHARACTERISTICS
The following conditions apply uniess otherwise noted:
AmM2905XC (COM’L) Ta =0°Cto +70°C VeeMIN. =4.75V VeeMAX. = 5.25V
Am2905XM (MIL) Ta=—55°Ct0+125°C  VeeMIN. =4.50V VoeMAX. = 5.50V
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
. . Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
IoL = 40mA 0.32 05
VoL Bus Output LOW Voltage Vee = MIN. loL =70mA 0.41 0.7 Volts
loL = 100mA 0.55 0.8
Vo =04V —50
o Bus Leakage Current Vg = MAX, Vo = 45V MIL 200 LA
) CcOoM'L N 100
Bus Leakage Current -
1 Vg = 4.5V 100 A
OFF {Power OFF) © .
VTH Receiver Input HIGH Bus enable = 2.4V MIL 24 2.0 Volts
Threshotd CcoM’'L 23 2.0
VTL Receiver Input LOW Bus enable = 2.4V MIL 2.0 1.5. Volts
Threshold COM'L 2.0 1.6
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2905XC (COM'L)
Am2905XM MIL)

Ta =0°Cto+70°C
A

VeeMIN. =475V VooMAX. = 5,25V
TA=—565°Ct0 +125°C  VgoMIN. = 4.50V  VeeMAX. = 5,50V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Am2905

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vou Receiver Output Vee=ViIN MIL, IoH = —1.0mA 2.4 34 Volts
HIGH Voltage ViN=VjLorViy COM'L, IgH = —2.6mA 2.4 34
v MIN loL = 4mA 0.27 0.4
Receiver Output cc™ .
V = K
oL LOW Voltage VIN = VIL or Vin 'oL =8mA 0.32 045 Volts
loL =12mA 0.37 0.5
ViH Input HIGH Level Guaranteed input logical HIGH 20 Volts
| (Except Bus) for all inputs ’
v Input LOW Level Guaranteed input logical LOW MIL 0.7 Volts
I ({Except Bus) for all inputs COM'L 0.8
Vi Input Clamp Voltage Vee = MIN,, Iy = —18mA -15 Volts
(Except Bus)
Input LOW Current - -
| Vee = MAX., VN =0.4V —-0.36 mA
it (Except Bus) cc IN
Input HIGH Current = -
i \% =MAX., V|N = 2.7V 20 HA
tH (Except Bus) -GC IN
Input HIGH Current -
L} . Vee = MAX,, VN = 5.5V 100 MA
! (Except Bus) cc IN
: g Vg =24V 20
o Receiver Off-State Ve = MAX. 8] uA
Output Current Vo =04V -20
1 Receiver Output Ve = MAX. _12 _65 mA
s¢ Short Circuit Current cc
Icc Power Supply Current Vee = MAX., All inputs = GND 69 105 mA
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Am2905XM Am2905XC
Typ. Typ.
Parameters Description Test Conditions Min.  (Note2) Max. Min. (Note2) Max. | Units
tPHL 21 40 21 36
Driver Clock (DRCP) to Bus ns
tPLH C (BUS) = 50pF 21 40 21 36
tPHL . R (BUS) = 50Q 13 26 13 23
Bus Enable (BE) to Bus ns
tPLH 13 26 13 23
ts 25 23
Data Inputs (A or B) ns
th 8.0 7.0
ts 33 30
Select Input (S) ne
th 8.0 7.0
tpyy Driver Clock (DRCP) Pulse Width 28 25 ns
(HIGH)
tPLH Bus to Receiver Output 18 37 18 34 ns
tPHL (Latch Enable) CL =15pF 18 37 18 34
tPLH ) Ry =2.0ka 21 37 21 34
L.atch Enable to Receiver Output ns
tPPHL 21 37 21 34
1 J— 21 18
Bus to Latch Enable (RLE) ns
th 7.0 5.0
tzn 14 28 14 25
Output Control to Receiver Output ns
tz1 14 28 14 25
thz 14 28 14 25
Output Control to Receiver Output ns
t 7 14 28 14 25

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Efectrical Characteristics for the applicable device type.
2. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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Am2905

INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

VWA

v,%

DRlVEN INPUT | BUS l DRIVING OUTPUT
Vee | l
BE-33ka L
=5k§ < <
O‘E =5kQ | S l g me
A,B,5= 10k
DRCP = 10k | |
BUS
o -
loH
| o |
INPUT O———4 | ‘oL | Ri
| |
= |

Note: Actual current flow direction shown,

MPR-066
TYPICAL PERFORMANCE CURVES
Bus Output Low Voltage Receiver Threshold Variation
Versus Ambient Temperature E Versus Ambient Temperature
2 10 5Py
S T |
° Ve = +5.0V w 24
1 <
g 08 £ 23 Uge 58y
2 g 22 7 Voc=5.257
- a >
g ae 8us = 100mA — g 2 | [ <JC
IS Tgus = 70mA 2 20p-MLg—, . —{com'LA
5 L BUS = 70m & TVYec=amsv I
g o4 T € 19 X
3 igus = 40mA = 18
P BUS « Ve =45V
2 02 g 17
1 w
Y g 16
L o c 15
6535 156 5 26 45 656 85 105 125 | -85 -35-155 25 45 65 85 105125
Ta — AMBIENT TEMPERATURE — °C > Ta — AMBIENT TEMPERATURE — °C
MPR-067 MPR-068
SWITCHING WAVEFORMS
3.0v
DRIVER
cLocK % 13V
ov
% th ——]
3.0v
A,BorS
NPUT */// // / : ; t i
ov
- .! TPHL
Vo
BUS %
OUTPUT — 20V
Vo
tPHL LM !.—
VoH
RECEIVER r
OoUTPUT —_ 1.3V
VoL
Note: Bus to Receiver output defay is measured by ctocking data into the driver register
and measuring the BUS to R combinatorial delay.
MPR-069
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Am2905

FUNCTION TABLE ORDERING INFORMATION
Order the part number according to the table below to obtain the de-
sired package, temperature range, and screening level.
Package Operating Screening
Order Type Range Level
INPUTS _lrn\gggmzlé sus | ouTPUT onerion Number (Note 1) (Note 2) (Note 3)
S (Ai|B;i [Dree| BE [RTE[OE | o; | o; |BUSi| Ry AM2905PC P-24 c C-1
XXX X H| X |[X X X z X Driver output disabte AM2905DC D-24 C C-1
X{x|xl x | x| x[H] x X X z Receiver output disable zmgggggﬁB g:z ﬁ (B;;
x{x{x{ x |n{cle] x ] o]¢ H Driver output disable and § )
) x{x| x [ WL L] x| #| w| L | rocsivedats via s input AM2905DM-B  D-24 M B-3
x{x[x] x [ x[H][x]T x | ne| x X Latch received data :mgggsﬁm B E-24-1 M c-3
ol ot Bl PXpxgor X X o 2 M Visualliar;:pection
LHIX t X x| X H X X X Load driver register AM2905XC Dice c to MIL-STD-BBS
HpxJo| ¢ x| x|x] | x|x| x AM2905XM Dice M Method 2
Hix|H| ¢ Ix{x|xtnu | x|x]| x : ethod 20108.
X|X|x L X[ X x| Ne X X X No driver clock restrictions Notes:
X{XAX M I X X|X]NC | X | X X 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow-
XPXPXg X L X pX gL X | i Drive Bus ing letter is number of leads. See Appendix B for detailed outline.
X|X[X] X Lpx|x| H X L Where Appendix B contains several dash numbers, any of the
H = HIGH ﬁg_“'fj“ ':‘Peda"“ ),r( = Eg"w" o s vansition I=01.23 varlations of the package may be used unless otherwise specified.
L=tow = Nochange ! 2. C = 0°C to +70°C, Vg = 4.75V to 5.25V.
= —55°C to +125°C, V¢ = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 con-
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-
883, Class B.
DEFINITION OF FUNCTIONAL TERMS LOAD TEST CIRCUIT
Ag. Aq, Az, A3 The “A"” word data input into the two TEST Vee
. " . . POINT
input multiplexer of the driver register. AL
Bg. B1, By, B3 The ““B” word data input into the two 2k
input multiplexers of the driver register. A N
S Select. When the select input is LOW, the |
A data word is applied to the driver reg- Am2905 R *
ister. When the select input is HIGH, the L l
. . " . 15pF
B word is applied to the driver register. (NOTE 1) I SR
fr— <& 5k
DRCP Driver Clock Puise. Clock pulse for the Ve BUS =
driver register,
BE Bus Enable. When the Bus Enable is HIGH, NN |
the four drivers are in the high impedance Ca S2
— 50pF
state. I(NOTE 1
BUSO, BUS-, The four driver outputs and receiver in- = = |
B_USQ, _BUS3 puts (data is inverted). MPR-070
Ro, R1, R2, R3  The four receiver outputs. Data from the ) Metallization and Pad Layout
bus is inverted while data from the A or B Vee
inputs is non-inverted. E 1 , 2,4 | 23 DRCP
LE Receiver Latch Enable. When RLE is
LOW, data on the BUS inputs is passed Ro 2 — 2 Ry
through the receiver latches. When RLE B0 3 2 8
is HIGH, the receiver latches are closed P04 —— 2 —— 20 Az
and will retain the data independent of BUSp 5 (= o9 BUSy
all other inputs. S B .
OE Output Enable. When the OE input is _ s " .
HIGH, the four three state receiver out- T & B
puts are in the high-impedance state. ! 2
By 9 — ——= 15 By
Ry 10— 4 Ry
BE 11 13 s
12
oF
DIE SIZE 0.080" X 0.130"
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Am2905

APPLICATIONS

The Am2905 is a universal Bus Transceiver useful for many system data, address, control and

timing input/output interfaces.

A CONTROL 8 IN
CONTROL
MASTER
ALU SCRATCHPAD — T
out ouT
ADDRESS REMOTE
AND
DATA DISPLAY OPERATION
A B CONTROL A B CONTROL A B CONTROL
Am2805 Am2905 Am2905
R B8US R BUS R BUS
DATA ADDRESS CONTROL
BUS BUS BUS

MPR-071
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Am2906

Quad Two-Input OC Bus Transceiver With Parity

Distinctive Characteristics

Quad high-speed LSI bus transceiver.
Open-collector bus driver.

Two-port input to D-type register on driver.

Bus driver output can sink 100 mA at 0.8V max.
Internal odd 4-bit parity checker/generator.

® Receiver has output latch for pipeline operation.
® Receiver outputs sink 12 mA.
e Advanced low-power Schottky processing.

® 100% reliability assurance testing in compliance with

MIL-STD-883.

FUNCTIONAL DESCRIPTION

The Am2906 is a high-performance, low-power Schottky
bus transceiver intended for bipolar or MOS microprocessor
system applications. The device consists of four D-type
edge-triggered flip-flops with a built-in two-input multiplexer
on each. The flip-flop outputs are connected to four open-
collector bus drivers. Each bus driver is internally con-
nected to one input of a differential amplifier in the receiver.
The four receiver differential amplifier outputs drive four
D-type latches. The device also contains a four-bit odd
parity checker/generator.

This LSI bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs {except the BUS in-
puts) are one LS unit load. The open-collector bus output
can sink up to 100 mA at 0.8V maximum. The BUS input
differential amplifier contains disconnect protection diodes
such that the bus is fail-safe when power is not applied.. The
bus enable input (BE) is used to force the driver outputs to
the high-impedance state. When BE is HIGH, the driver is
disabled. The open-collector structure of the driver allows
wired-OR operations to be performed on the bus.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the
input of each flip-flop. A common select input (S) controls
the four multiplexers. When S is LOW, the A; data is stored
in the register and when S is HIGH, the B; data is stored.
The buffered common clock (DRCP) enters the data into
this driver register on the LOW-to-HIGH transition.

Data from the A or B input is inverted at the BUS output.
Likewise, data at the BUS input is inverted at the receiver
output. Thus, data is non-inverted from driver input to
receiver output, The four receivers each feature a built-in
D-type latch that is controlled from the buffered receiver
latch enable (RLE) input. When the RLE input is LOW, the
latch is open and the receiver outputs will follow the bus
inputs (BUS data inverted). When the RLE input is HIGH,
the latch will close and retain the present data regardless of
the bus input.

The Am2906 features a built-in four-bit odd parity checker/
generator. The bus enable input (BE) controls whether the
parity output is in the generate or check mode. When the
bus enable is LOW (driver enabled), odd parity is generated
based on the A or B field data input to the driver register.
When BE is HIGH, the parity output is determined by the
four latch outputs of the receiver. Thus, if the driver is en-
abled, parity is generated and if the driver is in the high-
impedance state, the BUS parity is checked.

T

LOGIC SYMBOL

|

9 16 15

13— S

23 —

11 —OQ] BE

1—O1 RLE

DRCP

BUS)

BUS,

Ag Bop Aq By Az By

Am2908

BUS,

20 21
A3 B3
oDD p— 12
Rob— 2
Rib— 10
Ry b—1a
Ay f— 22
BUS3

T

5

T T

7 17

Vee = Pin 24
GNDq =Pin 6
GNDj = Pin 18

19

MPR-073
CONNECTION DIAGRAM
Top View
° W/
Aee ] 2 [ ] Vee
Ry []2 23 [ ] oRep
B[ ]3 2 ]R3
Ao ] 4 2 []83
W [ 5 =
GND 8 BUS:
= Am2906 19 [120%
BUS; [ 7 18 [ ] GNDy
M e 1 [1805,
B[] © 142
R[] 10 15 | 182
[ 14 [ 152
oop [ 12 13 s
Note: Pin 1 is marked for orientation:
MPR-074
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Am2906

LOGIC DIAGRAM

BUSy BUS;  BUS, BUSy

L

Ao
[ ]oo %
D a D a Ra
8y o—
’——cp IE
Ay 00—
I o o
D Q D a Ry
E1 Eq
—{cp €
M —

Y
Y
1

—
|1
lm

SELECT S j

Y |

Y

B
Hir

DRIVER
cLock PRCP O—

0 0

8US = L. =T RECEIVER
ENABLE B oo RiE [ EneLe

obd
PARITY

MPR-075

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias —~55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7V
DC Voltage Applied to Outputs for HIGH Output State —0.5V to Ve max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs (Except Bus) 30mA
DC Output Current, Into Bus 200mA

DC Input Current

—~30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2906XC (COM’L) Ta=0°Cto+70°C Vee MIN. =475V Veg MAX, = 5.25V
AmM2906XM (MiL) TA=-56"Cto+126°C Voo MIN. =4.50V VG MAX. = 6,50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units.
loL = 40mA 0.32 0.5
VoL Bus Output LOW Voltage loL =70mA 0.41 0.7 Voits
IoL = 100mA 0.55 0.8
Vo =0.4V —50
1o Bus Leakage Current Vee = MAX. Vo =45V MIL 200 wA
comM'L 100
Bus Leakage Current -
1 Vo =45V 100 A
OFF (Power OFF) ° K
‘ai MIL 4 2.0
VTH Receiver input HIGH Bus enable = 2.4V 2 Volts
Threshold COM'L 23 2.0
VTL Receiver Input LOW Bus enable = 2.4V MIL 2.0 1.5 Volts
Threshold coM'L 2.0 1.6
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2906XC (COM'L)
Am2906 XM (MiL)

T =0°Cto+70°C
Ta =—565°C to +125°C

Vee MIN, = 4,75V
Ve MIN. 4.5V

Vg MAX: = 6,25V
Veg MAX. = 5.5V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Am2906

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Receiver Output Vee = MIN. MIL IoH =—1mA 2.4 3.4
HIGH Voltage VIN = V|L or VjH COM'L | loH =—2.6mA 2.4 34
VoH Ot Volts
Parity Output Vee = MIN,, 1oy = —660uA MIL 25 3.4
HIGH Voltage VIN = Vg or VL COM’L 2.7 34
v MIN loL = 4mA 0.27 0.4
VoL | Qutput LOW Voltage cc ' IoL = 8mA 0.32 0.45 Volts
(Except Bus) VIN=VLorVIH
. loL = 12mA 0.37 0.5
Vin Input HIGH Level Guaranteed input Iégical HIGH 20 Volts
{Except Bus) for all inputs ’
ViL Input LOW Level Guaranteed input logical LOW MiL 0.7 Volts
(Except Bus) for all inputs COM‘L 0.8
\7 Input Clamp Voltage Vee = MIN., 1y = =18mA -1.2 Volts
(Except Bus)
Input LOW Current
I Vee = MAX,, VN = 0.4V —0.36 A
L (Except Bus) ce v YIN "
Input HIGH Current = -
1 Voo = MAX,, VN = 2.7V A
H (Except Bus) cc IN 20 K
Input HIGH Current” _ _
I (Except Bus) Vee = MAX., V |y = 5.5V 100 uA
Output Short Circuit Current
1 Vee = MAX, —
sc (Except Bus) ) cc 12 —65 mA
Ice Power Supply Current Vee = MAX., All inputs = GND 72 105 mA
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Am2906XM Am2906XC
. . - . Typ- ‘ . Typ. -
Parameters Description Test Conditions Min. (Note 2)  Max, Min. (Note2) Max, Units
tPHL 21 40 21 36
Driver Clock {DRCP) to Bus ns
tPLH C (BUS) = 50pF 21 40 21 36
tPHL _ R (BUS) =509 3 23
Bus Enable (BE) to Bus ! % 13 ns
tPLH 13 26 13 23
ts 25 23
Data Inputs (A or B) ns
th 8.0 7.0
ts 33 30
Select Inputs (S) ns
th 8.0 7.0
tpw Clock Pulse Width (HIGH) 28 25 ns
tPLH Bus to Receiver Output 18 37 18 34 ns
tPHL (Latch Enabled) 18 37 18 34
tPLH 21 37 21 34
= Latch Enable to Receiver Output Cy = 15pF - ns
tPHL 21 37 21 34
RL = 2.0k
ts R 21 18
Bus to Latch Enable (RLE) ns
th , 7.0 5.0
tPLH A or B Data to Odd Parity Output 21 40 21 36 ns
tPHL (Driver Enabled) 21 40 21 36
tPLH Bus to Odd Parity Output 21 40 21 36 ns
tPHL (Driver Inhibited, Latch Enabled) 21 40 21 36
tpLH Latch Enable (RLE) to 21 40 21 36
. ns
tPHL Odd Parity Qutput 21 40 21 36

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typicat limits are at Vo = 5.0V, 26°C ambient and maximum loading. .
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one sacond.
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INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

| 8US | DRIVING QUTPUT
T |
> >
I 3; | E; 1508
_BUS
I — |
IoH
| o |
N
| loL I ¢——OR;, 00D
| H | ~
\?z |
| s |
| [ |
Note: Actual current flow direction shown.
MPR-076
TYPICAL PERFORMANCE CURVES
Bus Output Low Voltage Receiver Threshold Variation
. w .
Versus-Ambient Temperature & Versus Ambient Temperature
g o = 2
=2 t
2 Vee® +5.o|v w 24
[ -4
& 08 5 23 Vg =55v
o 22
é > /f |Vec=6.25
o 06 Igys = 100mA Q 21 i <
o 2 20-MILGH —come
5 L Igys = 70mA F Y [Veg=amsv_IE
& 04 & 19
5 I E \
=
2 Igyg = 40mA = B e = 45V
3 02 g 17
' Y 18
£ o T
-55-35 -15 6 25 45 65 85 105 125 L -65 ~35-15 6 26 45 65 85 105 125
Tp — AMBIENT TEMPERATURE - °C > Ta — AMBIENT TEMPERATURE — °C
MPR-077 MPR-078
3oV
DRIVER
cLOCK * v
ov
I._ [R—
30v
ABorS F \ : ;
INPUT / // / 1.3V
ov
‘PLH———‘ ’—— tPHL
Vou
BUS
OUTPUT Nﬁi 20v
VoL
PHL tPLH I———
Vo
RECEIVER |{
OUTPUT — 13V
VoL
Note: Bus to Receiver output delay is measured by clocking data into the driver register
and measuring the BUS to R combinatorial delay.
MPR-079
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SELECT

CLOCK

BUS
ENABLE
LATCH
ENABLE

Py Py Py Py Pg Pg Py Pg Py

AmB2562

EVEN

APPLICATIONS
A ) | A B A B
L s | L1s L s
DRCP Lo DRCP DRCP
Am2806 [ Am2906 Am2906
(O] BE ——O] BE ——O] BE
RLE ’ —C| RLE —Of RLE
R ooD  BUS R obD  8US R obD  BUS
. BITS |
———— 1218 BUS PARITY
- BITS
8-11
BITS
4-7 -l-
BITS =
0-3 ODD/EVEN
I_ CONTROL
L = EVEN
H=00D

Generating or checking parity for 16 data bits.

CHECK
PARITY OUTPUT

MPR-081
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FUNCTION TABLE

INTERNAL
INPUTS BUS | OUTPUT
TODEVICE | 7 FUNCTION

S | Aj|Bj |[DRCP| BE |RLE|BE | D; Q; |BUS; Rj
X[ X]|X X H XX X X z X Driver output disable
X[ XX X X X | H X X X r4 Receiver output disable
XXX X HiL[L X L L H Driver output disable and
XXX X HliLlL X H o L receive data via Bus input
xXIxIx| x [ x| H|x| x|nc| x X . | Cotchreceived data
LiL]|X t X XX L X X X
LiH|X + X | X|X H X X X . N

Load driver register
HiX|L t X | XX L X X X
H|X{H t X[ XX H X X X
X| XX L X | XX NC X X X . .

No driver clock restrictions
X{X|X H X{ XX NC X X X
XXX X L X i X L X H X

Drive Bus
X{X|X{| X L X|X H X L X

H = HIGH Z = HIGH Impedance X = Don't care i=0123
L=LOW NC = No change 4 = LOW to HIGH transition

ORDERING INFORMATION

Order the part number according to the table below to obtain the de-
sired package, temperature range, and screening level.

Package Operating Screening
Order Type Range Level
Number (Note 1) (Note 2) (Note 3)
AM2906PC P-24 [o] C-1
AM2906DC D-24 (o} C-1
AM2906DC-B D-24 (] B-1
AM2906DM D-24 M C-3
AM2906DM-B D-24 M B-3
AM2906FM F-24-1 M C-3
AM2906FM-B F-24-1 M B-3
. Visual inspection
AM2906XC Dice (o]
AM2906XM Dice M to MIL-STD-883

Method 2010B.

Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow-
ing letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the
variations of the package may be used unless otherwise specified.

2. C = 0°Cto +70°C, Vgc = 4.75V to 5.25V.

M = —55°C to +125°C, V¢ = 4.50V to 5.50V.

3. See Appendix A for detaits of screening. Levels C-1 and C-3 con-
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-
883, Class B.

DEFINITION OF FUNCTIONAL TERMS

Ag, Aq, A2, Az
Bg, Bq, By, B3

S

DRCP

Al

BUS,, BUS,
BUS,, BUS3
Ro, R1, R2, R3

LE

The A" word data input into the two
input multiplexer of the driver register.

The "B’ word data input into the two
input multiplexers of the driver register.

Select. When the select input is LOW, the
A data word is applied to the driver reg-
ister. When the select input is HIGH, the
B word is applied to the driver register,

Driver Clock Pulse. Clock pulise for the
driver register.

Bus Enable. When the Bus Enable is HIGH,
the four drivers are in the high impedance
state.

The four driver outputs and receiver in-
puts (data is inverted).

The four receiver outputs. Data from the
bus is inverted while data from the A or B
inputs is non-inverted.

Receiver Latch Enable. When RLE is
LOW, data on the BUS inputs is passed
through the receiver latches. When RLE
is HIGH, the receiver latches are closed
and will retain the data independent of
all other inputs.

Output Enable. When the OE input is
HIGH, the four three state receiver out-
puts are in the high-impedance state.

LOAD TEST CIRCUIT

TEST Vee
POINT
Ry
240
—f A
S
— s R
Am2006 OR ¢
PARITY
CL
15pF
—s (NOTE HI SR
i > 5k
505 i
Vee = =
T TEST
R, 0
8
o POINT
[ 2
== 60pF
I(NOTE'()

MPR-080

DIE SIZE 0.080" X 0.130"
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Am2907+ Am2908

Quad Bus Transceivers with Interface Logic

I
Distinctive Characteristics

Quad high-speed LS! bus-transceiver
Open-collector bus driver

D-type register on driver

Bus driver output can sink 100mA at 0.8V max.
Internal odd 4-bit parity checker/generator

_

® Am2907 has 2.0V input receiver threshold; Am2908 is
“DEC Q or LSI-ll bus compatible” with 1.5V receiver
threshold .

® Receiver has output latch for pipeline operation

® Three-state receiver outputs sink 12mA

o Advanced Low-power Schottky processing

® 100% reliability assurance testing in compliance with
MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am2907 and Am2908 are high-performance bus trans-
ceivers intended for bipolar or MOS microprocessor system ap-
plications. The Am2908 is Digital Equipment Corporation “Q or
LSI-1lbus compatible” while the Am2907 features a 2.0V receiver
threshold. These devices consist of four D-type edge-triggered
flip-flops. The flip-flop outputs are connected to four open-col-
lector bus drivers. Each bus driver is internally connected to one
input of a differential amplifier in the receiver. The four receiver
differential amplifier outputs drive four D-type latches, that feature
three-state outputs. The devices also contain a four-bit odd parity
checker/generator.

These LSI bus transceivers are fabricated using advanced
low-power Schottky processing. All inputs (except the BUS in-
puts) are one LS unit load. The open-collector bus output can
sink up to 100mA at 0.8V maximum. The BUS input differential
amplifier contains disconnect protection diodes such that the
bus is fail-safe when power is not applied. The bus enable
input (BE) is used to force the driver outputs to the high-impe-
dance state. When BE is HIGH, the driver is disabled. The
open-collector structure of the driver allows wired-OR opera-
tions to be performed on the bus.

The input register consists of four D-type flip-flops with a buf-
fered common clock. The buffered common clock (DRCP) en-
ters the A; data into this driver register on the LOW-to-HIGH
transition.

Data from the A input is inverted at the BUS output. Likewise,
data at the BUS input is inverted at the receiver output. Thus,
data is non-inverted form driver input to receiver output. The
four receivers each feature a built-in D-type latch that is con-
trolled from the buffered receiver latch enable (RLE) input.
When the RLE input is LOW, the latch is open and the receiver
outputs will follow the bus inputs (BUS data inverted and OE
LOW).'When the RLE input is HIGH, the latch will close and
retain the present data regardless of the bus input. The four
latches have three-state outputs and _are controlled by a buf-
fered common three-state control (OE) input. When OE is
HIGH, the recsiver outputs are in the high-impedance state.

The Am2907 and Am2908 feature a built-in four-bit odd parity
checker/generator. The bus enable input (BE) controls whether
the parity output is in the generate or check mode. When the
bus enable is LOW (driver enabled), odd parity is generated
based on the A field data input to the driver register. When BE
is HIGH, the parity output is determined by the four latch out-
puts of the receiver. Thus, if the driver is enabled, parity is
generated and if the driver is in the high-impedance state, the
BUS parity is checked.

The Am2907 has receiver threshold typically of 2.0V while the
Am2908 threshold is typically 1.5V.

LOGIC SYMBOL

Ag A Az A3z
19 —— DRCP 00D p—— 10
Rop— 2
1 —C| RLE
Am2007 1 |
9 —ol 8¢ Am2908
A2 pb— 12
11 —Of OE R3 }— 18
BUSp BUSq BUSz BUS3

TTIr7

14 16

Vee = Pin 20
GND4 = Pin 5

GND7 = Pin 15 MPR-083

CONNECTION DIAGRAM
Top View

mee[]1 ® 20| ] vee
ro[]2 19 Jorecp
a3 18[ ]R3
BUso[ | 4 17[]As
6ND1[]s Am2907 ' ]8Us3
Busi[Je Am2908 15[ ] gDy
a7 14 [ 8US2
rRi[|s 137 A2
B[] 12[]r2
apb["| 10 1] BE

Note: Pin 1 is marked for orientation.
MPR-084
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Am2907 « Am2908

LOGIC DIAGRAM
BUS, BUS, BUS, BUS;
H A k2
Ag b al® It P>—o a y
— cp £
L
A O—D [ o a Dy ~ D— o o Q4 Rq
——1CP L E
Ag O—D—L D a ic t D—!D—o b 2
— CP b I E
A &_D l b a '/ N o o Qg Ry AL___)g:b
cpP E 7
z' PARITY
1[ )
)
DRIVER
cLock DRCP O——
> ——qom
MPR-085
MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature -65°C to +150°C
Temperature (Ambient) Under Bias -55°C to +125°C
Supply Voltage to Ground Potential ~0.5Vto+7V
DC Voltage Applied to Outputs for HIGH Output State ~0.5 V to +Vcc max.
DC Input Voltage -0.5V to+5.5V
DC Output Current, Into Outputs (Except BUS) 30 mA
DC Output Current, into Bus 200 mA
DC Input Current -30 mA to +5.00mA
ELECTRICAL CHARACTERISTICS
The following conditions apply unless otherwise noted:
Am2907XC, Am2908XC (COM'L) T = 0°C to +70°C Ve MIN. = 4.75V Ve MAX. = 5.25V
Am2907XM, Am2908XM (MIL) Tp = —55°Cto +125°C Vg MIN. = 450V Vgg MAX. = 550V
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
loL = 40mA 0.32 0.5
VoL Bus Output LOW Voltage Vee = MIN. loL = 70mA 0.41 0.7 Volts
loL = 100mA 0.55 0.8
Vo = 0.4V -50
lo Bus Leakage Current Vee = MAX, MiL 200 wA
Vo = 4.5V
COM'L 100
lorr Bus Leakage Current (Power Off) | Vg = 4.5V 100 uA
MIL 2.4 2.0
Am2907
COoML 23 2.0
VTH Receiver Input HIGH Threshold Bus Enable = 2.4V Volts
Am2908 MiL 1.9 15
COM'L 1.7 1.5
MIL 2.0 15
Am2907
COM'L 2.0 1.6
V1L Receiver Input LOW Threshold Bus Enable = 2.4V ML - T Volts
Am2908 - .
COM'L 15 1.3
\ Input Clamp Voltage Vee = MIN,, iy = —18mA -1.2 Volts
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:
Am2907XC, Am2908XC (COM'L) Tp = 0°C to +70°C Vge MIN. = 4.75V Voo MAX. = 525V
Am2907XM, Am2908XM (MIL) Ta = —55°Cto +125°C V¢ MIN. = 4.50V Vgoe MAX. = 5.50V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions(Note 1) Min. Typ. (Note 2) Max. Units
Recei Vee = MIN. MiL: | =-1 K K
Von eceiver cc L: lgH mA 24 34 Volts
Output HIGH Voltage ViN=V|Lor ViH | COM'L: IgH = —2.6mA 2.4 3.4
Parit Vee =MIN., | = MiL 2.5 3.4
Von arity cc OH = ~660UA Volts
Output HIGH Voltage VIN =VIH or ViL COM'L 2.7 3.4
I = 4mA . 0.4
Output LOW Voltage Vee = MIN. oL- m 027
VoL loL= 8mA 0.32 0.45 Volts
(Except Bus) Vin = ViLor Vig
oL = 12mA 0.37 05
| t HIGH Level G teed i t logical HIGH
ViH npu evel uararr eed input logical 20 Volts
(Except Bus) for all inputs
Input LOW Level Guaranteed input logical LOW MIL ) 0.7
ViL ) Valts
(Except Bus) for all inputs COoM’L 0.8
Input Clamp Voltage
vV Vee = MIN,, [y = =18mA —-1.2 Volt
! (Except Bus) cc IN m ors
Input LOW Current
! Vee = MAX., ViN =04V -0.36 A
IL (Except Bus) cc IN m
Input HIGH Current
| Vee = MAX., VIiN=2T7V 20 A
1H {Except Bus) cc IN K
Input HIGH Current )
1 Vee = MAX, VIN=5.5V 100 A
! (Except Bus) cc IN ’ s
Gutput Short Circuit
| Vcee = MAX. —-12 —65 A
sc Current (Except Bus) cc "
Icc Power Supply Current Vge = MAX,, All Inputs = GND 75 110 mA
X Vo=24V 20
o Oft St.ate Output Current Ve = MAX. 0 UA
{Receiver Outputs) Vo=04V -20
Am2907 SWITCHING CHARACTERISTICS
OVER OPERATING TEMPERATURE RANGE A'“21?°7XM A,"'21?°7X°
yp. yp.
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. | Units
tPHL 21 40 21 36
Driver Clock (DRCP) to Bus ns
tPLH Cy (BUS) =60pF 21 40 21 . 36
tPHL — R|_(BUS) = 509 13 26 13 23
Bus Enable (BE) to Bus ns
tPLH 13 26 13 23
ts . 18 15
Data Inputs _— ns
th 8.0 7.0
tpw Clock Pulse Width (HIGH) 28 25 ns
tPLH Bus to Receiver Output 18 37 18 34 ns
tPHL (Latch Enabied) 18 37 18 34
tPLH 21 37 21 34
Latch Enable to Receiver Output ns
tPHL 21 37 21 34
Cp = 15pF
ts N _ 21 18
Bus to Latch Enable (RLE) R =2.0k2 ns
th 7.0 5.0
tPLH Data to Odd Parity Out 21 40 21 36
. ns
tPHL (Driver Enabled) 21 40 21 36
PLH Bus to Odd Parity Out 21 40 21 36 ns
tPHL (Driver Inhibit) 21 40 21 36
tPLH Latch Enable (RLE) to Odd 21 40 21 36 ns
tPHL Parity Output 21 40 21 36
tZH 14 28 14 25
Output Control to Output ns
tzL 14 28 14 25
tHz o CL =5.0pF 14 28 14 25 .
Output Control to Output S
Lz P P RL = 2.0k 14 28 14 25

Notes: 1. For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading,
3. Not more than one output should be shorted at a time. Duration of the short circult test should not exceed one second.
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Am2908 SWITCHING CHARACTERISTICS

OVER OPERATING TEMPERATURE RANGE Am2908XM Am2908XC
Typ. Typ.
Parameters Description Test Conditions | Min. (Note2) Max. | Min. (Note2) Max. | Units
tPHL 21 40 21 36
Driver Clock (DRCP) to Bi ns
[ (DRCP) to Bus . 21 40 21 36
tpyL = 13 26 13 23
Bus Enable (BE) to B
tpLH us o (BE)toBus C(BUS) = 50pF 13 26 13 23 ne
R (BUS): 91 to
tr Bus Output Rise Time Vee 5 10 7 10 ns
t Bus Output Fall Time 2000 to GND 3 6 4 6
ts ) 18 15
Data Inputs ns
th 8.0 7.0
tpw Clock Pulse Width (HIGH) 28 25 ns
tpLH Bus to Receiver Output 18 38 18 35 ns
tPHL (Latch Enabled) 18 38 18 35
teLH CL = 50pF 21 38 21 35
Latch Enable to Receiver L
o~ Al eceiver Output R = 2.0k % 38 31 % ns
ts J— 21 18
Bus to Latch Enable (RLE ns
n tch Enable (RLE) 70 50
tPLH Data to Odd Parity Out 21 40 21 36 ns
tpHL (Driver Enabled) 21 40 21 36
tpLH Bus to Odd Parity Out 21 40 21 36
: B ns
tPHL (Driver Inhibit) CL = 15pF 21 40 21 36
tpLH Latch Enable (RLE) to Odd AL = 2.0kQ 21 40 & 36 ns
tPHL Parity Output 21 40 21 36
t 14 28 14 25
ZH Output Controt to Output ns
tzL 14 28 14 25
thz CL = 5.0pF 14 28 14 25
2 Output Control to Qutput Ry = 2.0k 7 % ) % ns

¢ Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics fo the applicable device type.
2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2907 Am2908 Package Type Operating Range Screening Level
Order Number Order Number (Note 1) (Note 2) (Note 3)
AM2907PC AM2908PC P-20 [o] C-1
AM2807DC AM2908DC D-20 o] C-1
AM2907DC-B AM2908DC-B D-20 c B-1
AM2907DM AM2908DM D-20 M C-3
AM2907DM-B AM2908DM-B D-20 M B-3
AM2907FM AM2908FM F-20 M c-3
AM2907FM-B AM2908FM-B F-20 M B-3
AM2907XC AM2908XC Dice c :gs’\';fﬂ_gi%‘fg‘;‘;"
AM2907XM AM2908XM Dice M Method 2010B,

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Fiat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C=0°Cto +70°C, V¢¢ = 4.75V to 5.25V, M = —55°C to +125°C, V¢ = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C, Level B-3 conforms to MIL-STD-883,
Class B.
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INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

AAA
VW—

DRIVEN INPUT l BUS | DRIVING OUTPUT
Voo ‘ u 1
Egsa.am L
6|§=,525n l b3 I 1500
A,B,S=10kQ 1
DRCP = 10k | |
l BUS I
T 1oH
| o |
| loL ‘ Ri
INPUT O——ng
T | | ~
'iH ‘ | oL

Note: Actual current flow direction shown.

MPR-086
TYPICAL PERFORMANCE CURVES
Am2907 | Am2908
Bus Output Low Voltage Recelver Threshold Variation Receiver Threshold Variation
w
Versus Ambient Temperature % Versus Ambient Temperature £ Versus Ambient Temperature
[<]
£ o T T : e o
2 Ve = 6.0V w24 w 19
T o8 2 23 ¢ sk I 1] vee=sasv] |
g 8 g 2'2 Veg =56V g 17 Veg =55V .
£ > Vee =525 Z 16 \| v
- =]
2 08 pus = 100mA ] a 21 o Pl T 3 15w —pcomL
g ] Tgus = 70mA & 20T vgg = azsv_S0ME & e N
& .
g 1 L 1 g 19 \ I 18y -4y =
o = 1.8 = cc
3 Igus = H0mA = Voo = 45V e 12 Von = 475V
2 02 g 17 > 11 ICCI_ 'I -
w ]
3 . g 8 5o [ 1]
> _55 35 16 5 25 45 65 85 105 125 :_ 55 —36—16 5 25 46 66 8B 105 125 L —55-35—15 5 25 45 66 85 105 125
Tp ~ AMBIENT TEMPERATURE - °C > T — AMBIENT TEMPERATURE - °C " Ta—AMBIENT TEMPERATURE —°C
MPR-087 MPR-088 MPR-508
Am2907/08 SWITCHING WAVEFORMS
N ’ : 3.0v
D R
s __%—\ 7\1——
l<— % th A—I
PLH - TPHL
Vo
OUTE'L:IE % NN—————-— 2.0V
Vor
1. INPUT SET-UP AND HOLD TIMES.
MPR-089
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TRUTH TABLE

INTERNAL
INPUTS BUS | OUTPUT
_ TO DEVICE FUNCTION
A (DRCP| BE (RLE|OE | D; | Q; | B; Ri
X X H X | X X X H X Driver output disable
1 X X X X | H X X z Receiver output disable
X| X HiL]|L X L L H Driver output disable and receive data
X| X H{L!|L X H H L via Bus input
X X X[ H| X X NC X X Latch received data
L ¢t X | x]x L X X X Load dri it
" " x| x| x “ X X x oad driver register
X| L X1 X|X| N | X | X X . -
No driver clock restrictions
X H X | XX NC X | X X
X X L{ X[ X L X H X
Drive Bus
X X L] X X H X L X
H=HIGH Z = High Impedance X = Don't Care i=0,1,23
L=LOW NC = No Change t= LOW-to-HIGH Transition
PARITY OUTPUT FUNCTION TABLE
BE ODD PARITY OUTPUT
L ODD = Ag® A1 ® Ao @ A3
H ODD = Qg © Q1 © Q@ Q3
DEFINITION OF FUNCTIONAL TERMS Metallization and Pad Layout

DRCP  Driver Clock Pulse. Clock pulse for the driver register.

BE Bus Enable. When the Bus Enable is HIGH, the four
drivers are in the high impedance state.

} RLE DRCP
BUSp, BUS1, BUS2, BUS3 The four driver outputs and Ro A
receiver inputs (data is inverted).

A Az

Ro, R1, R2, R3 The four receiver outputs. Data from the .
bus is inverted while data from the A inputs is non-inverted. BUS, BUS;
RLE Receiver Latch Enable. When RLE is LOW, data on the np D,
BUS inputs is passed through the receiver latches. When RLE 1 2
is HIGH, the receiver latches are closed and will retain the s at
data independent of all other inputs. 1 S2
ODD Odd parity output. Generates parity with the driver Ay Ay
enabled, checks parity with the driver in the high-impedance
state. % ¥

OE Output Enable. When the OE input is HIGH, the four
three-state receiver outputs are in the high-impedance state.

DIE SIZE 0.088” X 0.103"
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Am2907/08 SWITCHING WAVEFORMS
AND LOAD TEST CIRCUITS

BE ov 3v

A, 15V Xk1 5V
3v ov
ts ‘L"‘—‘H ‘—‘
ov v
% 1.5V
|
1l

DRCP 1.5V *
3V J ov
DRCP 1.5V % 1.5V !
ov
——| t [——— t BE 1.5V 1.5V
90% 90% L
BUS, 1.5V 1.5V tpHL toLn
10% 10%
MPR-508 tue  teun ———I-———] BUS, stx‘\_-]l[nsv—‘
MPR-610

2. DRIVER CLOCK (DRCP) TO BUS 3. BUS ENABLE (BE) TO BUS
DRIVER SWITCHING WAVEFORMS

An

N

tew

+5.0V

910

BUS,,

20000

MPR-511 Am2907 Am2908 MPR-512
DRIVER LOAD TEST CIRCUIT DRIVER LOAD TEST CIRCUIT

ov JE ov

p=+———300ns

| | 3V
zf 90% 90% .
BUS, 1.6V 1.5V BUS, 1.5V 1.5V
10% 10%
NtV .] ov
% 1s tn — tpw
E—— —_3v
Rn 1.5V 1.5V RLE 1.5V 1.5V 1.5V
I - i}
teHL I-—-'PLH teHL oLy
BE 4.5V

MPR-513

4. BUS TO RECEIVER OUTPUT
(LATCH ENABLED) 5. LATCH ENABLE TO OUTPUT MPR-514

RECEIVER SWITCHING WAVEFORMS

+5.0V

S ska ALL DIODES
< ARE 1N3064

= Note: C; = 15pF for Am2907

C, = 50pF for Am2908
MPR-515 Am2907/08 RECEIVER LOAD TEST CIRCUIT. L= SOpFlorAm
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Am2907/08 SWITCHING WAVEFORMS
AND LOAD TEST CIRCUITS (Cont.)

av
Ao 1.st 1.5%
ov
L_r'PLH ‘PHL—L—“‘
oD 1.5V 1.5V
BE ov
MPR-517
7. AINPUT TO PARITY OUTPUT
+5.0V
K0
DEVICE st
Rq ]
oL
T ALL DIODES
L 3 sko ARE 1N3064
NOTE 1

Note 1: C|_ = 15pF fortz|, tzy
C = 8pFfort 7, tyz

-

LOAD FOR RECEIVER TRI-STATE TEST

MPR-519

1.5V
ov
R, -1ZL_..I —..t,_z.‘ sv
ouTPUT
NORMALLY \ l
LOW slg 1.5V f VoL g1 AND S2
OPEN Vou CLOSED
- | I
: S1AND 52
Rn S1 OPEN 7‘ 18V k croseo
OUTRUT f
NORMALLY . _I 5V
HIGH =1hz MPR-516

6. RECEIVER TRI-STATE WAVEFORMS

BUSo.3 1.5V

sl
toLH tPHL—J~—‘

1.8V

Tr%

1.5V

4.5v

ov

: MPR-518
8. BUS TO PARITY OUTPUT

ODD PARITY OUTPUT WAVEFORMS

+5.0V
DEVICE 2k
. A4
oDD _J_ N
I 15pF
MPR-520

LOAD FOR PARITY OUTPUT
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Am2907 - Am2908

APPLICATIONS

SBUS l

l

A

Am2907/8
ADDRESS REGISTER
BUS

Am2918
STATUS REGISTER

A
Am2907/8 MAIN

‘? A BUS MEMORY
R

DAT,
REGISTER

FLAGS Y

A
Am2909
~—e-1BUS Am2907/8 - MIGROPROGRAM 1 Am2901A
SEQUENCER BIPOLAR
R MICROPROCESSOR

l D

ROM/PROM
MICROCODE

I

Am2918
MICROWORD
REGISTER

/0
BUS

R BUS

The Am2907 can be used as an 1/O Bus Transceiver and Main Memory /0 Transceiver

in high-speed Microprocessor Systems.
MPR-091
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Am2909
Am2909A -

Am2911
AMm2911A

Microprogram Sequencers

DISTINCTIVE CHARACTERISTICS

® 4-bit slice cascadable to any number of microwords

Internal address register

Branch input for N-way branches

Cascadable 4-bit microprogram counter

4 x 4 file with_stack pointer and push pop control for

nesting microsubroutines

® Zero input for returning to the zero microcode word

® Individual OR input for each bit for branching to higher
microinstructions (Am2909 only)

® Three-state outputs

® All internal registers change state on the LOW-to-HIGH
transition of the clock

® Am2909 in 28-pin package

® Am2911 in 20-pin package

® New high-speed versions (Am2909A and Am2911A) are
plug-in replacements for original Am2909 and Am2911

® Critical path speeds will be improved by about 25%

GENERAL DESCRIPTION

The Am2909 is a four-bit wide address controller intended
for sequencing through a series of microinstructions con-
tained in a ROM or PROM. Two Am2909's may be inter-
connected to generate an eight-bit address (256 words), and
three may be used to generate a twelve-bit address (4K
words).

The Am2909 can select an address from any of four
sources. They are: 1) a set of external direct inputs (D); 2)
external data from the R inputs, stored in an internal regis-
ter; 3) a four-word deep push/pop stack; or 4) a program
counter register (which usually contains the last address
plus one). The push/pop stack includes certain control lines
so that it can efficiently execute nested subroutine linkages.
Each of the four outputs can be OR’ed with an external
input for conditional skip or branch instructions, and a sepa-
rate line forces the outputs to all zeroes. The outputs are
three-state.

The Am2911 is an identical circuit to the Am2909, except the
four OR inputs are removed and the D and R inputs are tied
together. The Am2911 is in a 20-pin, 0.3" centers package.
The Am2909A and Am2911A are direct plug-in replacements
for the Am2909 and Am2911, but are about 25% faster.

TABLE OF CONTENTS

Block Diagrams.............................. 2-120, 2-134
Order Codes ..........ooviiiiuiininneiannn... 2-133
Pin Definitions ............... ... ... ... ... ... 2-124
Connection Diagrams . ............ooveveienneinn. .. 2-124
SCreening .........ovi it 2-129
DC Characteristics ................ovveeueennnnn.... 2-121
Am2909/Am2911 Switching Characteristics . ........... 2-122
Am2909A/Am2911A Switching Characteristics ......... 2-123
Using the Am2909 and Am2911 ..................... 2-127
Function Tables ..., 2-129
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For applications information, see Chapter Il of “Build a Microcomputer”.

MICROPROGRAM SEQUENCER BLOCK DIAGRAM
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STACK
POINTER

!
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4 CONNECTED

|

|
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|
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ONLY 4

4XA4FILE
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DIRECT
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2909/2911 « Am2909A/2911A

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

\

Supply Voltage to Ground Potential

—-0.5Vto+7.0V

DC Voltage Applied to Outputs for HIGH Output State

—0.5 V to +Vgc max.

DC Input Voltage

-0.5Vto+7.0V

DC QOutput Current, Into Outputs

30 mA

DC Input Current

—30 mA to +5.0 mA

OPERATING RANGE

Part Number
Operating Range Suffix Power Supply Temperature Range
Commercial pPC, DC 5.0V 5% Tp = 0°C to +70°C
Military DM, FM 5.0V =10% Tc = —-55°C to +125°C

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Notes)
(For Am2909, Am2911, Am2909A, Am2911A)

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
v o G Vee = MIN,, MIL IgH = —1.0mA 2.4 v
OH utput HIGH Volt olts
i oltage VIN=ViHor Vil [ com'L | lon=-26mA | 24
oL = 4.0mA, 2909/11 0.4
Vce =MIN, loL =8.0mA, 2909/11 0.45
VoL Output LOW Voltage VCC* v v oL Volts
INTVIHOMVIL | g =12mA, 2909/11 05
(Note 5) :
loL = 16mA, 2909A/11A 0.5
Vi Input HIGH Level Guaranteed |n|?ut logical HIGH 20 Volts
voltage for all inputs
i i MIL, 2909/11 0.7
viL fnput LOW Level Guaranteed an?ut logical LOW Volts
voltage for all inputs All others 0.8
V) input Clamp Voltage Vee = MIN,, Iy = —18mA —-15 Volts
Cn —1.08
ow ) Voo = MAX,, — A
he Input L Current Vin = 0.4V Push/Pop, OE —0.72
Others (Note 6) —0.36
Cn 40
HIGH Vee = MAX,, Push/P 40 A
WH Input HIGH Current ViN = 27V ush/Pop N
Others (Note 6) 20
Ve = MAX,, Cn, Push/Pop 0.2 A
| Input HIGH Current m
! ViN=7.0V Others (Note 6) 0.1
10s Output Short Circuit Current Vg = MAX. Yo—Y3 —-30 —100 mA
{Note 3) Cn+4 30 _85
lee Power Supply Current Ve = MAX. (Note 4) 80 130 mA
lozL o OFF C Ve = MAX., VouyT = 0.4V —20 A
lozH utput urrent OE = 2.7V VouT =27V 20
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum toading.

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

4. Apply GND to Cp, Rg, Rq, Rg, B3, ORp, ORjq, ORy, ORg3, Dg, Dq, D3, and Dg3. Other inputs high. All outputs open. Measured after a
LOW-to-HIGH clock transition.

5. The 12mA guarantee applies only to Yo, Y1, Y2 and Y3

6. For the Am2911 and Am2911A, D; and Rj are internally connected. Loading is doubled (to same values as Push/Pop).
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Am2909/2911 » Am2909A/2911A

Am2909 and Am2911
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE

Tables |, I, and I1l below define the timing characteristics of the
Am2909 and Am2911 over the operating voltage and tempera-
ture range. The tables are divided into three types of paramet-
ers; clock characteristics, combinational delays from inputs to
outputs, and set-up and hold time requirements. The latter table
defines the time prior to the end of the cycle (i.e. clock LOW-to-
HIGH transition) that each input must be stable to guarantee that

TABLE |
CYCLE TIME AND CLOCK CHARACTERISTICS

TIME

COMMERCIAL

MILITARY

Minimum Clock LOW Time

30

35

Minimum Clock HIGH Time

30

35

TABLE Il
MAXIMUM COMBINATIONAL PROPAGATION DELAYS
(all in ns, C_ = 50pF (except output disable tests))

the correct data is written into one of the internal registers.
. COMMERCIAL MILITARY
Measurements are made at 1.5V with V,_ = 0V and V,;; = 3.0V.
For three-state disable tests, C, = 5.0pF and measurement is to From
0.5V cha}nge on output voltgge level. All putputs have mgximum Input Y Cnta Y Crnta
DC loading. The data on this page applies to the following part
numbers: D; 17 3¢ 20 32
So. S4 30 48 40 50
OR; 17 30 20 32
(o8 - 14 - 16
' |ZEro 30 48 40 50
Operating Power OE LOW (enable) 25 - 25 -
Range Part Numbers Supply | Temperature Range OE HIGH (disable) 25 ~ 25 -
Com'l ngggmfg 'gg 5.0V 5% | Tp = 0°C to +70°C Clock 1 $4Sp =LH 43 55 50 62
Mil Am2909ADM, FM | 5 v 2109 | T = —55°C to +125°C Clock 1 SiSo =Lt - 2 2 o2
Am2911ADM Clock 1t S¢Sg = HL 80 95 90 102
TABLE HI
GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1)
From Input Notes COMMERCIAL MILITARY
Set-Up Time Hold Time Set-Up Time Hold Time
RE 22 5 22 5
Rj 2 10 5 12 5
PUSH/POP 26 6 30 7
I FE 2 5 30 5
Cn . 28 5 30 5
D; 2 30 0 35 3
OR; 30 0 35 3
So. Sq 45 0 50 0
ZERO 45 0 50 0

Notes: 1. Ali tmes relauve to clock LOW-to-HIGH transition.

2. On Am2911A, R; and D; are internally connected together and labeled D;. Use R; set-up and hold times when D inputs are used to load register.

towH
T (TABLEY) =

E \\\\\\\\\\\\,
CLOCK H TO L OCCURS

ANYTIME HERE \
SOV ANMMNANNNDY

’k (TABLE I);I

3.0v
1.5V

'S
~ (TABLE )

ov

— ] th
‘_'|> (FABLE 1)

3.0v

ALL INPUTS y
e ﬁ) ‘ W m -
L_____ INPUTS TO Y o Cpp 14 ov
CLOCK TO Y; or Cpyg (TABLE Il)
(TABLE Il)
’ Von
e 1.5V.
Cn+a
Vo

MPR-098
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Am2909A and Am2911A
SWITCHING CHARACTERISTICS
TYPICAL ROOM TEMPERATURE

Tables |, Il and Ill below give typical timing characteristics of the
AmM2909A and Am2911A at room temperature. The tables are
divided into three types of parameters: clock characteristics,
combinational delays from inputs to outputs, and set-up and
hold time requirements. The latter table defines the time prior to
the end of the cycle (i.e., clock LOW-to-HIGH transition) that
each input must be stable to guarantee that the correct data is

Am2909/2911 « Am2909A/2911A

TABLE |
CYCLE TIME AND CLOCK CHARACTERISTICS
COMMERCIAL | MILITARY
30 35
30 35

TIME
Minimum Clock LOW Time
Minimum Clock HIGH Time

TABLE Il
MAXIMUM COMBINATIONAL PROPAGATION DELAYS
(all in ns, C, = 50pF (except output disaple tests))

written into one of the internal registers. TYPICAL
Measurements are made at 1.5V with V= 0V and Vig = ROOM
3.0V. For three-state disable tests, C, = 5.0pF and measure- From TEMPERATURE
v o DC loading. Tho data on this page sppiies o Input Y Cotefl ¥ Cnis
the following part numbers: Di 10 10
So. St 18 18
OR; 14 14
Cn’ - 9
ZERO 18
Operating Power OE LOW (enable) 13 - -
Range Part Numbers | Supply | Temperature Range O HIGH (disable) 3 —
Com'l ﬁmggff'fg' gg 5.0V 5% | Ta = 0°C to +70°C :Clock 1 SSELIH 24 ]
Mil 0 FM | 5.0V =10% | Tg = ~55°C to +125°C 3 P i:
il Th ns) (Note 1)
From Input ERATURE
Hold Time Set-Up Time Hold Time
RE 0
0
PUSH/POP 11 []
FE 12 0
Cn 8 0
D; 2 1 0
OR; 1 0
So, S1 15 0
ZERO 15 0

Notes: 1. Al times relative to clock LOW-to-HIGH transition.

2. On Am2911, R; and D; are Internally connected together and labeled D;. Use R; set-up and hold times when D inputs are used to load register.

towH
(TABLE 1)

ANAALNN AN
5' 'CLOCK H TO L OCCURS Sl
ANYTIME HERE
AW \\\\\\\\\

towl
I‘_ (TABLE |)4l

—_ 3.0V
%—_——-— 1.5V

ov

— ts | th
"_‘_ (TABLE ity l (TABLE ":;) "
CLOCK TO Y or C 1 INPUT&I&"! [ e
(TABLEi n ne -1 Vou
XXX
Cn+a ’.‘.““’.‘”0“”""0”.”"”006 v

MPR-098
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Am2909/2911 » Am2909A/2911A

DEFINITION OF TERMS

A set of symbols is used in this data sheet to represent
various internal and external registers and signals used with
the Am2909. Since its principle application is as a controller
for a microprogram store, it is necessary to define some signals
associated with the microcode itself. Figure 3 illustrates the
basic interconnection of Am2909, memory, and microinstruc-
tion register. The definitions here apply to this architecture.

Inputs to Am2909/ Am2911

S1, So Control lines for address source selection

FE, PUP Control lines for push/pop stack

RE Enable line for internal address register

OR; Logic OR inputs on each address output line

ZERO Logic AND .input on the output lines

OE Output Enable. When OE is HIGH, the Y out-
puts are OFF (high impedance)

Ch Carry-in to the incrementer

Rj Inputs to the internal address register

D; Direct inputs to the multiplexer

cP Clock input to the AR and uPC register and

Push-Pop stack
Outputs from the Am2909/ Am2911

Yi Address outputs from Am2909. (Address inputs
to control memory.)

Ch+4 Carry out from the incrementer

Internal Signals

uPC Contents of the microprogram counter
AR Contents of the address/holding register
STKO-STK3 Contents of the push/pop stack. By definition,

the word in the four-by-four file, addressed by
the stack pointer is STKO. Conceptually data
is pushed into the stack at STKO; a subsequent
push moves STKO to STK1; a pop implies
STK3 = STK2 - STK1 — STKO. Physically,
only the stack pointer changes when a push or
pop is perfc ‘'med. The data does not move. 1/0
occurs at STKO.
spP Contents of the stack pointer

External to the Am2909/Am2911

A Address to the control memory
1{A) Instruction in control memory at address A
UWR Contents of the microword register {at output

of control memory). The microword register
contains the instruction currently being exe-
cuted,

Th Time period {cycle) n

CLOCK
iL [
S—— R
e D
Am2809
"—__:“' > Sg. Sq. FE, PUP, RE
Y
A
COMBINATIONAL CONTROL MEMORY
CONTROL LOGIC (ROM, PROM or RAM)
1A}
SEQUENCE | LogIc MICROWORD
CONTROL CONTROL REGISTER
FIELD | FIELDS (uWR]
“—J TO Am2901
TO OTHER
DEVICES

MPR-095

CONNECTION DIAGRAMS
Top Views

Veg CP PUP FECruq Cq OE Y3 Yo Yy Yq S; Sy ZERD

AO0a00aaa0nnnarn

28 27 26 25 24 23 22 21 20 19

) Am2909

3 4 5 6 7 8 1 12 13 14

SNRERaRRpRRRRRRRRARE

Ry Ry Rg ORy D3 ORy D, ORy D; ORg Do GND

a]-
F0O»
]

MPR-086

PUP FE Cpyg C

20 19 18 17 16 15 14 13 12 11

P Am2911

Note: Pin 1 is marked for orientation.
MPR-097

Figure 3. Microprogram Sequencer Control.

Figure 4.
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OPERATION OF THE Am2909/Am2911

Figure 5 lists the select codes for the multiplexer. The two
bits applied from the microword register (and additional com-
binational logic for branching) determine which data source
contains the address for the next microinstruction. The
contents of the selected source will appear on the Y outputs.
Figure 5 also shows the truth table for the output control and

Am2909/2911 « Am2909A/2911A

for the control of the push/pop stack. Figure 6 shows in detail
the effect of Sg, Sq, FE and PUP on the Am2909. These four
signals define what address appears on the Y outputs and what
the state of all the internal registers will be following the clock
LOW-to-HIGH edge. In this illustration, the microprogram
counter is assumed to contain initially some word J, the ad-
dress register some word K, and the four words in the push/
pop stack contain Ra through Rg.

Address Selection Output Control
OCTAL | S; Sg| SOURCE FOR Y OUTPUTS |SYMBOL OR; ZERO OE Yi
0 L L Microprogram Counter uPC X X H z
1 Lt H Address/Holding Register AR X L L L
2 H L Push-Pop stack STKO H H L H
3 H H Direct inputs Dj L H L Source selected by Sg S1
Z = High Impedance
Synchronous Stack Control
FE PUP PUSH-POP STACK CHANGE
H X No change
L H Increment stack pointer, then
H = High push current PC onto STKO
L = Low [ L Pop stack {decrement stack pointer)
X = Don’t Care .
Figure 5.
— PRINCIPLE
CYCLE | S4,Sp. FE,PUP| uPC | REG | STKO | STK1|STK2 | STK3 | YouT COMMENT ! U(S::E L
N 0000 J K Ra Rb Re Rd J Pop Stack End
N-+1 - H1| K Rb | Rc | Rd | Ra — | Fopotac Loop
N 0001 J K | Ra | Rb | Re | Rd | J Set-up
N+ - | K| 3 | R | R | Re | = |PushwPC Loop
N 001X J K Ra Rb Re Rd J . .
N+1 _ J+1 K Ra Rb Re Rd - Continue Continue
N 0100 J K Ra | Rb | Rc Rd K | Pop Stack; End
N+1 — K+1 K Rb Rc Rd Ra — Use AR for Address Loop
N 0101 J K Ra Rb Rc Rd K Push /JPC, JSR AR
N+1 - K+1 K J Ra Rb Re - Jump to Address in AR
N 011X J K Ra Rb Rec Rd K .
N+1 _ K1 K Ra Rb Re Rd - Jump to Address in AR JMP AR
N 1000 J K Ra Rb Re Rd Ra Jump to Address in STKO; RTS
N+1 - Ra+1 K Rb Re Rd Ra — Pop Stack
N 1001 J K Ra Rb Rc Rd Ra | Jump to Address in STKO;
N-+1 — Ra+1 K J Ra Rb Rc - Push uPC
N 10 71 X J K | Ra Rb Rc Rd Ra . Stack Ref
N+ _ Ra+1 K Ra Rb Re Rd e Jump to Address in STKO {Loop)
N 1100 J K Ra Rb Rc Rd D Pop Stack; End
N+1 - D+1 K Rb Rc Rd Ra — Jump to Address on D Loop
N 1101 J K Ra Rb Rc Rd D | Jump to Address on D; JSR D
N+1 - | D+1 K J Ra Rb Rc — Push uPC
N 111X J K Ra Rb Rec Rd D
N+1 _ D+1 K Ra Rb Re Rd - Jump to Address on D JMP D

X = Don’t care, 0 = LOW, 1 = HIGH, Assume C, = HIGH
Note: STKO is the location addressed by the stack pointer.

Figure 6. Output and Internal Next-Cycle Register States for Am2909/Am2911.
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Figure 7 illustrates the execution of a subroutine using the
Am2909. The configuration of Figure 3 is assumed. The
instruction being executed at any given time is the one con-
tained in the microword register (u\WR). The contents of the
MWR also controls {indirectly, perhaps) the four signals Sg, Sq,
FE, and PUP. The starting address of the subroutine is applied
to the D inputs of the Am2909 at the appropriate time.

In the columns on the left is the sequence of microinstructions
to be executed. At address J+2, the sequence control portion
of the microinstruction contains the comand ““Jump to sub-

CONTROL MEMORY

routine at A”’. At the time To, this instruction is in the yWR,
and the Am2909 inputs are set-up to execute the jump and
save the return address. The subroutine address A is applied to
the D inputs from the uWR and appears on the Y outputs. The
first instruction of the subroutine, 1{A), is accessed and is at
the inputs of the uWR. On the next clock transition, I{A} is *
loaded into the uWR for execution, and the return address
J+3 is pushed onto the stack. The return instruction is exe-
cuted at Tg. Figure 8 is a similar timing chart showing one
subroutine linking to a second, the latter consisting of oniy
one microinstruction.

X Execute Cycle To Ty T2 T3 Ta Ts Te Ty Tg To
el B e e inininininininl
Cycle Addr Sequencer Signal ’_.I—I m
€58 | Instruction 'gnals
J-1 - Am2909 | S1.S0| O Y 3 0 0 2 Y Y
To J - Inputs FE H H L H H L H H
it J+1 - (from PUP X X H X X L X X
T 142 JSR A UWR) D X X A X X X X X
Te 43 -
Ty J+4 - uPC J+1 J+2 J+3 A+ A+2 A+3 J+4 J+5
- = STKO — — - J+3 J+3 3 - -
_ _ lnts_:rnal STK1 _ — - - - - -
= _ Registers STK2 _ B B _ B _ _ B
- - STK3 - - — - - - _ _
T3 A H{A) Am2909
T, A+ o Output Y J+1 J+2 A A+1 A+2 J+3 J+4 J+5
Ts A+2 RTS ROM
- - Output (YY) [ 1J+1) [ISRA | HA) [ IA+1)| RTS | 1(0+3) | 1(J+4) | 1(J+5)
- - Contents
- - of uWR
- - (instruction| uWR 1(J) H{J+1) | JSR A HA) | HA+1) | RTS | 1(J+3) | I(J+4)
_ — being
— _ executed)
Figure 7. Subroutine Execution. Cn = HIGH
CONTROL MEMORY
i Execute Cycle To T T2 T3 Ta Ts Te T Tg To
Cycle Add Sequencer ignal
"eSS | Instruction Signals
J-1 - Am2909 | S1.So ] 0 3 0 0 3 2 0 2 0
To J — Inputs FE H H L H H L L H L H
T 11 _ {from | pyp | X X H X X H L X L X
T, J+2 ISR A MWR) D X X A X X B X X X X
To J+3 -
- - uPC J+1 J+2 J+3 A+1 A+2 A+3 B+1 A+4 A+b J+4
- - STKO — - - J+3 J+3 J+3 A+3 J+3 J+3 -
_ _ Internal STK1 _ _ - -~ — — J+3 - -
_ _ Registers STK2 _ _ _ _ _ _
Ts A - STK3 | - - — ~ = — - _ _ _
Ta A+ -
Ts A+2 JSR B Am2909
T A3 _ Output Y J+1 J+2 A A+1 A+2 B A+3 A+4 J+3 J+4
Tg A+d RTS ROM
- — Output (Y) 1(J+1) | JSR A I{A) | HA+1) | JSRB | RTS HA+3)] RTS | 1(J+3) | 1(J+4)
T - Contents
- - of UWR
Te B RTS {Instruction| uWR 1{J) 1(J+1) | JSSR A I{A} | HA+1) | JSSRB| RTS {!(A+3)| RTS | 1(J+3)
_ - being
- — executed)
Figure 8. Two Nested Subroutines. Routine B is Only One Instruction. Cp = HIGH
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USING THE Am2909 AND Am2911

The Am2909 and Am2911 are four-bit slice sequencers which
are cascaded to form a microprogram memory address
generator. Both products make available to the user several
lines which are used to directly control the internal holding
register, multiplexer and stack. By appropriate control of
these lines, the user can implement any desired set of se-
quence control functions; by cascading parts he can gener-
ate any desired address length. These two qualities s&t the
Am2909 and Am2911 apart from the Am2910, which is ar-
chitecturally similar, but is fixed at 12 bits in length and has a
fixed set of 16 sequence control instructions. The Am2909 or
Am2911 should be selected instead of the Am2910 under the
following conditions:

e Address less than 8 bits and not likely to be expanded
® Address longer than 12 bits

Am2909/2911 « Am2909A/2911A

® More complex instruction set needed than is available on
Am2910

Architecture of the Control Unit

The recommended architecture using the Am2909 or
Am2911 is shown in Figure 1. Note that the path from the
pipeline register output through the next address logic, mul-
tiplexer, and microprogram memory is all combinational.
The pipeline register contains the current microinstruction
being executed. A portion of that microinstruction consists
of a sequence control command such as “continue”, ““loop”,
“return-from-subroutine”, etc. The bits representing this
sequence command are logically combined with bits repre-
senting such things as test conditions and system state to
generate the required control signals to the Am2909 or
Am2911. The block labeled “next address logic'’ may consist
of simple gates, a PROM or a PLA, but it should be all combi-
national.

Am2909 OR Am2911 MICROPROGRAM SEQUENCERS
FE, PUP

OTHER BRANCH
ADDRESS SOURCE

STACK POINTER

i REGISTER |
SUBROUTINE
AND LOOP STACK

MICROPROGRAM
COUNTER REGISTER

i

i

!

D R F FC
S0 NexT ADDRESS

A 4

2 |2
—]s NEXT ADDRESS
CONTROL LOGIC
7 w
6 gﬁ =] INTERRUPT
various | —e{s 28 5
TEST Sz E TEST
CONDITIONS —14 E& 3
—]s 23
EH = SYSTEM STATE
—l 2 o
—l
Aa-seits
/’3

$1  MULTIPLEXER INCREMENTER

t f

1| ]
i

ADDRESS
MICROPROGRAM MEMORY

NEXT ADDRESS
ADDRESS SELECT

4/12 BITS TYP /rs BITS TYP

PIPELINE REGISTER

BRANCH
OTHER

/rﬂ) BITS TYP

CLOCK I

. i

L
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Figure 1. Recommended Computer Control Unit Architécture Using the Am2911 or Am2909.
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The Am29811A is a combinational circuit which implements
16 sequence control instructions; it may be used with either
an Am2909 or an Am2911. The set of instructions is nearly
identical to that implemented internally in the Am2910.

Figure 2 shows the CCU of Figure 1 with the Am29811A in
place. The Am29811A, in addition to controtling the Am2911,

also controls a loop counter and several branch address
sources. The instructions which are implemented by the
Am29811A are shown in Figure 3, along with the Am29811A
outputs for each instruction. Generating any instruction set
consists simply of writing a truth table and designing combi-
national logic to implement it. For more detailed information
refer to ““The Microprogramming Handbook’'.

’
< DATA BUS >
INSTRUCTION REGISTER
0P CODE l OTHER
D; ADDRESS Am2911 MICROPROGRAM SEQUENCERS
STARTING FE. PUP
TC  COUNTER ADDRESS  OF = STACK POINTER
DECODER
LOAD/COUNT (MAPPING PROM)
OUTPUT
REGISTER
SUBROUTINE
AND LOGP STACK
MICROPROGRAM
COUNTER REGISTER
D R F PC
S0 NEXT ADDRESS
51 MULTIPLEXER INCREMENTER
OUTPUT
2 2 2 l '
bl 8
CARRY —=t 7 Am29811A
w NEXT
OVR —=| 6 g; ADDRESS ADDRESS
2ERO —={ 5 z4 5 POLARITY CONTROL MICROPROGRAM MEMORY
8z &l P
SIGN —={ 4 Er 5 CONTROL
55 3 BRANCH NEXT ADDRESS OTHER
INRPT —ae] 3 §§ ADDRESS SELECT
ETC —=]2 l l ‘
! 1
| oF PIPELINE REGISTER I
= )
1 4 l
TO Am2901
3

OTHER

MPR-100

Figure 2. A Typical Computer Control Unit Using the Am2911 and Am29811A.
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Am29811A FUNCTION TABLE

INPUTS OUTPUTS
INSTRUCTION TEST NEXT ADDR
MNEMONIC 13 12 17 Ig FUNCTION INPUT SOURCE FILE | COUNTER | MAP-E | PL-E
iz L L LL JUMP ZERO X D HOLD [ n L
cJs LLLH COND JSB PL L [ HOLD HOLD H L
H D PUSH HOLD H L
IMAP L L HL JUMP MAP X D HOLD HOLD L H
cip L LHH COND JUMP PL L PC HOLD HOLD ] L
H D HOLD HOLD H L
PUSH L HLL PUSH/COND LD CNTR L PC PUSH HOLD H L
H PC PUSH LOAD H L
JSRP LHLH COND JSB R/PL L R PUSH HOLD Ho| L
H D PUSH HOLD Ho| oo ]
cv L HHL COND JUMP VECTOR L PC HOLD HOLD H H
H D HOLD HOLD H H
JRP L HHH COND JUMP R/PL L R HOLD | HOLD HoO| L]
H D HOLD HOLD H L
RFCT HLLL REPEAT LOOP, CNTR # 0 L F HOLD DEC [T
H PC POP HOLD H L
RPCT H L L H REPEAT PL,CNTR £ 0 L D HOLD DEC H L
H pC HOLD HOLD H L
CRTN HLHL COND RTN L PC HOLD HOLD H L
H F POP HOLD H L
cupp H L HH COND JUMP PL & POP L PC HOLD HOLD H L
H D POP HOLD Hoo oo |
LDCT HHLL LOAD CNTR & CONTINUE X PC HOLD LOAD Ho| oo |
LooP HHLH TEST END LOOP L F HOLD HOLD H L
H PC POP HOLD H L
CONT H H H L CONTINUE X pc___ | HoLp HOLD | H L
P HHHH JUMP PL X D T holp HOLD H L
L = LOW DEC = Decrement
H=HIGH *LL = Special Case
X =Don't Care

Am29811A TRUTH TABLE

INPUTS QUTPUTS
E
MNEMONIC FUNCTION P FILE | COUNTER
o
SOURCE < w
L o | e
I3 12 11 g |u. ] o
PIN NO. 14 13 12 1 3 9
Jz JUMP ZERO L L
CcJs COND JSB PL.
IMAP JUMP MAP
cJp COND JUMP PL )
PUSH PUSH/COND LD CNTR
JSRP COND JSB R/PL
cwv COND JUMP VECTOR
JRP COND JUMP R/PL
RFCT REPEAT LOOP, CTR # 0

RPCT REPEATPL,CTR #0

CRTN COND RTN

CJPP COND JUMP PL & POP
LDCT LD CNTR & CONTINUE
LOOP TEST END LOOP

CONT CONTINUE

WP JUMP PL L = LOW

H = HIGH

III'r'l‘Il‘I'II'II_I_IX_III'II—II_I_I_I'_IIII'IIbi‘”
III‘rrr‘l‘l‘Il‘r‘l‘l‘IFFIIII‘III‘I‘IFIIII‘IIc!o‘”

rrjz Tzl oz OlT (T AT oo CO|T AT ||| TEST

zzxziz zir r|z ir r|r iz T|- T T|T Tz x|z T|x T{T T T|T T |N|PUP

rIrxjrxjrxrxjxxjz T T T rrrr|C-CfMFFjCC|F e r

b= 2 e o = e o = e o ol ol Ul Tl Pl ol = - o = el = <= o e = o ool ol ol ol ol ol P

N Pl ol (i ol = i o e i o o ol i ol B = o = e o Pl ol F ol ol B e ol = = ol ol
xzrr|lzxr rlz |- riT Tj- c|T T |z T O | | X|r -

z x|z z|r z|T |- |- zfz - Tz T T|r Aoz |z - |z X

rzlz zjz zfr T Txlz Iz Tiz T T T|T T - TjT IjT T |rC|®

T Ixxsixrlzzlz Tz Tjzx T T T T|T T{T T|T T|T T|T T|r r|~N{EN
I x|z z|r T|z |z | |z T|T T|T T|T T|T T|T T|T I|r [T I|T T|=|MAPE
Frrirrlrrlr e elere el Fle Al e Fle mie Fl Tie HE e

Figure 3.
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Expansion of the Am2909 or Am2911

Figure 4 shows the interconnection of three Am2911’s to
form a 12-bit sequencer. Note that the only interconnection
between packages, other than the common clock and control
lines, is the ripple carry between uPC incrementors. This
carry path is not in the critical speed path if the Am2911 Y
outputs drive the microprogram memory, because the ripple
carry occurs in parallel with the memory access time. If, on
the other hand, a micro-address register is placed at the
Am2911 output, then the carry may lie in the critical speed
path, since the last carry-in must be stable for a set-up time
prior to the clock.

Selecting Between the Am2909 and Am2911

The difference between the Am2909 and the Am2911 in-
volves two signals: the data inputs to the holding register

and the “OR" inputs. In the Am2909, separate four-bit fields
are provided for the holding register and the direct branch
inputs to the multiplexer. In the Am2911, these fields are
internally tied together. This may affect the design of the
branch address system, as shown in Figure 5. Using the
Am2909, the register inputs may be connected directly to the
microprogram memory; the internal register replaces part of
the pipeline register. The direct (D) inputs may be tied to the
mapping logic which translates instruction op codes into
microprogram addresses. While the same technique might
be used with the Am2911, it is more common to connect the
Am2911’s D inputs to a branch address bus onto which
various sources may be enabled. Shown in Figure 5 is a
pipeline register and a mapping ROM. Other sources might
also be applied to the same bus. The internal register is used
only for temporary storage of some previous branch ad-
dress.

BRANCH

ADDRESS
)\ N
4 Diig 4 Dyg 4 D3
D D
~——fcs  29m c, Coea 2011 c, Coea 201 c, f=—Cin
Y v Y S
$1
[ [ ] FE
PUP
\ Yii-8 Y74 Y3-0 J RE
\ ( cP

4K WORD
MICROPROGRAM
MEMORY

MICROINSTRUCTION

MPR-101
Figure 4. Twelve Bit Sequencer.
INSTRUCTION REG.
R D D
[Fec]
n Am2909 PC Am2911
' MUX l MUX
! ] L]
Y Y
MICROPROGRAM MICROPROGRAM
MEMORY BRANCH MEMORY
ADDRESS
OTHER FIELD OTHER
| PIPELINE REG‘l OE :I PIPELINE REG. |PIPELINE REG. I
MPR-102 MPR-103

Figure 5. Branch Address Structures.
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The second difference between the Am2909 and Am2911 is
that the Am2909 has OR inputs available on each address
output line. These pins can be used to generate multi-way
single-cycle branches by simply tying several test conditions
into the OR lines. See Figure 6. Typically, a branch is taken to
an address with zeroes in the least significant bits. These bits
are replaced with 1's or 0's by test conditions applied to the
OR lines. In Figure 6, the states of the two test conditions X
and Y result in a branch to 1100, 1101, 1110, or 1111.

—

mxn

4
MUX i

14

Am2909/2911 « Am2909A/2911A

2. BRANCH
MUXYour | STACK Ch | S So FE PUP
D HOLD 1 11 1 X

Feed data on D inputs straight through to memory ad-
dress lines. Increment address and place in PC.

3. JUMP-TO-SUBROUTINE
MUXYout STACK Cn S1 S EE ,_PU P
D PUSH 1 1 1 0 1

Sub-routine address fed from D inputs to memory address.
Current PC is pushed onto stack, where it is saved for the
return.

4. RETURN-FROM-SUBROUTINE
MUX/Yout STACK C, | Sy S, FE PUP
STACK POP 1 1 0 0 0

The address at the top of the stack is applied to the micropro-
gram memory, and is incremented for PC on the next cycle.
The stack is popped to remove the return address.

X To v
v Ty
o T2
0 T,
3 ) ) m—-l Am29803A FUNCTION TABLE
: ,"4 ‘—I‘ 1y Xq BRANCHON (I3 I3 1 15 |OR3 OR; ORy; ORg
NONE NONE L L L L|{L L L L
1 To L L LHIL L L T
Two-Way | Ty L L H LU L L L 7|
Branches | T, L H L L|L L L T,
Y Y Y Ts H L L L|L L L T
Yo Y2 Y1 Y T1&To L LHHL L T T
T, 8T, L HLHlL L T T
Four-Way | T; & To HLLH L L T To|
1 1 Yy X Branches | T, & Ty L HH LIL L T, Ty 1
T2 & Ty HLHLLC €T T
Ta& T, HHLL{L L T3 T
MPR-104
To, Ty, To LHHHIL T, T, T
Figure 6. Use of OR Inputs to Eight-Way | T3, Ty, Tg HLHHIL T3 T4 T
Obtain 4 - Way Branch. Branches | T3, Tp, To HHLHIL T3 T To
Ta T2, T1, HHHL[L T3 T, T
Sixteen-
Way |TaTaTTolH H H H|T, T, T, T,
The Am29803A has been designed to selectively apply any Branch
or all of four different test conditions to an Am29089. Figure 7
shows the truth table for this device. A nice trade off between
flexibility and board space is achieved by using a single
28-pin Am2909 for the least significant four bits of a sequen-
cer, and using the space-saving 20-pin Am2911's for the
remainder of the bits. A detailed logic design for such a
system is contained in The Microprogramming Handbook. ‘ l l I
A N T .
FOUR —_—lT OR2 = { 0 Am2900
How to Perform Some Common Functions with conmons ) —=1 74 Am29803A ORy |—m ( ORINPUTS
the Am2909 or Am2911 — T oRg f—=
1. CONTINUE
MUX/Your | STACK C. | 84 S, FE PUP
PC HOLD 1 0 0 1 X MPR-105
Contents of PC placed on Y outputs; PC incremented. Figure 7.
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Am2909 Metallization and Pad Layouts Am2911

23 22 2120 19 18 1918 17 16 1514 13 12

28— I e R it A R 17 20 — t— 11
— 16 =10
27 —f . 11— & -
28 — 2 —
L 1a o (& 3 L g
11— L 13 3 —
7] 4 12
AW
3 "__L‘“?‘JJ}""_}“’J__}'_“{J,} }jl
4 s Bl 1 I | :

" Numbers correspond to DIP pin-out
DIE SIZE 0.110" X 0.160"
Burn-in Circuit for Am2909 (Flatpack and Hermetic DIP)
Vec &
(%3 SRS mi; R 33

Notes:

Max. |cc = 200mA

Ta = +125°C "o ]

Resistors = +5% in 28] 27] 26 25[ 24] 23] 22] 21] 20f o[ 18] 17] 16] 15

Ry = 3000 Vee CP ";-'g:lﬁ Cnts Ca OE Y3 Y, Yy Yo S; Sy ZERQ

Ry = 5600

Ha = 1k} Am2509

fin = 100kHz, 50% duty-cycle, 0-3V

Vg min. = 5.0V RE R; Ry Ry Ry OR3 Dy ORy D, ORy D; ORy Dy GND

Ve max. = 5.1V 1] 2] 3] 4] 5| e] 7] 8] s] 1] 1] 12] 1s] 4]
| )| | |

This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Parallel excitation. MPR-726

Burn-in Circuit for Am2911

Ry 3 Ry Z,R‘iin,f;msl;

Notes:
Max, Igc = 200mA
Ta = +125°C

~ 20] 19] 18] 17] 18] 18] 1a] 18] 12| 1]
2esistors; +5% ng:lfécw I EA—

4 = 390! -

R, = 5600
Rz = 1k Am2911

fin = 100kHz, 50% duty-cycle, 0-3V

From clock buffer on each board: CP Voc RE Dy D Dy Do GND ZERD S,
Vge min. = 5.0V 14 2 al 4] sf s] 7 sl 9] 10]
Vce max. = 5.1V 1

fi O
Ry
Vee O WA =
This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Paraliel excitation. MPR-727
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ARCHITECTURE OF THE Am2909/Am2911

The Am2909/Am2911. are bipolar microprogram sequencers
intended for use in high-speed microprocessor applications.
The device is a cascadable 4-bit slice such that two devices
allow addressing of up to 256-words of microprogram and
three devices allow addressing of up to 4K words of micro-
program. A detailed logic diagram is shown in Figure 2.

The device contains a four-input multiplexer that is used to
select either the address register, direct inputs, microprogram
counter, or file as the source of the next microinstruction ad-
dress. This multiplexer is controlled by the Sg and S¢ inputs.

The address register consists of four D-type, edge triggered
flip-flops with a common clock enable. When the address
register enable is LOW, new data is entered into the register
on the clock LOW-to-HIGH transition. The address register
is available at the multiplexer as a source for the next micro-
instruction address. The direct input is a four-bit field of
inputs to the multiplexer and can be selected as the next
microinstruction address. On the Am2911, the direct inputs
are also used as inputs to the register. This allows an N-way
branch where N is any word in the microcode.

The Am2909/Am2911 contains a microprogram counter
(uPC) that is composed of a 4-bit incrementer followed by a
4-bit register. The incrementer has carry-in (Cp) and carry-out
(Ch+4) such that cascading to larger word lengths is straight-
forward. The uPC can be used in either of two ways. When the
least significant carry-in to the incrementer is HIGH, the
microprogram register is loaded on the next clock cycle with
the current Y output word plus one (Y+1-uPC.) Thus sequen-
tial microinstructions can be executed. If this least significant
Cp is LOW, the incrementer passes the Y output word unmod-
ified and the microprogram register is loaded with the same
Y word on the next clock cycle (Y=>uPC). Thus, the same
microinstruction can be executed any number of times by
using the least significant Cp, as the control.

The last source available at the multiplexer input is the 4 x 4
file (stack). The file is used to provide return address linkage

Am2909/2911 « Am2909A/2911A

when executing microsubroutines. The file contains a built-in
stack pointer (SP) which always points to the last file word
written. This allows stack reference operations (looping) to be
performed without a push or pop.

The stack pointer operates as an up/down counter with
separate push/pop and file enable inputs. When the file enable
input is LOW and the push/pop input is HIGH, the PUSH
operation is enabled. This causes the stack pointer to
increment and the file to be written with the required return
linkage — the next microinstruction address following the sub-
routine jump which initiated the PUSH.

If the file enable input is LOW and the push/pop control is
LOW, a POP operation occurs. This implies the usage of the
return linkage during this cycle and thus a return from sub-
routine. The next LOW-to-HIGH clock transition causes the
stack pointer to decrement. If the file enable is HIGH,
no action is taken by the stack pointer regardless of any
other input.

The stack pointer linkage is such that any combination of
pushes, pops or stack references can be achieved. One micro-
instruction subroutines can be performed. Since the stack is
4 words deep, up to four microsubroutines can be nested.

The ZERO input is used to force the four outputs to the
binary zero state. When the ZERO input is LOW, all Y
outputs are LOW regardless of any other inputs (except OE).
Each Y output bit also has a separate OR input such that a
conditional logic one can be forced at each Y output. This
allows jumping to different microinstructions on program-
med conditions.

The Am2909/Am2911 feature three-state Y outputs. These
can be particularly useful in military designs requiring external
Ground Support Equipment (GSE) to provide automatic
checkout of the microprocessor. The internal control can
be placed in the high-impedance state, and preprogrammed
sequences of microinstructions can be executed via external
access to the control ROM/PROM.

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2911 Am2911A Package  Operating Screening Am2909 Am2909A Packag: Operating S ing
Order Order Type Range Level Order Order Type Range Level
Number Number (Note 1) (Note 2) (Note 3) Number Number (Note 1) (Note 2) {Note 3)

AM2911PC AM2911APC P-20 C C-1 AM2909PC AM2909APC P-28 [o} C-1
AM2911DC AM2911ADC D-20 [of C-1 AM2909DC  AM2909ADC D-28 o} C-1
AM2911DC-B  AM2911ADC-B D-20 C B-2 (Note 4) AM2909DC-B AM290SADC-B  D-28 C B-2 (Note 4)
AM2911DM AM2911ADM D-20 M Cc-3 AM2909DM  AM290SADM D-28 M C-3
AM2911DM-B  AM2911ADM-B  D-20 M B-3 AM2909DM-B  AM2909ADM-B  D-28 M B-3
AM2909FM  AM290SAFM F-28-1 M C-3
AM2909FM-B AM2909AFM-B  F-28-1 M B-3
AM291IXC ~ AM2011AXC  Dice \loual IISOCKO  AM290SXC  AM2909AXC  Dice c ] hovhiisgied
AM2911XM AM2911AXM Dice Method 20108. AM2909XM  AM290SAXM Dice M Method 2010B.

specified.

STD-883, Class B.
4, 96 hours of burn-in.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise

2. C =0°Cto +70°C, Ve = 4.75V t0 5.25V, M = — 55°C to +125°C, V¢ = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-

Figure 1.
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Am2910

Microprogram Controtler

DISTINCTIVE CHARACTERISTICS

® Twelve Bits Wide
Address up to 4096 words of microcode with one chip. All
internal elements are a full 12 bits wide.

® Internal Loop Counter
Pre-settable 12-bit down-counter for repeating instructions
and counting loop iterations.

® Four Address Sources
Microprogram Address may be selected from microprogram
counter, branch address bus, 5-level push/pop stack, or in-
ternal holding register.

® Sixteen Powerful Microinstructions
Executes 16 sequence control instructions, most of which
are conditional on external condition input, state of internal
loop counter, or both.

® Output Enable Controls for Three Branch Address Sources
Built-in decoder function to enable external devices onto
branch address bus. Eliminates external decoder.

® All Registers Positive Edge-triggered
Simplifies timing problems. Eliminates long set-up times.

® Fast Control from Condition Input
Delay from condition code input to address output only
21ns typical.

GENERAL DESCRIPTION

The Am2910 Microprogram controller is an address sequencer
intended for controlling the sequence of execution of micro-
instructions stored in microprogram memory. Besides the ca-
pability of sequential access, it provides conditional branching
to any microinstruction within its 4096-microword range. A
last-in, first-out stack provides microsubroutine return linkage
and looping capability ; there are five levels of nesting of micro-
subroutines. Microinstruction loop count control is provided
with a count capacity of 4096.

During each microinstruction, the Microprogram controller
provides a 12-bit address from one of four sources: 1) the
microprogram address register (uPC), which usually contains
an, address one greater than the previous address; 2) an ex-
ternal (direct) input (D); 3) a register/counter (R) retaining
data loaded during a previous microinstruction; or 4) a five-
deep last-in, first-out stack (F).

For a detailed discussion of this architectural approach to micro-
program control units, refer to *“The Microprogramming Hand-
book”’, an AMD applications publication.

Am2910 BLOCK DIAGRAM
D, cp
12
RLD
= REGISTER/ 1 CT STACK FULL
colTer < ] L roiren —
2ERO
DETECTOR S
5WORD X 12 BIT
P stack
, out
N E
T U i |
3
2
H 3 0 R Fowee 1> MicroPROGRAM
B 3 MULTIPLEXER COUNTER--
= REGISTER
4PC
©
] it
=]
(3 e
| | (& ot
= INCREMENTER  |—<
CCEN § 4
Eé PUSH/POP/HOLD/CLEAR
i 4 2

o
Z AN
=) 12-BIT DATA PATH
12
Yi

CONTROL PATH

LT

WAP <3

VECT <F

Figure 1. .
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Am2910

ARCHITECTURE OF THE Am2910

The Am2910 is a bipolar microprogram controller intended
for use in high-speed microprocessor applications. It allows
addressing of up to 4K words of microprogram. A block dia-
gram is shown in Figure 1.

The controller contains a four-input multiplexer that is used to
select either the register/counter, direct input, microprogram
counter, or stack as the source of the next microinstruction
address.

The register/counter consists of 12 D-type, edge-triggered flip-
flops, with a common clock enable. When its load control,
RLD, is LOW, new data is loaded on a positive clock transition.
A few instructions include load; in most systems, these in-
structions will be sufficient, simplifying the microcode. The
output of the register/counter is available to the multiplexer as
a source for the next microinstruction address. The direct input
furnishes a source of data for loading the register/counter.

The Am2910 contains a microprogram counter (UPC) that is
composed of a 12-bit incrementer followed by a 12-bit register.
The uPC can be used in either of two ways: When the carry-in
to the incrementer is HIGH, the microprogram register is
loaded on the next clock cycle with the current Y output
word plus one (Y + 1 = uPC). Sequential microinstructions are
thus executed. When the carry-in is LOW, the incrementer
passes the Y output word unmodified so that uPC is reloaded
with the same Y word on the next clock cycle (Y = uPC). The
same microinstruction is thus executed any number of times.

The third source for the multiplexer is the direct (D) input.
This source is used for branching.

The fourth source available at the multiplexer input is a 5-word
by 12-bit stack (file). The stack is used to provide return
address linkage when executing microsubroutines or loops.
The stack contains a built-in stack pointer (SP) which always
points to the last file word written. This allows stack reference
operations (looping) to be performed without a pop.

The stack pointer operates as an up/down counter. During
microinstructions 1, 4, and 5, the PUSH operation may occur.
This causes the stack pointer to increment and the file to
be written with the required return linkage. On the cycle
following the PUSH, the return data is at the new location
pointed to by the stack pointer.

During five microinstructions, a POP operation may occur.
The stack pointer decrements at the next rising clock edge
following a POP, effectively removing old information from
the top of the stack.

The stack pointer linkage is such that any sequence of pushes,
pops, or stack references can be achieved. At RESET (Instruc-
tion 0), the depth of nesting becomes zero. For each PUSH,
the nesting depth increases by one; for each POP, the depth
decreases by one. The depth can grow to five. After a depth of
five is reached, FULL goes LOW. Any further PUSHes onto a
full stack overwrite information at the top of the stack, but
leave the stack pointer unchanged. This operation will usually
destroy useful information and is normally avoided. A POP
from an empty stack may place non-meaningful data on the Y
outputs, but is otherwise safe. The stack pointer remains at
zero whenever a POP is attempted from a stack already empty.

The register/counter is operated during three microinstructions
(8, 9, 15) as a 12-bit down counter, with result = zero available
as a microinstruction branch test criterion. This provides effi-
cient iteration of microinstructions. The register/counter is
arranged such that if it is preloaded with a number N and then
used as a loop termination counter, the sequence will be exe-
cuted exactly N+1 times. During instruction 15, a three-way
branch under combined control of the loop counter and the
condition code is available.

The device provides three-state Y outputs. These can be par-
ticularly useful in designs requiring automatic checkout of the
processor. The microprogram controller outputs can be forced
into the high-impedance state, and pre-programmed sequences
of microinstructions can be executed via external access to the
address lines.

OPERATION

Table | shows the result of each instruction in controlling the
muttiplexer which determines the Y outputs, and in controlling
the three enable signals PL, MAP, and VECT. The effect on
the register/counter and the stack after the next positive-going
clock edge is also shown. The multiplexer determines which
internal source drives the Y outputs. The value loaded into
uPC is either identical to the Y output, or else one greater,
as determined by Cl. For each instruction, one and only one
of the three outputs PL, MAP, and VECT is LOW. If these
outputs control three-state enables for the primary source of
microprogram jumps (usually part of a pipeline register),
a PROM which maps the instruction to a microinstruction
starting location, and an optional third source (often a vector
from a DMA or interrupt source), respectively, the three-state
sources can drive the D inputs without further logic

Several inputs, as shown.in _T_able 11, can modify instruction
execution. The combination CC HIGH and CCEN LOW is used
-as a test in 9 of the 16 instructions. RLD, when LOW, causes
the D input to be loaded into the register/counter, overriding
any HOLD or DEC operation specified in the instruction. OE,
normally LOW, may be forced HIGH to remove the Am2910
Y outputs from a three-state bus.

The stack, a five-word last-in, first-out 12-bit memory, has a
pointer which addresses the value presently on the top of the
stack. Explicit control of the stack pointer occurs during in-
struction 0 (RESET), which makes the stack empty by resetting
the SP to zero. After a RESET, and whenever else the stack is
empty, the contents of the top of stack is undefined until a
PUSH occurs. Any POPs performed while the stack is empty
put undefined data on the F outputs and leave the stack
pointer at zero.

Any time the stack is full (five more PUSHes than POPs have
occurred since the stack was last empty), the FULL warning
output occurs. This signal first appears on the microcycle after
a fifth PUSH. No additional PUSH should be attempted onto
a full stack; if tried, information within the stack will be over-
written and lost.
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Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Notes: 1.

ORDERING INFORMATION

Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2910PC P-40 (o} C-1
AM2910DC D-40 C C-1
AM2910DC-B D-40 [o] B-2 (Note 4)
AM2910DM D-40 M C-3
AM2910DM-B D-40 M B-3
AM2910FM F-42 M C-3
AM2910FM-B F-42 M B-3
AM2910XC Dice c :Qsh‘;fl'__'g.sr’l’)e_gtg%"
AM2910XM Dice M

Method 2010B.

P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise

specified.

STD-883, Class B.

. 96 hour burn-in,

. C =0°Cto +70°C, Voc = 4.75V t0 5,25V, M = — 55°C to +125°C, V¢ = 4.50V to 5.50V.
. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-

Metallization and Pad Layout

32 3130
\

Die Size 0.170" x 0.194""
(Note: Numbers refer to DIP connections)

CONNECTION DIAGRAMS — Top Views

Dip
vl e 40 [10s
[>Y% e ¥ [ vs
vs [ 3 38 [ 02
Dg[]4 7f 1 V2
VECT []5 36 ] D1
L ]e B[] Y1
mMAP [ 7 34 [ Do
3]s 33[] Yo
L[le 32[_]¢
Vee 10 Am2010 anj_Jcp
hWqn 30 [ GND
o112 20 [T] OF
CCEN[] 13 28[1Yn
e[ 2710
aig (] e 26 {_]Y10
ULL [] 16 26 [ D10
Dg []17 241 Yo
Yo []18 23100
D7 [J19 2[]vs
vz [ 20 21108

Flat Package

VECT [(J1 @ ~ 42 1Dy
pL ]2 a1y
map ] 3 a0[1py
i3 )4 391V
1, s 38 1Dy
vee ] 6 7V,
w17 361D,
L[]8 351V,
CCEN [] 9 a0
cc ] [y,
RLD ] 11 32[TInc
FuLL [ 12 31[1p,
o, (] 13 30 1Yo
Ys 14 20[c
o, 18 28 cP
v, ] 16 27 ] GND
pg []17 26 [1 OE
Yo ] 18 25 [ ¥4
Dy ] 19 24 D1y
Yo [ 20 23 E NC
MPR-107 Dy o 21 22 Yio MPR-108

Pin 1 is marked for orientation.
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TABLE I. INSTRUCTIONS

REG/ | —___ FAIL ___ PASS___
CNTR CCEN = LOW and CC = HIGH CCEN = HIGH or CC = LOW REG/
t31p | MNEMONIC NAME BN Y STACK Y STACK CNTR | ENABLE
[o] Jz JUMP ZERO X 0 CLEAR 0 CLEAR HOLD PL
1 CJs COND JSB PL X PC HOLD D PUSH HOLD PL
2 JMAP JUMP MAP X D HOLD D HOLD HOLD MAP
3 cIP COND JUMP PL X PC HOLD D HOLD HOLD PL
4 PUSH PUSH/COND LD CNTR X PC PUSH PC PUSH Note 1 PL
5 JSRP COND JSB R/PL X R PUSH D PUSH HOLD PL
6 CJv COND JUMP VECTOR X PC HOLD D HOLD HOLD VECT
7 JRP COND JUMP R/PL X HOLD D HOLD HOLD PL
#*0 F HOLD F HOLD DEC PL
8 RFCT REPEAT LOOP,CNTR # 0 - P PoOP s POP HOLD Pl
9 RPCT REPEAT PL,CNTR # 0 *0 D HOLD D HOLD DEC PL
= PC HOLD PC HOLD HOLD PL
10 CRTN COND RTN X PC HOLD F pPOP HOLD PL
11 CJPP COND JUMP PL & POP X PC HOLD POP HOLD PL
12 LDCT LD CNTR & CONTINUE X PC HOLD PC HOLD LOAD PL
13 LOOP TEST END LOOP X F HOLD PC POP HOLD PL
14 CONT CONTINUE X PC HOLD PC HOLD HOLD PL
15 TWB THREE-WAY BRANCH *0 F HOLD Pe pop DEC PL
=0 D POP PC POP HOLD PL
Note 1: I1f CCEN = LOW and CC = HIGH, hold; else load. X = Don’t Care
TABLE Il. PIN FUNCTIONS
Abbreviation Name Function
D; Direct Input Bit i Direct input to register/counter and multiplexer. Dg is LSB
A Instruction Bit i Selects one-of-sixteen instructions for the Am2910
cc Condition Code Used as test criterion. Pass test is a LOW on CC.
CCEN Condition Code Enable Whenever the signal is HIGH, CC is ignored and the part operates
as though CC were true (LOW).
Cl Carry-In Low order carry input to incrementer for microprogram counter
RLD Register Load When LOW forces loading of register/counter regardless of
instruction or condition
OE Output Enable Three-state control of Y; outputs
cpP Clock Pulse Triggers all internal state changes at LOW-to-HIGH edge
Vee +5 Volts
GND Ground
Yi Microprogram Address Bit i Address to microprogram memory. Yg is LSB, Y11 is MSB
FULL Full Indicates that five items are on the stack
PC Pipeline Address Enable Qan select #1 source (usually Pipeline Register) as direct
input source
MAFP Map Address Enable Can select #2 source {usually Mapping PROM or PLA) as
direct input source
VECT Vector Address Enable Can select #3 source (for example, Interrupt Starting Address)
as direct input source
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2910

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to Vg max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —30mA to +5.0mA

ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified:
COM’'L Ta= 0°C to +70°C Vee =5.0V £6% MIN. =4.75V MAX. =5.25V
MIL Tc = —55°C to +125°C Vee =5.0V £10% MIN. =450V MAX. =5.60V

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
Vou Output HIGH Voltage Vee = MIN., loy = —1.6mA 24 Volts
VIN=Vigor Vi
. = Yo—=11. | =12mA
VoL Output LOW Voltage xCC_ \"/’"N' v o1t oL “05 | Volts
IN=VIH Or VIL | B, VECT, MAP, FULL, IgL = 8mA
Vin Input HIGH Level (Note 4) Guaranteed InPut Logical HIGH 20 Volts
voltage for all inputs
ViL Input LOW Level (Note 4} Guaranteed in?ut logical LOW 0.8 Volts
voltage for all inputs
v input Clamp Voltage Ve = MIN, 1y = —18mA 15 | Volts
Do—11 -0.87
Cl, CCEN —0.54
L Input LOW Current Vee = MAX., Viy = 0.5V 10-3, (TE', RLD —0.72 mA
TcC T e
CcP —2.14
Do—11 80
Cl, CCEN 30
hH Input HIGH Current Vee = MAX., VN = 2.7V 10-3. OE, RLD 40 kA
cC 50
cp 100 | ‘
Iy Input HIGH Current Ve = MAX,, V|N = 5.5V 1.0 mA
OQutput Short Circuit Current _ o 1 ]
'sc {Note 3} Vee = MAX. ~30 -85 mA
| = = ) ]
ozL Output OFF Current Vec=MAX. Vour = 0.5V —50 HA
Tozh OE = 24V VouT = 24V 50
Ta=25°C - 195 320
Ta =0°C to +70°C 4.
Am2810PC, DC A — 5 344
Icc Power Supply Current Vee = MAX. Ta=+70°C 280 [ ma
Tc = —55°C to
° 340
Am2910DM, FM +125°C
Tg =+125°C 227

Notes: 1. For condlitlons shown as MIN, or MAX., use the appropriate value specifled under Electrical Characteristics for the applicable device type.

Typical limits are at Vgog = 5.0V, 25°C ambient and maximum ioading.

2.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one secand.
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment.

3.0v

ov

Figure 2. Switching Waveforms.

See Tables A for tg and th for various

cLook - QY inputs. See Tables B for combinational
oA delays from clock and other inputs to
outputs. See Figure 5 for timing of a
OOOORXX KXXXXXXXRXXAY
ouTPUTS SRR typical CCU cycle.

MPR-109
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Am2910 SWITCHING CHARACTERISTICS

The tables below define the Am2910 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at
0V or 3V. All values are in ns. All outputs have maximum DC loading.

I. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, V¢c = 5.0V, C| = 50pF)

A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements (Note 1)
Input ts th Input Y |PL, VECT, MAP | Full Minimum Clock LOW Time 30 | ns
Di—=>R 9 4 Do-D1q 14 - - Minimum Clock HIGH Time 30 | ns
D; > PC 34 3 lg-l3 40 27 - Minimum Clock Period, 741 s
lo-la 64 ° ool 2 o - i = 8,9, 15 (Note 2) 99
e 46 0 GCen 23 ~ = Minimum Clock Period, =14 60 | ns
CCEN 49 0 CP (Note 2) 54 - 29
cl 26 2 1=8915 | 79 - 29 |
RLD 18 2 CP _
All other | 26 2
‘OE (Note 3) | 25/24 - -
Il. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE
Am2910PC,DC (T, = 0°C to +70°C, V¢ = 4.75V to 5.25, C| = 50pF)
A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements (Note 1)
Input tg th Input Y |PL, VECT, MAP | Full Minimum Clock LOW Time 50 | ns
D;—->R 24 6 Do-Dq1 20 - - Minimum Clock HIGH Time 35 | ns
D;—-> PC 58 4 lg-ls 70 51 - Minimum Clock Period, 138 o
ol 104 0 el 43 =~ _ | = 8,9, 15 (Note 2) 163
e 80 0 CC}\I R 45' ~ _ Minimum Clock Period, =14 93 | ns
CCEN 80 [} CP (Note 2) 100 - 60
a 46 5 1=28,9 15 125 - 60
RLD 36 6 CP -
All other | 55 60
(OE (Note 3) | 35/30 - -
HI. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE
Am2910DM,FM (Tc = —55°C to +125°C, V¢ = 4.5V to 5.5V, C = 50pF)
A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements (Note 1)
input tg th Input Y |PL, VECT, MAP| Full Minimum Clock LOW Time 58 | ns
D;—>R 28 6 Dp-D11 25 - - Minimum Clock HIGH Time 42 | ns
D;—>PC 62 4 lo-l3 75 58 - Minimum Clock Period, 1431 s
lo-l3 110 0 oc 48 B - 1= 8,9, 15 (Note 2) 671
oc 86 0 CoEN 50 - - Minimum Clock Period, i=14 | 100 [ ns
CCEN 86 0 CP (Note 2) 106 - 67
cl 58 5 1=8,9.15 [T5 - 67
RLD 42 6 cP
Al other | 61 ] - 87
OE (Note 3) |40/30 - -
NOTES: change in the counter or could only decrement the counter. Use the
1. Clock periods for instructions not specified are determined by external longer delays from CP to outputs if the instruction prior to the clock was
conditions. 4 or 12 or RLD was LOW.
2. These instructions are conditional on the counter. Use the shorter 3. Enable/Disable. Disable times measured to 0.5V change on output
specified delay times if the previous instruction could produce no voltage level with C;_ = 5.0pF.
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DATA BUS (16 BITS}
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ADDRESS OF .
INTERRUPT L o H =
SERVICE ROUTINE ~_ | H v \7 v
o Am2922 map o1 c ]  am201A Am2901A Am2901A Am2901A |0 '
CONDITION e Am2910 BIPOLAR BIPOLAR BiPOLAR BIPOLAR
CODE <o MICROPROGRAM CONTROLLER MICRO- MICRO- MICRO- MICRO-
™ MUX 0-3 Y, ] PROCESSO o] PROCESSOR _o| PROCESSOR PROCESSOR
VECT CEEN FL 0-11
OPERAND A8 88IT STATUS
=i SELECT - . REGISTER [~
MUX
VECTOR
MAP  OF JO-=t MICROPROGRAM MEMORY
PROM
! BRG-BR1;
QUTPUT ENABLE B
5] FOR BRy—BRq
—OI OE  PIPELINE REGISTER (16 BITS)
o
2
E | 9BIT
E
VECTOR v v N/ v
INTERRUPT Am2930 Am2930 Am2930 Am2930
REQUEST Am2s1d 4 PROGRAM PROGRAM PROGRAM PROGRAM
PRIORITY 1 CONTROL CONTROL CONTROL CONTROL
INTERRUPT UNIT UNIT UNIT UNIT

7

7

U

ADDRESS BUS (16 BITS)

||

CONTROL BUS

Figure 3. Typical Bipolar Microcomputer Using Am2910.
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0 JUMP ZERO (J2)

1 COND JSB PL (CJS)

50 STACK
- ®

52 90

53 91

54 92

55 93

2 JUMP MAP (JMAP)

50

51

52

53 90
91

3 COND JUMP PL (CJP)

4 PUSH/COND LD CNTR (PUSH)

STACK
50

51
52
53

REGISTER/
COUNTER

/\

6 COND JUMP VECTOR (CJV)

50
61
52
53 20
54 21

7 COND JUMP R/PL {JRP)

71 81

5 COND JSB R/PL (JSRP)

8 REPEAT LOOP, CNTR = 0 (RFCT)

STACK
(PUSH)

REGISTER/

51 COUNTER

52
53

55

=

9 REPEAT PL,CNTR # 0 (RPCT)

COUNTER
50 (LDCT)
51
52

63

°

11 COND JUMP PL & POP (CJPP)

STACK
50 (PUSH)
51
82 70
53 920 n

54 80 91 72
55 i 81 92
56 82

12 LD CNTR & CONTINUE (LDCT)

COUNTER
50

51 (®
52
53

i

10 COND RETURN (CRTN)

STACK
50
51 90
52 91
53 92
54 93
55 94
95
96
97

14 CONTINUE (CONT) .

51
52
53

156 THREE-WAY BRANCH (TWB)

STACK
2 (PUSH)
63 REGISTER/
64 COUNTER
65 (}- 72
66 73

13 TEST END LOOP (LOOP)

50 STACK
51 {PUSH)
52
53
54
565
56
57

Figure 4. Am2910 Execution Examples.
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THE Am2910 INSTRUCTION SET

The Am2910 provides 16 instructions which select the address
of the next microinstruction to be executed. Four of the in-
structions are unconditional — their effect depends only on
the instruction. Ten of the instructions have an effect which is
partially controlled by an external, data-dependent condition.
Three of the instructions have an effect which is partially con-
trolled by the contents of the internal register/counter. The
instruction set is shown in Table |. In this discussion it is
assumed that Cp, is tied HIGH.

In the ten conditional instructions, the result of the data-
dependent test is applied to TC. If the CC input is LOW, the
test is considered to have been passed, and the action speci-
fied in the name occurs; otherwise, the test has failed and an
alternate (often simply the execution of the next sequential
microinstruction) occurs. Testing of CC may be disabled for a
specific microinstruction by setting CCEN HIGH, which uncon-
ditionally forces the action specified in the name; that is, it
forces a pass. Other ways of using CCEN include (1) tying it
HIGH, which is useful if no microinstruction is data-dependent;
(2) tying it LOW if data-dependent instructions are never forced
unconditionally; or (3) tying it to the source of Am2910
instruction bit lg, which leaves instructions 4, 6, and 10 as
data-dependent but makes others unconditional. All of these
tricks save one bit of microcode width.

The effect of three instructions depends on the contents of the
register/counter. Unless the counter holds a value of zero, it
is decremented; if it does hold zero, it is held and a different
microprogram next address is selected. These instructions are
useful for executing a microinstruction loop a known number
of times. Instruction 15 is affected both by the external con-
dition code and the internal register/counter.

Perhaps the best technique for understanding the Am2910 is
to simply take each instruction and review its operation. In
order to provide some feel for the actual execution of these
instructions, Figure 4 is included and depicts examples of all
16 instructions.

The examples given in Figure 4 should be interpreted in the
following manner: The intent is to show microprogram flow
as various microprogram memory words are executed. For
example, the CONTINUE instruction, instruction number 14,
as shown in Figure 4, simply means that the contents of micro-
program memory word 50 is executed, then the contents of
word 51 is executed. This is followed by the contents of micro-
program memory word 52 and the contents of microprogram
memory word 53. The. microprogram addresses used in the
examples were arbitrarily chosen and have no meaning other
than to show instruction flow. The exception to this is the
first example, JUMP ZERO, which forces the microprogram
location counter to address ZERO. Each dot refers to the time
that the contents of the microprogram memory word is in
the pipeline register. While no special symbology is used for
the conditional instructions, the text to follow will explain
what the conditional choices are in each example.

It might be appropriate at this time to mention that AMD has
a microprogram assembler called AMDASM, which has the
capability of using the Am2910 instructions in symbolic repre-
sentation. AMDASM's Am2910 instruction symbolics {or mne-
monics) are given in-Figure 4 for each instruction and are also
shown in Table I.

Instruction 0, JZ (JUMP and ZERO, or RESET) uncondi-
tionally specifies that the address of the next microinstruction
is zero. Many designs use this feature for power-up sequences

and provide the power-up firmware beginning at microprogram
memory word location 0.

Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE
via the address provided in the pipeline register. As shown in
Figure 4, the machine might have executed words at address
50, 51, and 52. When the contents of address 52 is in the pipe-
line register, the next address control function is the CONDI-
TIONAL JUMP-TO-SUBROUTINE. Here, if the test is passed,
the next instruction executed will be the contents of micro-
program memory location 90. If the test has failed, the JUMP-
TO-SUBROUTINE will not be executed; the contents of micro-
program memory location 53 will be executed instead. Thus,
the CONDITIONAL. JUMP-TO-SUBROUTINE instruction at
location 52 will cause the instruction either in location 90 or
in location 53 to be executed next. If the TEST input is such
that location 90 is selected, value 53 will be pushed onto the
internal stack. This provides the return linkage for the machine
when the subroutine beginning at location 90 is completed.
In this example, the subroutine was completed at location 93
and a RETURN-FROM-SUBROUTINE would be found at
location 93.

Instruction 2 is the JUMP MAP instruction. This is an uncondi-
tional instruction which causes the MAP output to be enabled
so that the next microinstruction location is determined by
the address supplied via the mapping PROMs. Normally, the
JUMP MAP instruction is used at the end of the instruction
fetch sequence for the machine. In the example of Figure 4,
microinstructions at locations 50, 51, 52, and 53 might have
been the fetch sequence and at its completion at location 53,
the jump map function would be contained in th- pipeline
register. This example shows the mapping PROM outputs to
be 90; therefore, an unconditional jump to microprogram
memory address 90 is performed.

Instruction 3, CONDITIONAL JUMP PIPELINE, derives its
branch address from the pipeline register branch address value
(BRg — BRqq in Figure 2). This instruction provides a tech-
nique for branching to various microprogram sequences de-
pending -upon the test condition inputs. Quite often, state
machines are designed which simply execute tests on various
inputs waiting for the condition to come true. When the true
condition is reached, the machine then branches and executes
a set of microinstructions to perform some function. This
usually has the effect of resetting the input being tested until
some point in the future. Figure 4 shows the conditional jump
via the pipeline register address at location 52. When the con-
tents of microprogram memory word 52 are in the pipeline
register, the next address will be either location 53 or location
30 in this example. If the test is passed, the value currently in
the pipeline register (3) will be selected. If the test fails, the
next address selected will be contained in the microprogram
counter which, in this example, is 53.

Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER
instruction and is used primarily for setting up loops in micro-
program firmware. In Figure 4, when instruction 62 is in the
pipeline register, a PUSH will be made onto the stack and the
counter will be loaded based on the condition. When a PUSH
occurs, the value pushed is always the next sequential instruc-
tion address. In this case, the address is 53. If the test fails, the
counter is not loaded: if it is passed, the counter is loaded with
the value contained in the pipeline register branch address field.
Thus, a single microinstruction can be used to set up a loop to
be executed a specific number of times. Instruction 8 will
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THE Am2910 INSTRUCTION SET (Cont.)

describe how to use the pushed value and the register/counter
for looping.

Instruction 5 is a CONDITIONAL JUMP-TO-SUBROUTINE
via the register/counter or the contents of the PIPELINE
register. As shown in Figure 4, a PUSH is always performed
and one of two subroutines executed. In this example, either
the subroutine beginning at address 80 or the subroutine be-
ginning at address 90 will be performed. A return-from-sub-
routine (instruction number 10) returns the microprogram

flow to address 55. In order for this microinstruction control -

sequence to operate correctly, both the next address fields of
instruction 53 and the next address fields of instruction 54
would have to contain the proper value. Let’s assume that the
branch address fields of instruction 53 contain the value 90 so
that it will be in the Am2910 register/counter when the con-
tents of address 54 are in the pipeline register. This requires
that the instruction at address 53 load the register/counter.
Now, during the execution of instruction 5 (at address 54), if
the test failed, the contents of the register (value = 90) will
select the address of the next microinstruction. If the test
input passes, the pipeline register contents (value = 80) will
determine the address of the next microinstruction. There-
fore, this instruction provides the ability to select one of two
subroutines to be executed based on a test condition.

Instruction 6 is a CONDITIONAL JUMP VECTOR instruction
which provides the capability to take the branch address from
a third source heretofore not discussed. In order for this in-
struction to be useful, the Am2910 output, VECT is used to
control a three-state control input of a register, buffer, or
PROM containing the next microprogram address. This in-
struction provides one technique for performing interrupt type
branching at the microprogram level. Since this instruction is
conditional, a pass causes the next address to be taken from
the vector source, while failure causes the next address to be
taken from the microprogram counter. In the example of
Figure 4, if the CONDITIONAL JUMP VECTOR instruction is
contained at location 52, execution will continue at vector
address 20 if the CC input is LOW and the microinstruction at
address 53 will be executed if the CC input is HIGH.

Instruction 7 is a CONDITIONAL JUMP via the contents of
the Am2910 REGISTER/COUNTER or the contents of the
PIPELINE register. This instruction is very similar to instruc-
tion 5; the conditional jump-to-subroutine via R or PL. The
major difference between instruction 5 and instruction 7 is
that no push onto the stack is performed with 7. Figure 4
depicts this instruction as a branch to one of two locations
depending on the test condition. The exdmple assumes the
pipeline register contains the valtie 70 when the contents of
address 52 is being executed. As the contents of address 53 is
clocked into the pipeline register, the value 70 is loaded into
the register/counter in the Am2910. The value 80 is available
when the contents of address 53 is in the pipeline register.
Thus, control is transferred to either address 70 or address 80
depending on the test condition.

Instruction 8 is the REPEAT LOOP, COUNTER # ZERO in-
struction. This microinstruction makes use of the decrementing
capability of the register/counter. To be useful, some previous
instruction, such as 4, must have loaded a count value into the
register/counter. This instruction checks to see whether the
register/counter contains a non-zero value. If so, the register/
counter is decremented, and the address of the next micro-
instruction is taken from the top of the stack. If the register
counter contains zero, the loop exit condition is occuring;
control falls through to the next sequential microinstruction

i

b\; selecting uPC; the stack is POP’d by decrementing the stack
pointer, but the contents of the top of the stack are thrown
away.

An example of the REPEAT LOOP, COUNTER # ZERO in-
struction is shown in Figure 4. In this example, location 50
most likely would contain a PUSH/CONDITIONAL LOAD
COUNTER instruction which would have caused address 51 to
be PUSHed on the stack and the counter to be loaded with the
proper value for looping the desired number of times.

In this example, since the loop test is made at the end of the
instructions to be repeated (microaddress 54), the proper
value to be loaded by the instructions at address 50 is one less
than the desired number of passes through the loop. This.
method allows a loop to be executed .1 to 4096 times. If it is
desired to execute the loop from 0 to 4095 times, the firm-
ware should be written to make the loop exit test immediately
after loop entry.

Single-microinstruction loops provide a highly efficient capa-
bility for executing a specific microinstruction a fixed number
of times. Examples include fixed rotates, byte swap, fixed
point multiply, and fixed point divide.

Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT-
ER # ZERO instruction. This instruction is similar to instruc-
tion 8 except that the branch address now comes from the
pipeline register rather than the file. In some cases, this instruc-
tion may be thought of as a one-word file extension; that is,
by using this instruction, a loop with the counter can still be
performed when subroutines are nested five deep. This instruc-
tion’s operation is very similar to that of instruction 8. The dif-
ferences are that on this instruction, a failed test condition
causes the source of the next microinstruction address to be
the D inputs; and, when the test condition is passed, this in-
struction does not perform a POF because the stack is not
being used.

In the example of Figure 4, the REPEAT PIPELINE, COUNT-
ER # ZERO instruction is instruction 52 and is shown as a
single microinstruction loop. The address in the pipeline reg-
ister would be 52. Instruction 51 in this example could be the
LOAD COUNTER AND CONTINUE instruction (number 12).
While the example shows a single microinstruction loop, by
simply changing the address in a pipeline register, multi-
instruction loops can be performed in this manner for a fixed
number of times as determined by the counter. '

Instruction 10 is the conditional RETURN-FROM-SUBROU-
TINE instruction. As the name implies, this instruction is used
to branch from the subroutine back to the next microinstruc-
tion address following the subroutine call. Since this instruc-
tion is conditional, the return is performed only if the test is
passed. If the test is failed, the next sequential microinstruction
is performed. The example in-Figure 4 depicts the use of the
conditional RETURN-FROM-SUBROUTINE instruction in
both the conditional and the unconditional modes. This exam-
ple first shows a jump-to-subroutine at instruction location 52
where control is transferred to location 90. At location 93, a
conditional RETURN-FROM-SUBROQUTINE instruction is
performed. If the test is passed, the stack is accessed and the
program will transfer to the next instruction at address 53. If
the test is failed, the next microinstruction at address 94 will
be executed. The program will continue to address 97 where
the subroutine is complete. To perform an unconditional
RETURN-FROM-SUBROUTINE, the conditional RETURN-
FROM-SUBROUTINE instruction is executed unconditionally;
the microinstruction at address 97 is programmed to force
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THE Am2910 INSTRUCTION SET (Cont.)

CCEN HIGH, disabling the test and the forced PASS causes an
unconditional return.

Instruction 11 is the CONDITIONAL JUMP PIPELINE register
address and POP stack instruction. This instruction provides
another technique for loop termination and stack maintenance.
The example in Figure 4-shows a loop being performed from
address 55 back to address 51. The instructions at locations 52,
53, and 54 are all c_cﬁditional JUMP and POP instructions. At
address 52, if the CC input is LOW, a branch will be made
to address 70 and the stack will be properly maintained via a
POP. Should the test fail, the instruction at location 53 (the
next sequential instruction) will be executed. Likewise, at
address 53, either the instruction at 90 or 54 will be subse-
quently executed, respective to the test being passed or failed.
The instruction at 54 follows the same rules, going to either 80
or 55. An instruction sequence as described here, using the
CONDITIONAL JUMP PIPELINE and POP instruction, is very
useful when several inputs are being tested and the micropro-
gram is looping waiting for any of the inputs being tested to
occur before proceeding to another sequence of instructions.
This provides the powerful jump-table programming technique
at the firmware level.

Instruction 12 is the LOAD COUNTER AND. CONTINUE in-
struction, which simply enables the counter to be loaded with
the value at its parallel inputs. These inputs are normally con-
nected to the pipeline branch address field which (in the
architecture being described here) serves to supply either a
branch address or a counter value depending upon the micro-
instruction being executed. There are altogether three ways of
loading the counter — the explicit load by this instruction 12;
the conditional load included as part of instruction 4; and the
use of the RLD input along with any instruction. The use of
RLD with any instruction overrides any counting or decremen-
tation specified in the instruction, calling for a load instead. Its
use provides additional microinstruction power, at the expense
of one bit of microinstruction width. This instruction 12 is
exactly equivalent to the combination of instruction 14 and
RLD LOW. lts purpose is to provide a simple capability to
load the register/counter in those implemﬁgtions which do
not provide microprogrammed control for RLD.

Instruction 13 is the TEST END-OF-LOOP instruction, which
provides the capability of conditionally exiting a loop at the
bottom: that is this is a conditional instruction that will cause
the microprogram to loop, via the file, if the test is failed
else to continue to the next sequential instruction. The
example in Figure 4 shows the TEST END-OF-LOOP micro-
instruction at address 56. If the test fails, the microprogram
will branch to address 52. Address 52 is on the stack because
a PUSH instruction had been executed at address 51. If the
test is passed at instruction 56, the loop is terminated and the
next sequential microinstruction at address 57 is executed,
which also causes the stack to be POP‘d; thus, accomplishing
the required stack maintenance. *

Instruction 14 is the CONTINUE instruction, which simply
causes the microprogram counter to increment so that the next
sequential microinstruction is executed. This is the simplest
microinstruction of all and should be the default instruction
which the firmware ‘requests whenever there is nothing better
to do.

Instruction 15, THREE-WAY BRANCH, is the most complex.
It provides for testing of both a data-dependent condition and
the counter during one microinstruction and provides for se-
lecting among one of three microinstruction addresses as the
next microinstruction to be performed. Like instruction 8, a
previous instruction wil! have loaded a count into the fregister/
counter while pushing a microbranch address onto the stack.
Instruction 15 performs a decrement-and-branch-until-zero
function similar to instruction 8. The next address is taken
from the top of the stack until the count reaches zero; then
the next address comes from the pipeline register. The above
action continues as long as the test condition fails. If at any
execution of instruction 15 the test condition is passed, no
branch is taken; the microprogram counter register furnishes
the next address. When the loop is ended, either by the count
becoming zero, or by passing the conditional test, the stack is
POP'd by decrementing the stack pointer, since interest in the
value contained at the top of the stack is then complete.

The application of instruction 15 can enhance performance
of a variety of machine-level instructions. For instance, (1) a
memory search instruction to be terminated either by finding
a desired memory content or by reaching the search limit;
(2) variable-field-length arithmetic terminated early upon
finding that the content of the portion of the field still un-
processed is all zeroes; (3) key search in a disc controller pro-
cessing variable length records; (4) normalization of a floating
point number.

As one example, consider the case of a memory search instruc;
tion. As shown in Figure 4, the instruction at microprogram
address 63 can be Instruction 4 {(PUSH), which will push the
value 64 onto the microprogram stack and load the number N,
which is one less than the number of memory locations to be
searched before giving up. Location 64 contains a microin-
struction which fetches the next operand from the memory
area to be searched and compares it with the search key. Loca-
tion 65 contains a microinstruction which tests the result of the
comparison and also is a THREE-WAY BRANCH for micro-
program control. If no match is found, the test fails and the
microprogram goes back to location 64 for the next operand
address. When the count becomes zero, the microprogram
branches to location 72, which does whatever is necessary if
no match is found. if a match occurs on any execution of the
THREE-WAY BRANCH at location 65, control falls through
to location 66 which handles this case. Whether the instruction
ends by finding a match or not, the stack will have been POP'd
once, removing the value 64 from the top of the stack.
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ARCHITECTURES USING THE Am2910
(Shading shows path(s) which usually limit speed)

Figure 5.

One Level Pipeline Based
(Recommended)

MAP

STATUS
REGISTER

s(A-1)

One level pipeline provides better speed than most other architectures. The wProgram Memory and the
Am2901 array are in parallel speed paths instead of in series. This is the recommended architecture for
Am2900 designs.

MPR-112
b 128 ns CYCLE TIME ———— ]
o _\——7 / —
15 ns
{CLOCK TO REGISTER OUTPUT)
PIPELINE Am2310
REGISTER ® INSTRUCTION m<
QUTPUT INPUTS
15 ns
(MUX SELECT TO OUTPUT)
MUX . Am2910 V.
ouTPUT CC INPUT
cCTOY
43 ns
X000
2910 OUTPUTS 0‘0.0.0.0.0.0’0'0‘0'0'0‘0'0.0'0‘0.0’0.'.0'0.Q.Q.Qa l
PROM ACCESS TIME
50 ns

MICROPROGRAM

AR XXX XXX XXX

MEMORY SN0 000000000 0000000000000 00000000 =
OUTPUTS A AXEXXXXOCOOOO OO
o]
Sns -
REGISTER
SET-UP
TIME
Typical CCU Cycle Timing Waveforms.
This drawing shows the timing relationships in the CCU illustrated above.
MPR-113
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OTHER ARCHlTECTURES USING THE Am2910
(Shading shows path(s) which usually limit speed)

Figure 6.

A. Instruction Based

MAP

A Register at the Microprogram Memory output contains the
microinstruction being executed. The microprogram memory
and Am2901 delay are in series. Conditional branches are exe-
cuted on same cycle as the ALU operation generating the
condition.

MPR-114

B. Addressed Based

S(A)

The Register at the Am2910 output contains the address of
the microinstruction being executed. The Microprogram Mem-
ory and Am2901 are in series in the critical path. This archi-
tecture provides about the same speed as the Instruction based
architecture, but requires fewer register bits, since only the
address (typically 10-12 bits) is stored instead of the instruc-
tion (typicaily 40-60 bits).

MPR-115

C. Data Based

CLOCK

REGISTER

Am2901

STATUS
REGISTER

SA-1

The Status Register provides conditional Branch control based
on results of previous ALU cycle. The Microprogram Memory
and Am2901 are in series in the critical paths.

MPR-116

D. Two Level Pipeline Based

STATUS
REGISTER

S(A--1)

Two level pipeline provides highest possible speed. It is more
difficult to program because the selection of a microinstruction
occeurs two instructions ahead of its execution.

MPR-117
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Quad Bus Transceiver

Distinctive Characteristics

® Input to bus is inverting ® Advanced Schottky processing
® Quad high-speed open collector bus transceiver e PNP inputs to reduce input loading
® Driver outputs can sink 100mA at 0.8V maximum ® 100% reliability assurance testing in compliance with
® Bus compatible with Am2905, Am2906, Am2907 MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC DIAGRAM

The Am2912 is a quad Bus Transceiver consisting of four high-
speed bus drivers with open-collector outputs capable of sinking
100mA at 0.8 volts and four high-speed bus receivers. Each E o I I
driver output is connected internally to the high-speed bus re-
ceiver in addition to being connected to the package pin. The

receiver has a Schottky TTL output capable of driving 10

Schottky TTL unit loads.

Iz
An active LOW enable gate controls the four drivers so that
outputs of different device drivers can be connected together for
party-line operation. The enable input can be conveniently driven
% By By % B, By
Z3

by: active LOW decoders such as the Am25LS139.

The bus output high-drive capability in the LOW state allows
party-line operation with a line impedance as low as 100€). The
line can be terminated at both ends, and still give considerable
noise margin at the receiver. The receiver typical switching point
is 2.0 volts. % i

The Am2912 features advanced Schottky processing to
minimize propagation delay. The device package also has two
ground pins to improve ground current handling and allow close
decoupling between V¢ and ground at the package. Both
GND+ and GND, should be tied to the ground bus external to the
device package.

BLI-061
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
12 4 51113
Vee B3 23 13 B 1 2, B
OO00O00O0n400nn 1
% 15 14 13 12 11 10 9 E lo i 1213
Zop—3
Am2912 Am2912 Zif—¢6
QUAD _—
° TRANSCEIVER i’ 10
12 3 4 5 8 7 8 Cl paalht
|RRERE| Uy B &1 B 83
GNDy By Zg lg 13 23 B; GNDy l I I I
2 7 9 15
Vee =Pin16
GNDq = Pin 1
Note: Pin 1 is marked for orientation. GND3 =Pin 8
BLI-062 BLI-063
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2912

Storage Temperature

~65°C to +150°C

Temperature (Ambient) Under Bias

Supply Voltage to Ground Potential

DC Voltage Applied to Outputs for High Output State

~55°C 0 +125°C
—0.5V to +7V

05V o Ve mx

DC Input Voltage —~0.5V to +6.5V
‘Output Current, Into Bus 290 mA
30 mA

0ufp'ut Current, Into Outputs (Except Bus)

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Uniess Otherwise Noted)

Am2912PC, DC, XC Ta =0°C to +70°C Veg = 8.0V £5% (COM’L)  MIN, = 4,75V MAX. = 5.25V
Am2912DM, FM, XM Tp=—55"C 1o +125°C Veg = 5.0V £10% (MiL) MIN. = 4.6V MAX. = 5,5V
- - . Typ. .
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vou Output HIGH Voltage Vee = MIN,, IgH = —1.0mA ML 25 3.4 Volts
{Receiver Outputs) VIN = VL or ViH COM’L 2.7 3.4
VoL Output LOW Voltage Ve = MIN,, 1o = 20mA 0.5 Volts
(Receiver Outputs) VIN = VL or VIH
Viy Input HIGH Leve! Guaranteed input logical HIGH 2.0 Volts
{Except Bus) for all inputs
viL Input LOW Level Guararfteed input logical LOW 0.8 Volts
(Except Bus) for all inputs
v| Input Clamp Voltage vee = MIN., Iy = —18mA —1.2 Volts
(Except Bus)
E | —0.
m Input LOW Current Vee = MAX., V| = 0.4V nable 0.36 mA
{Except Bus) Data -0.54
H Input HIGH Current Vee = MAX., Vi = 2.7V Enable 20 uA
(Except Bus) Data’ 30
input HIGH Current _ -
i Vee = MAX,, VN = 6.5V 100 uA
! {Except Bus) cc N )
ircui MIL —20 —56
Isc Output Short Circuit Current Vee = MAX. (Note 3) mA
(Except Bus) . com'L —18 —60
Power Supply Current Vee = MAX.
1 : 45 70 A
ceL (All Bus Outputs LOW) Enable = GND m
Bus Input/Output Characteristics Tye
Parameters Description Test Conditions (Note 1) Min. . (Note 2) Max. Units
loL = 40mA 0.33 0.5
MIL oL = 70mA 0.42 0.7
v " 1oL = 100mA 0.51 0.8 Vol
\" Output LOW Voltage = MIN. - olts
oL e ce loL = 40mA 0.33 05
coMm'L oL = 70mA 042 0.7
1oL = 100mA 0.51 08
Vo =08V -50
1o Bus Leakage Current Ve = MAX. MiL Vp=4.5V 200 kA
COM'L Vo =4.5V 100
lIOFF Bus Leakage Current {Power Off) Vo =45V 100 rA
0 = MIL 2.4 2.0
VTH Receiver Input HIGH Threshold 3”3 E:\abla 24v Volts
cc = MAX com’L 2.26 2.0
VTL Receiver Input LOW Threshold Bus Enable = 2.4V ML 20 16 Volts
Vee =MIN coMm'L 2.0 1.75

Notes: 1. For conditions shown as MIN, or MAOX., use the appropriate value specififed under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voc = 5.0V, 25 C ambient and maximum loading.

3.| Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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SWITCHING CHARACTERISTICS (T, = 25°C, Vg = 5.0V)

Parameters Description Test Conditions Min Typ Max Units
R 10 15
PLH Data Input to Bus ns
teHL Rg = 500 10 15
tpLH Cg = 50pF (Note 1) 14 18
Enable Input to Bus ns
tPHL 13 18
teLH ) Rg = 509, R = 2800 10 15
Bus to R 8 P oL
— us to Receiver Out Cg = 50pF (Note 1), C; = 15pF 10 15 ns
te Bus Rg = 509 4.0 10 ns
tf Bus Ca = 50pF (Note 1) 2.0 4.0 ns

; ~ Note 1. Includes probe and jig capacitance.

TRUTH TABLE

Inputs Outputs
E I B z
L L H L
L H L H
H X % Y

H = HIGH Voltage Level

L. = LOW Voltage Leval

X = Don't Care

Y = Voltage Level of Bus (Assumes Control by
Another Bus Transceiver)

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range and screening level.

Order Package Type Operating Range Screening Level
Number (Note 1) (Note 2) (Note 3)

AM2912PC P-16-1 (o} C-1
AM2912DC D-16-1 C C-1
AM2912DC-B D-16-1 C B-1
AM2912DM D-16-1 M C-3
AM2912DM-B D-16-1 M B-3
AM2912FM F-16-1 M C-3
AM2912FM-B F-16-1 M B-3
AM2912XC Dice c :’(:ﬁfi_gi’;fgg‘;"
AM2912XM Dice M

Method 2010B.

Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B
contains several dash numbers, any of the variations of the package may be used unless otherwise specified.

2. C =010 70°C, Vo = 4.75V t0 5.25V, M = —55 to + 125°C, V¢ = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B,
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TYPICAL PERFORMANCE CURVES

Typical Bus Output Low Voltage Receiver Threshold Variation

Versus Ambient Temperature 2 Versus Ambient Temperature
-
£ 10— 2 25
i
S Vee = #5.0V w 2 Lol
|08 4 23 b
& [ Veo=55V
g o 22 B,
5 z A vec=528v
3 0.6 aus = 100m g 21| Lo
= TOmA S 20 ”-< Vee = 475V —>3scom |
E = 1gyg = 70mA é o Lvece ‘/, )
3 |r 4] E 18 A
° BUS = 40mA S Vg = 45V
2 02 g 17
i g 16
3 o
> 553515 5 25 45 65 85 105 125 | —55-35-15 5 25 45 65 85 105 125
TA — AMBIENT TEMPERATURE — °C + TA — AMBIENT TEMPERATURE — °C

BLI-064 BLI-065
TYPICAL APPLICATION
STROB E“—J- | I

1/2 OF Am25L5139

Yo Y71 V3 V3
INPUTS INPUTS INPUTS INPUTS
E lo 1112 13 E g 11 13 13 E o1y Ig I3 E o Iy 1 13
20— Zof— Zg jo— Zpjo—
21 RECEIVER Z1 [ RECEIVER Z{ [O— RECEIVER 21[O— RECEIVER
Am2912 2y |— OUTPUTS Am2912 2y |— OUTPUTS Am2912 z, Jo— OUTPUTS Am2912 2, jJOo— OUTPUTS
23— 23 fp— 73 jo— z3j0—
5V By By 8 B3 Bo 81 By B3 By By B B3 Bo By B B3 5V
10002 J l l 10052
ANA- A
1000 1002
ANA A
VWA
1002 100
AAA . A
A
1009 i 1008
AAA / A
V
100§ PARTY-LINE OPERATION.
BLI-066

Metallization and Pad Layout

GNDq

DIE SIZE 0.069" X 0.075"
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PULSE
GENERATOR
NO. 1

PULSE
GENERATOR

SWITCHING CHARACTERISTICS
TEST CIRCUIT
z
TEST

Vee POINT Vee

ALL DIODES
1N916 OR
EQUIVALENT

(Note 1)

Note 1. Includes Probe and Jig Capacitance.

BLI-067

INPUT

E INPUT

B TEST POINT

Z TEST POINT

WAVEFORMS

| I
tPLH PHL ——l ——l PLH 41 tPHL
e N e

] -

ov

3o0v

15V

ov

1.5V

BLI-068

2-152




Am2913

Priority Interrupt Expander

Distinctive Characteristics

® Eficodes eight lines to three-line binary ® Gated three-state output
® Expands use of Am2914 ® Advanced Low-Power Schottky processing
® Cascadable ® 100% reliability assurance testing in compliance with
® Similar in function to Am54LS/74L5/251.5148/2513 MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC SYMBOL
The Low-Power Schottky Priority Interrupt Expander is an
extention of the Am2900 series of Bipolar Processor family 151617 1 2 3 4 5
and is used to expand and prioritize the output of the Am2914 é J) $ (L J) $ (]) £ (L
Priority Interrupt circuit. Affording an increase of vectored o N f2 l3 lg Ig g by &
priority interrupt in groups of eight, this unit accepts active Sif—m
LOW inputs and produces a three-state active HIGH output G2f—1°
prioritized from active 17 to Ig. The output is gated by five Am2913 Gzfo—
control signals, three active_l.OW and two active HIGH. Also Gafo—2
provided is a cascade input (EI) and Enable Output (EO). EO Ay A Ay S8
One Am2913 will accept and encode group signal lines from up T | ] l
to 8 Am2914’s (64 levels of interrupt). Additional Am2913'’s 19 8 7 6
may be used to encode more interrupt levels.
MPR-118
LOGIC DIAGRAM
o T T T3 T T T noE
= o
[ E j i
A Ay
MPR-119
CONNECTION DIAGRAM
Top View
Vec B0 Tg T3 T, Ty G5 G G Gy
OO ooaOdM[Arn
20 1 18 17 18 15 14 13 12 11
[ ]
1 2 3 4 5 6 7 8 9 10
[N EpEpEpEEEEEEEEERE|
Ty T5 Tg T Bl Ay Ay Ag Gy GND
Note: Pin 1 is marked fqr orientation. MPR-120
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’'L  Tp =0°Cto+70°C Ve =5.0V 5%  MIN. =4.75V MAX. = 5.25V
MiL Ta=—55°Cto+126°C Vgg=5.0V £10% MIN. = 4.50V MAX. = 650V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) - Max. Units
MIL, IgH = —1.0mA 24 34
Vee = MIN. COM'L, | =—-2.6mA 24 3.2
VoH Qutput HIGH Voltage cc OH Volts
VIN=Viqor VL 5.1 440uA MIL 25 34
SOHT =R Teom L] 27 34
i =4.0mA 0.4
Vee = MIN. oL v
VoL Output LOW Voltage VIN = VIH or V)i loL =8.0mA 0.45 olts
loL = 12mA(Ap, Outputs) 05
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
i i MiL 0.7
viL Input LOW Level Guaranteed input logical LOW Volts
voltage for ali inputs ) coM'L 08
\ Input Clamp Voltage Vee =MIN, Iy = —18mA —1.5 Volts
Vee = MAX. E1,G1,G2,G3,G4.G5.1; 04
I Input LOW Current cc 1.52,73.74. 5.0 mA
Vin =04V All others ] 0.8
Vee = MAX. E1,G4,G2,G3,G4.C5.Tp 20
[} input HIGH Current LA
H VIN =27V All others 40
Vee = MAX. £1,G1,62,G3.54.Gs. I 0.1
Iy Input HIGH Current ce” 1.52,73-24.75. 0 mA
Vin = 7.0V All others 02
o Off-State (High-Impedance) Vee = MAX. Vo =04V —20 "
Output Current Vg = 2.4V 20
Isc Qutput Short Circuit Current Vee = MAX. _15 _a5 mA
(Note 3)
Power Supply Current _
[} = . 1
ce (Note 4) Vee = MAX 5 24 mA
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

AWN

. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. All inputs and outputs open. . -

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2913PC P-20 (e} C-1
AM2913DC D-20 (o} CA1
AM2913DC-B D-20 (o} B-1
AM2913DM D-20 M C-3
AM2913DM-B D-20 M B-3
AM2913FM F-20 M C-3
AM2913FM-B F-20 M B-3
AM2913XC Dice C :2 shl:"alilg:%e_gté%n
AM2913XM Dice M Method 2010B.

2. C = 0°Cto +70°C, Vo = 4.75V to 5.25V, M = — 55°C to +125°C, V¢ = 4:50V to 5.50V.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used uniess otherwise specified.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,

Class B.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2913

Storage Temperature - —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢cgc max.
DC Input Voltage —0.5V to+7.0V
DC Output Current, Into Qutputs 30mA
DC Input Current —30mA to +5.0mA

SWITCHING CHARACTERISTICS
(Ta=+25°C, Vec = 5.0V) -

Parameters Description Min. Typ. Max Units Test Conditions
t, - 17 25

PLH I; to Ap (In-phase) ns
tPHL 17 25
t — 11 7

PLH I; to Ap, (Out-phase) ! ns
tPHL 12 18
t [ — 7.0 1

PLH Ij to EO ! ns
tPH L 24 36
t — _— 11 7 =

PLH i to EG ! ns CL = 15pF
tPHL 23 34 R =2.0kQ
t — 12 18

PLH El to Ap ns
tPHL 14 21
t 3

ZH Gq or Gato Ap 2 40 ns
tz|, 20 37
t - = = 20 30

ZH G3, G4, Gg to Ap ns
tzL 18 27
tHZ 17 27

G Goto A ns
tLz 1 0r 210 A 19 28 Ci = 5.0pF
t — - = 16 24 R =2.0kQ
hz Gg, Gg, Gg to Apy ns L
Lz 18 27
SWITCHING CHARACTERIS;I'ICS Am2913 COM'L Am2913 MIL
OVER OPERATING RANGE :
Tao=0°Cto+70°C | Tp=-55°Cto+125°C
Vce =5.0V 5% Vee =5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
t — 31 37

PLH I; to Ap (In-phase) ns
tPHL 30 34
t - 22

PLH I; to Ap (Out-phase) 27 ns
tPHL 22 25
< —— -

PLH I to EO 15 18 ns
tPHL 48 60
[ [ — -

PLH Ei t0 EC 19 2 ns Cy = 50pF
tPHL 46 57 RL = 2.0kQ
t —

PLH El t0 Ap 22 25 ns
tPHL 27 32
t 42 4

ZH Gq or Gato Ap ° ns
tzL 43 49
t - - - 43

ZH Gg3, G4, Gg to Ap 36 ns
(740 35 43
t 0

HzZ Gq or G to Ap 34 4 ns
Yz 34 40 Cp = 5.0pF
1 - = = 30 35 R = 2.0k

HZ Gg, G4, Gg to A ns L
tLz 31 35

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

Note: i=0to7
n=0to2
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DEFINITIONS OF FUNCTIONAL TERMS

A0, A1,A2  Three-state, active high encoder outputs

Metallization and Pad Layout

El Enable input provided to allow cascaded oper-
ation
EO Enable output provided to enable the next lower
ordter prl‘onty chip T 2 veo
G1, G2 Active high three-state output controls _ -
W Je : T
G3, G4, Gy Active low three-state output controls °
lo-7 Active low encoder inputs
Ta
To
TRUTH TABLE 7
] T
Inputs Outputs _
El To Tt T2 Ta Ta 15 15 17| Ag Ay Ay EO 2.
H X X X X X X X X[L L L H A2 T
L H H H H H H H H [N L L L
L X X X X X X X L H H H H 65
LoX X X X X X L H L H H H
LX X X X X L H H H L H H Aq Gy
L X X X X L H H H L L H H
L X X X L H H H B{H H L H Gy
L X X L H H H H H L H L H
L X L H H H H H H H L L H
L L H H H H H H H L L L H
H = HIGH Voltage Level 5
L = LOW Voltage Level Ao 3
X = Don't Care Gy 10 GND
For Gy=H,Gg=H,Gg=L,Gg=L,Gg=L
Gl G2 G3 G4 G5 | Ag Ay A,
H H L L L Erfabled
L X X X X 2 z z
X L X X X 2 r4 r4
X X H X X z b4 z
X X X H ¥ z z z
X X X X H r4 Z 2
Z = HIGH Impedance DIE S1ZE 0.082"" X 0.085"
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
DRIVING OUTPUT l DRIVING OUTPUT I DRIVEN INPUT
! |
| I
| for | it
| - | </
: I
| 1 ool B e e
| < oL | i
Note: Actual current flow direction shown.
MPR-121
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INSTRUCTION
ENABLE

I3

INSTRUCTION } {2
INPUT ) 1

lo

INSTRUCTION

RIPPLE

ENABLE DisABLE [0
I3
12 Am2014 Vo
I Vi
io Vo b——
TE RD [O-
13
I Am2914 73
[ Vi
lo Vo |——4
E RD O
i3
12 Am2014 Va2
1 Vi
1o Vo b——
i RD —01 7
\ L6
3 o Ay b—
2 Am2914 va ol is 2 Vs
'
Iy Vi _ Am2013 Ay Vg
o Vo b——4 0} I3
————0] 12 Ag V3
—of 11
4 AD |O —f o
i3
o Am2914 \Z3
Iy Vi 5
o Vo f———4 ——
TE, Ig, 14,12, 13
V2
[ RD [O- Vi
(e V)
i3
. Am2914 Va2
2
1 Vi
‘o Vo }—-g |
iE RD JO—
I3
I Am2914 A
" Vi
o Vo |—-9
iE RD
I3
Iz Am2914 V2
Ih Vi
o Vo

Shown above is the connection of the instruction lines and vector output lines in a 64-input priority inter-
rupt system. The Am2913 is used to encode the most significant bits associated with the vector output.

VECTOR
QUTPUT

MPR-122
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Vectored Priority Interrupt Controller

DISTINCTIVE CHARACTERISTICS
® Accepts 8 interrupt inputs

Interrupts may be pulses or levels and are stored internally

® Built-in mask register
Six different operations can be performed on mask
register

® Built-in status register

Status register holds code for lowest allowed interrupt

® Vectored output

OQutput is binary code for highest priority un-masked

interrupt
® Expandable
Any number of Am2914’s may be stacked for large
rupt systems
® Microprogrammable
Executes 16 different microinstructions

inter-

Instruction enable pin aids in vertical microprogramming

® High-speed operation

Delay from an interrupt clocked into the interrupt register

to interrupt request output is typically 60 ns

TABLE OF CONTENTS

Block Diagram . .......oovviiiiiiin i
Connection Diagrams ... ......cveeveiiiiieniinnnns
INSHIUCHIONS .« . oo e
Ordering Information................oio i
DC Charadteristics .........vvvrieiiinnernnannnnns
AC Characteristics ..........c.ovievviiniine e
Burn-in Circuit .
Detailed Logic Description...................ouun

FUNCTIONAL DESCRIPTION

The Am2914 is a high-speed, eight-bit priority interrupt unit
that is cascadable to handle any number of priority interrupt
request levels. The high-speed of the Am2914 makes it ideal
for use in Am2900 family microcomputer designs, but it can
also be used with the Am9080A MOS microprocessor.

The Am2914 receives interrupt requests an 8 interrupt input
lines (Pp-P7). A LOW level is a request. An internal latch may
be used to catch pulses on these lines, or the latch may be
bypassed so the request lines drive the edge-triggered interrupt
register directly. An 8-bit mask register is used to mask indi-
vidual interrupts. Considerable flexibility is provided for
controlling the mask register. Requests in the interrupt register
are ANDed with the corresponding bits in the mask register
and the results are sent to an 8-input priority encoder, which
produces a three bit encoded vector representing the highest
numbered input 'which is not masked.

An internal status register is used to point to the lowest
priority at which an interrupt will be accepted. The contents
of the status register are compared with the output of the
priority encoder, and an interrupt request output will occur
if the vector is greater than or equal to status. Whenever a
vector is read from the Am2914 the status register is auto-
matically updated to point to one level higher than the vector
read. (The status register can be loaded externally or read out
at any time. using the S pins.) Signals are provided for moving
the status upward across devices (Group Advance Send and
Group Advance Receive) and for inhibiting lower priorities
from higher order devices (Ripple Disable, Parallel Disable, and
Interrupt Disable). A status overflow output indicates that
an interrupt has been read at the highest priority.

The Am2914 is controlled by a 4-bit instruction field lg-13.
The command on the instruction lines is executed if IE is LOW
and is ignored if IE is HIGH, allowing the 4 I bits to be shared
with other devices.

For applications information,
see Chapter Vi of “Build a Microcomputer”.

GROUP INTERRUPT

—0f P7 ADVANCE DISABLE GROUP
—=0 e SEND SiGNAL [0
0] P55 .
—0 P4 [ INTERRUPT

Py (INPUTS V2 -

=0 VEETOR

J— o viF—
— 0P v

’ o —
—e-0 F0

LATCH
e STATUS

BYPASS overfLow O
-—]
g £ .

Mg Am2914
= Mg L MASK STATUS { 51 fee—om
| Mg [ BITS
-—| My £y -
—-——] M1
—| Mg

o INSTRUCTION GROUP oo

ENABLE ENABLE
JR—
—ily INTERRUPT

{2 [ INSTRUCTION RequasT I
—]lp
———=1 CLOCK ADVANCE RIPPLE PARALLEL

RECEIVE DISABLE DISABLE

‘ ? T l MPR-123
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BLOCK DIAGRAM

LATCH
YP,
BYPASS ]
8 1 VECTOR
P CLEAR ENABLE  [-—
D 8,0 mrR |8, f wre CLEAR FLIP-FLOP
INTERRUPT LATCHES REG CONTROL
INPUTS 3
1. T
3-8T 3BIT
VECTOR HOLD
REGISTER
o<}
8 8-(NPUT 3 Vi
] 8 88IT o ] PRIORITY 8 3 [3) VvecToR
M- BUS MASK REGISTER ENCODER I v T OUTPUT
38IT Vs INTERRUPT
COMPARATOR INTR REQUEST REQUEST
GROUP ENABLE
s PARALLEL
Lol P———1 oisasiLe
INTERRUPT
DETECT I INCREMENTER 7 [ Rerie
T DISABLE
N TION GROUP
T AsiE [ L et —— aovance
- SEND
| INTERRUPT
li 4 MICRO
INsTRUCTION [ >——1  INSTRUCTION : DISABLE STATUS STATUS
. OVERFLOW OVERFLOW
INPUTS DECODE . FLIP-FLOP
1 GROUP
Si 38T ENABLE LOWEST GROUP as o
cp N STATUS STATUS ENABLED GROUP
cLock [ VvV 8US 3 REGISTER FLIP-FLOP SIGNAL
GROUP ADVANCE
RECEIVE
PIN SYMBOLS
»—— INPUT PIN 85?;5?”—5”0“
—> output PIN
BIDIRECTIONAL THREE-STATE
1) OUTPUT
MPR-124

BLOCK DIAGRAM DESCRIPTION

The Microinstruction Decode circuitry decodes the Interrupt
Microinstructions and generates required control signals for
the chip.

The Interrupt Register holds the Interrupt Inputs and is an
eight-bit, edge-triggered register which is set on the rising edge
of the CP Clock signal.

The Interrupt latches are set/reset-type latches. When the
Latch Bypass signal is LOW, the latches are enabled and act
as negative pulse catchers on the inputs to the Interrupt
Register. When the Latch Bypass signal is HIGH, the Interrupt
latches are transparent.

The Mask Register holds the eight mask bits associated with
the eight interrupt levels. The register may be loaded from
or read to the M Bus. Also, the entire register or individual
mask bits may be set or cleared.

The Interrupt Detect circuitry detects the presence of any
unmasked Interrupt Input. The eight-input Priority Encoder
determines the highest priority, non-masked Interrupt Input
and forms a binary coded interrupt vector. Following a Vector
Read, the three-bit Vector Hold Register holds the binary
coded interrupt vector. This stored vector is used for clearing
interrupts.

The three-bit Status Register holds the status bits and may
be loaded from or read to the S Bus. During a Vector Read,
the Incrementer increments the interrupt vector by one, and
the result is clocked into the Status Register. Thus the Status

Register always points to the lowest level at which an interrupt
will be accepted.

The three-bit Comparator compares the Interrupt Vector with
the contents of the Status Register and indicates if the Inter-
rupt Vector is greater than or equal to the contents of the
Status Register.

The Lowest Group Enabled Flip-Flop is used when a number
of 2914's are cascaded. In a cascaded system, only one Lowest
Group Enabled Flip-Flop is LOW at a time. It indicates the
eight interrupt group, which contains the lowest priority
interrupt level which will be accepted and is used to form the
higher order status bits.

The Interrupt Request and Group Enable logic contain various
gating to generate the Interrupt Request, Parallel Disable,
Ripple Disable, and Group Advance Send signals.

The Status Overflow signal is used to disable all interrupts. It
indicates the highest priority interrupt vector has been read
and the Status Register has overflowed.

The Clear Control logic generates the eight individual clear
signals for the bits in the Interrupt Latches and Register. The
Vector Clear Enable Flip-Flop indicates if the last vector read
was from this group. When it is set, it enables the Clear
Control Logic.

The CP clock signal is used to clock the Interrupt Register,
Mask Register, Status Register, Vector Hold Register, and the
Lowest Group Enabled, Vector Clear Enable and Status
Overflow Flip-Flops, all on the clock LOW-to-HIGH transition.
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CONNECTION DIAGRAMS — Top Views

DIP Flat Package
i IR G [ v —]re Y o |
Mz[]2 30 Pa enot[_|2 LA —
GROUPSIGNAL [ ] 3 ss[IM G5 3 40 2
GROUP ADVANCE ] , a7 [ g — s m
GROUP ENABLE [ | 6 3 [ GE[ s E:h
INTERRUPT 6 s T% m.[___]s 37 Mo
ot — o —L
RIPPLE DISABLE [ |7 34 [ ISTROCTION - o
PAI;iéle_EIE_ s Bl "j: — )
INTERRUPT [ g 2{ ] iR y Sl —
REQUEST vee 10 AM2914 33 i
e L = S m— g =
sy 30 [ "] eround s ] 31 [T ot
si[j2 20 [ JeLock so[___] 30 e
so[ |3 5[ sV, 14 29 lo
ovenrLow L] 1 C2 oty g I— L) I—
GROUP ADVANCE v 16 ]
Stnp L] 28] ]P 2 27 | Py
vo[]e 25 [ M A4 — 6 Imy
vl 1% vo ] * » — e
GND* 5
Vi 8 M,
Mo‘: ' . 23 :'PS My 20 Actual Size B F
7E 19 Azc:tu)?IOSéze 22 % 6 ] 1.1" X 0.6" Y -
P[]0 2" X067 21 IM - MPR-126
MPR-125 *Note: GND’s and pins 2, 19, 31 must all be tied together externally.
Note: Pin 1 is marked for orientation.
Metallization and Pad Layout
543 2 1 40 39 38 37 36 3
1 O I O B I
8
7 L 34
8
9 -~ 33
10 | s DIE SIZE
1 | m 0.133" X 0.187"
:g Numbers correspond
L 30 to DIP pin-out.
u 2
1 %
NI
16 17 18 19 20 21 22 23 24 25 26
TABLE |
MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT
Decimal Decimal
klalilp  Mnemonic Instruction Izlzlilp  Mnemonic Instruction
Mask Register Functions Vectored Output
14 LDM Load mask register from M bus 5 RDVC Read vector output to V outputs, load V+1
7 RDM Read mask register to M bus into status register, load V ‘into vector hold
1% (s:léfli_m (S:Iear m?(sk registe(r (gn;blesl Ia!l prioritie)s) register and set vector clear enable flip-flop.
et mask register (inhibits all interrupts Priority Int t Register Cl
10 BCLRM  Bit clear mask register from M bus riority Interrupt Hegister Clear
1 BSETM  Bit set mask register from M bus 1 CLRIN Clear all interrupts .
3 CLRMR Clear Inte)rrupts from' mask register data (uses
Q. n Funeti the M bus
g Wi 2 CLRMB Ciear interrupts from M bus data
9 LDSTA Load status register from S bus and LGE 4 CLRVC Clear the individual interrupt associated with
flip-flop from GE input the last vector read
6 RDSTA Read status register to S bus " P
aster Clear
interrupt Request Control 0 MCLR Clear all interrupts, clear mask register, clear
15 ENIN Enable interrupt request status register, clear LGE flip-flop, enable
13 DISIN Disable interrupt request interrupt request.
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STANDARD SCREENING
(Conforms to MIL-STD-883 for Class C Parts)

MIL-STD-883 Level
Step Method Conditions Am2914PC,DC | Am2914DM, FM
Pre-Seal Visual Inspection 2010 B 100% 100%
24-hour o o
Stabilization Bake 1008 C 1s0°C 100% 100%
—_85° °©
Temperature Cycle 1010 ¢ T85Cto+1s0°C 100% 100%
10 cycles _
Centrifuge 2001 B 10,000G 100% * 100%
Fine Leak 1014 A 5x10—8 atm-cc/sec 100% * 100%
Gross Leak 1014 C2 Fluorocarbon 100% * 100%
Electrical Test See below for
Subgroups 1 and 7 5004 definitions of subgroups 100% 100%

Insert Additional Screening here for Class B Parts

Group A Sample Tests

Subgroup 1 LTPD =5 LTPD =5
Subgroup 2 LTPD =7 LTPD =7
Subgroup 3 5005 See below for LTPD=7 LTPD =7
Subgroup 7 definitions of subgroups LTPD=7 LTPD =7
Subgroup 8 Maximum accept number LTPD =7 LTPD =7
Subgroup 9 is 3 LTPD =7 LTPD =7

*Not applicable for Am2914PC.

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Order Package Type Operating Range Screening Level
Number (Note 1) (Note 2) (Note 3)
AM2914PC P-40 (o} C-1
AM2914DC D-40 Cc C1
AM2914DC-B D-40 C B-2 (Note 4)
AM2914DM ‘D-40 M C-3
AM2914DM-B D-40 M B-3
AM2914FM F-42 M C-3
AM2914FM-B F-42 M B-3
AM2914XC Dice c Visual inspection
AM2914XM Dice M to MIL-STD-683
Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise
specified.

. 0= 0°Cto +70°C, Vgc = 4.75V t0 5.25V, M = — 55°C to +125°C, Vge = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to

MIL-STD-883, Class B.

4. 96 hour burn-in.

N
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State +0.5V to +V¢c max.
DC Input Voltage —0.5V to 5.5V
DC Output Current, In_to Outputs 30mA
DC tnput Current —-30mA to +5.0mA

OPERATING RANGE

P/N Temperature
Am2914PC, DC 0°C to +70°C
Am2914DM, FM —55°C to +125°C

Vee
4.75V 10 5.25V
4.50V 0 5.50V

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

{Group A, Subgroups 1, 2, and 3)

Am2914XC Ta = 0°C to +70°C Vce = 5.0V + 5% (COM'L) MIN. = 4,75V MAX. =5.26V
Am2914XM Tc = —~565°Cto +125°C Vee = 5.0V £ 10% (MIL) MIN. = 4,50V MAX. = 5,50V
Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN., MIL, | = —1.0mA 24
VOH Output HIGH Voltage cc n OH m Volts
VIN = Vi or VL COM’L, Igy = —2.6mA 24
Output Leakage Current _
Icex for IR Output Vce =MIN, Vo = 5.5V 250 uA
! =4.0mA 0.4
Vee = MIN., oL = #.om
VoL Output LOW Voltage loL = 8.0mA 0.45 Volts
VIN = Vg or VL —
loL =12mA 0.5
i t logical HIGH
Vin Input HIGH Lovel Guaranteed input logical HIGH voltage 20 Volts
X for all inputs
G i logical LOW volt
viL Input LOW Level uaratheed input logica voltage 08 Volts
for alt inputs
V) Input Clamp Voltage Vee = MIN,, Iy = —18mA -1.5 Volts
Mop-7 -0.15
Ver = MAX So0-2 -0.1
LT Input LOW Current cc v L.B. —0.4 mA
Vin = 0.4V —=
1.D. -2.0
All Others —0.8
Mg_-7 150
So--2 100
Vee = MAX,, —
WH Input HIGH Current Vin = 2.7V IE, GE, GAR 40 uA
1. D. 60
All Others 20
h Input HIGH Current Vee = MAX,, Vin = 5.5V 1.0 mA
Mo-7 -160
VoyTt =05V Sp-2 -100
1o Off-State Output Current Vee = MAX. Vo-2 —50 A
Mo-7 150
VouT =24V Sp-2 100
Vo-2 50
Veg = 5.0V,26°C 170 -
comL o°c 305
Icc Power Supply Current 70°C 260 mA
Vee = MAX. -
—565°C 310
MIL S
125°C 200
Output Short Circuit Current _
Isc (Note 3) Vee = MAX. -30 —85 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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SWITCHING CHARACTERISTICS AT 25°C AND 5.0 VOLTS

Note: Guaranteed limits at 25°C and 5.0V are group A, subgroup 9 tests
All outputs fully loaded. C|_ = 50pF. Measurements made at 1.5V with
input levels of OV and 3.0V. All numbers are in ns.
For interrupt request output, R = 4708

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns)

Time GUARANTEED
Minimum Clock LOW Time 30
Minimum Clock HIGH Time 30
Minimum [nterrupt Input (Pg-P7} LOW 25
Time for Guaranteed Acceptance (Pulse Mode)
Maximum Interrupt Input (Pg-P7)} LOW 10
Time for Guaranteed Rejection (Pulse Mode)

TABLE II. COMBINATIONAL PROPAGATION DELAYS (ns)

Am2914

TYPICAL GUARANTEED
To Output M S Vor Irpt | Ripple A?i:::':e M S v Irpt | Ripple A?i::trllie
012 i 012 isabl
From Input Bus | Bus Req | Disable Send Bus | Bus Req | Disable send
1E 36 40 40 - - 30 48 56 55 - 47
10123 36 40 40 — . 30 48 55 55 - 47
lrpt. Disable - - 25 35 8 19 - - 37 42 25
TABLE lil. DELAYS FROM CLOCK TO OUTPUTS (ns)
TYPICAL GUARANTEED
Clock Path
To | jrelTo To | To | (to | To| To B To| To] To | g, | T0
Voi2 Req PD | RD | GAS O'flow GS | Vp12 Req PD | RD | GAS O'flow GS
Irpt Latches and Register 55 65 37 39 47 - - 67 82 57 57 66 - -
Mask Register 55 65 37 39 47 - - 67 82 57 57 66 -
Status Register 45 55 28 31 37 - - 59 74 57 57 58 - —
L owest Group Enabled Flip-Flop - - 22 25 - — 17 - 42 745_ - - 32
Irpt Request Enable Flip-Flop - 40 - - - - - - 56 - - - - -
Status Overfiow Flip-Flop — — - - 17 - - — — - — 30 —
TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS (ns)

(All relative to clock LOW-to-HIGH transition)

GUARANTEED
From Input
Set-up Time Hold Time

S-Bus 11 8
M-Bus 11 8
Po-P7 1 6
Latch Bypass 16 o]
E 46 0
10123 (See Note) towl. + 29

GE 1 11
GAR 1 1
Irpt Disable 35 0
Po-P7 Hold Time _ 21
Relative to LB

Note: tpwL is the Clock LOW Time. Both Set-up times must be met.
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE

(Group A, subgroup 10 and 11 tests and limits)

All outputs fully loaded, C_ = 50pF. Measurements made at 1.5V with input
levels of OV and 3.0V. For Interrupt Request Output, R| = 4702.

TABLE V. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns)

Time Am2914PC, DC, XC Am2914DM, FM, XM
TA=0°Cto +70°C, 5V £ 5% T = —55°C to +125°C, 5V + 10%
Minimum Clock LOW Time 30 30
Minimum Clock HIGH Time 30 30
Minimum Interrupt Input (Pg-P7)
LOW Time for Guaranteed 40 40
Acceptance (Pulse Mode)
Maximum Interrupt Input (Pg-P7)
LOW Time for Guaranteed 8 8
Rejection (Pulse Mode)
Minimum Clock Period, TE = H on 50 55
current cycle and previous cycle
Minimum Clock Peripd, IE=Lon 100 110
current cycle or previous cycle

TABLE VI. MAXIMUM COMBINATIONAL PROPAGATION DE LAYS (ns)

Am2914PC, DC, XC Am2914DM, FM, XM
TA=0°Cto +70°C, BV + 5% Tc=-55°C to +125°C, 5V £ 10%
To Output
0 Vutpu M S sz Irpt | Ripple A?i:r::ze M S v Irpt | Ripple A?i:::':e
i 012 ;
From Input Bus | Bus Req | Disable Send Bus | Bus Req | Disable Send
E 52 | 60 65 - - 56 60 68 70 - - . 62
10123 52 60 65 - - 56 60 68 70 - - 62
irpt. Disable - - 45 52 20 30 - - 48 60 22 33
TABLE VII. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns)
Am2914PC, DC, XC Am2914DM, FM, XM
Ta =0°C to +70°C, 5V + 5% Tc = —55°C to +125°C, 5V * 10%
Clock Path
To To To | To To To To To To To | To | To To To
v Irpt PD | RD | GAS Status Gy Irpt PD | RD | GAS Status Gs
012 Req O'flow 012 Req O'flow
Irpt Latches and Register 76 97 67 67 80 - - 82 105 75 75 85 - -
Mask Register 76 ,91 67 67 80 - - 82 105 75 75 85 - -
Status Register 67 88 63 63 70 - -~ 73 96 66 66 76 - —
Lowest Group Enabled Flip-Flop - . 48 52 - - 38 - - 54 58 - - 45
Irpt Request Enable Flip-Flop - 62 |- - - - - - 66 - - - - -
Status Overflow Flip-Flop - - - - 35 - - - - - 40 -

TABLE VIII. SET-UP AND

(All relative to clock LOW-to-HIGH transition)

HOLD TIME REQUIREMENTS (ns)

Am2914PC, DC, XC Am°2914DM, liM, XM

From Input TA =0°C to +70°C, 5V £ 5% Tc=-55"Cto +125°C, 5V * 10%

Set-Up Time Hold Time Set-Up Time Hold Time
S-Bus 15 10 15 10
M-Bus 15 10 15 10
Po-P7 15 8 15 8
Latch Bypass 20 0 20 0
TE 55 0 55 0
10123 (See Note) towL + 33 towl + 40
GE 15 13 15 13
GAR 15 13 15 13
Irpt Disable 42 0 42 0
Pg-P7 Hold Time _ 25 _ 2%
Relative to LB

Note: tpy_is the Clock LOW Time. Both Set-up times must be met.
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Vee
420 1.2k 420 EE 420 2; Veo
IRPT. GRP. STAT 2
Py DISABLE SIG. OFLOW Vo —AAA-
420
Pg Vi —"Wv
420
P5 Vo AN
Pa 1.2k
52 W
f3 1.2k
$1 —AAN—4
P2 1.2k
. S0 —AAM—¢
1
1.2k
Po M7 ——A—4
Vee Am2914 1.2k
LATCH Mg VWA
BYPASS 1.2k
—AAA
12k Mg WA
GND e 1.2k
1.2k
INST. M3 VWA
ENABLE 1.2k
Mz
MR CET CEP PE = 9
P3 Q3 '3 M -
1.2k
P2 Q2 2 Mg
P Amg316 Q 1 IRPT. a0
a REQ. " YW\—Vce
0 lo
GRP.
ENABLE
Cp Cp AP AR. GAR
Vee GND Vee DISABLE _ DISABLE
.14 =
CLOCK :E o Sa200
L {100KkHz MIN.) 0.1uf <
vee = I
= Vce vee
Am2914 Burn-in Circuit MPR-127 -
INPUT/OUTPUT CIRCUITS
Vee o
R RS
o —=
INPUT R INPUT R
lo-l, CP, GE, GAR 10K P7-Po 10K
LB 20K =
iE 6.7K f
ID 4K = = =
Vee l
500 2 500 I; 8kl
~
__1)
S
i
-+
OUTPUTS OUTPUT OUTPUTS
Vo-V3 SO R Mg-M-
GAS PO SoS3
GS RD MPR-128
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A MICROPROGRAMMABLE, BIPOLAR,
LSI INTERRUPT STRUCTURE USING THE Am2914

INTRODUCTION

Advanced Micro Devices’ introduction of the Am2914 Vec-
tored Priority Interrupt Controller now makes possible the
structuring of a microprogrammable bipolar LSt interrupt
system. The design engineer may use the Am2914 to simplify
his design process, dramatically reduce the system cost, size
and package count, and increase the speed, capability and
reliability of his interrupt system.

The Am2914 is a modular, low cost, standard LS| component
that may be microprogrammed to meet the requirements of
specific applications. Today’s engineer may utilize the Am2914
microprogrammability to provide functional flexibility and
ease of engineering change, while taking advantage of its
modularity to provide hardware regularity and future expan-
sion capability.

THE INTERRUPT CONCEPT

In any state machine, a requirement exists for the efficient
synchronization. and response to asynchronous events such as
power failure, machine malfunctions, control panel service
requests, external timer signals, supervisory calls, program
errors, and input/output device service requests. The merit of
su¢h an ‘‘asynchronous event handler” may be measured in
terms of response time, system throughput, real time overhead,
hardware cost and memory space required.

The simplest approach to asynchronous event handling is the
poll approach. A status indicator is associated with each
possible asynchronous event. The processor tests each indicator
in sequence and, in effect, “‘asks’’ if service is required. This
program-driven method is inefficient for a number of reasons.
Much time is consumed polling when no service is required;
programs must have frequent test points to poll indicators,
and since indicators are polled in sequence, considerable time
may elapse before the processor responds to an event. Thus,
system throughput is low; real time overhead and response
time are high, and a large memory space is required.

The interrupt method is a much more efficient way of
servicing asynchronous requests. An asynchronous event re-
quiring service generates an interrupt request signal to the
processor. When the processor receives the interrupt request,
it may suspend the program it is currently executing, execute
an interrupt service routine which services the asynchronous
request, then resume the execution of the suspended program.
In this system, the execution of the service routine is
initiated by an interrupt request; thus, the system is interrupt
driven and service routines are executed only when service is
requested. Although hardware cost may be higher in this type
of system, it is more efficient since system throughput is
higher, response time is faster, real time overhead is lower and
less memory space is required.

INTERRUPT SYSTEM FUNCTIONAL.DEFINITION

A complete and clear functional definition is key to the design
of a good interrupt system. The following features are useful.

Multiple Interrupt Request Handling: Since interrupt requests
are generated from a number of different sources, the interrupt
system’s ability to handle interrupt requests from several
sources is important.

Interrupt Request Prioritization: Since the processor can
service only one interrupt request at a time, it is important
that the interrupt system has the ability to prioritize the
requests and determine which has the highest priority.

Interrupt Service Routine “Nesting”: This feature allows an
interrupt service routine for a given priority request to be
interrupted in turn, but only by a higher priority interrupt
request. The service routine for the higher priority request is
executed, then the execution of the interrupted service routine
is resumed. If there are “n’ interrupt requests, an “n’’ deep
“nest” is possible.

Dynamic Interrupt Enabling/Disabling: The ability to enable/
disable all interrupts “on the fly’* under microprogram control
can be used to prevent interruption of certain processes.

Dynamic Interrupt Request Masking: The ability to selectively
inhibit or “mask’’ individual interrupt requests under micro-
program control is useful.

Interrupt Request Vectoring: Many times, a particular inter-
rupt request requires the execution of a unique interrupt
service routine. For this reason, the generation of a unique
binary coded vector for each interrupt request is very helpful.
This vector can be used as a pointer to the start of a unique
service routine.

Interrupt Request Priority Threshold: The ability to establish
a priority threshold is valuable. In this type of operation,
only those interrupt requests which have higher priority than a
specified threshold priority are accepted. The threshold priority
can be defined by microprogram or can be automatically
established by hardware at the interrupt currently being
serviced plus one. This automatic threshold prevents multiple
interrupts from the same source. Also useful is the ability to
read the threshold priority under microprogram control. Thus,
the interrupt request being serviced may be determined by
the microprogram.

Interrupt Request Clearing Flexibility: Flexibility in the
method of clearing interrupt requests allows different modes
of interrupt system operation. Of particular value are the
abilities to clear the interrupt currently being serviced, clear
all interrupts, or clear interrupts via a programmable mask
register or bus.

Microprogrammability: Microprogrammability permits the
construction of a general purpose or “‘universal’”’ interrupt
structure which can be microprogrammed to meet a specific
application’s requirements. The universality of the structure
allows standardization of the hardware and amortization of
the hardware development costs across a much broader user
base. The end result is a flexible, low cost interrupt structure.
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Hardware Modularity: Modular interrupt system hardware is
beneficial in two ways. First, hardware modularity provides
expansion capability. Additional modules may be added as
the need to service additional requests arises. Secondly, hard-
ware modularity provides a structural regularity which simpli-
fies the system structure and aiso reduces the number of
hardware part numbers.

Fast Interrupt System Response Time: Quick interrupt system
response provides more efficient system operation. Fast
response reduces real time overhead and increases overall
system throughput.

INTERRUPT SYSTEM IMPLEMENTATION
USING THE Am2914

The Am2914 provides all of the foregoing features on a single
LSl chip. The Am2914 is a high-speed, eight-bit priority
interrupt unit that is cascadable to handle any number of
priority interrupt request levels. The Am2914’s high speed is
ideal for use in Am2900 Family microcomputer designs, but
it can also be used with the Am9080A MOS microprocessor,

The Am2914 receives interrupt requests on eight Interrupt
Input lines (Pg-P7). A LOW level is a request. An internal
latch may be used to catch pulses (HIGH-LOW-HIGH) on
these lines, or the latch may be bypassed so that the request
tines drive the D-inputs to the edge-triggered Interrupt Register
directly. An eight-bit Mask Register is used to mask individual
interrupts. Considerable flexibility is provided for controlling
the Mask Register. Requests in the Interrupt Register (Py-P7)
are ANDed with the corresponding bits in the mask register
(Mg-M7)} and the resuits are sent to an eight-input priority
encoder, which produces a three-bit encoded vector represent-
ing the highest priority input which is not masked.

An internal Status Register is used to point to the lowest
priority at which an interrupt will be accepted. The contents

of the Status Register are compared with the output of the
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Figure 1. Am2914 Logic Symbol.

Am2914

priority encoder, and an Interrupt Request output will occur
if the. vector is greater than or equal to the contents of the
Status Register. Whenever a vector is read from the Am2914,
the Status Register is automatically updated to point to one
level higher than the vector read. (The Status Register can be
loaded externally or read out at any time using the S-Bus.)
Signals are provided for moving the status upward across
devices (Group Advance Send and Group Advance Receive)
and for inhibiting lower priorities from higher order devices
(Ripple Disable, Parallel Disable, and Interrupt Disable). A
Status Overflow output indicates that an interrupt has been
read at the highest priority.

The Am2914is controlled by a four-bit microinstruction field
lg-l3. The microinstruction is executed if IE (Instruction
Enable) is LOW and is ignored if IE is HIGH, allowing the
four 1 bits to be shared with other functions. Sixteen different
microinstructions are executed. Figure 2 shows the micro-
instructions and the microinstruction codes.

MICROINSTRUCTION MICROINSTRUCTION

DESCRIPTION CODE
|3|2|1 |0
MASTER CLEAR 0000

CLEAR ALL INTERRUPTS 0001

CLEAR INTERRUPTS FROM M-BUS 0010
CLEAR INTERRUPTS FROM MASK 0011
REGISTER

CLEAR INTERRUPT, LAST 0100
VECTOR READ

READ VECTOR 0101
READ STATUS REGISTER 0110
READ MASK REGISTER 0111
SET MASK REGISTER 1000
LOAD STATUS REGISTER 1001
BIT CLEAR MASK REGISTER 1010
BIT SET MASK REGISTER 1011
CLEAR MASK REGISTER 1100
DISABLE INTERRUPT REQUEST 1101
LOAD MASK REGISTER 1110

ENABLE INTERRUPT REQUEST 1111

Figure 2. Am2914 Microinstruction Set.

In this microinstruction set, the Master Clear microinstruction
is selected as binary zero so that during a power up sequence,
the microinstruction register in the microprogram control unit
of the central processor can be cleared to all zeros. Thus, on
the next clock cycle, the Am2914 will execute the Master
Clear function. This includes clearing the Interrupt Latches
and Register as well as the Mask Register and Status Register.
The LGE flip-flop of the least significant group is set LOW
because the Group Advance Receive input is tied LOW. Ali
other Group Advance Receive inputs are tied to Group Advance
Send outputs and these are forced HIGH during this instruc-
tion. This clear instruction also sets the Interrupt Request
Enable flip-flop so that a fully interrupt driven system can be
easily initiated from any interrupt.
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The Clear All Interrupts microinstruction clears the Interrupt
Latches and Register.

The Clear Interrupts from Mask Register microinstruction
clears those Interrupt Latches and Register bits which have
corresponding Mask Register bits set equal to one. The M-Bus
is used by the Am2914 during the execution of this micro-
instruction and must be floating.

The Clear Interrupts from M-Bus microinstruction clears those
Interrupt Latches and Register bits which have corresponding
M-Bus bits set equal to one.

The Clear Interrupt, Last Vector Read microinstruction clears
the Interrupt Latch and Register bit associated with the last
vector read.

The Read Vector microinstruction is used to read the vector
value of the highest priority request causing the interrupt.
The vector outputs are three-state drivers that are enabled onto
the VgV V9 bus during this instruction. This microinstruction
also automatically loads the value “vector plus one’’ into the
Status Register. In addition, this instruction sets the Vector
Clear Enable flip-flop and loads the current vector value into
the Vector Hold Register so that this value can be used by the
Clear Interrupt, Last Vector Read microinstruction. This
allows the user to read the vector associated with the interrupt,
and at some later time clear the Interrupt Latch and Register
bit associated with the vector read.

The Load Status Register microinstruction loads S-Bus data
into the Status Register and also loads the LGE flip-flop from
the Group Enable input.

During the Read Status Register microinstruction, the Status
Register outputs are enabled onto the Status Bus (80-32).
The Status Bus is a three-bit, bi-directional, three-state bus.

The Load Mask Register microinstruction loads data from the
three-state, bi-directional M-Bus into the Mask Register.

The Read Mask Register microinstruction enables the Mask
Register outputs onto the bi-directional, three-state M-Bus.

The Set Mask Register microinstruction sets all the bits in the
Mask Register to one. This results in all interrupts being
inhibited.

The entire Mask Register is cleared by the Clear Mask Register
microinstruction. This enables all interrupts subject to the
Interrupt Enable flip-flop and the Status Register.

The Bit Clear Mask Register microinstruction may be used to
selectively clear individual Mask Register bits. This micro-
instruction clears those Mask Register bits which have cor-
responding M-Bus bits equal to one. Mask Register bits with
corresponding M-Bus bits equal to zero are not affected.

The Bit Set Mask Register microinstruction sets those Mask
Register bits which have corresponding M-Bus bits equal to
one. Other Mask Register bits are not affected.

All Interrupt Requests may be disabled by execution of the
Disable Interrupt Request microinstruction. This microinstruc-
tion resets an Interrupt Request Enable flip-flop on the chip.

The Enable Interrupt Request microinstruction sets the Inter-
rupt Enable flip-flop. Thus, Interrupt Requests are enabled
subject to the contents of the Mask and Status Registers.
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Figure 3. Am291

4 Block Diagram.
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Am2914 BLOCK DIAGRAM DESCRIPTION

The Am2914 block diagram is shown in Figure 3. The Micro-
instruction Decode circuitry decodes the Interrupt Micro-
instructions and generates required control signals for the chip.

The Interrupt Register holds the Interrupt Inputs and is an
eight-bit, edge-triggered register which is set on the rising edge
of the CP Clock signal if the Interrupt Input is LOW.

The Interrupt latches are set/reset latches. When the Latch
Bypass signal is LOW, the latches are enabled and act as
negative pulse catchers on the inputs to the Interrupt Register.
When the Latch Bypass signal is HIGH, the Interrupt latches
are transparent.

The Mask Register holds the eight mask bits associated with
the eight interrupt levels. The register may be loaded from or
read to the M-Bus. Also, the entire register or individual mask
bits may be set or cleared.

The Interrupt Detect circuitry detects the presence of any
unmasked Interrupt Input. The eight-input Priority Encoder
determines the highest priority, non-masked Interrupt Input
and forms a binary coded interrupt vector. Following a Vector
Read, the three-bit Vector Hold Register holds the binary
coded interrupt vector. This stored vector can be used later for
clearing interrupts.

The three-bit Status Register holds the status bits and may be
loaded from or read to the S-Bus. During a Vector Read, the
Incrementer increments the interrupt vector by one, and the
result is clocked into the Status Register. Thus, the Status
Register points to a level one greater than the vector just read.

The three-bit Comparator compares the Interrupt Vector with
the contents of the Status Register and indicates if the Inter-
rupt Vector is greater than or equal to the contents of the
Status Register.

The Lowest Group Enabled Flip-Flop is used when a number
of Am2914's are cascaded. In a cascaded system, only one
Lowest Group Enabled Flip-Flop is LOW at a time. [t indicates
the eight interrupt group, which contains the fowest priority
interrupt level which will be accepted and is used to form the
higher order status bits.

The Interrupt Request and Group Enable logic contain various
gating to generate the Interrupt Request, Parallel Disable,
Ripple Disable, and Group Advance Send signals.

The Status Overflow signal is used to disable all interrupts. It
indicates the highest priority interrupt vector has been read
and the Status Register has overfiowed.

The Clear Control logic generates the eight individual clear
signals for the bits in the Interrupt Latches and Register. The
Vector Clear Enable Flip-Flop indicates if the last vector read
was from this chip. When it is set it enables the Clear Control
Logic.

The CP clock signal is used to clock the Interrupt Register,
Mask Register, Status Register, Vector Hold Register, and the
Lowest Group Enabled, Vector Clear Enable and Status Over-
flow Flip-Flops, all on the clock LOW-to-HIGH transition.

The Am2914 can be microprogrammed in many different
ways. Figure 4 shows an example interrupt sequence. The
Read Vector microinstruction is necessary in order to read the
interrupt priority level. Since vector plus one is automatically
loaded into the Status Register when a Read Vector micro-
instruction is executed, the Status Register possibly will
overflow and disable all interrupts. For this reason, the Status
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Figure 4. Example Interrupt Sequence.

Register must be reloaded periodically. The other Am2914
microinstructions are optional.

CASCADING THE Am2914

A number of input/output signals are provided for cascading
the Am2914 Vectored Priority Interrupt Encoder. A defini-
tion of these |/O signals and their required connections
follows:

Group Signal (GS) — This signal is the output of the Lowest
Group Enabled flip-flop and during a Read Status micro-
instruction is used to generate the high order bits of the Status
word. :

Group Enable (GE) — This signal is one of the inputs to the
Lowest Group Enable flip-flop and is used to load the flip-flop
during the Load Status microinstruction.
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Group Advance Send (GAS) — During a Read Vector micro-
instruction, this output signal is LOW when the highest

priority vector {vector seven) of the group is being read. In a °

cascaded system Group Advance Send must be tied to the
Group Advance Receive input of the next higher group in
order to transfer status information.

Group Advance Receive (GAR) — During a Master Clear or
Read Vector microinstruction, this input signal is used with
other internal signals to load the Lowest Group Enabled flip-
flop. The Group Advance Receive input of the lowest
priority group must be tied to ground.

Status Overflow (-§\7) — This output signal becomes LOW
after the highest priority vector (vector seven) of the group
has been read and indicates the Status Register has overflowed.
It stays LOW until a Master Clear or Load Status microinstruc-
tion is executed. The Status Overflow output of the highest
priority group should be connected to the Interrupt Disable
input of the same group and serves to disable all interrupts
until new status is loaded or the system is master cleared. The
Status Overflow outputs of lower priority groups should be
left open (see Figure 7).

Interrupt Disable (ID) — When LOW, this input signal inhibits
the Interrupt Request output from the chip and also generates
a Ripple Disable output.

Ripple Disable (RD) — This output signal is used only in the
Ripple Cascade Mode (see below). The Ripple Disable output
is LOW when the Interrupt Disable input is LOW, the Lowest
Group Enabled flip-flop is LOW, or an Interrupt Request is
generated in the group. In the ripple cascade mode, the
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Figure 5. Cascade Lines Connection for Single Chip System.
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Ripple Disable output is tied to the Interrupt Disable input of
the next lower priority group (see Figure 6).

Parallel Disable {PD} — This output is used only in the paralle}
cascade mode {see below). It is HIGH when the Lowest Group
Enabled flip-flop is LOW or an Interrupt Request is generated
in the group. It is not affected by the Interrupt Disable input.

A single Am2914 chip may be used to prioritize and encode
up to eight interrupt inputs. Figure 5 shows how the above
cascade lines should be connected in such a single chip system.

The Group Advance Receive and Group Enable inputs should
be connected to ground so that the Lowest Group Enabled
flip-flop is forced LOW during a Master Clear or Load Status
microinstruction. Status Overflow should be connected to
Interrupt Disable in order to disable interrupts when vector
seven is read. The Group Advance Send, Ripple Disable,
Group Signal and Parallel Disable pins should be left open.

The Am2914 may be cascaded in either a Ripple Cascade
Mode or a Parallel Cascade Mode. In the Ripple Cascade Mode,
the Interrupt Disable signal, which disables lower priority
interrupts, is allowed to ripple through lower priority groups.
Figures 6, 9 and 11 show the cascade connections required
for a ripple cascade 64 input interrupt system.

In the parallel cascade mode, a parallel lookahead- scheme is
employed using the high-speed Am2902 Lookahead Carry
Generator. Figures 7, 9 and 10 show the cascade connections
required for a parallel cascade 64-input interrupt system. For
this application, the Am2902 is used as a lookahead interrupt
disable generator. A Parallel Disable output from any group
results in the disabling of all lower priority groups in parallel.
Figure 8 shows the Am2902 logic diagram and equations.

In Figures 9 and 10, the Am2913 Priority Interrupt Expander
is shown forming the high order bits of the vector and status,
respectively. The Am2913 is an eight-line to three-line priority
encoder with three-state outputs which are enabled by the
five output control signals G1, G2, G3, G4, and Gb. In Figure
9, the Am2913 is connected so that its outputs are enabled
during a Read Vector instruction, and in Figure 10 the
Am2913 is connected so that its outputs are enabled during a
Read Status instruction. The Am2913 logic diagram and
truth table are shown in Figure 11.

The Am25LS138 three-line to eight-line Decoder also is
shown in Figure 10. It is used to decode the three high order
status bits during a Load Status instruction. The Am25LS138
logic diagram and truth table are shown in Figure 12.

Crsx Cry Cntz g 4
Crtx = Go +PpCp
Cn+y = G1 + P1G0 + P1 PoCn
Chez = G2 + P2G1 + P2P1 GO + P2P1POCn
G =Gg+ P3Gy + P3PyGy +P3PoP1 Gy
P = P3P2P1 PO
MPR-135

Figure 8. Am2902 Carry Look-Ahead Generator Logic Diagram and Equations.
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Figure 9. Vector Connections for both the Parallel and Ripple Cascade Modes.
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EXAMPLE INTERRUPT SYSTEMS DESIGNS
FOR AN Am2900 SYSTEM

A classical computer architecture is shown in Figure 13. The
Computer Control Unit controls the internal busses and sub-
systems of the processor, synchronizes internal and external
events and grants or denies permission to external systems.
The data bus is commonly used by all of the subsystems in
the computer. Information, instructions, address operands,
data and sometimes control signals are transmitted down the
data bus under contro! of a microprogram. The microprogram
selects the source of the data as well as the destination(s) of
the data. The Address Bus is typically used to select a word in
memory for an internal computer function or to select an
input/output port for an external subsystem or peripheral
function. The source of the data for the address bus, also
selected by microprogram commands, may be the program
counter, the memory address register, a direct memory address
controller, an interface controller, etc.

The arithmetic/logic unit (ALU) is that portion of the proc-
essor that computes. Under control of the microprogram, the
ALU performs a number of different arithmetic and logic
functions on data in the working registers or from the data
bus. The ALU also provides a set of condition codes as a
result of the current arithmetic or logic operation. The condi-
tion codes, along with other computer status information, are

stored in a register for later use by the programmer or
computer control unit.

The program counter and the memory address register are the
two main sources of memory word and 1/0 address select data
on the address bus. The program counter contains the address
of the next instruction or instruction operand that is to be
fetched from main memory, and the memory address register
contains instruction address operands which are necessary to
fetch the data required for the execution of the current
instruction.

A subroutine address stack is provided to allow the return
address linkage to be handled easily when exiting a sub-
routine. The address stack is a last-in, first-out stack that is
controlled by a jump-to-subroutine, PUSH, or a return-from-
subroutine, POP, instruction from the CCU microinstruction
word.

The next microprogram address control (NMAC) circuitry
controls the generation of microinstruction addresses. Based
on microprogram control, interrupt requests, test conditions
and commands from a control panel or other processor, the
NMAC determines the address of the next microinstruction
to be executed.

For a more detailed description of the above portions of the
computer, refer to Advanced Micro Devices’ Application Note
A Microprogrammed 16 Bit Computer by James R.W. Clymer.
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Figure 13. Generalized Computer Architecture.
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- Am2914 PRIORITY INTERRUPT ENCODER
DETAILED LOGIC DESCRIPTION

INTRODUCTION ,

A clear understanding of the Am2914 Priority Interrupt
controller’s operation facilitates its efficient use. With that
idea in mind, a detailed logic description of the Am2914 is
presented here. A detailed logic diagram and control signal
truth table are shown, and significant aspects of the Am2914
design are described verbally.
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Figure 1. Interrupt Latches and Register.
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LOGIC DIAGRAM DESCRIPTION

The Interrupt Latches and Register are shown in Figure 1.
The Interrupt latches are set/reset-type latches. When the
Latch Bypass signal is LOW, the latches are enabled and act as
negative pulse catchers on the inputs to the Interrupt Register.
When the Latch Bypass signal is HIGH, the Interrupt latches
are transparent. The Interrupt Register holds the Interrupt
Inputs and is an eight-bit, edge-triggered register. It is updated
on the LOW-to-HIGH transition of the clock pulse (HIGH-to-
LOW transition of the CP signal) as are all of the flip-flops on
the chip.

¢ X

4
Vo —

VECTOR CLEAR
ENABLE
FLIP-FLOP

PASS
ALL
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Figure 2. Vector Hold Register

When a Read Vector instruction is executed, the binary coded
vector is loaded into the Vector Hold Register of Figure 2.
This stored vector can be used iater for clearing the interrupt
associated with the last vector that was read. The Vector Clear
Enable Flip-Flop of Figure 2 is set when a Read Vector instruc-
tion is executed and the PASS ALL signal is HIGH. A HIGH
PASS ALL signal level indicates that this group is enabled
and that an interrupt request in this group was detected and
passed priority. The Vector Hold Register and the Vector
Clear Enable Flip-Flop are cleared when a Master Clear, Clear
All Interrupts, or Clear Interrupt Last Vector Read is executed.
Table 1 shows the generation of the “N and R’* control signals
for each of these operations.
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Figure 4. Interrupt Request Detect and Priority Decoder.
The Interrupt Request Detect and Priority Encode circuitry eight-input Priority Encoder determines the highest priority,
are shown in Figure 4. The Interrupt Detect circuitry non-masked Interrupt Input and forms a binary coded
detects the presence of any unmasked Interrupt Input. The interrupt vector, Vg-Vo.
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Figure 5. Clear Control.
The Clear Control logic of Figure 5 generates the eight corresponding mask bus bits equal to one, or the interrupt
individual clear signals for the eight Interrupt Register bits. associated with the last vector read may be cleared. Table 1
Under microinstruction control, all interrupts, interrupts shows the generation of the “J’" and K’ control signals

with corresponding mask register bits set, interrupts with for each of these operations.
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Figure 6. Three-Bit comparator.

The three-bit Comparator of Figure 6 compares the inter-
rupt vector with the contents of the Status Register. A
LOW signal level at the PASS PRIORITY output indicates
that the interrupt vector is greater than or equal to the con-
tents of the Status Register.
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Figure 7. Group Enable Logic.

The Lowest Group Enabled Flip-Flop, Figure.7, is used when
a number of Am2914’s are cascaded. In a cascaded system,
only one Lowest Group Enabled Flip-Flop is LOW at a time.
It indicates the group which contains the lowest priority inter-
rupt which will be accepted and is used to form the high order
status bits. When a Load Status instruction is executed, the
flip-flop is loaded from the GROUP ENABLE input. When a

Am2914

Master Clear instruction is executed, it is loaded from the
GROUP ADVANCE RECEIVE input. The flip-flop is set
HIGH when a Read Vector instruction is executed if a Group
Advance is not received and no interrupt in this group is
detected, if a Group Advance is sent from. this group, or if
interrupts from this group are disabled. For all other instruc-
tions, the flip-flop remains the same. Table 1 shows the
generation of the “N”, “L"” and “M’’ control signals for these
operations,

The Status Register holds the status bits and may be loaded
from or read to the “/S’ bus as shown in Figure 8. Note that
when a Load Status instruction is executed, status from the
“§" bus is loaded into the Status Register only if the GROUP
ENABLE input is LOW; if the GROUP ENABLE input is
HIGH, the Status Register is cleared. Also note that during
a Read Status instruction, the Status Register outputs are
enabled onto the S’ bus only if the Lowest Group Enabled
Flip-Flop of this group is LOW. When a Read Vector instruc-
tion is executed, the incrementer increases the vector by one
and the result is loaded into the Status Register. Thus, the
Status Register always points to the lowest level at which an
interrupt will be accepted. Table 1 shows the generation of
the “F”, "G’ and “OE-S" control signals for Status Register
operations.

The Interrupt Request Logic, shown in Figure 9, generates the
RIPPLE DISABLE, PARALLEL DISABLE, INTERRUPT
REQUEST, GROUP ADVANCE SEND, and STATUS OVER-
FLOW output signals. The PARALLEL DISABLE signal is
generated when the Lowest Group Enabled signal is LOW or
an interrupt request in this group is detected and passes
priority. The RIPPLE DISABLE signal is generated when the
PARALLEL DISABLE signal is generated and also when the
INTERRUPT DISABLE inputsignal is LOW. The INTERRUPT
REQUEST output signal is generated when interrupt requests
in this group are enabled and a request is detected and passes
priority. The GROUP ADVANCE SEND output signal is
generated when a vector of value seven is being read. The
Status Overflow Flip-Flop is set LOW when a vector of value
seven is read and indicates the Status Register has overflowed.
The Interrupt Request Enable Flip-Flop is either set or reset
by the Enable Request or Disable Request microinstructions
respectively, and is used to enable or disable the INTERRUPT
REQUEST output. Table 1 shows the generation of control
signals “‘D"’, “E"’, /S’ and “H"’.

Note that the vector outputs are enabled only when a Read
Vector is being executed. Also note that when a Read Vector
instruction is executed, the vector outputs will be disabled
after the execution of the instruction since the Status Register
is loaded with V+1, and the INTERRUPT REQUEST will no
longer be generated.

The Microinstruction Decode circuitry, Figure 10, decodes
the Am2914 microinstructions and generates the required
internal control signals. Table 1 shows the truth table for
these functions and Figure 11 shows the function tables.
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Table 1. Am2914 Control Signal Truth Table.
0=LOW, 1=HIGH

Clear trpt Vector
Microinstruction Function RM".SI:SV RS(a.“:: gm:;'p Con- | Request| Hold Other

egls egister nable trol Enable | Register
Decimal I_E I3 2 11 g Description A B C|OEM| F G|OES|L M|J K|D E|N R|S H
0 0 0 0 o 0 | Master Clear 0o 0 1 0 0o 0 1 1 o1 1 0o 1 0o 0 |1 1
1 0 0 [¢] 0 1 Clear All Interrupts 1 0o 1 o} 0 1 1 0 1 1 1 1 X0 0|1 0
2 0 0 0 1 0 | Clear Intr Via M Bus 10 1 [¢] o 1 1 o 1|1 o1 X}|0o t |1 0
3 0 0 0 1 1 | Clear Intr Via M Reg 1 0 1 1 0o 1 1 o 11 o1t Xlo 1t {1 0
4 0 0 1 0 0 | Clear Intr, Last Vector | 1 0 1 0 0 1 1 0 110 1/001 X}{0 0|1 0
5 0 0 1 0 1 | Read Vector 1t 0 1 0 0/1 0 1 0 0|0 Ot Xj|j1 0|0 1
6 0 o] 1 1 0 | Read Status Reg 1 0 1 0 0 1 0 o 1{0 o1 X}{0o 11 0O
7 0 0 1 1 1 Read Mask Reg 1 0 1 1 0 1 1 o 1|0 o1 Xj{0 1|1 0
8 0 1 Q 0 0 | Set Mask Reg 0o 0o O 0 o 1 1 0o 1|0 o1t Xjo0o 1,1 O
9 0 1 0 0 1 L.oad Status Reg 1 0 1 0 1 1 1 1 1 o o1 xlo 1 1 1
10 [¢] 1 0 1 0 | Bit-Clear Mask Reg o 1 0 0 o 1 1 o 110 o1 X|O0o 1|1 O
11 0 1 0 1 1 | Bit Set Mask Reg 1T 1 1 0 0 1 1 o 1]0 0|1 X|]0o 1 {1 O
12 Q 1 1 0 0 | Clear Mask Reg 0 o0 1 0 o 1 1 o 1{0 o1 X|o 1|1 o0
13 0 1 1 0 1 Disable Request 1 o 1 0 o] 1 1 0 1 o 0|0 O0]O0 1 1 ]
14 0 1 1 1 0 | Load Mask Reg o 1 1 0 0o 1 1 o 1|0 ot x}|0o 111 0
15 0 1 1 1 1 | Enable Request 1 0 1 0 0 1 1 6 1/0 o0 1|0 111 O
X 1 X X X X | Instruction Disable 1 0 1 0 o 1 1 0 1{0 0|1t X|0 1|1 0

Notes: 1. Control line *F’* during “READ VECTOR" instruction is 0 when “PASS ALL" is LOW and 1 when “PASS ALL" is HIGH.
2. Control line K during ““Clear Intr, Last Vector” instruction is O when *Vector Clear Enable” is LOW and 1 when “Vector Clear Enable”

is HIGH.
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Figure 8. Incrementer and Status Register.
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Figure 9. Interrupt Request Logic.
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MASK REGISTER

STATUS REGISTER
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The Mask Register shown in Figure 3 holds the eight mask
bits associated with the eight interrupt levels. The register
may be set or cleared, bit set or bit cleared from the ‘“M"’

Figure 3. Mask Register.

bus, or loaded or read to the “M’’ bus. Table 1 shows the
generation of the “A"”, “B”, “C"” and "OE-M’’ control

signals for each of these operations.
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Am2915A

Quad Three-State Bus Transceiver With Interface Logic

Distinctive Characteristics

Quad high-speed LS| bus-transceiver
Three-state bus driver

Two-port input to D-type register on driver

Bus driver output can sink 48mA at 0.5V max.
Receiver has output latch for pipeline operation

® Three-state receiver outputs sink 12mA

® Advanced low-power Schottky processing

® 100% reliability assurance testing in compliance with

MIL-STD-883

® 3.5V minimum output high voltage for direct inter-

face to MOS microprocessors

FUNCTIONAL DESCRIPTION

The Am2915A is a high-performance, low-power Schottky bus
transceiver intended for bipolar or MOS microprocessor system
applications. The device consists of four D-type edge-triggered
fiip-flops with a built-in two-input multiplexer on each. The
flip-flop outputs are connected to four three-state bus drivers.
Each bus driver is internally connected to the input of a
receiver. The four receiver outputs drive four D-type latches
that feature three-state outputs.

This LSI bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs (except the BUS inputs)
are one LS unit load. The three-state bus output can sink up
to 48mA at 0.5V maximum. The bus enable input (BE) is
used to force the driver outputs to the high-impedance state.
When BE is HIGH, the driver is disabled. The Voy and Vg of
the bus driver are selected for compatibility with standard and
Low-Power Schottky inputs.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the
input of each flip-flop. A common select input (S) controls the
four multiplexers. When S is LOW, the A; data is stored in the
register and when Sis HIGH, the Bj data is stored. The buffered
common clock (DRCP) enters the data into this driver reyister
on the LOW-to-HIGH transition. ‘

Data from the A or B inputs is inverted at the BUS output.
Likewise, data at the BUS input is inverted at the receiver out-
put. Thus, data is non-inverted from driver input to receiver
output. The four receivers each feature a built-in D-type latch
that_is controlled from_the buffered receiver latch enable
(RLE) input. When the RLE input:is LOW, the latch is open
and the receiver outputs will follow th_ebus inputs (BUS data

inverted and OE LOW). When the RLE input is HIGH, the .

latch” will close and retain the present data regardless of the
bus input. The four latches have three-state outputs and are
controlled by a buffered common three-state control (OE)
input. When OE is HIGH, the receiver outputs are in the high-
impedance state.

LOGIC SYMBOL

4 3 8 9 1816 202
Ao Bo Ay By Ay By Az By
13—ds Rol— 2

23 —] pRep
Ry f— 10
11 ~0f BE Am2915A
RZ b 14
1 —O] RLE
12 —Of o€ Ry — 22
BUS;  BUS; BUS, BUSy

rrT

Ve = Pin 24
GND; =Pin 6

GND> = Pin 18

19

MPR-159

CONNECTION DIAGRAM

Top View
e [} ® i 2% Vee
Ro [} 2 23 [ ] oRep
Bo[]s 2 []Rs
no] e 21 [7] 8
B80S, [ s 20 [ ] A3z
o e amoisn 1 [ 50%s
ﬁ, |: 7 18 :j GND,
A e 17 [] 805,
B[] 16 [ ] A2
R[]0 15 [ ]8
g []v 14 []Rs
OE[] 2 13[]s

Note: Pin 1 is marked for orientation.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature {Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential

—0.5V to +7V

DC Voltage Applied to Outputs for HIGH Output State

—0.5V to +V¢ max.

DC Input Voltage —0.5V to +7V
DC Output Cutrent, Into Outputs (Except Bus) 30mA
DC OQutput Current, Into Bus 100mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2915AXC

Am2915AXM (MIL)

(COM'L)  Tp=0°Cto+70°C

VeeMIN. =476V

Ta=—65°Cto+125°C  VgeMIN. = 4.50V

VeeMAX. = 5.26V
Voo MAX. = 5.50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units
loL = 24mA 0.4
VoL Bus Output LOW Voltage Voo = MIN. Volts
lgL = 48mA 0.5
COM'L, IgH = —20mA
Vou Bus Output HIGH Voltage Ve = MIN. 24 Volts
MIL, IoH = —15mA
Vo = 0.4V 200
Bus Leakage Current Vee = MAX. -
| . Vo =24V
o (High Impedance) Bus enable = 2.4V 0-2 50 HA
Vo =45V 100
Bus Leakage Current Vo =45V
1OFF
(Power OFF) Vge = 0V 100 HA
ViH Receiver Input HIGH Threshold Bus enable = 2.4V 2.0 Volts
] com'L. 0.8
VL Receiver Input LOW Threshotd Bus enable = 2.4V Volts
MiL 0.7
i Output Short Circui Vee = MAX. 50 120 226
sc Bus Output Short Circuit Current Vo =0V - - mA
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ELECTRICAL CHARACTERISTICS

The following conditions apply uniess otherwise noted:

Am2915A

AmM2915AXC (COM'L) T =0°C to +70°C VeeMIN. =475V VooMAX. = 6.26V
AM2915AXM (MIL) Ta=-56°Ct0+125°C  VeeMIN. =450V VeoMAX. = 5.50V
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN, MIL: oy = —~1.0mA 2.4 3.4
v Receiver - W . - _ Volt:
OH Output HIGH Voltage ViN = VL or Vin COM'L: gy = —2.6mA 24 34 olts
Vee =5.0V, IgH = —100uA 3.5
OW Voltace v MIN loL =4.0mA 0.27 0.4
Output L oltage cc= .
V, 1 =8.0mA
oL (Except Bus) Vin = Vi or Vil oL 0.32 0.45 Volts
loL = 12mA 0.37 05
ViH Input HIGH Level Guaranteed input logical HIGH 20 Volts
{Except Bus) for all inputs .
viL Input LOW Level Guaranteed input logical LOW | MIL 0.7 Volts
(Except Bus) for all inputs COM'L 0.8
V) Input Clamp Voltage (Except Bus) Vee = MIN., ljy = —18mA 1.2 Volts
BE, RLE —0.72
L Input LOW Current {Except Bus) Vee =MAX., VIN =04V mA
All other inputs —-0.36
hH Input HIGH Current (Except Bus) Vee = MAX,, VN =27V 20 uA
1 Input HIGH Current (Except Bus) Vee = MAX,, VN =7.0V 100 rA
Isc Output Short Circuit Current Vee = MAX. 30 130 mA
(Except Bus)
Icc Power Supply Current . Ve = MAX. M 63 95 mA
X Vo =24V
™ Off Sfate Output Current Voe = MAX. (o] 50 uA
{Receiver Outputs) Vo =04V 50
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
' Am2915AXM Am2915AXC
. Typ. Typ.
Parameters Description Test Conditions Min.  (Note2) Max. Min. (Note2) Max. | Units
tPHL i 21 36 21 32
Driver Clock (DRCP) to Bus ns
tpLH Cy_ (BUS) = 50pF 21 36 21 32
tZH. tZL . R (BUS) = 1300 13 26 13 23
Bus Enable (BE) to Bus ns
| tHzZ, Lz 13 21 13 18
s 15 12
Data Inputs (A or B) ns
th 8.0 6.0
ts 28 25
Select Input (8) ns
th 8.0 6.0
Driver Clock (DRCP) Pulse Width
¥ 20 17
Pw (HIGH) "
tPLH Bus to Receiver Qutput 18 33 18 30 as
tPHL (Latch Enable) CL = 15pF 18 30 18 27
tPLH RL = 2.0k 21 33 21
Latch Enable to Receiver Output 30 ns
. tPHL 21 30 21 27
ts J— 15 13
Bus to Latch Enable {RLE) ns
th 6.0 4.0
tZH. tZ|L o c lto R o 14 26 14 23
utput Control to Receiver Output ns
tHz, tL7 P P C| =5pF, R|_=2.0kQ 14 26 14 23

Notes: i, For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vg = 5.0V, 26°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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the four drivers are in the high impedance
state.

FUNCTIONAL TABLE Metallization and Pad Layout
INTERNAL DRCP
INPUTS TO DEVICE | BUS |OUTPUT FUNCTION
s | Aj| Bj | DRCP| BE |HLE|OE | D; Q; |BUS; Ri
X| XX X H| X ] X X X z X Driver output disable R3
X| XX X X X! H X X X z Receiver output disable B3
XXX X H L L X L L H Driver output disable and
X1 x|x X HlL]|L X H H L receive data via Bus input ET:J;'S'
XXX X X | H X X NC X X Latch received data s
LjL|Xx t X§ XX L X X X GNDg
Lla|x! t [ x| x|x]| #H] x| x X )
Load driver register
Hixjo] ¢+ | x|[x|[x| o] x| x| x BUS;
x|l t | x| x| x| w | x|x X A2
XXy x L X | x| x| NC X X x No driver clock restrictions B2
x{x|x| w | x{x|x|nc| x| x X Ry
x{x|[x] x [o]lx|[x] o] x| n X )
Drive Bus

xixix] x jox|x| n] x|t X

H = HIGH Z = HIGH Impedance X = Don't care i=0,123 s

L =LOW NC = No change 4 = LOW to HIGH transition

DIE SIZE .074" X .130"

DEFINITION OF FUNCTIONAL TERMS

Ag. Aq, A2, A3 The "A"” word data input into the two BUS(, BUS, The four driver outputs and receiver in-
input multiplexer of the driver register. BUS,, BUS; puts (data is inverted).

Bg. B4, B, B3 The "“B" word data input into the two Rp, R1, Ro, R3  The four receiver outputs. Data from the
input muttiplexers of the driver register. bus is inverted while data from the A or B

. . inputs is non-inverted.

S Select. When the select input is LOW, the ___ P . —_
A data word is applied to the driver reg- RLE Receiver Latch Enable.. When_ RLE is
ister. When the select input is HIGH, the LOW, data on t!je BUS inputs is passed
B word is applied to the driver register. through the receiver latches. When RLE

. is HIGH, the receiver latches are closed

DRCP Driver Clock Pulse. Clock pulse for the and will retain the data independent of
driver register. all other inputs.

BE Bus Enable. When the Bus Enable is HIGH, OE Output Enable. When the OE input is

HIGH, the four three state receiver out-
puts are in the high-impedance state.

ORDERING INFORMATION
Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2915APC P-24 C C-1
AM2915ADC D-24 C C-1
AM2915ADC-B D-24 C B-1
AM2915ADM D-24 M C-3
AM2915ADM-B D-24 M B-3
AM2915AFM F-24-1 M C-3
AM2915AFM-B F-24-1 M B-3

" Visual inspection

AM2915AXC Dice [o}
AM2915AXM Dice M ] to MIL-STD-883

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C = 0°C to +70°C, Vg = 4.75V t0 5.25V, M = — 55°C to +125°C, V¢ = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
Class B.
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Am2915A

INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

INPUT O——9

DRIVEN INPUT 8US DRIVING OUTPUT
< _ <
S 17k 502 5k < 605
< <
i o i
N

RS .

T

Note: Actual current flow direction shown,

QUTPUT, ODD

MPR-162
SWITCHING TEST CIRCUIT
Vee
TEST A
POINT 20k
$
INPUT A R o
Am2015A  OR * s,
INPUT B 00D l 1 2
vy *
ce I oL 5.0k
B8US T =
130 <
.
S3
TEST o 4
poinT © T s, *C|_ = 15pF for tp| H. tPHL.
I 60pF ok tzL. tzH
= VWA = C| = 56pF for tyz, t. 2
MPR-163
SWITCHING WAVEFORMS
3.0V
DRIVER F
cLOCK —_———— 13V
ov
|~— by —} th —=| |
3.0V
b %\ 7////////////
ov
pLH ’7 TPHL y—-—
VoH
OUTPUT _—av
VoL
tpHL. tPLH ’—i
Vou
R
S Sk 7{1
Vo
Note: Bus to Receiver output delay is measured by clocking data into the driver register
and measuring the BUS to R combinatorial delay. MPR
-164
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—

APPLICATIONS

l

A CONTROL 8

l

IN

The Am2915A is a universal Bus Transceiver useful for many system data, address, control and

timing input/output interfaces.

CONTROL
MASTER
ALY SCRATCHPAD — iy
out out
ADDRESS
AND oésﬁnﬁ%fgr\l
DATA DISPLAY
A 8 CONTROL A B CONTROL A B CONTROL
Am2915A Am2915A Am2915A
R BUS R BUS R BUS
DATA ADDRESS CONTROL
BUS BUS BUS

MPR-165
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Am2916A

Quad Three-State Bus Transceiver With Interface Logic

Distinctive Characteristics

Quad high-speed LSI bus-transceiver
Three-state bus driver

Two-port input to D-type register on driver

Bus driver output can sink 48mA at 0.5V max.
Internal odd 4-bit parity checker/generator
Receiver has output latch for pipeline operation

Receiver outputs sink 12mA

Advanced low-power Schottky processing

100% reliability assurance testing in compliance with
MIL-STD-883

3.5V minimum output high voltage for direct inter-
face to MOS microprocessors

FUNCTIONAL DESCRIPTION

The Am2916A is a high-performance, low-power Schottky
bus transceiver intended for bipolar or MOS microprocessor
system applications. The device consists of four D-type edge-
triggered flip-flops with a built-in two-input multiplexer on
each. The flip-flop outputs are connected to four three-state
bus drivers. Each bus driver is internally connected to the
input of a receiver. The four receiver outputs drive four D-type
latches. The device also contains a four-bit odd parity checker/
generator.

The LSI bus transceiver is fabricated usingadvanced low-power
Schottky processing. All inputs (except the BUS inputs)
are one LS unit load. The three-state bus output can_sink
up to 48mA at 0.5V maximum. The bus enable input (BE) is
used to force the driver outputs to the high-impedance state.
When BE is HIGH, the driver is disabled.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the
input of each flip-flop. A common select input (S) controls
the four multiplexers. When S is LOW, the Aj data is stored
in the register and when S is HIGH, the Bj data is stored. The
buffered common clock (DRCP)} enters the data into this
driver register on the LOW-to-HIGH transition.

Data from the A or B input is inverted at the BUS output.
Likewise, data at the BUS input is inverted at the receiver out-
put. Thus, data in non-inverted from driver input to receiver
output. The four receivers each feature a built-in D-type latch
that is controlled from the buffered receiver latch enable
(RLE) input. When the RLE input is LOW, the latch is open
and the receiver outputs will follow the bus inputs (BUS data
inverted). When the RLE input is HIGH, the latch will close
and retain the present data regardless of the bus input.

The Am2916A features a built-in four-bit odd parity checker/
generator. The bus enable input (BE) controls whether the
parity output is in the generate or check mode. When the bus
enable is LOW (driver enabled), odd parity is generated based
on the A or B field data input to the driver register. When BE
is HIGH, the parity output is determined by the four latch
outputs of the receiver. Thus, if the driver is enabled, parity is
generated and if the driver is in the-high-impedance state, the
BUS parity is checked.

LOGIC SYMBOL

4 3 8 9 16 15 20 21

L]

Ag By Ay By Ay By Ag By
13— 5 0DD F— 12
Ro b— 2
23 ——| DRCP
Am2916A Ry fp— 10
11 —O| BE R
2 b— 14
1 =—O}f RLE A3 p— 22
BUS;  BUS; BUS,  BUSy

T 7 77

5 7 17 19

Vee = Pin 24
GNDq =Pin 6
GNDy = Pin 18

MPR-167
CONNECTION DIAGRAM
Top View
o \J
e[ ] 24 Lj Vee
ro [ 2 " ] oree
B[ |3 2 ]R3
Ao [ 4 21 [ 83
BUSH [ | 5 20 []A3
GND ] BUS:
e Am2916A 19 [7]89%
8US, E 7 18 [[_] GNDy
A[]s 17 [ ]8US;
&[] 16 [ 142
Ry [ 0 5 18,
e [ 1 [T]R,
oo [ 12 1B ]s
Note: Pin 1 is marked for orientation.
MPR-168
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LOGIC DIAGRAM
BUSp BUS;  BUS, BUS3
) IR
0 a 00 % D Q o Rg
Bo ot
—ice |E
N £ e
D Q D Q Ry
o) o] T
—cp E
Ay 0—
o 3:1}[ o of2 > Do a 2 Ry
—iCP E
Az o—f
%}E\rl > of '\.[ > o Tl»—o L_"
P2 0™ p—cp E —___\
N L ooD
$ ) PARITY
SELECT s j :,
BT orer
tNasLe BE P— oo i s
MPR-169
MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature —65°C to +150°C
Temperature {Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7V
DC Voltage Applied to Outputs for HIGH Output State ~0.5V to +V max.
DC Input Voltage —0.5V to +7V
DC Output Current, Into Outputs (Except Bus) 30mA
DC Output Current, Into Bus 100mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am29186AXC (COM'L}
Am2916AXM (MIL)

T =0°Cto+70°C
Ta = —55°C to +125°C

Voo MIN. = 4.76V
VeeMIN. = 4.50V

VeeMAX. = 6,25V
VcoMAX. = 6,50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units
lgL =24mA 0.4
VoL Bus Output LOW Voitage Vee = MIN. Volits
loL = 48mA 0.5
COM’L, IoH = —20mA
VOoH Bus Qutput HIGH Voltage Vee = MIN. 2.4 Volts
MIL, IgH = —16mA
Vo =04V --200
Vee = MAX.
Io Bu§ Leakage Current cC Vo = 24V 50 WA
(High Impedance) Bus enable = 2.4V
Vo =45V 100
y Vo =45V
10FF Bus Leakage Current
° (Power OFF) Ve =0V 100 HA
ViH Receiver Input HIGH Threshold Bus enable = 2.4V 2.0 Volts
coM’L 0.8
ViL Receiver Input LOW Threshold Bus enable = 2.4V Volts
MIL 0.7
Vee = MAX.
Isc Bus Output Short Circuit Current Vo =0V -50 —-120 -225 mA
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ELECTRICAL CHARACTERISTICS

The following conditions apply uniess otherwise noted:

Am2916AXC (COM'L)
Am2816AXM (MIL)

Ta =0°Cto+70°C
Tp =—55°C to +126°C

VeeMIN. =475V
VceMIN. = 4.50V

VoeMAX. = 5.26V
VeeMAX. = 5,50V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Am2916A

Typ.
Parameters Description Test Conditions (Note 1) Min. " (Note 2) Max. Units
Vee = MIN. MIL: Ioy = —1.0mA 24 3.4
Receiver - e
\"/ = K L = _
OH Output HIGH Voltage VIN =ViLor Viy COM'L: loH 2.6mA 24 3.4 Volts
: Vee =5.0V, IgH = —100kA 3.5
Vou Parity Vee = MIN, 1oy = —660uA MIL 2.5 34 Volts
Output HIGH Voltage ViN = ViH or Vy COM'L 2.7 34
o v MIN oL =4.0mA 0.27 04
Qutput LOW Voltage cc= .
vV | =8.0mA
oL (Except Bus) ViN = VL or VIH oL =8.0m 0.32 0.45 Volts
oL =12mA 0.37 0.5
\m Input HIGH Levei Guaranteed input logical HIGH 20 Volts
(Except Bus) for all inputs .
ViL Input LOW Level Guaranteed input logical LOW | MIL 0.7 Volts
{Except Bus) ) for all inputs COM'L 0.8
V) Input Clamp Voltage (Except Bus) Vee = MIN, Ny = —18mA ~1.2 Volts
BE, RLE ~0.72
he Input LOW Current {Except Bus) Vee =MAX, V|y =04V mA
Al other inputs ~0.36
IR tnput HIGH Current (Except Bus) Ve = MAX., Vi =27V 20 HA
1 Input HIGH Current (Except Bus) Vee = MAX., Viy =7.0V 100 HA
Isc Output Short Circuit Current Ve = MAX. RECEIVER —-30 —-130 mA
(Except Bus) PARITY —20 —100
lce Power Supply Current Ve = MAX,, All Inputs = GND 75 110 mA
SWITCHING CHARACTERISTICS OVER
OPERATING TEMPERATURE RANGE
Am2916AXM Am2916AXC
L - . Typ. . Typ.
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units
tPHL b 1ock (DREP) 8 21 36 21 32
river Clock CP) to Bus ns
tPLH CL(BUS) = 50pF 21 36 21 32
tZH, tZL — RL(BUS) = 1300 13 26 13 23
Bus Enable (BE) to Bus — ns
tHZ 1Lz 13 21 13 18
t 15 12
Data Inputs (A or'B) ns
th 8.0 6.0
t 28 25
Select Inputs (S) ns
th 8.0 6.0
tpw Clock Pulse Width (HIGH) 20 17 ns
tPLH ‘Bus to Receiver Output 8 33 18 30 as
tpHL {Latch Enabled) 18 30 18 27
tPLH ) 21 33 21 30
Latch Enable to Receiver Output ns
tPHL 21 30 21 27
ts N 15 13
Bus to Latch Enable (RLE) ns
th Ci =15pF 6.0 4.0
tPLH A or B Data to Odd Parity Output RL=2.0k2 32 46 32 42 e
tPHL (Driver Enabled) . 26 40 26 36
tPLH Bus to Odd Parity Output 21 36 21 32 ns
tPHL (Driver Inhibited, Latch Enabled) 21 36 21 32
tPLH Latch Enable (RLE) to 21 36 21 32 ns
tPHL Odd Parity Output 21 36 21 32

Notes: 1. For conditions shown as MIN, or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test shou! not exceed one second.
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INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS
DRIVEN INPUT [ DRIVING OUTPUT
< | <
Sk ‘ :; 800 .
m ‘ I
| E’
‘ OUTPUT, ODD
ooy RA- P |
i
L oL
1)
Note: Actual current flow direction shown.
MPR-170
SWITCHING TEST CIRCUIT
Vee
RL
TEST
POINT 20ka
$1
INPUT A R o
OR O——] Am2816A  OR | S,
INPUT B obD _L 1 2
Vee .
I cL 5.0k
BUS R L A -
1o
S3
TEST .
point & _J_ Os, *C = 15pF for tp_H, tPHL.
S0pF tZL, tZH
T 1 ok
= ANA— = CL =5pF fortyz, t1.z
MPR-171
SWITCHING WAVEFORMS
3.0V
DRIVER '[
cLOCK - 1.3y
ov
‘—._ ty —o| th —e| |
3.0V
A.Bors
7 ov
tPLH——‘ l—— tpHL ’—~
Vou
B80S "
OUTPUT Nﬁi 1.3V
VoL
tHL PLH t——
Vo
RECEIVER \ F
QUTPUT — 13V
VoL
Note: Bus to Receiver output delay is measurad by clocking data into the driver register
and measuring the BUS to R combinatorial delay. MPR-172
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SELECT

CLOCK

BUS
ENABLE
LATCH
ENABLE

A

—O| BE

—O] RLE

i

DRCP
Am2816A
R oDD BUS
BITS
0-3

AmB2562

EVEN

CONTROL

I L =EVEN

Py Py P3 Pg Pg Pg P7 Pg Py

H=0DD

APPLICATIONS
| I A B A B
[ Ld's s
I | DRCP DRCP
I Am2916A Am2916A
e L e 1]
—Of RLE —o| ALe
R 0DD  BUS R oDD  BUS
BITS
12—15 BUS PARITY
BITS
811
BITS
4-7 -_L
ODD/EVEN

Generating or checking parity for 16 data bits.

CHECK
PARITY QUTPUT

MPR-173

2-193




Am2916A
FUNCTION TABLE Metallization and Pad Layout
INTERNAL RTE 1 Yee 23 DRCP
INPUTS BUS | OUTPUT 2
TO DEVICE FUNCTION ‘ ‘ i
s |A;|B; |DRCP| BE |RLE|OE | O; | q; |BUS;| R;
XXX x [n{x|{ x| x| x|z X Driver output disable Ro 2 —— | 22 R3
XXX X X X | H X X X z Receiver output disable 8y 3 - 3 L —— 21 83
XXX X H|lL|L X L L H Driver output disable and
X)X | X X H|L]L X H H L receive data via Bus input Ag 4 — —— 20 Ag
S BUS; 5 — t—— 19 BUS3
X X|X X X H X X NC X X Latch received data
Livyxy t X1 x|px| L X | X X GNDy 6 <] [ 18 GND,
Limrfx| ¢t x| x|x]| w ] x]x X ) ) £
Load driver register
H|X|L t X | X | X L X X X BUS) 7 — ——- 17 BUSy
H|X|H| t x| x{x]| H X X X Ay 8 — w18 Ag
1h
x| x )X L X | X4 X | NC X X X No driver clock restrictions By 9 — o 15 B
X|X[X] H | X1 x| XN | X | X X Ry 10 P .
x{x{x| x [o{x|x] v ]| x]|mn X ) d
Drive Bus
x|x|{x| x | L|x|x| H| x]|L X I | l
H = HIGH Z = HIGH Impedance X = Don't care 1=0,1,2,3 BE 1 0‘|§D 13 8
L=LOW  NC = Nochange 1 = LOW to HIGH transition
‘DIE SIZE 074" X .130"
DEFINITION OF FUNCTIONAL TERMS
Ag. Aq, A2, Az The “A" word data input into the two BUS, BUS, The four driver outputs and receiver in-
input multiplexer of the driver register. BU S5, BU—S3 puts (data is inverted).
Bg. B4, By, B3  The “B” word data input into the two Rg, R1, R2, R3  The four receiver outputs. Data from the

DRCP

input multiplexers of the driver register.

Select. When the select input is LOW, the
A data word is applied to the driver reg-
ister. When the select input is HIGH, the
B word is applied to the driver register.

Driver Clock Puisé. Clock pulse for the
driver register.

Bus Enable. When the Bus Enable is HIGH,
the four drivers are in the high impedance
state.

LE

bus is inverted while data from the A or B
inputs is non-inverted.

Receiver Latch Enable. When RLE is
LOW, data on the BUS inputs is passed
through the receiver latches. When RLE
is HIGH, the receiver latches are closed
and will retain the data independent of
all other inputs.

Output Enable. When the OE input is
HIGH, the four three state receiver out-
puts are in the high-impedance state.

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2916APC P-24 c C-1
AM2916ADC D-24 o] C-1
AM2916ADC-B D-24 o] B-1
AM2916ADM D-24 M C-3
AM2916ADM-B D-24 M B-3
AM2916AFM F-24-1 M C-3
AM23916AFM-B F-24-1 M B-3

| Visual inspection

AM2916AXC Dice [}
AM2916AXM Dice M o MIL-STD-883

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C=0°Cto +70°C, Vg = 4.75V to 5.25V, M = — 55°C to +125°C, V¢ = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,

Class B.
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Am2917A

Quad Three-State Bus Transceiver With Interface Logic

Distinctive Characteristics

Quad high-speed LSI bus-transceiver
Three-state bus driver

D-type register on driver

Bus driver output can sink 48maA at 0.5V max.
Internal odd 4-bit parity checker/generator
Receiver has output latch for pipeline operation

® Three-state receiver outputs sink 12mA

® Advanced low-power Schottky processing

® 100% reliability assurance testing in compliance with
MIL-STD-883

® 3.5V minimum output high voltage for direct inter-
face to MOS microprocessors

FUNCTIONAL DESCRIPTION LOGIC SYMBOL.
The Am2917A is a high-performance, low-power Schottky bus
transceiver intended for bipolar or MOS microprocessor system
applications. The device consists of four D-type edge-triggered
flip-flops. The flip-flop outputs are connected to four three- a 7 a1

state bus drivers.. Each bus driver is internally connected to the
input of a receiver. The four receiver outputs drive four D-type ' J I | |

latches, that feature three-state outputs. The device also con- A0 Al A2 A3

tains a four-bit odd parity checker/generator. 19 — pRep 00D }— 10
The LSI bus transceiver is fabricated using advanced low- 1 —ol re Ro |— 2
power Schottky processing. All inputs (except the BUS inputs) AM2917A Rif— 8
are one LS unit load. The three-state bus output can sink up to 9 —o| BE . -
48mA at 0.5V maximum. The bus enable input (BE) is used to

force ‘the driver outputs to the high-impedance state. When BE 1 —ofoe Raf—8
is HIGH, the driver is disabled. BUSo BUS1 BUSz BUS3

RER

The input register consists of four D-type flip-flops with a " e

buffered common clock. The buffered common clock (DRCP)
enters the Aj data into this driver register on the LOW-to-
HIGH transition.

Data from the A input is inverted at the BUS output. Like-
wise, data at the BUS input is inverted at the receiver output.

Thus, data is non-inverted from driver input to receiver output.
The four receivers each feature a built-in D-type latch that is
controlled from the buffered receiver latch enable (RLE)

Vec = Pin 20
GND; =Pin5
GNDjy = Pin 156

input. When the RLE input is LOW, the latch is open and the MPR-175
receiver outputs will follow the bus inputs (BUS data inverted
and OE LOW). When the RLE input is HIGH, the latch will CONNECTION DIAGRAM
close and retain the present data regardless of the bus input. Top View
The four latches have three-state outputs and are controlled
by a buffered common three-state control (OE) input. When
OE is HIGH, the receiver outputs are in the high-impedance
state.
The Am2917A features a built-in four-bit odd parity checker/ rre]: ® -/ 20| vee
generator. The bus enable input (BE) controls whether the [
parity output is in the generate or check mode. When the bus Ro[]2 19]Jorce
enable is LOW (driver enabled), odd parity is generated based mE 18] A3
on the A field data input to the driver register. When BE is o[+ 1[4
HIGH, the parity output is determined by the four latch out- .
puts. of the receiver. Thus, if the driver is enabled, parity is enoi[]s Am2BTIA 16 18US3
generated and if the driver is in the high-impedance state, the 50516 15[} GNDZ
BUS parity is checked. Ninl s,

3T [ 13[] A2

BE[ |9 12[7]r2

oop[]10 11| ] GE
Note: Pin 1 is marked for orientation.
MPR-176
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LOGIC DIAGRAM
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DRIVER
crock PRCP

BUS BE CD
ENABLE BEO

__ RECEIVER
—————oq—om_e LATCH
ENABLE

PARITY

MPR-177

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

-65°C to +150°C

Temperature (Ambient) Under Bias

-55°C to +125°C

$upp|y Voltage to Ground Potential -05Vto+7V
DC Voltage Applied to Outputs for HIGH Qutput State -0.5 V to +V (e max.
DC Input Voltage -0.5Vto+7V
DC Output Current, Into Outputs (Except BUS) 30 mA
DC Output Current, Into Bus - 100 mA

DC Input Current

-30 mA to +5.0 mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:
Am2917AXC (COM'L)  Tp =0°C to +70°C VeeMIN. =4.75V  VooMAX. = 5.26V
Am2917AXM (ML) Ta=—E6°Ct0+125°C VceMIN. =450V VooMAX. = 5,50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units
) IoL = 24mA 0.4
VoL Bus Output LOW Voltage Vee = MIN. Volts
1oL = 48mA 0.5
COM’L, IgH = —20mA
VoH Bus Output HIGH Voltage Vee = MIN. 2.4 Volts
MIL, IoH = —16mA
Vg =04V —200
Bus Leakage Current Vee = MAX. -
1 Vo =24V 5 A
0 (High Impedance) Bus enable = 2.4V 0 0 H
Vg =45V 100
10FF Bus Leakage Current Vg =45V 100 uA
(Power OFF) Vee =0V
ViH Receiver Input HIGH Threshold Bus enable = 2.4V 2.0 Volts
COM'L 0.8
ViL Receiver Input LOW Threshold Bus enable = 2.4V Volts
MiL 0.7
Vee = MAX.
Isc Bus Output Short Circuit Current Vgi ov —50 —120 —225 mA
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2917A

Am2917AXC (COM'L) - Tp =0°C to +70°C VecMIN. =475V VoeMAX. = 6,25V
Am2917AXM (MIL) Ta=-565"Ct0+125°C VocMIN. =4.50V  VgoeMAX. = 5.50V
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
) Ve = MIN, MiL: lgy = —1.0mA 24 34
voy | Receiver VN = VL or Vi COM'L: Igy = —2.6mA | 24 3.4 Voits
Output HIGH Voltage *10H B E E
Voe = 5.0V, IoH = —100uA 35
i =MIN., I = — R 4
Vo Parity Ve = MIN,, IgH = —660uA MIL 2.5 3 Vol
Output HIGH Voltage VIN = Vi or Vip com'L 2.7 3.4
v MIN loL =4.0mA 0.27 0.4
Output LOW Voltage cc*= . -
V, I =8.0mA
oL (Except Bus) ViN = VL or ViH oL i 0.32 0.45 Volts
oL = 12mA 0.37 0.5
ViH Input HI'GH Level Guaranteed input logical HIGH 20 Volts
(Except Bus) for all inputs :
ViL Input LOW;L9V9| ‘ Guaranteed input logical LOW MIL 0.7 Volts
{Except Bu$) for all inputs cOoM'L 0.8
Vi Input Clanﬁéa Voltage {Except Bus) Vee = MIN, Iy =—18mA -1.2 Volts
: BE, RLE -0.72
he Input LOW{Current (Except Bus) Vee = MAX,, ViN =04V mA
i Al other inputs -0.36
IH Input HIGH Current (Except Bus) | Vg = MAX., Viy =27V 20 uA
1 Input HIGH Current (Except Bus) Vee = MAX,, VN =7.0V 100 uA
Isc Output Shart Circuit Current Vee = MAX. RECEIVER —30 -130 mA
(Except Bub) . PARITY —20 —100
Ice Power Supply Current Vce = MAX. 63 95 mA
X Vo =24V
o Off St_ate Output Current Vee = MAX. 0] 50 uA
{Receiver Qutputs) . Vo =04V —50
SWITCHING CHARACTERISTICS OVER
OPERATING TEMPERATURE RANGE
Am2917AXM Am2917AXC
. . Typ. Typ.
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. | Units
tPHL 21 36 21 32
Driver Clock (DRCP)toBus | =~ = b———f e S ns
tPLH Cy (BUS) = 50pF 21 36 21 32
tZH. tzZL . RLBUS) = 1300 13 26 13 23
Bus Enable (BE) to Bus ns
tHz. tLz 13 21 13 18
ts ‘ 15 12
A Data Inputs ns
th 8.0 6.0
tPw Clock Pulse Width (HIGH) 20 17 ns
tPLH Bus to Receiver Output } 18 33 18 30
) ns
tPHL (Latch Enabled) 18 30 18 27
tpLH 21 a3 -2 30
Latch Enable to Receiver Output - ns
tPHL ’ ’ - 21 30 21 27
g — . 15 13
™ Bus to Latch Enable (RLE) C| =156pF 50 a0 ns
I R =2.0k$2
PLH A Data to Odd Parity Out 32 46 32 42 ns
tPHL (Driver Enabled) 26 40 26 « 36
tPLH Bus to Odd Parity Out 21 36 21 32 ns
tPHL (Driver Inhibit) 21 36 21 32
tPLH Latch Enable (RLE) to Odd 21 36 2z 32 ns
tPHL Parity Output . 21 36 21 32
1ZH. tZL Output Control to Output . . 14 26 14 23 ns
utpu r utpu
tHz tLz CL =5pF, R =2.0kQ 14 26 14 23

Notes: 1. For conditions shown as MIN, or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.

2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.

3. Not more than one output should be shorted at a time. Duration of the short circuit test shouid not exceed one second.
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INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

DRIVEN INPUT DRIVING QUTPUT

< <
:; 17kQ :: 6082

ot Ry

AAA

Note: Actual current flow direction shown.

OUTPUT, ODD

MPR-178
SWITCHING TEST CIRCUIT
Vee
RL
TEST
POINT 20k
$1
INPUT A R
OR O] Am2917A  OR > ) O
INPUT B 00D _J- 2
Vee «
¢ I L 5.0kQ
AAA
BUS R_ L VWV =
130 <
83
TEST ¢y . | - O
POINT T Sq *Cp = 16pF for tp|_H, tPHL,
§0pF
I 1.0k 2L tZH
= AN = C| = 5pF fortHqz, t 2
MPR-179
SWITCHING WAVEFORMS
30v
DAIVER 7‘[——..
CLOCK —%_—\ 1.3V
ov
ts th |
30v
ov
‘PLH—#{ TPHL r——
. Vou
BUS F S{
OUTPUT 1.3v
VoL
toHL PLH |~f
VoH
RECEIVER % F
QuUTPUT 1.3V
VoL
Note: Bus to Receiver output delay is measured by clocking data into the driver register
and measuring the BUS to R combinatorial delay.
MPR-180
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110
BUS

APPLICATIONS

S8US

Am2017A
ATA
ISTER

D,
REG

BUS

Am2017A
ADDRESS REGISTER
BUS

A

BUS Am2917A

R

MAIN
MEMORY

Am2918
STATUS REGISTER

Am2909

MICROPROGRAM

SEQUENCER

l

ROM/PROM
MICROCODE

I

Am2918
MICROWORD

REGISTER

R BUS

FLAGS Y
1 Am2901
BIPOLAR
MICROPROCESSOR

D

The Am2917A can be used as an 1/O Bus Transceiver and Main Memory 1/0 Transceiver
in high-speed Microprocessor Systems.

MPR-181
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FUNCTION TABLE

INTERNAL
INPUTS BUS | OUTPUT
_ TO DEVICE FUNCTION
A;|DRcP| BE [ALE|OE | D; | o; |BUS;| R
X X H| X | X X X z X Driver output disable
X X X X | H X X X z Receiver output disable
X| X HIL|L X L L H Driver-output disable and
X X H|L|L X H H L receive data via Bus input
X X X | H| X X NC X X Latch received data
L + X | X | X L X X X
Load driver register
H + X X | X H X X X
X L X X | X NC X X X . .
No driver clock restrictions
X H X X | X NC X X X
X X L X | X L X H X
Drive Bus
X| X L X|X H X L X
H = HIGH Z = HIGH Impedance X = Don't care i=0123
L =LOW NC = No change 4 = LOW to HIGH transition

Metallization and Pad Layout

DRCP

DIE SIZE .074” X .130”

ORDERING INFORMATION

Order the part number according to the table below to obtain the de-
sired package, temperature range, and screening level.

Package Operating Screening
Order Type Range Level
Number (Note 1) (Note 2) (Note 3)
AM2917APC P-20 C C-1
AM2917ADC D-20 (o} C-1
AM2917ADC-B D-20 [} B-1
AM2917ADM D-20 M C-3
AM2917ADM-B D-20 M B-3
AM2917AFM F-20 M C-3
AM2917AFM-B F-20 M B-3
AM2917AXC Dice c :’Js&fi_'g?%e_gg‘;"
AM2917AXM Dice M Method 2010B.
Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow-
ing letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the var-
iations of the package may be used unless otherwise specified.

2. C = 0°Cto +70°C, Vg = 4.75V to 5.25V.

M = —55°C to +125°C, Ve = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 con-
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-
883, Class B.

DEFINITION OF FUNCTIONAL TERMS

DRCP Driver Clock Pulse. Clock pulse for the driver register.

BE Bus Enable. When the Bus Enable is HIGH, the four
drivers are in the high impedance state.

BUSp, BUSq{, BUSy, BUS3 The four driver outputs and
receiver inputs (data is inverted).

Ro, R1, R2, Rz The four receiver outputs. Data from the
bus is inverted while data from the A inputs is non-inverted.

RLE Receiver Latch Enable. When RLE is LOW, data on the
BUS inputs is passed through the receiver latches. When RLE
is HIGH, the receiver latches are closed and will retain the
data independent of all other inputs.

ODD Odd parity output. Generates parity with the driver
enabled, checks parity with the driver in the high-impedance
state.

OE Output Enable. When the OE input is HIGH, the four
three-state receiver outputs are in the high-impedance state.

PARITY OUTPUT FUNCTION TABLE

BE ODD PARITY OUTPUT
L ODD = Ag ® A1 @ Ag ® A3
H ODD = Qp® Q7 © Q2 ® Q3
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Quad D Register With Standard And Three-State Outputs

Distinctive Characteristics ® Four three-state outputs
® Advanced Schottky technology o ® 75 MHz clock frequency
® Four D-type flip-flops ® 100% reliability assurance testing in compliance with
® Four standard totem-pole outputs MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC DIAGRAM
New Schottky circuits such as the Am2918 register provide the
design engineer with additional flexibility in system configura- )
tion — especially with regard to bus structure, organization Do D Q Qo
and speed. The Am2918 is a quadruple D-type register with - ™y
four standard totem pole outputs and four three-state bus-type o a iy
outputs. The 16-pin device also features a buffered common ™ ] &
clock (CP) and a buffered common output control (OE) for the 0
Y outputs. Information meeting the set-up arid hold require- o N o
ments on the D inputs is transferred to the Q outputs on the
LOW-to-HIGH transition of the clock.
The same data as on the Q outputs is enabled at the three-state N T— Yo
Y outputs_when the “output control” (OE) input s LOW.
When the OE input is HIGH, the Y outputs are in the high- 0, o a
impedance state. v
The: Am2918 register can be used in bi;?olar _micropr_ocessor e - I THREE.STATE
designs as an address register, status register, instruction reg- OUTPUTS
ister or for- various data or microword register applications, v
Because of the unique design of the three-state output, the de- Dy b a 'j
vice features very short propagation delay from the clock to
the Q or Y outputs. Thus, system performance and archi-
tectural design can be improved by using the Am2918 register. cLock cp "‘>°“’—° cP a Y3
Other applications of Am2918 register can be found in micro- ouTeuT
programmed display systems, communication systems and CONTROL ﬁ—°>
most general or special purpose digital signal processing
equipment. MPRL13
ORDERING INFORMATION LOGIC SYMBOL
Order the part number according to the table below to obtain the de- 1 4 12 15
sired package, temperature range, and screening level. I | I |
Package Operating Screening Dp Dy Dy D3
Order Type Range Level o cp
Number (Note 1) (Note 2) (Note 3) Am2918
7 —0f €
IO D6 o o1 0 01 0 03 Yo Yy ¥2 ¥g
AM2018DCB  D-16 c B-1 HEEEEER
AM2918DM D-16 M C-3 2 61114 3 6 10 13
AM2918DM-B D-16 M B-3 Vee = Pin 16
AM2918FM F-16 M C-3 L
AM2918FM-B F-16 M B3 GND =Pin8 MPR-184
AM2918XC Dice c Vieual inspection CONNECTION DIAGRAM
AM2918XM Dice M o MIL-STD-883 Top Vi
Method 2010B. op View
Notes: ) Vec D3 Q3 Yz Dy Q3 Y CP
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- D l;l T D T T T [;l
ing letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the
variations of the package may be used unless otherwise specified. Am2918
2. C = 0°Cto +70°C, V¢ = 4.75V to 5.25V. % s 4 s s 7 s
M = —55°C to +125°C, Vo = 4.50V to 5.50V.
3. See Appendix A for detailgcot screening. Levels C-1 and C-3 con- lD_OJ l;)' lv_ul I;' 10_1' YL‘I |0:E| ‘I}"\;ID
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-
883, Class B. Note: Pin 1 is marked for orientation. MPR-185
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vg¢ max.
DC Input Voltage —0.5V to +5.6V
DC Qutput Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

AmM2918XC TA=0°Cto+70°C Voo = 5.0V ¢ 6% (COM'L) MIN, = 4.75V MAX. = 5,26V
Am2918XM TaA = —55°Cto+125°C Vee = 5.0V £ 10% (MIL) MIN, = 4.5V MAX. = 6,6V Typ
' YP- .
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
a MIL 2.5 3.4
| = —1mA =
Vee = MIN., OH com| 2.7 34
VoH Output HIGH Voltage _ Volts
ViN=ViHor Vi XM, IgH = —2mA 2.4 34
Y
XC, IpH = —6.5mA 2.4 3.4
v Output LOW Voltage (Note 6) Vee = MIN. loL, = 20mA 05 v
utput oltage {(Note _ . olts
oL VN = Vi or Vi
Guaranteed input logical HIGH"
Vin Input HIGH Level vottage for all inputsg 2.0 Volts
Guaranteed input {ogical LOW
ViL Input LOW Level voltage for all inputs 0.8 Volts
Vi Input Clamp Voltage Vee = MING iy = —18mA —-1.2 Volts
UTH .
(N3 | Imput LOW Current Vee = MAX., VN = 0.5V -2.0 mA
liH :
(Note 3) Input HIGH Current Vee = MAX, VN = 2.7V 50 A
Iy Input HIGH Current Vee = MAX,, Vi = 5.5V 1.0 mA
Vo =24V 50
o Y Output Off-State Ve = MAX. ¢} uA
Leakage Current Vo =04V -50
1 Output Short Circurt Current v = MAX. 40 —100 mA
sc (Note 4} cc
Ice Power Supply Current Ve = MAX. (Note 5) 80 130 mA
Notes: For conditions shown as MIN. or MAX., use the appropriate value $pecified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vg = 6.0V, Tp'= 25°C ambient and maximum loading.

. Actual input currents = Unit Load Current x !nput Load Factor (see Loading Rules).

. lcc Is measured with all inputs at 4.5V and all outputs open.
. Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open,

Switching Characteristics (Ta = +25°C, Vec = 5.0V, R = 280Q2)

1.

2

3

4, Not more than one outpu* should be shorted at a time. Duration of the short circuit test shoud not exceed one second.
5 ;

6

Parameters Description Test Conditions Min. Typ. Max Units
tPLH 6.0 9.0
Clock to Q Output ns
tPH| 8.5 13
HIGH 7.0
tow Clock Pulse Width ns
LOowW 9.0
ts Data CL = 15pF 5.0 ns
th Data 3.0 ns
tPLH Clock to Y Output 6.0 9.0 N
tPHL (OE LOW) "85 13
t
ZH CL = 15pF 12,56 19
t 12 18 .
zL Output Control to Output ns
tHz 4.0 6.0
C_ =5.0pF
tLz 7.0 10.5
fmax Maximum Clock Frequency C=15pF 75 100 MHz
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TRUTH TABLE

LOADING RULES (In Unit Loads)

INPUTS OUTPUTS Fan-out
cLOCK NOTES Input Output  Output
OF cP D a v Input/Output  Pin No.’s  Unit Load HIGH LOW
H L X NC z - Do 1 1 - -
H H X NC z - 2 — 20 10*
H t L L z - % P
H + H H z - Yo 3 - 40/130 10*
L t L L L . D 4 1 — —
L + H H H — !
L - - L L 1 Q4 5 - 20 10*
L - - H H 1 Y1 6 — 40/130 107
L=LOW NC = No change OE 7 1 - -
H = HIGH t = LOW to HIGH transition
X = Don't care Z = High impedance GND 8 - - -
— cP 9 1 — —
Note: 1. When OE is LOW, the Y output will be in the same logic - -;* -
state as the Q output. Yo 10 - 40/130 10
Q2 1 — 20 10*
Dy 12 1 - -
Y3 13 - 40/130 10*
DEFINITION OF FUNCTIONAL TERMS Q3 14 - 20 10*
Dj The four data inputs to the register. D3 15 1 - -
Qj The four data outputs of the register with standard Vce 16 - - -
- v - . i -
.tOtem pOIe active pU|| up outputs Data is passed non A Schottky TTL Unit Load is defined as 50uA measured at 2.7V
inverted. HIGH and —2.0mA measured at 0.6V LOW.,

Yj The four three-state data outputs of the register. When

the three-state outputs are enabled, data is passed noh- loads {30mA) fori=0,1,2, 3,

*Fan-out on each Q; and Y; output pair should not exceed 15 unit

inverted. A HIGH on the ““output control’ input forces the
Y; outputs to the high-impedance state.

CP Clock. The buffered common clock for the register.
Enters data on the LOW-to-HIGH transition. Do

Metallization and Pad Layout
. V,

OE Output Control. When the OE input is HIGH, the Yi
outputs are in the high-impedance state, When the OE input

is LOW, the TRUE register data is present at the Yj outputs. %

Yo
By

Qq

Y

DIE SIZE 0.077” x 0.079”

GND

D3

Q3

Y3

B)

Q

Y2

CcP

SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

¥ DRIVING OUTPUT Q DRIVING OUTPUT DRIVEN INPUT
500 NOM 500 NOM S UNIT LOAD
S 2.8k NOM

___.:E loH

Note: Actual current flow direction shown,

el 7 A

MPR-186

2-203



Am2918

APPLICATIONS
Am2901A Am2901A D/T.:A Am2918
BIPOLAR BIPOLAR DATA-IN
MICROPROCESSOR MICROPROCESSOR REGISTER
DATA 1
CARRY out
OVERFLOW z
FLAGS
ZERO
NEGATIVE 0 oataour Q ¢ MRS ale—e DATA
REGISTER TRANSCEIVER
D
CONTROL
Am2918 PANEL
a v DISPLAY
l Y
2918 Am26510
FLAG DATA I A/EHE)HESS o Hos | . ADDRESS
CONTINUOUS FOR BUS USE REGISTER TRANSCEIVER BUS
FLAG DATA
The Am2918 as a 4-Bit The Am2918 used as Jata-in, data-out
status register and address registers.
MPR-187
BUS A
Ay Ay Ay Az
CLOCK CLOCK
No % Dp Dy 0y D Y3 Y2 Y9 Y Qg ™
Ny — o, cer jo— o] cp ol
Ny 02 Am2918 Am2918 02 ™
OE OE
Ny e} C. Qp b—— M.
s Svg v vy v b3 D, Dy Dy ° 3
QuTIUT T QUTPUT
CONTHOL [ CONTROL
Bg By ] B3
BUSB
The Am2918 can be connected for bi-directional interface between two buses. The device on the left
stores data from the A-bus and drives the A-bus. The device on the right stores data from the B-bus and
drives the A-bus. The output control is used to place either or both drivers in the high-impedance state.
The contents of each register are available for continuous usage at the N and M ports of the device.
MPR-188
Xg X4 Xy Xz X4 Xg Xg  Xp
SERIAL SERIAL
DATA DATA
IN ouT
Do Qg Dy @7 Dy Q; D3 Qg Dg Qp Dy @y Dz Q; D3 Qg
CcP cr
Am2918 Am2918
—O] OE OE
Yo Y1 Y2 V3 Yo Y1 Y2 Y3
CLOCK
BUS
CONTROL
Wy Wy Wy Wy Wy W wg Wy
8-Bit serial to parallel converter with three-state output (W) and direct access to the register word (X).
MPR-189
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Quad D Register With Standard And Three-State Outputs

DISTINCTIVE CHARACTERISTICS

® | ow-power Schottky version of the popular Am2918
Four standard totem-pole outputs

Four three-state outputs

Four D-type flip-flops

100% product assurance testing to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am29LS18 consists of four D-type flip-flops with a buf-
fered common clock. Information meeting the set-up and hold
requirements on the D inputs is transferred to the Q outputs
on the LOW-to-HIGH transition of the clock.

The same data as on the Q outputs is enabled at the three-
state Y outputs when the “output control’” (OE) input is
LOW. When the OE input is HIGH, the Y outputs are in the
high-impedance state.

The Am29L.S18 is a 4-bit, high-speed register intended for use
in real-time signal processing systems where the standard out-
puts are used in a recursive algorithm and the three-state
outputs provide access to a data bus to dump the results after
a number of iterations.

The device can also be used as an address register or status
register in computers or computer peripherals.

Likewise, the Am29LS18 is also useful in certain display
applications where the standard outputs can be decoded to
drive LED’s (or equivalent) and the three-state outputs are bus
organized for occasional interrogation of the data as displayed.

LOGIC DIAGRAM

O D a 9
Qq
STANDARD
—O|CP ab— I UL
— Qs
D1 D Q
t—ofcp al—
f Yo
D2 ) Q
Y1
L—ofce a THREE STATE
—l OUTPUTS
D3 D o

CLOCK CP ——-Do—o—o cP a

OUTPUT ==
conTroL OF

MPR-190

LOGIC SYMBOL

Dp Dy Dy D3

7 —=0f OE
Qg 07 Oy O3 Yo Y7 Yy Y3

HERER

2 5 1114 3 6 10 13
V¢c = Pin 16
GND =Pin 8
MPR-191
CONNECTION DIAGRAM
Top View
Vegc D3 Q3 Y3 Dy Q Y, cp
OO0 nn
16 15 14 13 12 n 10 9
.1 2 3 4 5 6 7 8
LTI LTI
Dy G Yo Dy O Y; OFE GND
Note: Pin 1 is marked for orientation.
MPR-192
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ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

coM’L
MIL

Ta =0°Cto +70°C
Ta = —55°Cto+125°C

Vee = 5.0V 5%
Ve = 5.0V £10%

(MIN. =475V MAX. =5.25V)
(MIN. =450V MAX.=5.50V)

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
MiL 2.5 34
Q,l = —660uA
Vee = MIN. OH COM’'L 2.7 3.4
VoH Output HIGH Voltage Volts
VIN=ViHor Vi v MIL, Iy = —1.0mA 24 34
COM'L, loH =2.6mA 2.4 34
| =4.0mA 4
Vee = MIN. oL = 4.0m °
VoL Output LOW Voltage Vin = Vipor Vi | 'OL =8.0mA 0.45 Volts
loL = 12mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
i i MIL 0.7
viL Input LOW Level Guaranteed mput logical LOW Volts
voltage for all inputs COM'L 0.8
vy Input Clamp Voltage Vee = MIN,, 1y = —18mA -15 Volts
T8 Input LOW Current Ve = MAX., Viy = 0.4V —0.36 mA
IiH Input HIGH Current Ve = MAX., Vyy = 2.7V 20 LA
I Input HIGH Current Vee = MAX., VN =7.0V 0.1 mA
™ Off-State (High-Impedance) Vee = MAX. Vp =04V —20 uA
Qutput Current Vo =24V 20
Isc Qutput Short Circuit Current Vee = MAX. _15 _g85 mA
(Note 3)
i Power Supply Current = .
1 = .
cc {Note 4) Vee = MAX 17 28 mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

A WN

. lgg is measured with all inputs at 4.5V and all outputs open.

. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
- Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Eias ~55°C to +125°C
Supply Voltage to Ground Potential Continuous —-0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V¢ max.
DC Input Voltage —-0.5V to +7.0V
DC Output Current, Into Outputs 30mA
DC Input Current —30mA to +5.0mA
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SWITCHING CHARACTERISTICS
(Ta =+25°C, Vg =5.0V)

Am29LS18

Parameters Description Min. Typ. Max. Units Test Conditions

t 18 27

PLH Clock to Qj ns

tPHL 18 27

1] 1 27

PLH Clock to Yj (OE LOW) d ns

tPHL 18 27

LOW 18 Cp = 156pF

1 Clock Pulse Width s

pw HIGH 15 " RL = 2.0kQ
g Data 15 ns

th Data 5.0 ns

t —_ 7.0 11

ZH EtoY; ns

ZL 8 12
tHZ . : 14 21 CL =5.0pF
o OEtoY; 2 8 ns RL = 2.0k
fmax Maximum Clock Frequency (Note 1) 35 50 MHz

Note 1, Per industry convention, fax i the worst case value of the maximum device operating frequency with no constraints on ty, t¢,
pulse width or duty cycle.

SWITCHING CHARACTERISTICS
A Am29LS18DM, FM
OVER OPERATING RANGE* m29L818PC, DC m29L§130M, F
Ta =0°C to +70°C Ta = ~55°C to +125°C
Vge = 5.0V £5% Vee = 5.0V £ 10%
Parameters Description Min. Max. Min. Max. " Units Test Conditions
tPLH ‘ 38 45
PHL Clock to Qj s T ns
tPLH AE 35 40
PHL Clock to Y; (OE LOW) 35 70 ns
] LOW 20 20 Cy = 5OpF
tow Clock Pulse Width HiGH 20 26 ns RL = 2.0k
tg Data 15 15 ns
th Data 5.0 5.0 ns
tzZH J— : i5 17
T2l OE to Yj 5 - ns
tHZ — 27 30 CL = 5.0pF
o OEtoY; 24 30 ns RL = 2.0k
frax Maximum Clock Frequency (Note 1) 30 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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APPLICATIONS

H

DECODER/ DECODER/ DECODER/ DECODER/
DRIVER DRIVER DRIVER DRIVER
INPUT
DATA
. ey . LIo; o L5 oo L1, o
——{0 a — L—]o, 0y fp— L—Jo, ay p——i 0y oy p—1
0 R opp— 0, = ajf—- L— o, 2 opf—nrd LI S—
o 2 °§ 03 5 0y oy 2 0 %1 2 %
S vy & v & v 2
& ¥ e £ vb— < b—— R S
—~{cp Yob—— —f CP ¥g —cp Yo b —cp Yob—
OF  Y34— OF Y3 of V3 L] !
8 T
A —a o ppo—F—
—— ﬁ Ml 3
B ¥ vwp
INTERROGATE —d6 & v o - =
s dve i af—a
e R
v, § 8
ofvs & c—cLock
DATA DATA
BUS{ }aus
The Am29LS18 used as a display register with bus interrogate capability. MPR-193
CLOCK
“':’0——————-— Dy cp Qp Dy cp Qp Dy cp Qp Dy cp Og Xo
w1 —_— 0, Dy Q, D, Q Dy Q X
2 P2 o 9 P2 g % D2 , @ D2 o @ X2
W3 ————————{03 5 Qg D3 o Qg D3 & 0 D3 & O X3
& Yo & v & Yo & v
EEE] < Y & £ oy
Yo b— Yo b—o Yo |—— Yo —
2E Y3 0E V3| oe Y3l IR
A8 Yo D—————-——T
LENGTH @
CONTROL s & Yo
E Y2lo
ENABLE—Oc & Y3[O-
DATA
BUS
The Am291.518 as a variable length (1, 2, 3 or 4 word) shift register. MPR-194
LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS
¥ DRIVING OUTPUT | Q DRIVING OUTPUT | DRIVEN INPUT
Vee T -+ I
| 502 NOM |
o | ow | i
— | |
| |
| T
| 47 -
- tou | oL |
| |
p | i
I |
Note: Actual current flow direction shown.
MPR-195
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DEFINITION OF FUNCTIONAL TERMS

Dj The four data inputs to the register.

Q; The four data outputs of the register with standard
totem-pole active pull-up outputs. Data is passed non-
inverted.

Y; The four three-state data outputs of the register. When
the three-state outputs are enabled, data is passed non-
inverted. A HIGH on the “output control’ input forces the
Y; outputs to the high-impedance state.

CP Clock. The buffered common clock for the register.
Enters data on the LOW-to-HIGH transition.

OE Output Control. When the OE input is HIGH, the Yi
outputs are in the high-impedance state. When the OE input
is LOW, the TRUE register data is present at the Yj outputs.

TRUTH TABLE

INPUTS OUTPUTS

. CcLOCK NOTES

OE ce D Q Y

H L X NC z -

H H X NC z -

H 1 L L z -

H t H H Z -

L t L L L -

L t H H H —

L - - L L 1

L - — H H 1
L= LOW NC = No change
H=HIGH T = LOW to HIGH transition

X = Don’t care

Note: 1. When OE is
state as the

Z = High impedance

LOW, the Y output will be in the same logic
Q output.

Metallization and Pad Layout

Do

Qp

Yo

L]

Q

Yi

13 Y3

12 Dy

1M Q

GND

DIE SIZE 0.083" x 0.099""

16 Veo

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type

Operating Range

Screening Level

Order Number (Note 1) (Note 2) (Note 3)
AM29LS18PC P16 c -1
AM29LS18DC D-16 c C-1
AM29LS18DC-B D-16 c B-1
AM29LS18DM D-16 M c3
AM29LS18DM-B D-16 M B-3
AM29LS18FM F-16 M c3
AM29LS18FM-B F-16 M B-3
AM29LS18XC Dice c Visual inspection
AM29LS18XM Dice M 1o MIL-STD-883

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C = 0°C to +70°C, Vg = 4.75V to 5.25V, M = — 55°C to +125°C, V¢ = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,

Class B.




Am2919

Quad Register With Dual Three-State Outputs

DISTINCTIVE CHARACTERISTICS

Two sets of three-state outputs

Four D-type flip-flops

Polarity control on one set of outputs

Buffered common clock enable

Buffered common asynchronous clear

Separate buffered common output enable for each set of
outputs

100% reliability assurance testing in compliance with MIL
STD-883

FUNCTIONAL DESCRIPTION

The Am2919 consists of four D-type flip-flops with a buffered
common clock enable. Information meeting the set-up and
hold time requirements of the D inputs is transferred to the
flip-flop outputs on the LOW-to-HIGH transition of the clock.
Data on the Q outputs of the flip-flops is enabled at the
three-state outputs when the output control (OE) input is
LOW. When the appropriate OE input is HIGH, the outputs
are in the high impedance state. Two independent sets of
outputs—W and Y —are provided such that the register can
simultaneously and independently drive two buses. One set
of outputs contains a polarity control such that the outputs
can either be inverting or non-inverting.

The device also features an active LOW asynchronous clear.
When the clear input is LOW, the Q output of the internal
flip-flops are forced LOW independent of the other inputs.
The Am2919 is packaged in a space-saving {0.3-inch row
spacing) 20-pin package.

LOGIC DIAGRAM

2
Yo
rojce @ .
CLR 3

T

4 Wy
—O 5
Hb «a
Dy
—] Y,
4

2o I ’
CLR 6
q Wy
12
b a

13 (<]

4 W3
15
—7b5 o

D2

L]
-1 ¥,
_ 3
18 pojce @ .
CLR 14
; 17 9 :19 18 i 8 i 7
E cp CLA POL OE-Y OE-W
ENABLE CLOCK CLEAR  POLARITY OUTPUT ENABLE

MPR-196

LOGIC SYMBOL

14 13 16
17 —o € Po P1 P2 B
o —cp
19 —Of CLR
8 —O| OE-Y
7 —O] OE-W
OO oWy W Wy Yo vy Yy g
2 5 12 15 3 6 11 14
Vg = Pin 20
GND = Pin 10
MPR-197
CONNECTION DIAGRAM
Top View
Ve CLR POL. E D3 W3 Y3 Dy W, Yy
OO000000nn0n
20 19 18 17 16 15 14 13 12 11
[ ]
1 2 3 4 5 6 7 8 9 10
duuududuy
Dy Wy Yo Dy W; Y, OEWDOE-Y CP GND
Note: Pin 1 is marked for orientation.
MPR-198
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Am2919

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM’L Tp =0°Cto+70°C Vec=5.0V 6%  MIN.=4.75V MAX.=56.25V
MIL Ta=-656°Ct0+1256°C  Vgc =5.0V £10% MIN. =450V MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee=MIN.  ° MIL, Ioy = ~1.0mA 2.4 34
VOoH Output HIGH Voltage Vin = v Volts
IN = VigorVip COM'L, IoH = —2.6mA 24 34
| =4,0mA 0.4
Veg = MIN. oL =*7m
VoL Output LOW Voltage VIN = ViH or V| 1oL =8.0mA 0.45 Volts
loL = 12mA 05
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW ML 0.7
ViL Input LOW Level voltage for all inputs CoM'L o8 Volts
V) Input Clamp Voltage Vee = MIN, Iy = —18mA -1.5 Volts
TN Input LOW Current Ve = MAX, Vyn =04V —0.36 mA
IH Input HIGH Current Vee = MAX, VN =2.7V 20 MA
] Input HIGH Current Vee = MAX, VN =7.0V 0.1 mA
o Off-State (High-lmpedance) Voe = MAX. Vo =04V —20 A
Output Current Vg =24V 20
Isc Output Short Circuit Current Ve = MAX. _15 _g5 mA
{Note 3)
e Power Supply Current Vee = MAX. MIL 24 36 mA
{Note 4) com‘L 24 39

Notes: 1. For conditions shown as MiIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.
. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading.

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

. Inputs grounded; outputs open.

bWN

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature ~65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State : —0.5V to +V¢c max.
DC Input Voltage —0.5V to+7.0V
DC Output Current, Into Outputs 30mA
DC Input Current - —30mA to +5.0mA
FUNCTION TABLE
INPUTS INTERNAL OUTPUTS
FUNCTION = — —— T
CP D; E CLR POL | OE-W | OE-Y Q w; Y;
X X X X X H L NC 4 Enabled
X X X X X L H NC Enabled z
Output Three-State Control X X % % % H H NG z z
X X X X X L L NC Enableir_ e Enab!ed
B . X X X X L L L NC Non-Inverting Non-inverting
Wi Polarity X | x| x| x H L L NC Inverting | Non-lnverting
X X X L L L L L L L
Asynchronous Clear X X X L H L L L H ) 1 L
t X H H X X X NC NC NC
: t L L H ‘L L L L L L
Clock Enabled t L L H H L L L H L
1 H L H L L L H H H
t H L H H L L H L H
L= LOW H=HIGH Z = High Impedance NC = No Change X = Don't Care + = LOW-to-HIGH Transition
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Am2919

SWITCHING CHARACTERISTICS
(Ta=+25°C, Vcc = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
t,
PHL Ciock to Y; 22 33 ns
tpHL 20 30
tpLH Clock to W; 24 36 ns
toHL (Either Polarity) 24 36
tPHL Clear to Y; 29 43 ns
tpLH 25 37
Clear to W;
oo ear to W; 0 3 ns
tPLH . 23 34
Polarity to W;
torL v to Wi % 37 ns C_ = 15pF
tow Clear 18 ns R = 2.0k
LOW
tow Clock Pulse Width iGH ::: ns
ts Data 15 ns
ty Data 5 ns
tg Data Enable 20 ns
th Data Enable 0 ns
Set-up Time, Clear
t Recovery (Inactive) to Clock 20 5 ns
11 17
Z’: Output Enable to W or Y 3 50 ns
tHZ 13 20 CL = 50pF
t
2 Output Enable to W or Y 1 7 ns RL = 2.0k
frnax Maximum Clock Frequency (Note 1) 35 45 MHz F?t : ;gﬁ;

Note 1. Per industry convention, fyyax is the worst case vatue of the maximum device operating frequency with no constraints on t;, t¢,
pulse width or duty cycle.

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Am2919PC, DC

Am2919DM, FM

Tp = 0°C to +70°C
Vee = 5.0V £5%

Tp = —55°C to +125°C

Vee = 5.0V £10%

Parameters Description Min. Max. Min. Max. Units Test Conditions
tpLH 39 42
Clock to Y; ns
topL ! 39 45
toLy Clock to W; 41 43 ns
toHL (Either Polarity) 44 48
oL Clear to Y; 52 58 ns
t 42 43
PLH Clear to W; ns
tonL 51 53
tpLH . 41 a5
Pol :
torL olarity to W; a2 v ns CL = 50pF
tow Clear 20 20 ns RL = 2.0kQ
LOW 20 20
tow Clock HiGH 20 70 ns
tg Data 15 15 ns
ty Data 10 10 ns
tg Data Enable 25 25 ns
th Data Enable 0 0 ns
Set-up Time, Clear
ts Recovery (Inactive) to Clock B 2 ns
tz 24 27
tz: Output Enable to W; or Y; 29 35 ns
thz 33 45 C, = 5.0pF
Output Enabl i i
2 utput Enable to W; or Y; 5 76 ns RL = 2.0k
. C_ = 50pF
fmax Maximum Clock Frequency (Note 1) 30 25 MHz RL = 2.0k

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am2919

DEFINITION OF FUNCTIONAL TERMS

GUARANTEED LOADING RULES
OVER OPERATING RANGE (In Unit Loads)

Note: Actual current flow direction shown.
MPR-199

Ei Any of the four D flip-flop data lines. A Low-Power Schottky TTL Unit Load is defined as 20uA measured at
E Clock Enable. When LOW, the data is entered 2.7V HIGH and —0.36mA measured at 0.4V LOW,
into the register on the next clock LOW-to- Output Output
HI(_EH transiti‘on. When HIGH, the data in the Input HIGH LOW
register remains unchanged, regardless of the Pin No.’s Input/Output | Load MIL COM'L MIL COML
data in. g
) 1 Do 1.0 - - - -
CP Clock Pulse. Data is entered into the register on 5 w — 50 120 3 P
the LOW-to-HIGH transition. 0 R
omT s == . - 50 130 33 33
OE-W, OE-Y Output Enable. When OE is LOW, the register 3 Yo - i
is enable to the output. When HIGH, the out- 4 Dq 1.0 - - - -
put is in the high-impedance state. The OE-W 5 Wy —_ 50 130 33 33
controls the W set of outputs, and OE-Y 6 vy _ 50 130 33 33
controls the Y set. p— -
. . 7 OE-W 1.0 - — — —
Yi Any.of the four non-inverting three-state out- s oY 10 — - ” -
put lines.
: . . 9 cP 1.0 - - - -
W; Any of the four three-state outputs with polarity
control. 0 GND — - - e
POL Polarity Control. The W; outputs will be non- X Y2 50 130 33 33
inverting when POL is LOW, and when it is 12 Wo 50 130 33 33
HIGH, the outputs are inverting. 13 Doy 1.0 — - — -
CLR Asynchronous Clear. When CLR is LOW, the 14 Y3 - 50 130 33 33
internal Q flip-flops are reset to LOW. 15 Ws o 50 130 33 33
16 D3 10 - - - -
17 E 1.0 - - - -
18 POL 1.0 — — — —
19 CLR 1.0 - - - -
20 Vee — — — - —
LOW-POWER SCHOTTKY INPUT/OUTPUT Metallization and Pad Layout
CURRENT INTERFACE CONDITIONS
——————————— 20 V¢g
DRIVING OUTPUT | DRIVEN INPUT e 19 CLR
Vee ) | * Dy 1 - r T 18 POL
> - -
b3 | o
foH | ML Wo 2 —— ! 17 E
| - o
| H.-I‘ S -r*Lﬁ % 16 D3
- | o — PR H
— - E X . - 16 W,
I o 4 o il ’
| o—H Wy 5 ——— ~ ; ,f[é:' - a4 Yy
— | V7 o
L oL | il e T g— = 1 o 13 D,
4§ 3bbEn o1 Ill_,» = Jlex
| r_;] N i b 12 Wy
| S F
| i S
.. l _4__ ,OEY 8 —————————-I — Mmooy,
- - cP 9
GND 10

DIE SIZE 0.083" X 0.099"
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Am2919

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level

Order Number (Note 1) (Note 2) (Note 3)
AM2919PC P-20 c C-1
AM2919DC D-20 C C-1
AM2919DC-B D-20 (o] B-1
AM2919DM D-20 M Cc-3
AM2919DM-B D-20 M B-3
AM2919FM F-20 M C-3
AM2919FM-B F-20 M B-3
AM2919XC Dice c Mviayod

. " o MIL-STD-883
AM2919XM Dice M Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains severa! dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C=0°Cto +70°C, Vg = 4.75V t0 5.25V, M = — 55°C to +125°C, V¢ = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,

Class B.
< DATA BUS >
m{,
8 4 4
SRC DEST
INSTRUCTION
REGISTER I Am25L8377 I Am2919 I Am2019 |
‘ 4 4 4 4
MAP
- «
A
——]  Am20811 4 Am2917"
m: . s 4 B Am2901
ARRAY
. ! .
o
MEMORY
16
‘ SOURCE  DESTINATION
PIPELINE REGISTER Am2819 Am2919 2-Am2921
I 4 4* 4 4&/
OTHER

The Am2919 provides for easy control of the selection of source and destination register addresses for the
Am2901. These controls can emanate from both the instruction register and the pipeline register. The control
is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be selected
by the B address which is the destination register in the Am2901. Two registers can be selected for the Am2901
A input which is a second RAM source.

The other pair of three-state outputs can be used for function control select as shown with the Am2921. Here,
bit set, bit clear, bit toggle and bit test on any of the 16 bits can be performed.

MPR-200
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Am2920

Octal D-Type Flip-Flop With Clear, Clock Enable And Three-State Control

DISTINCTIVE CHARACTERISTICS

Buffered common clock enable input

Buffered common asynchronous clear input

Three-state outputs

8-bit, high-speed parallel register with positive edge-triggered,
D-type flip-flops

100% reliability assurance testing in compliance with MiL-
STD-883

FUNCTIONAL DESCRIPTION

The Am2920 is an 8-bit register built using advanced Low-
Power Schottky technology. The register consists of eight
D-type flip-flops with a buffered common clock, a buffered
common clock enable, a buffered asynchronous clear input,
and three-state outputs.

When the clear input is LOW, the internal flip-flops of the
register are reset to logic 0 (LOW), independent of all other
inputs. When the clear input is HIGH, the register operates in
the normal fashion.

When the three-state output enable (OE) input is LOW, the
Y outputs are enabled and appear as normal TTL outputs.
When the output enable (OE) input is HIGH, the Y outputs
are in the high impedance (three-state) condition. This does
not affect the internal state of the flip-flop Q output.

The clock enable input (E) is used to selectively load data
into the register. When the E input is HIGH, the register will
retain its current data. When the E is LOW, new data is entered
into the register on the LOW-to-HIGH transition of the clock
input.

This device is packaged in a space-saving (0.4-inch row spacing)
22-pin package.

LOGIC DIAGRAM

Dp Dy D2 D3

Dy Dg Dg 0y
L l | | .
CLOCK
ENABLE
C_"_DC
cLock
ce B ce D ce B cP 9] o] ) cP D cpP D cr D
CLR CLR CLR CLR CLR CLR CLR CLR
a Q [} Q [o} Q a Q Q Q o] Q [e} Q a Q
SR L1l |—‘ | I_‘ | —— | L |
CLEAR
. o Y Y Y Y Y Y [¥
QuTPUT I I [ | | l l
Yo i Y2 Y3 Yq Y5 e A MPR-201
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
3 4 7 8 183 14 17 18
Vec E OE Y, D; Dg Yg Y5 D5 Dy Y, | ,lllll
OO0 Oonononn Dg Dy Dy D3 Dy Dg Dg Dy
22 21 20 19 18 17 16 15 14 13 12 21—l &
1 —OfcLR
) 10 —— cp
20 —Of OE
. Yo Yi Yo Y3 Y, Y5 Yg Yy
1 2 3 4 5 6 7 8 9 0 1 l I ' I ' l l l
U OOUTT .
CR vq Dg Dy Yy Y, Dy D3 Y4 CP GND 2 5 6 9 12 15 16 19
Vee = Pin 22
Note: Pin 1 is marked for orientation. MPR-202 GND = Pin 11 MPR-203
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Am2920

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM'L Tp =0°Cto +70°C

Vge = 5.0V 5%

MIN. =475V MAX.=5.25V

MiL Ta=-55°Cto+125°C  Vgg =5.0V £10% MIN. =450V MAX.=5.50V
DC CHARACTERISTICS OVER OPERATING RANGE Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Ve = MIN. MIL, IgH = —1.0mA 24 34
\" Qutput HIGH Voltage Volts
o " 29 VIN=VIHOor ViL [T COM'L, Ion = —2.6mA 24 34
- loL = 4. 0.4
v Output LOW Volt Ve = MIN oL~ o Volts
oL pu oltage Vin = V Vv
IN = VIH or ViL loL = 8.0mA 045
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MiIL 0.7
ViL Input LOW Level voltage for all inputs oL 08 Volts
V| input Clamp Voltage Ve = MIN,, Iy = ~18mA -1.5 Volts
hL Input LOW Current; Vee = MAX,, VN = 04V —0.36 mA
hH Input HIGH Currert Veg = MAX, VIN =27V 20 A
h Input HIGH Currert Vee = MAX, VN =7.0V 0.1 mA
i Vo =04V -20
0 Off-State {High-Impedance) Vee = MAX. 0] uA
Output Current Vo =24V 20
Isc Output Short Circuit Current Ve = MAX. _15 _85 mA
(Note 3)
Power Supply Current _
i = MAX. A
cc (Note 4) vee 24 37 m
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate vaiue specified under Electrical Characteristics for the applicable device type.

A WN

. Typical limits are at Vgg = 5.0V, 25°C ambient and maximum loading.
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. 'All outputs open, E = GND, Di inputs = CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input.

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

ORDERING INFORMATION

Package Type

Operating Range

Screening Level

Order Number (Note 1) (Note 2) (Note 3)
AM2920PC P-22 C C-1
AM2920DC D-22 C C-1
AM2920DC-B D-22 C B-1
AM2920DM D-22 M Cc-3
AM2920DM-B D-22 M B-3
AM2920FM F-22 M c-3
AM2920FM-B F-22 M B-3
AM2920XC Dice c :’;S&flfgi‘ﬁgg‘;"
AM2920XM Dice M

Method 2010B.

Class B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.

2. C = 0°Cto +70°C, V¢ = 4.75V to 5.25V, M = — 55°C to +125°C, Vg = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
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MAXIMUM RATINGS (Above which the useful life ;nay be impaired)

Am2920

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voitage to Ground Potential Continuous —-0.5V to+7.0V
DC Voltage Applied to Qutputs for High Output State —-0.5V tov;VCC max.
DC Input Voltage . 05Vto+7.0V
DC Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA

SWITCHING CHARACTERISTICS
(Ta = +25°C, Vee = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions

tPLH Clock to Y; (OE LOW) 18 2 ns
tPHL 24 36
tpH Clearto Y 22 35 ns

tg Data (D;) 10 3 ns

th Data (D;) 10 3 ns

) Active 15 10
t, Enable
s Inactive 20 12 " Cy = 15pF
— R =2.0kn2

" Enable (E) 0 0 ns -

ts Clear Recovery (In-Active) to Clock 11 7 ns

¢ Clock HIGH 20 14

pw oe Low 25 13 "

tow Clear 20 13 ns

tzH . 9 13

7L OE to Y; 14 n ns

tHz - 20 30 Cp = 5.0pF
e OE to Y; 54 36 ns RL = 2.0k
fmax Maximum Clock Frequency (Note 1) 40 MHz

Note 1. Per industry convention, fay is the worst case value of the maximum device o
width or duty cycle.

SWITCHING CHARACTERISTICS
OVER OPERATING RANGE*

Am2920PC,DC

Am2920DM,FM

Ta =0°C to +70°C
Vee =5.0V £5%

Ta =—55°C to +125°C
Vee =5.0V + 10%

perating frequency with no constraints on tr, tf, pulse

Parameters Description Min. Max. Min. Max. Units Test Conditions

t —_— 33 39

PLH Clock to Y; (OF LOW) ns

tPHL 45 54

tPHL Clear to Y 43 51 ns

tg Data (Dj) -12 15 ns

th Data (Dj) 12 15 ns

— Active 17 20
tg Enable (E) ns
Inactive 20 23 CL = 50pF
th Enable (E) 0 0 ns R = 2.0k
ts Clear Recovery (In-Active) to Clock 13 15 ns
Clock HIGH 25 30

t .

pw ¢ Low 30 35 s

thw Clear 22 25 ns

t — 19

ZH GEtoY; % ns

tzL 30 39
thz — 35 40 CL =5.0pF

. n -

Lz OFtoYi 39 a2 * RL = 2.0ke
fmax Maximum Clock Frequency (Note 1) 25 20 MHz

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am2920

DEFINITION OF FUNCTIONAL TERMS

GUARANTEED LOADING RULES
OVER OPERATING RANGE (In Unit Loads)

Di The D fllp-ﬂop data inputs. A Low-Power Schottky TTL Unit Load is defined as 20uA measured at
CLR When the clear input is LOW, the Q; outputs are 2.7V HIGH and —0.36mA measured at 0.4V LOW.
LOW, regardless of the other inputs. When the Am2920
. . G .
tr:;e?;t:put is HIGH, data can be entered into the Output Output
gister. tnput  HIGH Low
CP Clock Pulse for the Register; enters data into the Pin No.’s Input/Output | Load MIL COM'L MIL com’'L
register on the LOW-to-HIGH transition. ] o] 1 _ — - —
Y;i The register three-state outputs. 2 Yo — 50 130 22 22
E Clock Enable. When the clock enable is LOW, 3 Do 1 - - - -
data on the Dj input is transferred to the Q; out- 4 D1 1 = = — -
put on the LOW-to-HIGH clock transition. When 5 'z _ 50 130 22 22
the clock enable is HIGH, the Qj outputs do not 6 Y2 — 50 130 22 22
chang.ge. state, regardless of the data or clock input 7 D> 1 - = _ -
_ transitions. . g B3 1 - - - —
OE Output Control. When the OE input is HIGH, 9 Y3 — 50 130 22 22
the Y; outputs are in the high impedance state. 10 cP 1 - = — —
When the OE input is LOW, the TRUE register P GND — _ _ — _
data is present at the Y outputs. 12 Ya — 50 130 22 22
13 D4 1 - _ Z =
14 Dg 1 — - - -
15 Ys - 50 130 22 22
FUNCTION TABLE 16 Yg - 50 130 22 22
Inputs Internal | Outputs 17 Dg 1 - - - -
Function | OE | CLR | E | Dj [CP Qj Yi 18 D7 1 - - - -
Hi.Z H x |»x][x|x x z 19 Y7 - 80 130 2 22
Clear H L X | x| X L z 20 OF ! - — - —
L L ¢l x| X L L 2 E L - - = -
Hold H H H|x | x NC z 22 Vee - - - - -
L H H | x | x NC NC
Load H H Lt L z
H H L Ht H z
L H L|lL|t L L
L H Ll H][t H H
H = HIGH NC = No Change
L = LOW t = LOW-to-HIGH Transition
X = Don’t Care Z = High Impedance
LOW-POWER SCHOTTKY INPUT/OUTPUT Metallization and Pad Layout
CURRENT INTERFACE CONDITIONS
DRIVING QUTPUT I DRIVEN INPUT IR 1 2 Vee
Vee P-
p | Yo 2 21 E
: |
loH | N j g
l e 20 OF
| Dp 3 19 Yy
——— | Dy 4 ——— 18 D7
Y1 8 17 Dg
__.L/. . I_ - e 6 v
}——0 o——1 bz 7 | 15 g
: 03 8 - 14 Dg
— —T—..._—_-——
<E loL | ' Y3 9
2 13 Dy
1 | :
| il
I cP 10 12 Yq
= | - GND 11

Note: Actual current flow direction shown.

MPR-204

DIE SIZE 0.080" X 0.111"
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Am2920

HEEEEE

Am2923

APPLICATIONS

16-BIT DATA BUS

8 8
. - ) :
s [} : 8
Am27521 Am2782] Am27521

4 4 4

Am29811 Am2911 Am2911

—

12

L

PROM ARRAY |
8 8 8 8
Am2518273 Am2920 Am2920
8 18 8
8
Am2920 [ Am2920 Am2920
4

56-BIT PIPELINE REGISTER

A typical Computer Control Unit for a microprogrammed machine.

MPR-205

ADDRESS
AmG080A
DATA
t 8 8
AmB228 Am2920 Am2920
8 8

T

/{/16

DATA BUS

ADDRESS BUS

16 8

8 16
[ 1 Ls £e
I Am2920 I L Am2920 ] l Am2920 —l Am2920 | | Am2920 | l Am2920 I
8 186 8 16
2 J2 J2 t i !
| /0O DEVICE #1 I I 1/0 DEVICE #2 I

The Am2920 is a useful device in interfacing with the Am9080A system buses.

MPR-206
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Am2921

One-of-Eight Decoder
With Three-State Outputs And Polarity Control

DISTINCTIVE CHARACTERISTICS

® Three-state decoder outputs

® Buffered common output: polarity control fabricated using advanced Low-Power Schottky technology.

® Inverting and non-inverting enable inputs ‘ The decoder has three buffered select inputs A, B, and C,

® AC parameters specified over operating temperature and which are decoded to one-of-eight Y outputs. Two active-HIGH
power supply ranges. and two active-LOW enables can be used for gating the de-

® 100% reliability assurance testing in compliance with coder or can be used with incoming data for demultipiexing

MIL-STD-883

FUNCTIONAL DESCRIPTION
The Am2921 is a three-line to eight-line decoder/demuttiplexer

applications.

A separate polarity (POL) input can be used to force the
function active-HIGH or active-LOW_at the output. Two
separate active-LOW output enables (OE) inputs are provided.
|f either OE input is HIGH, the output is in the high impedance
(off) state. When the POL input is LOW, the Y outputs are
active-HIGH and when the POL input is HIGH, the Y outputs
are active-LOW.

The device is packaged in a space saving (0.3-inch row spacing)
20-pin package.

LOGIC DIAGRAM
One-of-Eight Decoder
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

Am2921

COM'L Tp =0°Cto+70°C Veg = 5.0V 5% MIN. =476V  MAX.=5.25V
MiL Tp=-66°Cto+125°C  Vge =5.0V £10% MIN.=4.50V MAX. =550V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
- ) Vee = MIN. loH = 1.0mA (MIL) 2.4 3.4
VOH Qutput HIGH Voltage Ving =V v - Volts
IN = ViH or VL {oH = —2.6mA (COM'L) 24 34
FT— TAOmA 04
Ve = MIN, lop =4.0m
VoL Output LOW Voltage VN = ViH or VIL | lor =8.0mA 0.45 Volts
oL = 12mA 05
ViH Input HIGH Level ?;f;::‘f:rda'lf‘i’:;u';g'°a' HIGH 20 Volts
Guaranteed input logical LOW MiL 0.7
ViL Input LOW Level voltage for all inputs ) CoM'L 08 Volts
7 Input Clamp Voltage Voo = MIN., iy = —18mA " 15 Volts
[T} Input LOW Current Ve = MAX., VN =04V —0.36 mA
Wi Input HIGH Current Vee = MAX., VN =27V 20 kA
1y Input HIGH Current Voo = MAX,, Viy =7.0V 0.1 mA
o Off-State (High-Impedance) Vee = MAX. Vg =04V -20 A
Output Current Vo =24V 20
Isc Qutput Short Circuit Current Vee = MAX. 15 s mA
(Note 3)
Power Supply Current _
] =MAX.
cc o &) Vee = MAX 21 34 mA

Notes: 1. For conditions shown as-MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.

2
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Test conditions: A=B=C=Eq=Ep=GND:Eg=Eg=POL=0Eq=0Ep=45V.

MAXIMUM RATINGS (Above which the useful life may be |mpa|red)

Storage Temperature !

—65°C to +150°C

Temperature (Ambient) Under Bias

—~55°C to +125°C

Supply Voltage to Ground Potential Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High. Output State —0.5V to +V¢c max.
DC Input Voltage —0.5V to+7.0V
DC Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA
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Am2921

SWITCHING CHARACTERISTICS

(TAa =+25°C, Vee = 5.0V)
Parameters Description Min. Typ. Max Units Test Conditions
t
PLH A, B, CtoY; 20 30, ns
tPHL 15 22
tPLH — 19 28
E1, EztoY;
PHL =2t 20 30 ne
tPLH 21 31 CL = 15pF
E3, Eqt0 Y;
tPHL 3 =4t 23 34 ns RL = 2.0kQ
t
PLH POL to Y; 16 2 ns
tPHL 20 30
t1ZH — —— 17 25
Eq,O0Ezto Y]
tzL 1 20 Y; 12 21 ns
tHz R 17 25 CL = 5.0pF
OE E Y;
Lz 1. OBz taY; 20 30 ns R|_ = 2.0k
SWITCHING CHARACTERISTICS
OVER OPERATING RANGE* Am2921PC, DC Am2921DM, FM
Ta =0°C to +70°C Ta = —55°C to +125°C
Vee =5.0V £5% Ve = 5.0V £ 10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
1
PLH A,B,CtoY; 36 42 ns
tPHL 29 37
tpLH —_ 34 39
Eq,EqtoY;
tPHL 182 i 38 5 ns
tPLH 38 45 C| =50pF
E3, Eqto Y;
tPHL 3 =4t 43 52 ns RL = 2.0k@
f
PLH POL to Y; 2 34 ns
tPHL 39 49
tzH e 38 45
QEq, CEp to VY
tzL 1 2t 23 25 ns
tHz R 29 33 CL =5.0pF
OEq,0Epto V;
. 1. 0Bz to ¥ 33 36 ns RL =2.0ke

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.

ORIVING QUTPUT

LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVEN INPUT

AAA

Note: Actual current flow direction shown.

i

MPR-210

Metallization and Pad Layout

Yy 1 Vee
Y, 2 —— Y3
Yo 3 Y4
OF; 4
OE, 5 E
A B -~
E3
e
E3
Yg 8 H
6o 1 5
GND 10 POL
1mnovy

DIE SIZE 0.081" X 0.096"
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Am2921

DEFINITION OF FUNCTIONAL TERMS GUARANTEED LOADING RULES
A,B,C,D The three select inputs to the decoder/de- OVER OPERATING RANGE (In Unit Loads)
multiplexer A l.ow-Power Schottky TTL Unit Load is defined as 204A measured at
- : 2.7V HIGH and —0.36mA measured at 0.4V LOW.
Eq, E2 The active LOW enable inputs. A HIGH on
either the E1 or Ep input forces all decoded
functions to be disabled. Output Output
E3, Egq The active HIGH enable inputs. A LOW on Input HIGH Low
either E3 or E4 inputs forces all the decoded Pin No.’s Input/Output| Load  MIL COM'L MIL COM’'L
functions to be inhibited. 1 Yo — 50 130 33 33
POL Polarity Control. A LOW on the polarity con- 2 Y1 — 50 130 33 33
trol inpu? forces the output to the aF:tive-HIGH 3 Yo _ 50 130 33 33
state while a HIGH on the polarity control — e o
input forces the Y outputs to the active-LOW 4 ij 10 — = - P
state. 5 OEg 1.0 - - T
b—E-l,(ﬁz Output Enable. When both the (ﬁ1 and ﬁz 6 A 1.0 - - - -
inputs are LOW, the Y outputs are enabled. If 7 B 10 - - - -
either QE1 or O.E2. input is- HIGH, the Y out- 2 g — 50 130 33 33
puts are in the high impedance state.
. i 9 Yg - 50 130 33 33
Y; The eight outputs for the decoder/demultiplexer.
10 GND - - - - —
11 Y7 - 50 130 33 33
12 POL 1.0 - — - -
13 Eq 1.0 - - - -
14 E3 1.0 - - - N
15 ) 1.0 - — — —
i6 Eq 1.0 - — — —
17 c 1.0 - — - -
18 Ya - 50 130 33 33
19 Y3 - 50 130 33 33
20 Vee — — — — —
FUNCTION TABLE
INPUTS OUTPUTS
FUNCTION — == | = =
OE{|OEy |Eq | Ep | E3 | Eg[POL| C B AlYolYr|Y2 Y3 |Yqe|Ys]| Ys| Y7
High | d H X X X X X X | X X X z z z z z z Y4 z
toh Impedance X | H [ x| x| x| x| x|x|x|x|lz|z|lz|z|z|lz|lz]|z]|
L L H X X X L X X X L L L L L L L L
[ L H X X X H X X X H H H H H H H H
L L X H X X L X X X L L L L L L L L
Disabl L L X H X X H X X X H H H H H H H H
1sable cle ix i xte x| ol x x| x]cotoe|eloe|le el
L L X X L X H X X X H H H H H H H H
L L X X X L L X X X L L L L L L L L
L L X X X L H X X X H H H H H H H H
L L L L H H L L L L H L L L L L L L
L L L L H H L L L H L H L L L L L L
L L L L H H L L H L L L H L L L L L
. L L L L H H L L H H L L L H L L L L
ActiveefIGHOutout 1 | | L Ly oL |l ool L]
L L L L H H L H L H L L L L L H L L
L L L L H H L H H L L L L L L L H L
L Lo L H H L H H H L L L L L L L H
L L L L H H H L L L L H H H H H H H
L L L L H H H L L H H L H H H H H H
L L L L H H H L H L H H L H H H H H
. L L L L H H H L H H H H H L H H H H
Active-LOW Output N T AU TR IO AN A (VIR TR AT BRI IO INTI IR IR ANTI AR
L L L 1. H H H H L H H H H H H L H H
L L L i H H H H H L H H H H H H L H
L L L . H H H H H L H H H H H H H L
H=HIGH L=LOW X = Don’t Care Z = High Iimpedance
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Am2921

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2921PC P-20 c c1
AM2921DC D-20 c C-1
AM2921DC-B D-20 c B-1
AM2921DM D-20 M c-3
AM2921DM-B D-20 M B-3
AM2921FM F-20 M c-3
AM2921FM-B F-20 M B-3
AM2921XC Dice c Visual inspection
AM2921XM Dice M to MIL-STD-883

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.

2. C =0°Cto +70°C, Vgg = 4.75V 10 5.25V, M = — 55°C to +125°C, Ve = 4.50V 10 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,

Class B.
FROM
MICROPROGRAM MEMORY
POL A B C D
ENABLES {
o)
A B c £y A B8 c Eq
—&; Eg b—H e ] Ey Oj_
——0| &4 Am2921 —| E¢ Am2921 =
—— POL ‘OF — POL 0E
VO Y| Y2 V3 V4 Vs YG Y7 YO V1 Y2 YJ Y4 YS YS Y7
OUTPUT
- CONTROL
0 1 3 4 5 6 7 8 9 10 1 12 13 |14

16-BIT DATA BUS

—

Am2801

DATA
INPUT

)

MICROPROCESSOR
ARRAY

MPR-211

Two Am2921°s can be used to perform a bit set, bit clear, bit toggle or bit test on any of sixteen bits in
a microprocessor system. Examples of the operations performed are as follows:

Microprogram Am2901 Bit Function
Control 16-Bit Field From Am2921 ALU Performed On
DCBA POL|0 123456 78 9101112131415 | Function Selected Register
00 11 o] 0001 00O0OO0CO0OO0OOOO0OOO OR BIT SET
1100 0 000O06CO0OOOOOOOOTTOOO AND BIT TEST
0110 1 T1T11 110111111111 AND BIT CLEAR
1010 1 tT1T11+1111 1011111 EX NOR BIT TOGGLE
1010 0 000O0OO0OOOOCOOT1TOOOOO O EX OR BIT TOGGLE

Note: Bit test is performed using F = 0 output of Am2901A.
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Am2922

Eight Input Multiplexer With Control Register

DISTINCTIVE CHARACTERISTICS

® High speed eight-input multiplexer

® On-chip Multiplexer Select and Polarity Control Register
® Qutput polarity contro! for inverting or non-inverting
output

Common register enable

Asynchronous register clear

Three-state output for expansion

AC parameters specified over operating temperature and
power supply ranges.

100% product assurance testing to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am2922 is an eight-input Multiplexer with Control
Register. The device features high speed from clock to output
and is intended for use in high speed computer control units
or structured state machine designs.

The Am2922 contains an internal register which holds the A,
B and C multiplexer select lines as well as the POL (Polarity)
control bit. When the Register Enable input (RE) is LOW, new
data is entered into the register on the LOW-to-HIGH, transi-
tion of the clock. When RE is HIGH, the register retains its
current data. An asynchronous clear input (CLR) is used to
reset the register to a logic LOW level.

The A, Band C register outputs select one of eight multiplexer
data inputs. A HIGH on the Polarity Control flip-flop output
causes a true (non-inverting) multiplexer output, and a LOW
causes the output to be inverted. In a computer control unit,
this allows testing of either true or complemented flag data at
the microprogram sequencer test input.

An active LOW Multiplexer Enable input (VIE) allows the se-
lected multiplexer input to be passed to the output. When ME
is HIGH, the output is determined only by the Polarity Control
bit.

The Am2922 also features a three-state Output Enable control
(OE) for expansion. When OE is LOW, the output is enabled.
When OE is HIGH, the output is in the high impedance state.

LOGIC DIAGRAM
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Am2922

ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:
COM’'L Tp =0°Cto+70°C Veg = 5.0V 5%

MIN. =475V MAX.=5.25V

MiL Ta=-55°Cto+126°C  Vgg=5.0V :10% MIN. =450V MAX.=65.60V
DC CHARACTERISTICS OVER OPERATING RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Ve = MIN. MIL, IoH = —2.0mA 24 3.4
VoH Output HIGH Voltage Vi = V v - Volts
IN fHor ViL COM'L, IoH = —6.5mA 24 3.2
oL =4.0mA 04
Vee = MIN. oL m
VoL Output LOW Voltage Vin = ViH or Vi loL =8.0mA 0.45 Volts
loL =20mA 0.5
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW MIL 0.7
ViL fnput LOW Level voltage for alf inputs coM'L 08 Volts
\7 Input Clamp Voltage Vee = MIN,, Iiy = —18mA -1.5 Volts
Vce = MAX., ME, OF, RE -0.72
LUTH Input LOW Current VN = 0.4V Dn. A, B,C, POL, CP.CCR 5 mA
Vee = MAX., ME, OE, RE 40
4 Input HIGH Current ViN =27V BN, A, B, C, POL, CP. OLR 50 HA
1 Input HIGH Current Ve = MAX., ME. OF. RE = 01 A
' ° VIN =65V DN, A, B, C, POL, CP, TLR 10 m
f Vp=04V —
oz Off-State (High-Impedance) Vee = MAX. o 50 oA
Output Current Vo =24V 50
Isc Output Short Circuit Current Vee = MAX. —40 _100 mA
(Note 3)
Power Supply Current =M
Icc (Note 4) Vee AX. 97 148 mA
Notes: 1. For condltions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Ve = 5.0V, 26°C ambient and maximum loading.

2
3. Not more than one output should be shorted at a time, Duration of the short circuit test should not exceed one second.
4

. DN, A, B, C, POL, ME at Gnd. All other inputs and outputs open. Measured after a momentary ground then 4.5V applied to clock input.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to +V ¢ max.
DC Input Voltage T i —0.5V to +5.5V
DC Output Current, Into Outputs o 30mA

DC Input Current

—30mA to +5.0mA
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SWITCHING CHARACTERISTICL
(Ta = +25°C, Vo = 5.0V)

Am2922

Parameters Description Min. Typ. Max. Units Test Conditions
tPLH _ 21 32
Ty Clock to Y POL — LOW 19 39 ns
tpLH _ 16 24
oL Clock to Y POL — HIGH 79 78 ns
tpLH 10 16
T DhtoY 5 3 ns
tpLH 22 33 C_ = 15pF
r— ClLRtoY 22 33 ns R, = 2.0k
tpLH 12 18
- MEto Y 3 18 ns
8 14
:ZL 5 3 ns
ZH OEtoY
tz 10 17 ns C_ = 5.0pF
thz . 10 17 R = 2.0k}
t A, B, C, POL 10 ns
s CE 15
ts CLR Recovery 5 ns C = 15pF
t Clock 10 ns Ry = 2.0kQ
pw Clear (LOW) 10
th A, B, C, POL, CE 0 ns
SWITCHING CHARACTERISTICS
Am2922PC, DC Am2922DM, FM
OVER OPERATING RANGE*
Ta = 0°C to +70°C Ta = —55°C to +125°C
Vee = 5.0V +5% Vce = 5.0V £10%
Parameters Description Min. Max. Min. Max. Units Test Conditions
tpLH 40 a7
Torr Clock to Y, POL-L - % ns
tpLH 29 33
-~y Clock to Y, POL-H 3 a1 ns
tpLh 19 21 T
D
ey ntoY 22 24 ne C, = 50pF
tpLn 39 45 T RL=2.0k0
o CLRto Y % e ns
teLH 22 26
- MEto Y % 0 ns
tz 19 24
t2n OEtoY 2 35 ns
t 2 24 30 C_ = 5.0pF
OEtoY
e ° 2 30 ne AL = 2.0k02
t A, B, CPOL 1 12 ns
s CE 18 20
ts CLR Recovery -6 . L 7 ns C_ = 50pF
t Clock 1" 12 ns R = 2.0kQ
PW Clear (LOW) 1 12
ty A, B, C, POL, CE 3 3 ns

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9.
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Am2922

DEFINITION OF FUNCTIONAL TERMS

A,B,C Multiplexer Select Lines. One of eight multiplexer CLR Clear. A LOW asynchronously resets the Multiplexer
data inputs is selected by the A, B and C register Select and Polarity Control Register.
outputs. . .
POL Polarity Control Bit. A HIGH register output causes D1-Dg  Data Inputs to the 8-input multiplexer.
a true (non-inverted) output and a LOW causes the  CP Clock Pulse. When RE is LOW, the Multiplexer
output to be inverted. Select and Polarity Control Register changes state
ME Multiplexer Enable. When LOW, it enabled the on the LOW-to-HIGH transition of CP.
8-input multiplexer. When HIGH, the Y output is —_— .
determined by only the Polarity Control bit. OF Svl:]tputH:EGn;bleh Whe: L?W,.th:hou}t];.)uht ES enzb!ed.
RE Register Enable. When LOW, the Multiplexer Select stateerf » the output Is In the high impedance
and Polarity Control Register is enabled for loading.
When HIGH, the register holds its current data. Y The chip output.

FUNCTION TABLE

INPUTS INTERNAL INPUTS | OUTPUT
MODE — - S
C B A POL RE CLR CP|Qc O Qa OpoL|ME OE Y
Clear X X X X X L X L L L L H L H
BRI
X H 2
Reg. Disable X X X H H X | NC NC NC NC L L Di/D;
{Note 1)
Select L L L L/H L H 1 L L L L/MH L L Do/Dg
(Multiplex) L L H L L H B1/Dq
L H L L H L Dy/Dy
L H H L H H D3/D3
H L L H L L Dy/Dg
H L H H L H Ds/Ds
H H L H H L * De/Ds
H H H H H H Dy/D7
Multiplexer X X X X X H X X X X L H L H
Disable | | l X X X H H L L
Tri-state
Qutput X X X X X H z
Disable
NC = No Change Note 1: The output will follow the selected input, Dj, or its
X = Don'tCare compiement depending on the state of the POL flip-flop.

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Order Number {Note 1) (Note 2) (Note 3)
AM2922PC P-20 c c
AM2922DC D-20 c C-1
AM2922DC-B D-20 c B-1
AM2922DM D-20 M ca
AM2922DM-B D-20 M B3
AM2922FM F-20 M c3
AM2922FM-B F-20 M B3
AM2922XC Dice c Visual inspection
AM2922XM Dice M to MIL-STD-883

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C = 0°Cto +70°C, Voc = 4.75V t0 5.25V, M = — 55°C to +125°C, Vg = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
Class B.
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LOW-POWER SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT |

DRIVEN QUTPUT

ton | '
|
|
|
| =
> l f—
g on.i 1 rZE
|
l

i+

Note: Actual current flow direction shown.

Metallization and Pad Layout

DIE SIZE 0.080" X 0.099"

MPR-215
—_—
INSTRUCTION
INPUTS —_—
FROM PIPELINE
REGISTER "
MICROPROGRAM
Am2910
i A MEMORY
12
cc OUTPUTS
—
A A
e I WE }
2 ———m] D, g >,
8 P2 Am25LS175
RE PIPELINE REGISTER
4———fD; 8§ RE TE
5§ ————=1 D, g P oQ [A
6 —————1 Dy c
7 st Dy B8
8 =] D _ A
7 oE
TEST
INPUTS
[o— UNCONDITIONAL
8 ——{Dg [
10 ———{ D,
11 ~———={ D,
122 ———=|p; § &E
13—l D, E P
14 ————=1Dg c
15 | Dg B
6 ————| D. A
7y

L J

A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold.

MPR-216
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Am2923

Eight-input Multiplexer

Distinctive Characteristics

e Advanced Schottky technology e 3-state output for bus organized systems

® Switches one of eight inputs to two complementary ® 100% reliability assurance testing in compliance with
outputs MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC DIAGRAM

The Am2923 is an 8-input multipiexer that switches one of eight

inputs onto the inverting and non-inverting outputs under the 5 —P—
control of a 3-bit select code. The inverting output is one gate
delay faster than the non-inverting output.
D, I—\
The Am2923 features a 3-state output for data bus organization. ¢ 1)
The active-LOW strobe:, or “output control” applies to both the b
inverting and non-inverting output. When the output_control is
HIGH, the outputs are in the high-impedance state. When the P1 —:|b—
output control is LOW, the active pull-up output is enabled. 1
ORDERING INFORMATION 1
Order the part number according to the table below to obtain the desired
package, temperature rarge and screening level. D3 =
Package Operating Screening ' w
Type Range Level
Order Number (Note 1) (Note 2) (Note 3) Dy |
AM2923PC P-16-1 c C-1 L
AM2923DC D-16-1 C C-1
AM2923DC-B D-16-1 c B-1 05 _:,b__
AM2923DM D-16-1 M C-3 T
AM2923DM-B D-16-1 M B-3
AM2923FM F-16-1 M C-3 b, -
AM2923FM-B F-16-1 M B-3 ¢ 1)
AM2923XC Dice c Visual inspection
AM2923XM Di M to MIL-STD-883 b
m ice Method 2010B. 7 —_db——
Notes:
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following ¢ —prot—o>
letter is number of leads. See Appendix B for detailed outline. Where
Appendix B contains several dash numbers, any of the variations of
the package may be used uniess otherwise specified.
2, C = 0 to 70°C, Voc = 4.75V to 525V, M = —55 to +125°C, 8
Vee = 4.50 to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, a
Class B.
BLI-069
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
4 3 2 1 1% 14 13 12
o o % s o k8 AEEEREN
anononmnrn Do D; D D3 Da Ds Dg Dy
® 15 14 13 12 11 10 9 9 ——tC
10— B
Am2023 1] A Am2623
e 2 3 4 5 6 7 8 A W Y
(U ERERERERERE I l
D3 02 Dy DU Y w § GND
6 5
BLI-070 BLI-071
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MAXIMUM RATINGS (Above which the useful life may be impaired).

Am2923

Storage Temperature

—65°C to +160°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous

—0.5V to +7V

DC Voltage Applied to Outputs for HIGH Output State

—0.5V to + Ve max.

DC Input Voltage

—0.5V to +5.5V

DC Output Current, Into Output

30mA

DC ‘Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Uniess Otherwise Noted)

Am2923PC, DC, XC Ta =010 70°C

Vee = 5.0V £5% (COM'L)

MIN = 4.75V  MAX = 5.25V

Am2923DM, FM, XM T4 = —55to +125°C V¢ = 5.0V £10% (MIL) MIN = 4.5V MAX = 5.5V
Typ i
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
MiL = loH = —2mA 24 34
Vou Output HIGH Voltage Vee = MIN, OH Voits
COM'L ViN=ViHOrViL | Igy = —6.5mA 2.4 3.2
VCC = MIN, |0|_ = 20mA
V Output LOW Voitage 0.5 Volts
oL P 9 Vin = Vigor vy,
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2 Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs 0.8 Volts
A Input Clamp Voltage Vce = MIN, ljy = —18mA -1.2 Volts
I Unit Load _ _ _
(Note 3) Input LOW Current Vec = MAX, Vi = 05 2 mA
liH Unit Load _ _
(Note 3) Input HIGH Current Vee = MAX, Vi = 2.7 50 KA
iy Input HIGH Current Vce = MAX, Vi = 5.5V 1 mA
o(off) Off-State (High-Impedance) Voo = MAX, Vo = 24V 50 A
0 Output Current VIN=ViHOrViL Vg =05V ~50 "
Output Short Circuit Current
Isc (Nofe % Ve = MAX, Vgyt = 0.0V —40 -100 mA
Icc Power Supply Current Vce = MAX (Note 5) 55 85 mA
Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules).
4. Not more than one output should be shorted at a time. Duration of the_ short circuit test should not exceed one second.
5. Icc is measured with all outputs open and all inputs at 4.5V.

SWITCHING CHARACTERISTICS (T, = 25°C)

Parameters Description Test Conditions Min Typ Max Units
t 12 18
PLH A, B, or Cto Y; 4 Levels of Delay ns
tpHL 13 19.5
! —_ 10 15
IPLH A, B, or C to W; 3 Levels of Delay 5 Y ns
PHL Vce = 5.0V, R = 2800, C|_ = 15pF 8 ; 2
tpLH AnyDtoY ns
tpHL 8 12
t 4.5 7
PLH AnyDtoW ns
tPHL 4.5 7
t 13 19.5
‘ZH Output Enable to Y ” pw ns
L Vee = 5.0V, Ry = 2800, C, = 15pF 3 o5
'z1 Output Enable to W - ns
iz 14 21
4 5.5 8.5
tHZ Output Enable to Y ° ” ns
Lz Vec = 5.0V, R, = 2800, C, = 5pF s v
'hz Output Enable to W - : ns

Lhz 9 14
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Am2923

FUNCTION TABLE
INPUTS OUTPUTS
SELECT Cutput Control o
Cc B A S Y w
X X X H 4
L L L L Do Do
L L H L Dy D,
L H L L Dy Dy
L H H L D3 Dy
H L L L Dy Dy
H L H L Dsg Dg
H H L L Dg Dg
H H H L D7 Dy
H =HIGH X =Don’t Care
L =LOW Z = High !mpedance

Dg-Dy =The output will follow the HIGH-level or LOW-level of
the selected input.

Do-D7 = The output will follow the complement of the HIGH-
level or LOW-level of the selected input.

DEFINITION OF FUNCTIONAL TERMS

A, B, C The three select inputs of the multiplexer.

Do, D1, D2, D3,

D4, Dg, Dg, D7 The eight data inputs of the muttiplexer.

Y The true multiplexer output.

W The complement multip'exer output.

§ Qutput Contigl. HIGH on the output control (or strobe)
forces both the W and Y outputs to the high-impedance (off)
state.

LOADING RULES (In Unit Loads)

Fan-out

Input Output  Output
Input/Output  Pin No.’s  Unit Load HIGH LOW

D3 1 1 - -

D, 2 1 - -
Y 3 1 - -
Do 4 1 — -

Y 5 - 20 10

W 6 - 20 10

s 7 1 - -
GND 8 - - -

9 1 — -

10 1 - -

A 1 1 - -
12 1 - -

13 1 - ~

14 1 - —

B T 1 ~ Z
- 16 - — -

A Schottky TTL Unit Load is defined as 50nA
2.7V HIGH and —2.0mA measured at 0.5V LOW.

measured at

SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING OUTPUT l DRIVEN INPUT

UNIT LOAD
2.8k52 NOM

=

N
]

ﬂ}

Note: Actual current flow direction shown.
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Am2923

APPLICATIONS

LOGIC FUNCTION GENERATION

D
D
Vee
Dp Dy Dy D3 D4 Ds Dg Dy
A - A
B ——————B Am2923 3
C' ~r—— ¢ 1
w Y -
z z
z = ABCD + ABCD + ATD + AB + ACD + BCD
BLI-073
32-INPUT MULTIPLEXER
INPUTS
16 sxarmeunsnrarsrnvenanes 23 P2 — vesanrasennenrnace 3]
ENABLE ici g7V
A
s
o8
= g i
—e  fwo
N S Do 0y Dy D3 D4 D§ Dg D7 0p Dy Dy D3 D4 Dg Dg Dy 0 Dy D2 D3 Dg Ds Dg Dy S Dg D1 O D3 D4 O Dg D7
0 A A A
Aq 8 Am2923 8 Am2923 N Am2923 o Am2g23
AZ 8-INPUT MULTIPLEXER c &INPUT MULTIPLEXER o 8:INPUT MULTIPLEXER o 8-INPUT MULTIPLEXER
Az W Y W Y W Y W Y
A4 ] 1 ]
MULTIPLEXER OUTPUT MULTIPLEXER QUTPUT
BLI-074

Metallization and Pad Layout

o gl<

GND

DIE SIZE: 0.064" X 0.067"
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Am2924

3-Line to 8-Line Decoder/Demultiplexer

Distinctive Characteristics

e Advanced Schottky technology
e Inverting and non-inverting enable inputs

e 100% reliability assurance testing in compliance with
MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am2924 is a 3-line to 8-line decoder/demultiplexer fabricated
using advanced Schottky technology. The decoder has three
buffered select inputs A, B and C that are decoded to one of eight
Y outputs.

One active-HIGH and two active-LOW enables can be used for
gating the decoder or can be used with incoming data for demul-
tiplexing applications. When the enable input function is in the
disable state, all eight Y outputs are HIGH regardless of the A, B
and C select inputs.

LOGIC DIAGRAM

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired
package, temperature range and screening level.

Package Operating Screening
Type Range Level
Order Number (Note 1) (Note 2) {Note 3)
AM2924PC P-16-1 (¢} C-1
AM2924DC D-16-1 (o] C-1
AM2924DC-B D-16-1 (o} B-1
AM2924DM D-16-1 M C-3
AM2924DM-B D-16-1 M B-3
AM2924FM F-16-1 M C-3
AM2924FM-B F-16-1 M B-3
AM2924XC Dice c Visual inspection
AM2924XM Dice M o MIL-STD-883
Method 2010B.
Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following
letter is number of leads. See: Appendix B for detailed outline. Where
Appendix B contains several dash numbers, any of the variations of
the package may be used unless otherwise specified.

2, C=01t070C,Voc =4.75V105.25V,M = 5510 + 126°C, Vo =
4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883

Class B.
BLI-075
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
1 2 3
Ve Yo' V1 Yo Y3 V4 Y5 Vg | I I
OO0 0o0mnn - . -
1 15 14 13 12 11 10 9 6 -
Am2024 4 ——O| GZA Am2024
§—O|GB _ _ _ _ _
® 2 3 4 5 65 7 8 Yo Yi Y2 Y3 Y4 Y5 Ve Y7
URSRERNENREEE Q) ||
A B C G2A G2B G1 V7 GND .
% 14 13 12 11 10 9 7 Vcc =Pin 16
Note: Pin 1 is marked for orientation. GND =Pin8
BLI-076 BLI-077
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2924

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +VCC max.
DC Input Voltage ~0.5V to +56.5V
DC Output Cutrent, Into Outputs 30mA
DC Input Current —30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Am2924PC, DC, XC Ta=0"Cto+70°C Ve = 5.0V 5% (COM’L) MIN. = 4.75V “MAX. = 6.26V
Am2924DM, FM, XM Ta=-56Cto+125°C Ve = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5.5V
: ) Typ. .
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee =MIN, | =—1mA | MIL 2.5 3.4
VoH Output HIGH Voltage ce OH - Volts
VIN = ViH or ViL COM'L 2.7 3.4
Vee =MIN, | =20mA
VoL Output LOW Voltage ce oL 0.5 Volts
ViIN=ViHor ViL
VIH Input HIGH Level Guaranteed ln;?ut logical HIGH 2.0 Volts
voltage for all inputs
Guaranteed input logical LOW
. It
ViL Input LOW Level voitage for all inputs 08 Volts
Vi Input Clamp Voltage Vee = MIN,, )y =—18mA -1.2 Volts
hiL = =0, —
(Note 3) Input LOW Current Vee = MAX, VN =05V 2 mA
H . -
(Note 3) Input HIGH Current Vce MAX.', VIN =27V 50 MA
I input HIGH Current Vee = MAX,, VN = 5.5V 1.0 mA
Output Short Circuit Current _
Isc (Note 4) Vee = MAX,, VoyT = 0.0V 40 100 mA
Icc Power Supply Current Vee = MAX. (Note 5) 49 74 mA

Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the appl'icable device type.

2. Typical limits are at Vg = 5.0 V, 25°C ambient and maximum loading.

3. Actual input currents = Unit L.oad Current x input Load Factor (See Loading Rules).

4. .Not more than one output should be shorted at a time. Duration of the short circuit test shoutd not exceed one second.
6, Outputs enabled and open.

Switching Characteristics (Ta = +25°C)

Parameters Description Test Conditions Min. Typ. Max. Units
tpLH Two Leve! Delay 4.5 7
ns
tPHL Select to Output 7 10.5
tpLH Three Level Delay 7.5 12 ns
Select t tput
tPHL ect to Outpu Ve =5V, Cp = 15pF, R|_ = 2802 8 12
tPLH G2A or G2B 5 8 ns
tPHL to Output 7 1"
tp 7 1
LH G1 to Output ns
tPHL 7 11
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FUNCTION TABLE

LOADING RULES (In Unit Loads)

Fan-out
Inputs o Output  Output
Enable Sotect utputs Input/Output  Pin No.’s  UnitLoad  HIGH LOW

Gl GZA GZB|CBA| Yy Y1 V3 V3 Va V5 Vg V7 A ! ! - =

B 2 1 - -
L X X |[XXX|{ H H H H H H H H c 3 ;
X H X |[XxXX| H H H H H H H H — -
X X H [XxXXX| H H H H H H H H GZA 4 ! = —
H oL L Jece|l L H H H H H H H G28 5 1 - -
H L L JLLH| H L H H H H H H G1 6 1 - =
H L L fJLHL| H H & H H H H H Y, 7 - 20 10
H L L [LHH| H H H L H H H H GND 8 _ _ _
H L L [HLL]{ H H H H L H H H o 9 — 20 10
H L L [HLH] H H H H H L H H —

Ve 10 - 20 10
H L L |HHL| H H H H H H L H 5= » Py 0
H L L |HHH| H H H H H H H L 4 —

Y5 12 - 20 10
H=HIGH
L= Low Ay 13 - 20 10
X = Don't care V; 14 — 20 10

Yo 15 — 20 10

Vee 16 - - -

A Schottky TTL Unit Load is defined as 50uA measured at 2.7V HIGH
and —2.0mA measured at 0.5V LOW,

DEFINITION OF FUNCTIONAL TERMS:

A, B, C Select. The three select inputs to the decoder.

G1 The active-HIGH enable input. A LOW on the G1 in-
put forces all Y outputs HIGH regardless of any other
inputs.

G2A, G2B _The active-LOW enable input. A HIGH on
either the G2A or G2B input forces all Y outputs HIGH
regardless of any other inputs.

—Y—(,—,‘YT:VQ_, Y3, Yq, Ys, Ye,-,Y—7 The eight decoder outputs.

SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING QUTPUT

DRIVEN INPUT

UNIT LOAD
2.8k NOM

Note: Actual current flow direction shown.

BLI-078
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SELECT

H=HIGH

So
S

S2

S3

DATA

APPLICATION
W
A —
Yo
B —_
Y5
c 5 Ta
=t
= 1= %
G2B
i
G1 _
Yo
. v
Y6
B —
Y5
c g Ya
T —
Gz < V3
R "
Y1
H G1 —
Yo

ONE-OF-SIXTEEN DEMULTIPLEXER

DECODE
DATA QUTPUT

BLI-079

Metallization and Pad Layout

DIE SIZE 0.065"X0.070"
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Am2925

System Clock Generator and Driver

ADVANCED INFORMATION

DISTINCTIVE CHARACTERISTICS

Single chip clock generator and driver

Four different clock output waveforms for Am2900 and other
bipolar and MOS systems

Crystal controlled for stable system operation

Oscillator to 31MHz — oscillator output for external system
timing

Clock halt, single-step and wait controls

Variable cycle lengths — 1 of 8 different cycle lengths may be
programmed

Slim 0.3” 24-pin package

100% product assurance screening to MIL-STD-883
requirements

LOGIC DIAGRAM

Fo

-
OSCILLATOR
X100
4BIT
CRYSTAL OSCILLATOR COUNTER
X2 o
1 cLock 1 -Dc1
. GEN
10—
CYCLE
LENGTH | 2 Rea -
o c
L CLOCK 2 Dz
o GEN
p—1 C3
INITIALIZE C>— uggf )
HALT D724
CLOCK
SINGLESTEP ] (SLOCK =1 cLocka DC‘
WAIT REQ [—] o=t
READY (C— —
WAIT ACK
Cx &—]
FIRST/LAST D—-—J
'
MPR-217

FUNCTIONAL DESCRIPTION

The Am2925 is a single-chip general purpose clock generator/
driver. Itis controlled by a crystal, selected by the designer, and is
microprogrammable to meet a variety of system speed require-
ments. The Am2925 generates four different clock output
waveforms tailored to meet the needs of Am2900 and other
bipolar and MOS microprocessor based systems. Also, variable
cycle lengths may be generated under microprogram control.
One of eight different cycle lengths may be microprogrammed
using the Cycle Length inputs Ly, Ly, and Lg.

The Arﬁ2925 oscillator runs at frequencies up to 31MHz. A buf-
fered oscillator output is provided for external system timing.

Clock halt, single-step and wait controls are provided for the
Am2925. The HALT REQ input halts the clocks; the clocks re-
sume when the HALT REQ input is deactivated. The SINGLE-
STEP input, which operates only when the clocks are halted,
generates the clocks for a single cycle. The WAIT REQ input
stops the clocks and puts the Am2925 in a “wait” state. In this
state, the clocks remain stopped until an asynchronous READY
input signal is received. The WAIT ACK outputindicates when the
Am2925 is in the “wait” state. The WAIT REQ and READY inputs
are puise sensitive and are overridden by the HALT REQ input.

One of eight cycle lengths may be microprogrammed using the
L4, Ly, and L3 inputs. There are four clock output waveforms for
each of the 8 possible cycle lengths.

CONNECTION DIAGRAM
Top View

Ooanononnannn

24 23 22 20 20 19 18 17 16 15 14 13

g 10 11 12

ooty

IRRRRR

Note: Pin 1 is marked for orientation. MPR-210

LOGIC SYMBOL

X4 Xz
——
OSCILLATOR
C>——=! FIRST/LAST WAIT ACK 1>
C>———={HALT, NO.
[>——=] ALt ne.
[C>>———~ SINGLE STEP, N.O. Fo 1>
[>—=]|siNGLE sTEP, N.C.
C>—— WAIT REG
> READY oI
C>—-ofnr ¢, —1_>
CLOCKS
Co—fcex ¢ —— >
c —=>
D._.._.. Ly
[ L, | cYCLE
2 { LENGTH
D_._. Ly
MPR-218

The Am2925 is scheduled for introduction in 2Q '80.

2-238




Am2926 « Am2929

Schottky Three-State Quad Bus Driver/Receiver

Distinctivé Characteristics

e Advanced Schottky technology e Driver propagation delay — 14ns max for Am2926; 17ns
® 48mA driver sink current ) ‘ max for Am2929
e 3-staie outputs on driver and receiver ® Receiver propagation delay — 14ns max for Am2926;
® PNP inputs 17ns max for Am2929
® Am2926 has inverting outputs L ® 100% reliability assurance testing in compliance with
® Am2929 has non-inverting outputs MIL-STD-883
FUNCTIONAL DESCRIPTION LOGIC SYMBOL
The Am2926 and Am2929 are high speed bus transceivers
consisting of four bus drivers with three-state outputs and
four bus receivers, also with three-state outputs. Each driver : 4 7 9 12
output is internally connected to a receiver input. Both the . l l ‘ |
drivers and receivers have PNP inputs. °% D D D3 _ )
. o b—o
One buffered common “bus enable’” input is connected to 15 B/E T S
the four drivers and another buffered common “receiver Am2926 Ry f— 11
enable” input is connected to the receivers. A LOW on the e L )
bus enable (B/E) input forces the four driver outputs to the S 51 B M
high-impedance state. A HIGH on the bus-enable allows
input data to be transferred onto the data bus. i s 10 13
A HIGH on the receiver enable (R/E) input forces the four
receiver outputs to the high-impedance state while a LOW
on the receiver enable input allows the received data to be
transferred to the output. The complementary design of the
bus enable and receiver enable inputs allows these control Veg = Pin 16
inputs to be connected together-externally such that a single GND = Pin 8
transmit/receive function is derived. BLI36
LOGIC DIAGRAMS
Am2926 - Am2929
Inverting Output (3-State) . Non-Inverting Output (3-State)
Do Dy v Dy D3 ) Do Dy Dz D3
(4) 7 9) (12) , 4 - 7 ©) (12)
(15) (15) D
/E —I % ® *- @ EO . B/E FS) —BO
- . . (8)_ El {6) 51
{10) 5, (10} ‘_32
13 5 . (13) 5
__m o E |
R/E R/E ~——O| 2 o .
| (2) | (5) I (11 (14) l {2) I (5} | 1) (14)
Rg Ry Ry Ra : . fo M Rz fa BLI-080
. CONNECTION DIAGRAM
Top View
Vec BE Ry By D3 Ay By Dy
Qoo ormn
i 16 14 13 12 11 10 9
Am2926 ¢ Am2829
.‘I 2 3 4 6 6 7 8
AN EUREpERERE|
RE Rq, By Dg Ry By Dy GND
‘BLI-OB1
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Am2926 « Am2929
MAXIMUM RATINGS (Above which the usefutl life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —B55°C to +125°C
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V
DC Voltage Applied to Outputs for HIGH Outp!ut State —0.5V to +Vgg max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Qutputs (Receiver) 30mA
DC Qutput Current, Into Qutputs (BUS) 80mA
DC Input Current —30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
The Following Conditions Apply Unless Otherwise Noted: '
Am2926PC, DC, XC  Am2920PC, DC, XC Tp =0°Cto +75°C(COM’L) MIN. =475V  MAX, =525V

Am2929DM, XM Am2926DM, XM Ta=-65"Cto+126°C(MIL) MIN. =460V MAX.=550V
DC CHARACTERISTICS CVER OPERATING TEMPERATURE RANGE Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Driver
LT Low Level Input Current ViN =04V —-200 MA
Iy Low Level Input Current (Disabled) ViN =04V -25 uA
W High Level Input Current (D, Dg} VIN = Voo MAX. 25 uA
Voo Low Level Qutput Voltage loyT =48mA (Note 5) 0.5 Volts
VoH High Level Output Voltage lgut = —10mA, V¢ = Ve MIN. (Note 6) 24 Volts
los Short Circuit Output Current VouT =0V, Vg = VeeMAX. (Note 4) -50 —150 mA
Receiver
he Low Level Input Current VinN=04V —200 uA
IH High Level Input Current(RE) VN = VocMAX. 25 uA
VoL Low Level Output Voltage ’ louT = 20mA (Note 5) 0.5 Volits
I =—-100uA, Ve =50V 3.
VoH High Level Output Voltage ouT K cc 5 Volts
1ouT = —2.0mA (Note 6) 24
1os Short Circuit Output Current VouT =0V, Ve = Voo MAX. —-30 -75 mA
Both Driver and Receiver
V1L Low Level Input Threshold Voltage 0.85 Voits
VTH High Level Input Threshold Voltage 2.0 Volts
1o Low Level Output Off Leakage Current VouT =05V -100 HA
High Level Output Off Leakage Current VouTt =24V 100 uA’
A\ Input Clamp Voltage N = —12mA . -1.0 Volts
V = VcocMAX. 457/87
Pwr/ Power/Current Consumption Am2926 cc cc mW/mA
lcc Am2929 | Vcc = VeceMAX. 578/110
Switching Characteristics (Ta = +25°C, Vcg = 5.0V) . Am2926 Am2929
Parameters Description Test Conditions Min. Typ. Max. Min.  Typ. Max. Units
tPLH 10 14 13 17
Driver Input to Bus Figure 1 . ns
tPHL 10 14 13 17
tPLH 9.0 14 12 17
Bus to Receiver Qutput Figure 2 ns
tPHL 6.0 14 9.0 17
t 19 25 21
2L Driver Enable to Bus Figure 3 28 ns
tLz 15 20 18 23
tzL Receiver Enable to . 15 20 18 23
X Figure 4 ns
t z Receiver Output 10 15 13 18

Notes: 1. For conditions shown as MIN. or MAX ., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits areat Vg =5.0V, 25°C ambient and maximum loading.
3. Actual input currents = Unit Load Current x input Load Factor (See Loading Rules).
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
5. Outputsink current is supplied-through a resistor to Vce
6. Measurements apply to each output and the associated data input independently.
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DEFINITION OF FUNCTIONAL TERMS * LOADING RULES (In Unit Loads)
Do, D1, D2, D3 The four driver inputs.
Bo, B1, Bz, B3 The four driver outputs and receiver inputs Low Fan-out
(data is inverted). Input Output  Output
. Input/Output  Pin No.'s Unit Load HIGH Low
Ro, R1, Rz, Rz The four receiver outputs. Data from the T 1 78 — —
bus is inverted while data from the driver inputs is non-
inverted. Ro 2 - 50 10
B/E Bus enable input. When the bus enable input is LOW, Bo 3 1716 250 25
the four driver outputs are in the high-impedance state. Do 4 1/8 - —
R/E Receiver enable input. When the réceiver enable input Rj 5 — 50 10
isiz::;GH' the four receiver outputs are in the high-impedance B p 1716 260 25
’ D4 7 1/8 - -
GND 8 - - -
D7 9 1/8 — —
By 10 1116 250 25
Ry 1 - 50 10
D; 12 18 - -
B; 13 1/16 250 25
Ry 14 - 50 10
B/E 15 1/8 - —
Vee 16 - - -
A TTL Unit Load is defined as —1.6mA measured at 0.4V LOW
and 40uA measured at 2.4V HIGH.
DRIVER FUNCTION TABLE RECEIVER FUNCTION TABLE
Am2926 Am2929 Am2926 Am2929
INPUTS NPUTS
OQUTPUT OUTPUT : OUTPUT OUTPUT
B/E Dj Bi Bi R/E B; Rj Rj
L X Zz z H X z Z
H L H L L L H L
H H L H L H L H
L=LOW X = Don't Care L=LOW X = Don't Care
H=HIGH Z = High Impedance H=HIGH Z = High Impedance
i=0,1,2,0r3 i=0,1,2,0r3
INPUT/OUTPUT CURRENT INTERFACE CONDITIONS
BUS DRIVER RECEIVER
OUTPUT QUTPUT ALL INPUTS
| o | Vee
[ |
| 600 | %.‘vkﬂ
| NOM. | S Nom.
l loH l he
| . .
i — | ﬂ:l =
| loL | YH
BLI-082

Note: Actual current flow direction shown.
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Am2926 « Am2929

AC TEST CIRCUITS AND WAVEFORMS
PROPAGATION DELAY (Data In to Bus)

26v Tvcc =50V 26V
By
of—o Joq INPUT 1.5V 15V
— B/E 81 t—o0 " VR
A & N (pHL__l |_7 ——‘ l—-— PLH
—{ D 5 l—0
o oo n3 3000F 2= 200 oUTPUT Bk 15V %1 5V
o—— P o —o0 : :
PULSE
GENERATOR O—-— D2 Ry —o
o—— 03 mRl—o _L INPUT PULSE:
= . =t =5ns (10% to 90%)
R3f—o0 freq = 10MHz (50% duty cycle)
J_ Amplitude = 2.6V
Figure 1 BLI-083
PROPAGATION DELAY (Bus to Receiver Out)
T VCC =50V
% ﬂ_
—_— INPUT 1.5V 1.6V
— 8
B/E o PULSE
—IFE Bl—o GENERATOR 26v tPHL h I__ Ly
o g B —o
o 0, Rg 020 QUTPUT 1.6V 1.5V
[os Dy fib—o 1
D. R —N INPUT PULSE:
T == : o O S
0pF > Froq = 1 z duty cycle]
3 300 :,1.3kn Amplitude = 2.6V
Figure 2 BLI-084
PROPAGATION DELAY (Bus Enable to Bus Qutput)
26V Q Tvcc
INPUT 1.5V 1.5V
B b—o 240
PULSE B 5 t ——, ’-_ 1
GENERATOR [~—=© B/E bl 7L ] L
—— R7E 8 }—o
Lo, ﬁ o b QUTPUT 1.8v 10%
k2
b0y fo l—o (PROBE) S SR 3000F
p:
—§ D R INPUT PULSE:
172 ! o t =ty = 5ns (10% to 90%)
— ) Ry b—o0 freq = 5MHz (50% duty cycle)
Amplitude = 2.6V
R p—o0 4
. -085
Figure 3 BL-0
PROPAGATION DELAY-(Receive Enable to Receive Output)
Vee T 2.6v
B
— INPUT 1.5V 1.5v
—{ B/E By
cenERATOR [0 RE a le—-l ’—— ——I '.._Tz[_
¢—{ Do 83
| o, R f—0 $ 240 ouTPUT o
b
—1{ 02 Rt p—o
| o5 Ry l—o INPUT PULSE
t, =ty = 5ns (10% to 90%)
f3 l—o freq = 5MHz (50% duty cycle)
skeg | Amplitude = 2.6V
(PROBE)‘[ A
. = BLI-086
Figure 4
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APPLICATION
) i
- —— —— 4-BIT BUS
TO OTHER
pu— et e Am2926's
0o B B B B Ao bp 0 B B2 B3 g
——] Dy R fb— —]D L7 N—
DATA 0 Am2926 o oo oATA o Am2026 ry ] DATA
— 1oz _ Ry fb—o —D3 . LY —
B/E  FTE B/E RiE
H = TRANSMIT H = TRANEMIT
L= RECEIVE L~ RECE{VE
BLI-087
ORDERING INFORMATION
Order the part number according to the table below to obtain the desired package, temperature range, and screening level.
Am2926 Am2929 Package Type Operating Range Screening Level
Order Number Order Number (Note 1) (Note 2) (Note 3)
AM2929PC AM2929PC P-16-1 o] C-1
AM2929DC AM2929DC D-16-1 C C-1
AM2929DC-B AM2929DC-B D-16-1 (o} B-1
AM2926DM D-16-1 M C-3
AM2926DM-B D-16-1 M B-3
AM2926XC AM2929XC Dice c Visual inspection
AM2926XM Dice M .to MIL-STD-883
Method 2010 B.
Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B
contains several dash numbers, any of the variations of the package may be used unless otherwise specified.

2. C=01070°C, Voc = 4.75V 10 5.25V, M = 55 to + 126°C, Vg = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B.

Metallization and Pad Layouts

Am2926 Am2929

Vee Vee
R/E B/E RE B/E
Ro 3 Ro R3
Bg B3 Bo B3
Dy 03 Do ]
By R2 Rq Rz
By By -] B2
0y Dy Dy 02

GND GND
DIE SIZE 0.058" X 0.091" DIE SIZE 0.068" X 0.091"
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Am2928

Quad Three-State Bus Transceivers With Clock Enable

DISTINCTIVE CHARACTERISTICS

Quad high-speed LS| bus-transceivers

Three-state bus driver and receiver outputs

D-type register on drivers

Latch output on Am2927

Registered output on Am2928

Output data to input wrap around gating

Input register to output transfer gating with or without
driving data bus

Clock enabled registers

Bus driver outputs can sink 48mA at 0.5V max.
Three-state receiver outputs sink 20mA at 0.5V max.
3.5V minimum Vg4 for direct interface to MOS
microprocessors

Advanced low-power Schottky processing

® 100% reliability assurance testing in compliance with
MIL-STD-883

FUNCTIONAL DESCRIPTION

The Am2927 and Am2928 are high-performance, low-power
Schottky, quad bus transceivers intended for use in bipolar or
MOS microprocessor systemn appiications.

Both devices feature register enable lines which function as
clock enables without introducing gate delay in the clock inputs.
The four transceivers share common enables, clock, select and
three-state control lines.

The Am2927 consists of four D-type edge-triggered flip-flops.
Each flip-flop output is connected to a three-state data bus driver
and separately to the input of a corresponding receiver latch
input. The receiver latch can select input from the driver or the
data bus. The select line determines the source of input data for
the bus driver choosing between input data or data recirculated
from the receiver output. The receiver output also has a three-
state output buffer.

The combination of the select input, S, the driver input enable,
ENDR, and the receiver latch enable, RLE, provide seven differ-

ent data path operating modes not available .in other trans-
ceivers. For example, transmitted data can be stored in the re-
ceiver for subsequent retransmission. Also, received data can be
output to the system and simultaneously fed back to the driver
input.

The Am2928 is similar to the Am2927, but with a D-type edge-
triggered register in the receiver and a receiver enable, ENREC,
which functions as a common clock enable.

Data from each D input is inverted at the bus output. Likewise,
data at the bus input is inverted at the receiver output.

All three-state controls and enable lines are active low (the
Am2927 receiver latch is transparent when RLE is LOW). The
select input, S, determines whether the enabled driver input
accepts data from the data input, D, or from the corresponding
receiver output, Y. Similarly, the select line determines whether
the receiver accepts input data from the data bus, or the driver
outpuit.

BLI-088
SIMPLIFIED LOGIC DIAGRAMS
Am2927 Am2928
DATA BUS DATA BUS
INPUT ouTPUT INPUT ouTPuT
D Y D Y
D a -Lso-l- o— D a D Q
MUX ] EN 7 MUX LATCH mux | —] en mux | —en
— cP Of e [— cp —0] [— cpP
el i -
o RLE iR l 1 s b
s ENDR cp BE RECEIVER OF s ENDR BE ENREC  CP OE
SELECT DRIVER CLOCK BUS LATCH ouTPUT SELECT DRIVER BUS RECEIVER CLOCK  OUTPUT
ENABLE  INPUT ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE INPUT  ENABLE
LOGIC SYMBOL CONNECTION DIAGRAM
Top View
I l I OO onQondn
Do By Dy Dy 20 19 18 17 16 15 14 13 12 11
—O OE
—] cr Yo
—1s v, — )
ENDR Am2927 v
—O ALE* v . 2 3 4 5 8 7 8 98 10
—| BE 3
BUS, BUS; BUS; BUS; - HUUU Uty
+
T T T T Note: Pin 1 is marked for orientation.
*ENREC for Am2928 aLi-089 L1000

Copyright © 1979 by Advanced Micro Devices, Inc.
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DETAILED LOGIC DIAGRAMS

Am2927

BUS

DATA
INPUYT D

Y

—[}o——— OUTPUT ¥

COMMON CONTROLS

. ENDR cp OF
SELECT DRIVER CLOCK OUTPUT
ENABLE ENABLE

BLI-091
DATA
INPUT D P a J“rc‘ﬁ OUTPUT ¥
’— & al—
b | | _ONEOFFOURTRANSCEWERSECTIONS |
COMMON CONTROLS
S ENDR cpP BE ENREC 3
SELECT DRIVER cLOCK BUS RECEIVER OUTPUT
ENABLE INPUT ENABLE ENABLE ENABLE
BLI-092
MAXIMUM RATINGS (Above which the useful life may be impaired)
Storage Temperature —65 to +150°C
Temperature (Ambient) Under Bias —55 to +125°C
Supply Voltage to Ground Potential —0.5 to +7V
DC Voltage Applied to Outputs for HIGH Output State ’ -0.5 V to +V g max.
DC input Voltage . -0.5 to +5.6V
DC Output Current, Into Qutputs (Except BUS) . . 30 mA
DC Output Current, Into Bus : . 100 mA
DC Input Current —30 to +5.0mA
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Specified:

COM'L Ta = 0°C to +70°C Voo = 5.0V =5% (MIN. = 4.75V MAX. = 5.25V)
MiL Ta = —55°Cto +125°C V¢ = 5.0V £10% (MIN. = 450V MAX. = 5.50V)
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Typ
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
VoL Bus Output LOW Voltage Vee = MIN, lo,, = 24mA 9% | vos
loL = 48mA 0.5
Vou Bus Output HIGH Voltage Vee = MIN. COML, lon = ~20mA 24 Volts
MIL, gy = —15mA 2.4
Vi Receiver Input HIGH Threshold Bus Enable = 2.4V 2.0 Volts
ViL Receiver Input LOW Threshold Bus Enable = 2.4V 0.8 Volts
lorF Bus Leakage Current (Power Off) Vee = 0V, Vg = 4.5V 100 uA
Bus Leakage Current Vee = MAX Vo = 0.4V
lo (HIGH Impedance) Bus Enable = 2.4v | Y0 = 24V KA
Vo = 45V
Isc Bus Output Short Circuit Current Vee = MAX, Vg = 0V mA
Cs Bus Capacitance (Note 4) Vee = 0V pF

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate valug
2. Typical limits are at V¢ = 5.0V, 25°C ambient and maximu ;
3. Not more than one output should be shorted at a time Rarati rcul ould not exceed one second.
4. This parameter is typical of device characterizati X

ELECTRICAL CHARAS

(MIN. = 475V MAX. = 5.25V)

ristics for the applicable device type.

MiL Ta c = 5.0V +10% (MIN. = 450V MAX. = 5.50V)
DC CHARA OVER OPERATING RANGE
Typ
Parameters Description Test Conditions (Note 1) Min  (Note 2) Max Units
Vee = MIN. MIL, oy = ~2.0mA 2.4 3.4
Von Receiver Output HIGH Voltage Vin = Viqor Vi COML, Ioy = —6.5mA 2.4 3.4 Volts
Ve = 5.0V loy = —100uA 3.5
Voo Output LOW Vaoltage (Except Bus) | »cC = MIN loL = 20mA 0.5 Volts
Vin=ViLorViy
) . Guaranteed input logical
ViH Input HIGH Level (Except Bus) HIGH voltage for all inputs 2.0 Volts
Guaranteed input logical MiL 0.8
V',L Input LOW Level LOW voltage for all inputs COM'L 0.8 Volts
\/ Input Clamp Voltage Voo = MIN, )y = —18mA -1.2 Volts
TR Input LOW Current (Except Bus) Veoe = MAX,, V|y = 0.5V -2.0 mA
1 Input HIGH C t (Except Bus) \Y MAX., V 2.7V S. ENDR 100 A
u urrent (Except Bu = " =2.
H P P ce IN All other inputs 50 #
1 Input HIGH C E t B Ve = MAX., Vi = 7.0V S, ENDR 20 mA
| npu urrent (Except Bus) cc = L VIN =T All other inputs 70
Off-State Output Current _ Vo =24V 50
o (Receiver Output) Vee = MAX. Vo = 0.5V 50 HA
Output Short Circuit Current _ : _ _
Isc (Except Bus) Vce = MAX. Receiver 40 100 mA
lce Power Supply Current Voo = MAX. mA
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Am2927 :
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
A Am2927XM Am2927XC
Parameters Description . Test Conditions Min Typ Max | Min Typ Max |Units
teLH ) —_ . 18
Driver Clock, CP, to BUS Cy (BUS} = 50pF : ~ ns
tPHL R, (BUS) = 130Q '8
tzH o t, N 14
ZH"ZL | Bys Enable, BE, to BUS - ns
‘HZ . tLZ CL = 5pF 12
trw Min. Cliock Pulse Width (HIGH or LOW) . 10 ns
f _ 16
PLH BUS to Receiver Output (Latch Enabled) ns
tPHL . 16
tPLH —_— . 18
Latch Enable, RLE, to Receiver Output ns
tpHL 18
tzy ot . Cy = 15pF, R = 2.0kQ) .16
ZH ZL Output Enable, OE, to Output L P L ns
tHz stz . CL = 5pF, R = 2.0k 14
t R
ts Driver Enable, ENDR, to Clock : ns
h ;
tg JE— 10
t Select, S, to Clock (RLE = HIGH) 0 ns
h
ts I 13
: Select, S, to Clock (RLE = LOW) 0 ns
h
tg yé
: Data Inputs, D, to Clock ns
h
1y — — 10
: BUS to Latch Enable, RLE ns
h .
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specifie te for applicabie device type.

2. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loagj
3. Not more than one output should be shorted at a time. Durati

Am2928
SWITCHING CHARACTERISTICS Q

Juld not’éxceed one second.

ATURE RANGE

Am2928XM Am2928XC
Parameters Test Conditions Min Typ Max [ Min Typ Max |Units

tpLH 18

oL Clock, CP, Cy (BUS) = 50pF 18 ns

- R_ (BUS) = 1300

tzy o t: N 14

ZH”ZL | gys Enable, BE to BUS ns
thz * Lz Cp = 5pF 12

t 18

PLH Clock, CP, to Output, Y ns
tPHL C, = 15pF, R = 2.0kQ 18

tpw Min. Ciock Pulse Width (HIGH or LOW) 10 ns
tzH * t; — CL = 15pF, R = 2.0kQ 16

ZH ~ ZL Output Enable, OE, to Output, Y L P L ns
tHz * ez CL= 5p.F, R = 2.0kQ 14

t JE— 8

t“' Driver Enable, ENDR, to Clock 5 ns
h

tg - ) ) 7

: BUS to Clock (Receiver Register) P ns
h .

ts o - 8

: Receiver Enable, ENREC, to Clock 2 ns
h

t 10

2 S to Clock ns
th 0

ts . . 7

1 Data Inputs, D, to Clock (Driver Register) > ns
h

Notes: 1. For conditions shown an MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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DEFINITION OF FUNCTIONAL TERMS

CP Clock Pulse to.internal registers enters data on the OE Output Enable. When Output Enable is LOW the
LOW-to-HIGH transition. four receiver outputs Y are active.
BE Bus Enable. When Bus Enable is LOW the four ENDR Driver Enable. Common clock enable for the input
drivers drive the BUS outputs. register. Allows the data on the D inputs to be
(RO — ) ) loaded into the driver register on the clock LOW-
gggo, 2321, The four driver outputs and receiver inputs. to-HIGH transition.
2 BE93 RLE Receiver Latch Enable (Am2927 only). When Re-
Dg, D4, The four driver data inputs inverting from D to ceiver Latch Enable is LOW, the four receiver
Dy, D3 BUS. latches are transparent. The latches hold received
. ) J— data when RLE is HIGH.
Yo, Y1, The four receiver data outputs inverting from BUS [ .
Y, Y3 to V. ENREC Receiver Enable (Am2928 only). Common clock
enable for the receiver register. Allows the BUS
S Select input controls data path modes in conjunc- driver or previous receiver data to enter the re-
tion with ENDR and RLE (or ENREC). ceiver register on the rising edge of the clock.
Am2927 FUNCTION TABLES
Driver Register Control Receiver Latch Control
ENDR S RLE Driver Register ENDR RLE Receiver Output
H X X Hold Previous Data X X H Data Latched
L L X Load from D Input Driver Register Output at Y Output
H H L Latch :
L H L Load from BUS (Latoh Transparent)
L H H Load Latched Receiver Data X L L Bus Data at Y Output
L X L (Latch Transparent)
. Am2928 FUNCTION TABLES
Driver Register Control Receiver Register Control
ENDR S Driver Register ENDR S ENREC Receiver Output
H X Hold Previous Data X X H Hold Previous Data
L L Load from D Input H H L Load from Driver Register
L H Load from Receiver Register X L L —
T % C Load from BUS
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APPLICATION
< ok a0 >
!
BUS BUS
4 Am2928's [-——— CONTROL CONTROL 4A 's
Y 5] ' o
N out v N out

Am2903 Am2904 MEMORY

ARRAY

Am2902

The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a

high-speed bipolar mlcroprocessor system.
L ) BLI-093

Am2927 AND Am2928 FUNCTION TABLE

Control Input Condition

Driver Input “Receiver Input _
From From ) ENDR * Signal Flow BE

BUS

5 BUS ' L L L L@~ H
input (No Load) L L H _,@_i [F- L
BUS 1w L L H
(No Load) H L H I—E‘J ET» L
4 BUS L H L ] L_@_, H
(No Load) Driver H H - L X
(No Load) X H | H oH E- L

*RLE for Am2927 (asynchronous) or ENREC for Am2928 ( ).

Receiver
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Am2930

Program Control Unit

DISTINCTIVE CHARACTERISTICS

® Powerful, 4-bit slice address controller for memories
Useful with both main memory and microprogram memory
Expandable to generate any address length

® Executes 32 instructions
Automatic generation of address and update of program
counter for fetch cycles, branch cycles, and subroutine call
and return

® Contains cascadable full adder
Twelve different relative address instructions are provided;
including jump-to-subroutine relative and return-from-sub-
routine relative

® Built-in condition code input
Sixteen instructions are dependent on external condition
control

® Seventeen-level push/pop stack
On-chip storage of subroutine return addresses nested up to
17 levels deep

® Separate incrementer for program counter
A relative address may be computed and PC may be incre-
mented by one on a single cycle

GENERAL DESCRIPTION

The Am2930 is a four-bit wide Program Control Unit intended
to perform machine level addressing functions, although the
device can also be used as a microprogram sequencer. Four
Am2930's may be interconnected to generate a 16-bit address
(64K words). The Am2930 contains a program counter, a sub-
routine stack, an auxiliary register, and a full adder for com-
puting relative addresses.

The Am2930 performs five types of instructions. These are:
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional
Jump-to-Subroutine; 4) Conditional Return-from-Subroutine;
and 5) miscellaneous instructions.

There are four sources of data for the adder which generates
the Address outputs (YQ-Y3). These are: 1) the Program
Counter (PC); 2) the Stack (S); 3) the auxiliary Register(R);
and 4} the Direct inputs (D). Under control of the Instruction
inputs (lg-14), the multiplexers at the adder inputs allow var-
ious combinations of these terms to be generated at the three-
state Y address outputs. The instruction lines also control the
updating of the program counter and the auxiliary register. A
condition code input is provided fg’ conditional instructions.

LOGIC SYMBOL

127 26 26 24 20 19 18 17

o 1y 1y I3 Iy Dy Dy Dy Dy
23 —O] cc EMPTY O~ 3
21 ——Of RE FULL Jo— 2

JR A
4 ! Cisg 1
7 Cn Am2930
Cn+a 13

22 —Of IEN
15 ——] cp Go— 12
5 —O] OF plo— 16

Yo Y, 2 Ya

|

10 1

© —

Vee = Pin 28
GND = Pin 14
MPR-220

BLOCK DIAGRAM

°p REQ FOLL () Q‘_FWEM
) !
STACK
l MULTIPLEXER
(s)
W S
MULTIPLEXER| |‘
RSEL*
STACK 0o D
POINTER A
() 17X 4
Aux. CE REGISTER
REGISTER STACK
(R} )
- RsTe (WFo)
g o
PROGRAM
A B COUNTER
MULTIPLEXER MULTIPLEXER REGISTER
*°C)

n A \/ ] Cira
[ INCREMENTER}——" >

FULL ADDER

CEN*
o

N

PC
MULTIPLEXER

L}

CEN*® g
RST* =]
OEN® —~m——r INSTRUCTION —
INC* —~~———  DECODER
RSEL" ~— ] cc
RCE* ~=a—i]

OEN®

i)l

Y CP Voo GND

MPR-221
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BLOCK DIAGRAM

N—<Jo
-y
<33

STACK
MULTIPLEXER

[ P (S}
MULTIPLEXER j
RSEL*
STACK Do Di
POINTER x4
o—- (SP)
AUX. CE - REGISTER
REGISTER ] STACK
(R} ()
RCE* RST* {LIFO)
ugn s
PROGRAM
A B COUNTER
MULTIPLEXER MULTIPLEXER REGISTER
(PC)
A \/ B
c, > INCREMENTER}—> Ci+4a
FULL ADDER
CEN* .
7 <3 G
— *
G <3 INC
PC
MULTIPLEXER
Cn+a
0F OD————9 5 .
CEN* ~a—— <4< |
OEN* RST* st
‘ OEN" —s——— INSTRUCTION <1
INC* —«——— DECODER 1EN
RSEL* —~a—
RCE* el ——< CC
Y CP Vg GND

MPR-221
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ARCHITECTURE OF THE Am2930

The Am2930 is a bipolar Prcgram Control Unit intended for use
in high-speed microprocessor applications. The device is a cas-
cadable, four-bit slice such that three devices allow addressing
of up to 4K words of memory and four devices allow addressing
of up to 64K words of memory.

As shown in the Block Diagram, the device consists of the
following:
1) A full adder with input multiplexers
2) A Program Counter Register with an incrementer and an
input multiplexer
3} A 17 x 4 Last-In, First-Out (LIFO) stack consisting of an
input multiplexer, a 17 x 4 RAM, and a Stack Pointer
4) An auxiliary register with an input multiplexer
5) An instruction decoder
6) Four 3-state output buffers on the address outputs

The following paragraphs describe each of these blocks in detail.
Full Adder

The Full Adder is a binary device with full lookahead carry
logic for high-speed addition and provision is made for further
lookahead by including both carry propagate {P) and carry
generate (G) outputs. In slower systems, the carry output
(Ch+4) can be connected to the next higher Cp to provide
ripple block arithmetic. The carry input to the adder (Cp) is
internally inhibited during those instructions which do not re-
quire an addition to be performed. For these instructions, the
data is passed directly through the adder, independent of the
state of Cpy.

The multiplexers at the A and B inputs of the adder are con-
trolled by the Instruction decoder which selects the appropriate
adder inputs for the selected instruction.

Program Counter

The program counter consists of a register preceeded by an
incrementer. The Program Counter Register (PC) is a four-bit,
edge-triggered, D-type register which is loaded from the incre-
menter output on the LOW-to-HIGH transition of the clock
input {CP) at the end of every instruction.

The incrementer utilizes full lookahead logic for high speed.
For cascading devices, the carry output of the incrementer
(Ci+4) is connected to the incrementer carry input (Cj) of the
next higher device. The output of the incrementer, which is
loaded into the PC, is equal to the incrementer input plus C;j.
Therefore, it is possible to control the entire cascaded incre-
menter from the Cj input of the least significant device;a LOW
on the Cj input of the least significant device will simply pass
the data from the multiplexer output to the inputs of PC; a
HIGH will cause the outputs of the multiplexer to be incre-
mented before they are loaded into PC. During three instruc-
tions {unconditional Hold and conditional Hold and Suspend
when the CC input is LOW), the Cj input is internally inhibited;
therefore, data is passed from the multiplexer output to the PC
without incrementing. The multiplexer selects the input to the
incrementer from either PC or the output of the Full Adder,
depending upon the instruction being executed. During the
Jump, Jump-to-Subroutine, and Return instructions, the multi-
plexer chooses the Fuill Adder outputs as the input to the in-
crementer if the CC input is LOW. The Full Adder output is
also selected for the Reset instructicn. For all other instruc-
tions, the PC is selected as the input to the incrementer.

17 x 4 LIFO Stack

The 17 x 4 LIFO stack consists of a multiplexer, a 17 x4 RAM,
and a Stack Pointer (SP) which address the words in the RAM.

The SP always points to the last word written into the RAM
(Top of the Stack). The Top of the Stack (S) is available at the
output of the RAM.

Data is pushed onto the Top of the Stack from either D or PC.
It is written into memory location SP-+1, The SPis incremented
on the LOW-to-HIGH clock transition at the end of the cycle
so that it still points to.the last data written into the RAM.

Fora Pop operation, the contents of the RAM are not changed,
but the SP is decremented at the end of the cycle so that it
then points to the new Top of the Stack.

The SP is an up/down counter which changes state on the
LOW-to-HIGH transition of the Ciock input. It is internally
prevented from incrementing when the stack is full and from
decrementing when the Stack is empty. When the Stack is full,
the RAM write circuitry is also inhibited.

The active LOW Empty output (EMPTY) is LOW when the
stack is empty (after the Reset instruction and after the last
word has been Popped from the stack); the active LOW Full
output (FULL) is LOW either when the stack is full or when
the current instruction being executed will fill the stack {during
and after the 17th Push).

Auxiliary Register (R)

The Auxiliary Register (R) can be loaded from either the Direct
inputs (D) or the output of the Full Adder. It is loaded on the
LOW-to-HIGH transition of the clock input {CP) if the Regis-
ter Enable input (RE) is LOW or if the Instruction inputs call
for it to be loaded. When RE is LOW, R is loaded from the D
inputs unless the Instruction dictates that R be loaded from
the output of the Full Adder.

Instruction Decoder

The Instruction Decoder generates the signals necessary to
establish the data paths and to enable the loading of the PC,
R, SP, and RAM.

For unconditional instructions, the CC input is not utilized:
it may be either HIGH or LOW. For conditional instructions,
if CC is LOW, the condition is met and the conditional oper-
ation is performed; if CC is HIGH, a Fetch PC is performed.

Output Buffers

The Address outputs (YQ-Y3) are three-state drivers which
may be disabled either under Instruction control or by a HIGH
on the Output Enable input (OE). Disabling the Y outputs does
not affect the execution of instructions inside the Am2930.

Instruction Enable

When HIGH, the Instruction Enable input (TEN) forces PC and
SP into the hold mode and disables the write circuitry to the
RAM. The auxiliary register (R) is under control of the RE in-
put when TEN is HIGH, independent of the state of the Instruc-
tion inputs, The IEN input does not affect the combinatorial
data paths or Y outputs in-the Am2930. The data paths are
selected by the Instruction and CC inputs and are not affected
by IEN.
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Am2930 INSTRUCTION SET

The Am2930 Instruction set can be divided into five types of
instructions. These are:

® Unconditional Fetches

Conditional Jumps

Conditional Jumps-to-Subroutine

Conditional Returns-from-Subroutine

Miscellaneous Instructions

The following paragraphs describe each of these types in detail.

Unconditional Fetches

As can be seen from Table 1, there are nine unconditional
Fetch instructions (Instructions 1-9). Under control of the
instruction inputs, the desired function is placed at the Y out-
puts. For all Fetch instructions, PC is incremented if Cj of the
least significant device is HIGH. For Instructions 1 through 7,
the auxiliary register is under control of the RE input. For
Instructions 8 and 9, R is loaded with PC and R + D, respec-
tively. The RAM and Stack Pointer are not changed during a
Fetch instruction. )

Conditional Jumps

There are six conditional Jump instructions {Instructions 16
through 21). Under control of the Instruction inputs, the de-
sired function is placed at the Y outputs. Additionally, the
desired function is incremented if C;j of the least significant
device is HIGH and 'oaded into PC. During these instructions,
R is controlled by RE. The RAM and Stack Pointer are not
changed during these instructions. The above operations are
performed if the CC input is LOW; if CC is HIGH, a Fetch PC
operation is performed.

Conditional Jumps-to-Subroutine

There are six conditional Jump-to-Subroutine instructions
(Instructions 22 through 27). Under control of the Instruction
inputs, the desired function is placed on the Y outputs. On
the rising edge of the clock the data on the Y outputs is
incremented and loaded into PC, PC is loaded into the RAM at
location SP+1; and SP is incremented.

As with Conditional Jump Instructions, R is controlied by RE
and whether the Jump-to-Subroutine or Fetch PC is performed
depends upon the state of the CC input.

Conditional Returns-from-Subroutine

There are two conditional Return-from-Subroutine instructions
(Instructions 28 and 29). Under control of the instruction in-
puts, either S or S+D is placed at the Y outputs. Additionally,
the selected function is incremented and loaded into PC and
SP is decremented at the end of the cycle (on the rising edge
of the clock).

As with the Condition Jump and Jump-to-Subroutine Instruc-
tions, R is controlled by RE and whether the Return-from-
Subroutine or Fetch PC is performed depends upon the state
of the CC input.

Miscellaneous Instructions

Each of the nine miscellaneous instructions is described
individually.

Reset (Instruction 0)

The Reset instruction forces the Y outputs to zero, loads either
zero or one into PC, depending upon the Cj input of the least
significant device, and resets SP. The RAM is unchanged and
R is controlled by RE.

Load R (Instruction 10)

This instruction loads the data on the D inputs into R. PC is
either incremented or held depending upon C; of the least sig-
nificant device. The SP and RAM are not changed.

Push PC {Instruction 11)

This instruction is the same as Fetch PC except that PC is
loaded into RAM and SP is incremented at the end of the
cycle;i.e., the current PC is Pushed onto the stack.

Push D (Instruction 12)

This instruction is the same as Fetch PC except that D is loaded
into the RAM and SP is incremented at the end of the cycle;
i.e., external data is Pushed onto the stack.

Pop S (Instruction 13)

This instruction places the Top of the Stack (S) at the Y out-
puts and decrements SP at the end of the cycle. The PC is
incremented if the Cj input of the least significant device is
HIGH. R is controlled by RE.

Pop PC (Instruction 14)

This instruction is the same as Fetch PC except SP is decre-
mented at the end of the cycle, causing the data at the top of
the stack to be lost.

Hold (Instruction 15)

This instruction places PC at the Y outputs and inhibits any
change in PC, SP, and RAM. R is controlled by RE.
Conditional Hold (Instruction 30)

This instruction is the same as Hold except CC must be LOW.
1f CC is HIGH, the Fetch PC instruction is performed.
Suspend (Instruction 31)

The Suspend instruction is the same as th Conditional Hold
instruction except_the Y outputs are forced into the high-
impedance state if CC is LOW.
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TABLE | — Am2930 INSTRUCTION SET

Next Stote {after CP _F) (Note 3)
Mnemonic | Instruction R
Number 4 13 12 19 19 CC TEN Instruction YoY3 PC RE=L | RE=H RAM sp
XX X XX X H Instruction Note 1 - D - - -
Disable
PRST 0 Lt LLtLtL x L RESET o “0"'+C; D - - Reset
FPC 1 L LLLHX L FETCH PC PC PC+C; D - - -
FR 2 L LLHL X L FETCHR R PC+C; D - - -
FD 3 L LLHHX L FETCH D D PC+C; D - - -
FRD 4 LLHLL X L FETCH R+D R+D+Cp, PC+C; D - - -
FPD 5 LLHLHX L FETCH PC+D PC+D+Cp PC+C; D - - -
FPR 6 L LHHL X L FETCH PC+R PC+R+Cp, PC+C; D - - -
FSD 7 LLHHH X L FETCH $+D $+D+Cp, PC+C; D - - -
FPLR 8 LHLLL X L FETCHPC-»R PC PC+C; PC PC - -
FRDR 9 LHLLHX L FETCHR+D—R | R+D+Cy, PC+C; R+D+C, | R+D+C, - -
PLDR 10 LHLHL X L LOADR PC PC+C; D ] - -
PSHP kA LHLHHX L PUSH PC PC PC+C; D - PC — Loc SP+1 SP+1
PSHD 12 LHHLL X L PUSH D PC PC+C; D - D - Loc SP+1 SP+1
POPS 13 LHHLHX L POP S S PC+C; D - - SP—1
POPP 14 LHHHL X L POP PC PC PC+Cj D - - SP—1
PHLD 15 LHHHH X L HOLD PC - D - -
16-31 HX X X X H L FAIL COND'L PC PC+C; D - - -
TEST (FETCH PC)
JMPR 16 HiLtLLL L L JUMP R R R+C; D - - -
JMPD 17 HLLLHL L JUMP D D D+C; D - - -
JMPZ 18 HLLHL L L JUMP 0" “0" “0"+C;j D - - -
JPRD 19 HLLHH L L JUMP R+D R+D+Cpy R+D+Cn+C; D - - -
JPPD 20 HLHLL L L JUMP PC+D PC+D+Cp PC+D+CptC;j D - - -
JPPR 21 HLHLHL L JUMP PC+R PC+R+Gp PC+R+Ch+C; D - - -
JSBR 22 HLHHL L L JSB R R R+C; D - PC— Loc SP+1 | SP+1
JSBD 23 HLHHHL L JsB D D D+C;j o] - PC — Loc SP+1 SP+1
JsBzZ 24 HHLLLL L Jss 0" 0" 0"+Ci D - PC - Loc SP+1 SP+1
JSRD - 25 HHLLHL L JSB R+D R-+D+Cp, R+D+Cp+Cf D - PC — Loc SP+1 SP+1
JSPD 26 HHLHL L L JSB PC+D PC+D+Cp PC+D+C{+C; D - PC — Loc SP+1 SP+3
JSPR 27 HHLHHL L JSB PC+R PC+R+Cp PC+R+Cn+C; D - PC — Loc SP+1 SP+1
RTS 28 HHHLL L L RETURN § s S$+Cj D - - sP—1
RTSD 29 HHHLHL L RETURN §+D S+D+C, S+D+C+C; D - - SP—1
CHLD 30 HHHHL L L HOLD PC - D - - -
PSUS 31 HHHHHL L SUSPEND Z {Note 2) - D - - —

PC — Program Counter
R — Auxiliary Register

SP — Stack Pointer
D — Direct Inputs

Notes: 1, When IEN is HIGH, the Y5-Y 3 outputs contain the same data as when EN Is LOW, as determined by lg-14 and E
2. Z = High impedance state (outputs “OFF").

3. — = No change
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—-65 to +150°C

Temperature (Ambient) Under Bias

—55 to +125°C

Supply Voltage to Ground Potential

—-0.5 to +7.0V

DC Voltage Applied to Outputs for High Outpixt State

—0.5V to Ve max.

DC Input Voltage ) —0.5to +5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —30 to +5.0mA
OPERATING RANGE
Part Number Temperature Vee
Am2930PC, DC Ta = 0to 70°C 4,75V to 5.25V
Am2930DM, FM Tc = —56 to +125°C 4.50V to 5.50V
DC CHARACTERISTICS OVER OPERATING RANGE
Typ
Parameters Description Test Conditions (Note 1) Min (Note2) Max Units
Yo, Y1, Y2, Y3
G, Cn- lon = —1.6mA 24
< Ve = MIN, e OH
VoH Output HIGH Voltage Vin = ViL or Vin :..:JLL Volts
EPTY lon = —1.2mA 24
loL = 20mA
(COM'L) 05
Yo Y1. Y2, Y3
, loL = 16mA (MIL) 0.5
Vee = MIN. G, Cn+s
\7 Output LOW Volta loL = 16mA 0.5 Volts
oL e 9e Vin=ViLorViy | Cita ot
P, FULL, _
ENIPTY loL = 12mA 0.5
ViH Input HIGH Level (Note 4) 2.0 Volts
ViL Input LOW Level (Note 4) 0.8 Volts
Vi Input Clamp Voltage Vee = MIN, |y = —18mA -1.5 Volts
Do-3 -.360
'&;%EE' IEN, -.702
| Input LOW Current Ve = MAX., Vin = 0.8V F—= mA
IL npu ren cc IN cc — 657
C -2.31
Cn -3.25
Do—3 20
] Input HIGH Current Vee = MAX., V 2.7V == A
IH np urren cc e VIN cc 50 Iz
Ci 90
Cn 250
Iy Input HIGH Current Vee = MAX,, V|y = 6.5V 1.0 mA
Output Short Circuit Current _ B _
Isc (Note 3) Voo = MAX, 30 85 mA
I — \% = 0.5V -50
ozt Output OFF Current Vog = MAX., O = 2.4y [—2UT pA
lozH : Vourt = 2.4V 50
Vge = 5.0V Ta = 25°C 150 205
Tc = —56 to +125°C 239
lcc Power Supply Current To = +125°C 170 mA
(Note 5) Vee = MAX.
Ta = 0 to 70°C 220
Ta = 70°C 185
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vo = 5.0V, 26°C ambient and maximum loading.

. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment.

. Minimum icg is at maximum temperature.
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Am2930 SWITCHING CHARACTERISTICS

Tables A, B, C and D define the timing characteristics of the Am2930. Measurements are made at 1.5V with VL = OV and
Vin = 3.0V. For three-state disable tests, CL = 5.0pF and measurement is to 0.5V change on output voitage level.

I. Typical Room Temperature Performance.

VCC = 5.0V, TA = 25°C

TABLE IA TABLE IC TABLE ID
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns.
_— oo Lo s All in ns. All relative to clock
rimum lod me_| 16 Outputs fully loaded. C, = 50pF. LOW-to-HIGH transition.
Minimum Clock HIGH Time | 20ns
To ce:
Output —]
From _ Civa [ Ciwa |___1____ Set-up | Hold
TABLE IB Input Y |G, P| Cpyq | l4=L | l4=H |Full | Empty Input Time | Time
Output Enable/Disable Times. l4.0 61| 50 | &7 61 69 | 52 - t4-0 68 0
All in ns. cc 46| 32 39 - 53 | 29 - cc 53 0
Cy = 5.0pF for output disable tests. cn 251 - 17 A 32 . - EN 39 0
From | To | Enable | Disable Gi il - L L e Cn 28 0
oF v 8 7 cP 521 40 | 46 33 58 | 40 | 40 C; 18 3
== o} 37| 23 30 - 43 - - DRE=L,
cC 14 0
Notet)| Y | % z7 N I R - S R la.0 = 0-8 or 10-15)
| D (All other conditions) 44 0
el Y 57 41 & 3 2
(Note 1) Note 1: “Suspend"” instruction. R !
. Guaranteed Performance Over Commercial Operating Range.
Voo = 47510 5.25V, Ty = 0to 70°C
TABLE lIA TABLE lIC TABLE lID
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns.
- All in ns. All relative to clock
Minimum Clock LOW Time 31ns . .
— o ', ! Outputs fully loaded. C, = 50pF. LOW-to-HIGH transition.
Minimum Clock HIGH Time | 33ns
To [0 o
Output =/
From - Citsa | Cits N Set-up | Hold
TABLE IIB Input Y |G P|Cpyg| l4=L | I4=H | Full | Empty input Time | Time
Output Enable/Disable Times. l4-0 81| 67 77 80 91 69 - lao 114 0
All in ns. ct 63| 45 55 - 72 | 4 - cc 75 0
C,. = 5.0pF for output disable tests. Cn 32| - 25 - 45 - EN 55 0
From | To | Enable | Disable Si B - 22 22 - Cn 43 0
T M pe = cP 69| 53 | 61 43 78 | 55 | 85 C; _ 32 5
== D 49| 33 | 40 - 59 - DRE =L,
cc . 25 2
Moo | ¥ 55 a7 = S - - T l4.0 = 0-8 or 10-15)
| D (Al other conditions) 66 2
ﬁot ol ¥ 80 55 RE 24 4
(Note 1) Note 1: “Suspend” instruction.
ll. Guaranteed Performance Over Military Operating Range.
Vee = 4510 5.5V, T = ~55 o +125°C
TABLE IlIA TABLE lliC TABLE HID
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns.
— Allin ns. All relative to clock
Minimum Clock LOW Time 35ns "
Minimam Cloo rian Trms T ame Outputs fully loaded. C, = 50pF. LOW-to-HIGH transition.
To CP: [/
Output —
From _ Cits | Cita I Set-up | Hold
TABLE HiB Input Y |G P|Cpniq | ls=L | Ils=H | Full | Empty Input Time | Time
Output Enable/Disable Times. la-o 88| 74 | 82 87 97 | 78 - la-g 124 0
Allin ns. cc 68| 52 60 - 78 | 47 [ 80 0
Cy = 5.0pF for output disable tests. Cn a7l = 30 _ . _ EN 69 0
From | To | Enable | Disable Gi c o - |8 |28 -] - Cn %2 0
o Y 7 31 cP 74| 58 | 66 48 84 | 80 | 60 [o7 _ 37 5
ool D 55| 38 | 45 - 65 | - - D(RE =L,
cc - 30 2
mote 13| ¥ 60 42 = — - - T - l4.0 = 0-8 or 10-15)
1 D (All other conditions) 72 2
(‘:\;gte 1) M 8 60 RE 29 4
Note 1: "Suspend"” instruction.
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Figure 1. Typical 16-Bit Microcomputer Design.
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APPLICATIONS

The Am2930 is shown in a typical 16-bit, 2900 Microcomputer
design in Figure 1.

The Direct inputs (D) of the Am2930 are derived from one of
three sources: the Instruction Register, the Data Bus via a 16-
bit register (two Am2920 8-bit Registers), and the output of
the Am2901’s via a 16-bit register.

The Address outputs (Y) of the Am2930 are loaded into a 16-
bit Memory Address Register (MAR). Although the MAR is
shown as part of the CPU, in some applications it may be part
of the memory.

An Am2902 High-Speed l_ookahead Carry Generator is uti-
lized to provide high-speed relative and indexed addressing. In
slower systems, the Cph+4 output can be wired to the next
higher Cp, input to provide ripple block arithmetic.

The Condition Code input (CC) is derived from the same con-
dition code multiplexer which generates the condition code in-
put for the microprogram sequencer.

The control inputs of the Am2930 (lg-4, IEN, RE, OE, and C;
and Cp, of the least significant device) are shown originating at
the Pipeline Register. Although it is not shown in Figure 1, it
is possible to share the Pipeline Register outputs which go to
these pins with another device. This can be accomplished if
both the Am2930 and the other device do not operate on the
same microcycle. Forcing the IEN input HIGH inhibits any
changes in the Am2930 internal registers, independent of the
state of these seven inputs. This allows the Am2930 to be
placed in a hold mode while the other device is using the same
Pipeline Register outputs as control signals.

PIN DEFINITIONS

lo-4 The five Instruction control lines to the Am2930,
used to establish data paths and enable internal
registers.

IEN The Instruction Enable Input, used to enable and

disable internal registers. When IEN is LOW, all in-
ternal registers are under control of the Instruction
inputs. When {EN is HIGH, all internal registers ex-
cept R are inhibited from changing state. R is con-
trolled by the RE input. The IEN input does not
affect the combinatorial data paths and the outputs
established by the Instruction inputs.

8

The Condition Code input determines whether or
not a conditional instruction (Instructions 16-31) is
performed. If—@s LOW, the conditional instruction
is executed. if CC is HIGH, Fetch PC (Instruction 1)
is executed. The CC input may be either HIGH or
LOW for unconditional instructions (Instructions
0-15).

RE The Register Enable input for the Auxiliary Register
(R). A LOW on RE causes the Auxiliary Register
(R) to be loaded from the D inputs uniess Instruc-
tion 8 or 9 is being executed and IEN is LOW.

Cn The carry-in to the Full Adder.

Cn+4 The carry-aeut of the Full Adder.

PG The carry generate and propagate outputs of the Full
Adder.

Cj The carry-in to the program counter incrementer.

Ci+4 The carry-out of the program counter incrementer.

Yo0-3 The four address outputs of the Am2930. These are

three-state output lines. When enabled, they display
the outputs of the Full Adder.

OE Output Enable. When OE is HIGH, the Y outputs
are OFF (high-impedance); when OE is LOW, the Y
outputs are active (HIGH or LOW).

Do-3 The four Direct inputs which are used as inputs to
the Auxiliary Register, the RAM, and the Full
Adder, under instruction control.

Empty  The Empty output is LOW when the Stack is empty.

Full The Full output is LOW when the L.IFO stack is full
— during and after the 17th push operation.

cP The clock input to the Am2930. All internal reg-

isters (R, SP, PC) and the RAM are updated on the
LOW-to-HIGH transition of the clock input.

CONNECTION DIAGRAM

Top View
w[]+* 2 [ Vee
For [ 2 27 [ 1"
EwrTy [ |3 %[ |1,
ImE 251
o [ |5 [ 11
Cea [ |6 a[]ce
" Amasn P -
Yo [{8 21 RE
vi[]e 20{ 10
Yo o 1804
vy [ 18] 02
slm v : s Note: Pin 1 is marked for orientation.
Cove 13 e ]F
ono [T1a 15[ Jcp MPR-225
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INPUT/OUTPUT CIRCUIT CURRENT INTERFACE
DRIVEN INPUTS

L
AAA
VWW—

C,.CC ALL OTHERS MPR-223

I=]

o
Note; Cj input is connected to both configurations in parallel.

DRIVING OUTPUTS

ALL OTHER O/P's Yo-3
DRIVING OUTPUT DRIVING OUTPUT
V, o
cc

Vee

AAA

|

|

|
|

[

1

| .
|

|

|

|

|
|
|

)

AA

VWV
=}
e

Note; Actual current flow direction shown.
MPR-224

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2930PC P-28 (o} C-1
AM2930DC D-28 C C-1
AM2930DC-B D-28 C B-2 (Note 4)
AM2930DM D-28 M c-3
AM2930DM-B D-28 M B-3
AM2930FM F-28-2 M C-3
AM2930FM-B F-28-2 M B-3
AM2930XC Dice c Visual inspection
AM2930XM Dice M to MIL-STD-883

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
C = 0to 70°C, Vgg = 4.75 10 5.25V; M = —55 to +1256°C, V¢ = 4.50 to 5.50V

. See Appendix A for details of screening. Leveis C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
Class B.

4, 96 hour burn-in.

wmn
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Program Control Unit/Push-Pop Stack

DISTINCTIVE CHARACTERISTICS

® Powerful, 4-bit slice address controller for memories
Useful with both main memory and microprogram memory
Expandable to generate any address length

® Executes 16 instructions .
Automatic generation of address and update of program
counter for fetch cycles, branch cycles, and subroutine call
and return

® Contains cascadable full adder
Eight relative address instructions are provided, including
jump relative and jump-to-subroutine relative

® Seventeen-level push/pop stack
On-chip storage of subroutine return addresses nested up to
17 levels deep

® Separate incrementer for program counter
A relative address may be computed and PC may be incre-
mented by one on a single cycle

GENERAL DESCRIPTION

The Am2932 is a four-bit wide Program Control Unit in-
tended to perform machine level addressing functions, although
the device can also be used as a microprogram sequencer. Four
Am2932s may be interconnected to generate a 16-bit address
(64K words). The Am2932 contains a program counter, a sub-
routine stack, an auxiliary register, and a full adder for com-
puting relative addresses.

The Am2932 performs five types of instructions. These are:
1) Fetch; 2) Jump; 3) Jump-to-Subroutine; 4) Return-from-
Subroutine; and 5) misceilaneous instructions.

There are four sources of data for the adder which generates
the Address outputs (Yo-Y3). These are: 1) the Program
Counter(PC); 2) the Stack (S); 3) the auxiliary Register(R);
and 4) the Direct inputs (D). Under control of the Instruction
inputs (lg-13), the multiplexers at the adder inputs allow var-
ious combinations of these terms to be generated at the three-
state Y address outputs. The instruction lines also control the
updating of the program counter and the auxiliary register.

LOGIC SYMBOL

119 18 17 16 15 14 13
o M 2 i3 Dp D1 D D3
FULL O— 2
23— Cirg fm
5 —— C, Am2932
Cnig 12
11 ——] cp
Yo Ag] Y2 Y3
6 7 8 9
Vee = Pin 20
GND =Pin 10

BLI-094

BLOCK DIAGRAM

oo FULC
) 1
STACK
‘ MULTIPLEXER
s (s)
R
MULTIPLEXER f
RSEL*
‘ STACK P B
POINTER t—e] A
(sP) v
AUX, CE REGISTER
; STACK
REGISTER
®) L
RCE* RST* (LIFO)
v o~
PROGRAM
A B COUNTER
MULTIPLEXER MULTIPLEXER RE([JPIS;TER
C
Cn A V B Cisg
o INCREMENTERf—~{(>
FULL ADDER

CEN®
G
——

INC*

pc
Cnta MULTIPLEXER,

1

OEN®. 7 CEN* o] 7‘4—0

R [T Cppeee——

g é £ OEN* -w———1 INSTRUCTION

INc* ~=——{ ' DEGODER
CP Vg GND

RSEL® -~
ACE* —=——f

BLI-095
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ARCHITECTURE OF THE Am2931/32

The Am2932 is a bipolar Program Control Unit intended
for use in high-speed microprocessor applications. The device
is a cascadable, four-bit slice such that three devices allow ad-
dressing of up to 4K words of memory and four devices allow
addressing of up to 64K words of memory.

As shown in the Block Diagram, the device consists of the
following:

1) A full adder with input multiplexers

2) A Program Counter Register with an incrementer and an
input multiplexer

3) A 17 x 4 Last-In, First-Out (LIFO) stack consisting of an
input multiplexer, a 17 x 4 RAM, and a Stack Pointer

4) An auxiliary register with an input multiplexer

5) An instruction decoder

6) Four 3-state output buffers on the address outputs

The following paragraphs describe each of these blocks in detail.

Full Adder

The Full Adder is a binary device with full lookahead carry
logic for high-speed addition. The carry output (Cp+4) can be
connected to the next higher Cn to provide ripple block
arithmetic. The carry input to the adder (Cp) is internally
inhibited during those instructions which do not require an
addition to be performed. For these instructions, the data is
passed directly through the adder, independent of the state
of Cp.

The multipléxers at the A and B inputs of the adder are con-
trolled by the Instruction decoder which selects the appropriate
adder inputs for the selected instruction.

Program Counter

The program counter consists of a register preceded by an
incrementer. The Program Counter Register (PC) is a four-bit,
edge-triggered, D-type register which is loaded from the incre-
menter output on the LOW-to-HIGH transition of the clock
input (CP) at the end of every instruction.

The incrementer utilizes full lookahead logic for high speed.
For cascading devices, the carry output of the incrementer
(Ci+4) is connected to the incrementer carry input (Cj} of the
next higher device. The output of the incrementer, which is
loaded into the PC, is equal to the incrementer input plus Cj.
Therefore, it is possible to control the entire cascaded incre-
menter from the Cj input of the least significant device; a LOW
on the Cj input of the least significant device will simply pass
the data from the multiplexer output to the inputs of PC; a
HIGH will cause the outputs of the multiplexer to be incre-
mented before they are loaded into PC. During the suspend

instruction the Cj input is internally inhibited; therefore, data
is passed from the multiplexer output to the PC without incre-
menting. The multiplexer selects the input to the incrementer
from either PC or the output of the Full Adder, depending
upon the instruction being executed. During the Jump, Jump-
to-Subroutine, and Return instructions, the multiplexer
chooses the Full Adder outputs as the input to the incrementer.
The Full Adder output is also selected for the Reset instruction.
For all other instructions, the PC is selected as the input to the
incrementer.

17 x 4 LIFO Stack

The 17 x 4 LIFO stack consists of a multiplexer, a 17 x4 RAM,
and a Stack Pointer (SP) which address the words in the RAM.

The SP always points to the last word written into the RAM
(Top of the Stack). The Top of the Stack (S) is hvailable at the
output of the RAM.

Data is pushed onto the Top of the Stack from either D or PC.
It is written into memory location SP+1. The SPis incremented
on the LOW-to-HIGH clock transition at the end of the cycle
so that it still points to the last data written into the RAM.

For aPop operation, the contents of the RAM are not changed,
but the SP is decremented at the end of the cycle so that it
then points to the new Top of the Stack.

The SP is an up/down counter which changes state on the
LOW-to-HIGH transition of the Clock input. It is internally
prevented from incrementing when the stack is full and from
decrementing when the Stack is empty. When the Stack is full,
the RAM write circuitry is also inhibited.

The active LOW Full output (FULL) is LOW either when the
stack is full or when the current instruction being executed
will fill the stack {(during and after the 17th Push).

Auxiliary Register (R)

The Auxiliary Register (R) can be loaded from either the Direct
inputs (D) or the output of the Full Adder. It is loaded on the
LOW-to-HIGH transition of the clock input (CP) if the Instruc-
tion inputs call for it to be loaded.

Instruction Decoder

The Instruction Decoder generates the signals necessary to
establish the data paths and to enable the loading of the PC,
R, SP, and RAM.

Output Buffers

The Address outputs (YQ-Y3) are three-state drivers which
may be disabled under Instruction control.
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BLOCK DIAGRAM
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TABLE | — Am2932 INSTRUCTION SET

Am2932

Instruction Next State (after CP{) — Note 2
Number 13 t2 17 1p | Mnemonic Instruction Yo-Y3 PC R RAM SP
0 L L L L PRST RESET “Q" “0"+C; — - Reset
1 L L L H PSUS SUSPEND Z (Note 1) - — - -
2 L L H L PSHD PUSH D PC PC+C; - D—Loc SP+1 SP+1
3 L L H H POPS POP S S PC+C; - - SP--1
4 L H L L FPC FETCH PC PC PC+G; - - -
5 L H L H JMPD JUMP D D D+C; - - -
6 L H H L PSHP PUSH PC PC PC+C; — PC->Loc SP+1 SP+1
7 L H H H RTS RETURN S S S$+G; - — SP—1
8 H L L L FR FETCHR R PC+C; - - -
9 H L L H FPR FETCH PC+R PC+R+Cp PC+C; - - -
10 H L H L FPLR FETCH PC—R PC PC+C; PC - —_
kN H L H H JMPR JUMP R R R+Cj - - —
12 H H L t JPPR JUMP PC+R PC+R+Cpy PCH+R+Cp+C; - - -
13 H H L H JSBR JSB R R : R+C;j - PC—Loc SP+1 SP+1
14 H H H L JSPR JSB PC+R PC+R+Cy PC+R+C,+C;i - PC—Loc SP+1 SP+1
156 H H H H PLDR {OADR PC PC+C; D — -

Notes: 1. Z = High impedance state {outputs “OFF")

2. — = No change

PC — Program Counter

R — Auxlliary Register

SP — Stack Pointer
D — Direct Inputs

Am2932 INSTRUCTION SET

The Am2932 Instruction set can be divided into five types of
instructions. These are:

® Fetches

Jumps

Jumps=to-Subroutine

Return-from-Subroutine

Miscellaneous Instructions

The following paragraphs describe each of these types in detail.

Fetches

As can be seen from Table 1, there are four Fetch instructions
(Instructions 4, 8, 9, 10). Under control of the Instructions
inputs, the desired function is placed at the Y outputs. For all

Fetch instructions, PC is incremented if Cj of the least signi-

ficant device is HIGH. For Instruction 10 R is loaded with PC.
The RAM and Stack Pointer are not changed during a Fetch
instruction.

Jumps

There are three Jump instructions (Instructions 5, 11, 12).
Under control of the Instruction inputs, the desired function
is placed at the Y outputs. Additionally, the desired function
is incremented if Cj of the least significant device is HIGH and
loaded into PC. The RAM, Stack Pointer and R are not changed
during these instructions.

Jumps-to-Subroutine

There are two Jump-to-Subroutine instructions (Instructions
13and 14). Under control of the Instruction inputs, the desired
function is placed on the Y outputs. On the rising edge of the
clock the data on the Y outputs is incremented and loaded
into PC, PC is loaded into the RAM at location SP+1; and SP
is incremented. -

During these instructions, R is not changed.

Return-from-Subroutine (Instruction 7)
Under control of the instruction inputs, S is placed at the Y

outputs. Additionally, S is incremented and loaded into PC
and SP is decremented at the end of the cycle (on the rising
edge of the clock).

During this instruction, R is not changed.
Miscellaneous Instructions

Each of the nine miscellaneous

instructions is described
individually. '

Reset (Instruction 0)

The Reset instruction forces the Y outputs to zero, loads either
zero or one into PC, depending upon the C;j input of the least
significant device, and resets SP. The RAM and R are unchanged.

Load R (Instruction 15)

This instruction loads the data on the D inputs into R. PC is
either incremented or held depending upon Cj of the least sig-
nificant device. The SP and RAM are not changed.

Push PC (Instruction 6)

This instruction is the same as Fetch PC except that PC is
loaded into RAM and SP is incremented at the end of the
cycle;i.e., the current PC is Pushed onto the stack.

Push D (Instruction 2)

This instruction is the same as Fetch PC except that D is loaded
into-the RAM and SP is incremented at the end of the cycle;
i.e., external data is Pushed onto the stack.

Pop S (Instruction 3)

This instruction places the Top of the Stack (S) at the Y out-
puts and decrements SP at the end of the cycle. The PC is
incremented if the Cj input of the least significant device is
HIGH. R is not changed.

Suspend (Instruction 1)

The Suspend instruction inhibits any change in PC, SP, R and
RAM and forces the Y outputs into the high impedance state.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65 to +150°C

Temperature (Ambient) Under Bias

—55 to +125°C

Supply Voltage to Ground Potential —0.5 to +7.0V
DC Voltage Applied to Cutputs for High Output State —0.5V to Voo max.
DC Input Voltage -0.5 to +5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —30 to +5.0mA
OPERATING RANGE
Part Number Temperature Vee
Am2932PC, DC Ty = 0to 70°C 4.75V to 5,25V
Am2932DM T = ~55 to +125°C 4.50V to 5.50V
DC CHARACTERISTICS OVER OPERATING RANGE
Typ
Parameters Description Test Conditions (Note 1) Min  (Note2) Max Units
Yo, Y1, Y2, Y3
Vee = MIN. G, C loH = —1.6mA 2.4
\% Output HIGH Voltage cc ‘ PNt OH Volts
OH P o ViN=ViLorVig | Cita
FULL loH = -1.2mA 2.4
'OL = 20mA
Yo Y1 Yo ¥ (COM'L) 0.5
O T T2 78 1oL = 16mA (MIL) 0.5
Vee = MIN. C
v Output LOW Voltage cc n+4s loL = 16mA 0.5 | Volts
oL P g Vin=VitorVig | Cita oL
FULL loL = 12mA 0.5
ViH Input HIGH Level (Note 4) 2.0 Volts
ViL Input LOW Level (Note,4) 0.8 Volts
V) Input Clamp Voltage Vgg = MIN,, Ijy = —18mA ~1.5 Volts
Do-13 ~.360
lo—a, CP -.702
he Input LOW Curient Vee = MAX.,, Viy = 0.6V C 20 mA
i =&
Cn -3.69
Do—3 20
lo—3, CP 40
iy Input HIGH Current Vee = MAX., Vin = 2.7V C 90 RA
i
Cn 250
Iy Input HIGH Current Vee = MAX,, VN = 5.5V 1.0 mA
Output Short Circuit _ . _
Isc Current (Note 3) Vee = MAX. 30 85 mA
IOZL pr— VOUT = 05V -50
. = MAX., = 2, A
oz Output OFF Current Vee OE = 2.4V Vour = 24V 50 I
Vee = 5.0V Ta = 25°C 128 176
Tc = —56to +126°C 210
lce Power Supply Current Te = +125°C 145 mA
Vee = MAX.
(Note 5) ce Ta = 0to 70°C - 190
Tp = 70°C 160
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

OB WN =

. Minimum Icc is at maximum temperature.

. Typical limits are at Yo = 5.0V, 256°C ambient and maximum loading.
. Not more than one cutput should be shorted at a time. Duration of the short circuit test shouid not exceed one second.
. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment.
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Am2932 SWITCHING CHARACTERISTICS
Tables A, B, C and D define the timing characteristics of the Am2932. Measurements are made at 1.5V with V,_ = 0V and
Vin = 3.0V. For three-state disable tests, C| = 5.0pF and measurement is to 0.5V change on output voltage level.
I. Typical Room Temperature Performance.
VCC = 50V, TA = 25°C =
TABLE IA TABLE IC TABLE ID
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns.
- - All in ns. All relative to clock
Minimurn Clock LOW Timo | 181 Outputs fully loaded. C_ = 50pF. LOW-to-HIGH transition.
Minimum Clock HIGH Time | 20ns
To cp:
Output =
From Ci+q Civa | __ Set-up | Hold
Input Y | Cht4 | (Note 1) | (Note 2) | Full input | Time | Time
[ e ] s7 69 61 52 Cn 28 0
TABLE IB Cn 25 | 17 a2 = - G 18 3
Output Enable/Disable Times. o - - ) 1 _ D s o
All in ns.
C_ = 5.0pF for output disable tests. EP zz hid Z: % 4_0 a0 % 0
F Isabl
“om To Enable | Disable Notes: 1. Instructions 5, 7, 11, 12, 13, 14.
bo | ¥ | 57 4 2. All instructions except 5, 7, 11, 12, 13, 14.
Il. Guaranteed Performance Over Commercial Operating Range.
Vee = 4.75 10 5.25V, T = 0 to 70°C
TABLE IIA TABLE IIC TABLE 11D
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns.
— - All in ns. All relative to clock
Minimum Clock LOW Time | 31ns Outputs fully loaded. C, = 50pF. LOW-to-HIGH transition.
Minimum Clock HIGH Time | 33ns :
To P: f
utput c—J
From Cita Cita |___ Set-up | Hold
Input Y | Chtq | (Note 1) | (Note 2) | Full input | Time | Time
TABLE IB I3.0 81 77 91 80 69 Cn 43 0
[ 32| 25 45 - - G 32
Output Enable/Disable Times. 2 S
- Ci - - 22 22 - D 52 2
All in ns.
C. = 5.0pF for output disable tests. cP 69| s 8 8 | % ls-0 4 °
D a9 | - 50 B -
From | To | Enable | Disable Notes: 1. Instructions 5, 7, 11, 12, 13, 14.
3.0 Y 80 55 2. All instructions except 5, 7, 11, 12, 13, 14.
lil. Guaranteed Performance Over Militaw Operating Range.
Ve = 4.51t0 5.5V, Tc = —-55 to +125°C
TABLE A TABLE IC TABLE lIID
Clock Characteristics. Combinational Propagation Delays. Set-up and Hold Times. All in ns.
All in ns. All relative to clock
Minimum Clock LOW Time | 35ns Outputs fuily loaded. C_ = 50pF. LOW-to-HIGH transition.
Minimum Clock HIGH Time | 35ns
To ce:  f
Output =
From Citsa | Civa |___ Set-up | Hold
Input Y | Chis | (Note 1) | (Note 2) | Full input | Time | Time
I3.0 88 | 82 97 87 78 Cn 52 0
TABLE lliB [ a7 | 30 46 - - c a7 5
Output Enable/Disable Times.
. [ - - 23 23 - D 60 2
All in ns.
C. = 5.0pF for output disable tests. cP 74| 66 84 45 80 l3:0 124 0
D 44 - 55 - -
F To | Enable | Disabl
form o | Fnape | Olene Notes: 1. Instructions 5, 7, 11, 12, 13, 14.
la-0 Y 85 60 2. All instructions except 5, 7, 11, 12, 13, 14.
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Am2932

APPLICATIONS

The Am2932 is shown in a typical 16-bit,. 2900 Mic
design in Figure 1.

The Direct inputs (D} of the Am2932 are derived from one of
three sources: the Instruction Register, the Data Bus via a 16-
bit register (two Am2920 8-bit Registers), and the output of
the Am2901s via a 16-bit register.

The Address outputs (Y) of the Am2932 are passed to the
address bus.

rocomputer

The Cn+4 output can be wired to the next higher Cp, input to
provide ripple block arithmetic.

The control inputs of the Am2932 (lg.3, Cj and Cp, of the least
significant device) are shown originating at the Pipeline Register.

10-3

Cn
Cn+4
Ci
Ci+4
Yo0-3

Do-3

Full

ce

PIN DEFINITIONS

The four Instruction control lines to the Am2932,
used to establish data paths and enable internal
registers.

The carry-in to the Full Adder.

The carry-out of the Full Adder.

The carry-in to the program counter incrementer.
The carry-out of the program counter incrementer.

The four address outputs of the Am2932. These are
three-state output lines. When enabled, they display
the outputs of the Full Adder.

The four Direct inputs which are used as inputs to the
Auxiliary Register, the RAM, and the Full Adder,
under instruction control.

The Full output is LOW when the LIFO stack is full
— during and after the 17th push operation.
The clock input to the Am2932. All internal reg-
isters (R, SP, PC) and the RAM are updated on the
LOW-to-HIGH transition of the clock input.

Dg Dq Dz D3 D4 D5 Dg Dy Dg Dg D1g D11 D12D13D14 D15
fo
11—g .
Dg D Dy D3 Dg Dy D2 D3 Dp Dq Dy D3 Dg D7 D2 D3
L1 FULL jo— L 110 o— L] 1o lo— j 7N lo— ForT
I I — 11 1
’ 2 Am2932 12 Am2932 12 Am2932 12 Am2932
‘L—C I3 _EE 13 —L—I: 13 _I:E I3
L —c; Cop— L g Citg f—m b = ¢; Citg | = —{Ci Cira f—
- e, Cotab— =~ —c, Chiaf— = -cp Cota f— —{Cn Crtg
cp cp ~jce cp
1— Yo Y1 Y2 Y3 I_ Yo Y1 Y2 Y3 [ Yo Y1 Y2 Y3 l_ Yo Y1 Y2 V3
cp
Yo Y1 Y2V3 Y4 Y5 Yg Y7 Y8 YoY10Y11 Y12Y13Y14 Y15
l1 g INSTRUCTION . l Y OUTPUTS i | l l
Dp D1 D2 D3
L L RESET “Q —' iy xaFuLLfo—
L H SUSPEND Z (HIGH IMPEDANCE) —" sli":gx
e CP
H L PUSH D SEE NOTE 1 Yo Y1 V2 Va 51009
H H POP S TOP OF STACK l ' | l

Equivalent Logic Symbol for
Am2932 with I, |3 Grounded

Figure shows the use of four Am2932s as a 17-word by 16-bit LIFO stack by grounding I2 and I3.
The effect of grounding 13 is shown in Figure 3.

Note 1. During this instruction, PC is placed on the Y outputs. If C; is heid LOW, the Y outputs will be LOW for this
instruction after the device is Initialized with a Reset instruction.

Figure 2. Application of Four Am2932s as a 17-Word by 16-Bit LIFO Stack.

2-267




b | [ |

12 Am2032

Ci Ci+a
Cp Cp+g

cp
Yo Y1Y2 Y3

—— NC

1]

FULL

STACK
POINTER

D;

17X 4
REGISTER
STACK(S)

INSTRUCTION

N
=
S
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SUSPEND
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FETCH PC
JUMP D
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ITITIrrrr
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IrIrIrrIxITr-

s Civg

G
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RST® ~a—o]

- INSTR, §o 32
OEN* DECODER !
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Figure 3. Equivalent Circuit of Am2932 with I3 Grounded.

BLI-100

ORDERING INFORMATION

Package Operating

Am2932 Type Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2932PC P-20 C C-1
AM2932DC D-20 (o} C-1
AM2932DC-B D-20 (o} B-2 (Note 4)
AM2932DM D-20 M C-3
AM2932DMB D-20 M B-3
AM2932FM F-20 M C-3
AM2932FMB F-20 M B-3
AM2932XC Dice c Visual inspection
AM2932XM Dice M o MIL-STD-883

Method 2010B.
Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Fiat Pak. Number following
letter is number of leads. See Appendix B for detailed outline. Where
Appendix B contains several dash numbers, any of the variations of
the package may be used unless otherwise specified.

2. C =010 70°C, Vgc = 4.75 to 5.25V

= —56 to +125°C, Vcg = 4.50 to 5.50V

3. See Appendix A for details of screening. Levels C-1 and C-3 conform
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,

Class B.
4. 96 hour burn-in.
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DMA Address Generator

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
® DMA Address Generation The Am2940, a 28-pin member of Advanced Micro Devices
Generates memory address, word count and DONE signal for Am2900 family of Low-Power Schottky bipolar LSI chips, is a
DMA transfer operation. " high-speed, cascadable, eight-bit wide Direct Memory Access
e Expandable Eight-bit Slice . Address Generator slice. Any number of Am2940’s can be cas-
Any number of Am2940’s can be cascaded to form larger | caded to form larger addresses.
memory addresses — three devices address 16 megawords. | The primary function of the device is to generate sequential
® Repeat Data Transfer Capability memory addresses for use in the sequential transfer of data to or
Initial memory address and word count are saved so that the from a memory. It also maintains a data word count and gener-
data transfer can be repeated. ates a DONE signal when a programmable terminal count has
¢ Programmable Control Modes | been reached. The device is designed for use in peripheral con-
- Provides four types of DMA transfer control plus memory trollers with DMA capability or in any other system which transfers
address increment/decrement. data to or from sequential locations of a memory.
® High Speed, Bipolar LSI | The Am2940 can be programmed to increment or decrement the
Advanced Low-Power Schottky TTL technology provides typi- memory address in any of four control modes, and'executes eight
cal CLOCK to DONE propagation delay of 50ns and 24mA different instructions. The initial address and word count are
output current sink capability. saved internally by the Am2940 so that they can be restored later
® Microprogrammable in order to repeat the data transfer operation.
Executes 8 different instructions.
BLOCK DIAGRAM
ADDRESS REGISTER R T
5%
/] 0 I 7 0 7
MULTIPLEXER MULTIPLEXER
0 ‘ 7 0 ‘ 7
AcCi : ACO | wer Wco CONTROL
O ADDRESS COUNTER |—>> [ WORD COUNTER —{" REG
[ 7 0 1 7 0 2
ADDRESS 1
A T I l I—
OEp > TR S VLETE DATA MULTIPLEXER
0 7
. DONE
DATA 8
Dg_7) _“—4
INSTRL(I::‘;I:?;\; = 3 2 lNgE%g%LIgNY s CLO(éI; — Do

Am2940 DMA Address Generator

MPR-226
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Am2940 ARCHITECTURE

As shown in the Block Diagram, the Am2940 consists of the
following:

A three-bit Control Register.

An eight-bit Address Counter with input muitiplexer.

An eight-bit Address Register.

An eight-bit Word Counter with input multiplexer.

An eight-bit Word Count Register.

Transfer complete circuitry.

An eight-bit wide data multiplexer with three-state output buff-
ers.

Three-state address output buffers with external output enable
control.

® An instruction decoder.

Control Register

Under instruction control, the: Control Register can be loaded or
read from the bidirectional CATA lines Dy-D;. Control Register
bits 0 and 1 determine the Am2940 Control Mode, and bit 2
determines whether the Address Counter increments or decre-
ments. Figure 1 defines the Control Register format.

Address Counter

The Address Counter, which provides the current memory ad-
dress, is an eight-bit, binary, up/down counter with full look-ahead
carry generation. The Address Carry input (ACI) and Address
Carry Output (ACO) allow cascading to accommodate larger
addresses. Under instructior: control, the Address Counter can
be enabled, disabled, and loaded from the DATA inputs, Dy-D7, or
the Address Register. When enabled and the ACI input is LOW,
the Address Counter increments/decrements on the LOW to
HIGH transition of the CLOCK input, CP. The Address Counter
output can be enabled onto the three-state ADDRESS outputs
Ag-A; under control of the Output Enable input, OE,.

Address Reglster

The eight-bit Address Register saves the initial address so that it
can be restored later in order 10 repeat a transfer operation. When
the LOAD ADDRESS instruction is executed, the Address Regis-
ter and Address Counter are simultaneously loaded from the
DATA inputs, Dg-D7.

Word Counter and Word Count Register

The Word Counter and Word Count Register, which maintain and
save a word count, are similar in structure and operation to the
Address Counter and Address Register, with the exception that
the Word Counter increments in Control Modes 1 and 3, decre-
ments in Control Mode 0, and is disabled in Control Mode 2. The
LOAD WORD COUNT instruction simultaneously loads the Word
Counter and Word Count Register.

Transfer Complete Circuitry

The Transfer Complete Circuitry is a combinational logic network
which detects the completion of the data transfer operation in
three Control Modes and generates the DONE output signal. The
DONE signal is a open-collector output, which can be dot-anded
between chips.

Data Multiplexer .

The Data Multiplexer is an eight-bit wide, 3-input multiplexer
which allows the Address Counter, Word Counter, and Control
Register to be read at the DATA lines, Dg-D;. The Data Mul-
tiplexer and three-state Data output buffers are instruction con-
trolled.

Address Output Buffers

The three-state Address Output Buffers allow the Address
Counter output to be enabled onto the ADDRESS lines, Ag-A7,
under external control. When the Output Enable input, OE,, is
LOW, the Address output buffers are enabled; when OE, is
HIGH, the ADDRESS lines are in the high-impedance state. The
address and Data Output Buffers can sink 24mA output current
over the commercial operating range.

Instruction Decoder

The Instruction Decoder generates required internal control sig-
nals as a function of the INSTRUCTION inputs, ly-1; and Control
Register bits 0 and 1.

Clock

The CLOCK input, CP is used to clock the Address Register,
Address Counter, Word Count Register, Word Counter, and Con-
trol Register, all on the LOW to HIGH transition of the CP signal.

Control Register

| cr, | cry | cRo |

Control Mode Control Word DONE Output Signal
CR4 | CRg Number Mode Type Counter WCI = LOW WCI = HIGH
HIGH when HIGH when
L L ¢ Word Count Equals Zero Decrement Word Counter = 1 Word Counter = 0
HIGH when HIGH when
L H 1 Word Count Compare Increment Word Counter + 1 Word Counter
= Word Count Reg. = Word Count Reg.
H L 2 Address Compare Hold HIGH when Word Counter = Address Counter
H H K] Word Counter Carry QOut Increment Always LOW
CR, Address Counter
H = HIGH L Increment
L =LOW H Decrement

Figure 1. Control Register Format Definition.
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BLOCK DIAGRAM
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MULTIPLEXER MULTIPLEXER
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REG
0 7 0 1 7 0 2
ADDRESS
(Ag_7 <F
.
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CIRCUITRY DATA MULTIPLEXER
0 7
DONE
DATA 8
g ) BE— —
s - —
INSTRUCTION INSTRUCTION . cLocK
{ig—13) ] DECODER . cp D_>°_>
e eerem———
Am2940 DMA Address Generator
MPR-226
LOGIC SYMBOL CONNECTION DIAGRAMS
Top Views
:[ I DIP Flat Pack
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Note: Pin 1 is marked for orientation
MPR-227
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Am2940 CONTROL MODES

Control Mode 0 — Word Count Equals Zero Mode

In this mode, the LOAD WORD COUNT instruction loads the
word count into the Word Count Register and Word Counter.
When the Word Counter is enabled and the Word Counter
Carry-in, WCI, is LOW, the Word Counter increments on the LOW
to HIGH transition of the clock input, CP. Figure 1 specifies when
the DONE signal is generated.

Control Mode 1 — Word Count Compare Mode

In this mode the LOAD WORD COUNT instruction loads the word
count into the Word Count Register and clears the Word Counter.
When the Word Counter is enabled and the Word Counter
Carry-in WCI, is LOW, the Word Counter increments on the LOW
to HIGH transition of the clock input, CP. Figure 1 specifies when
the DONE signal is generated.

Control Mode 2 — Address Compare Mode

In this mode, only an initial and final memory address need be
specified. The initial Memory Address is loaded into the Address
Register and Address Counter and the final memory address is
loaded into the Word Count Register and Word Counter. The
Word Counter is always disabled in this mode and serves as a
holding register for the final memory address. When the Address
Counter is enabled and the ACI input is LOW, the Address
Counter increments or decrements (depending on Control Regis-
ter bit 2) on the LOW to HIGH transition of the CLOCK input, CP.
The Transfer Complete Circuitry compares the Address Counter
with the Word Counter and generates the DONE signal during the
last word transfer, i.e. when the Address Counter equals the.
Word Counter.

Control Mode 3 — Word Counter Carry Out Mode

For this mode of operation, the user can load the Word Count
Register and Word Counter with the two’'s complement of the
number of data words to be transferred. When the Word Counter
is enabled and the WCI input is LOW, the Word Counter incre-
ments on the LOW to HIGH transition of the CLOCK input, CP. A
Word Counter Carry Out signal, WCO, indicates the last data
word is being transferred. The DONE signal is not required in this
mode and, therefore, is always LOW.

Am2940 INSTRUCTIONS

The Am2940 instruction set consists of eight instructions. Six
instructions load and read the Address Counter, Word Counter
and Control Register, one instruction enables the Address and
Word counters, and one instruction reinitializes the Address and
Word Counters. The function of the REINITIALIZE COUNTERS,
LOAD WORD COUNT, and ENABLE COUNTERS instructions
varies with the Control Mode being utilized. Table 1 defines the
Am2940 Instructions as a function of Instruction inputs lg-l, and
the four Am2940 Control Modes.

The WRITE CONTROL REGISTER instruction writes DATA
input Dy-D, into the Control Register; DATA inputs D3-D; are
“don’t care” inputs for this instruction. The READ CONTROL
REGISTER instruction gates the Control Register outputs to
DATA lines, Dg-D,. DATA lines D3-D; are in the HIGH state
during this instruction.

The Word Counter can be read using the READ WORD
COUNTER instruction, which gates the Word Counter outputs to
DATA lines Dy-D;. The LOAD WORD COUNT instruction is
Control Mode dependent. In Control Modes 0, 2, and 3, DATA
inputs Do-D, are written into both the Word Count Register and
Word Counter. In Control Mode 1, DATA inputs Dy-D5 are written
into the Word Count Register and the Word Counter is cleared.

The READ ADDRESS COUNTER instruction gates the Address
Counter outputs to DATA lines Dy-D-, and the LOAD ADDRESS
instruction writes DATA inputs Dy-D- into both the Address Reg-
ister and Address Counter.

In Control Modes 0, 1, and 3, the ENABLE COUNTERS instruc-
tion enables both the Address and Word Counters; in Control
Mode 2, the Address Counter is enabled and the Word Counter
holds its contents. When enabled and the carry input is active, the
counters increment on the LOW to HIGH transition of the CLOCK
input, CP. Thus, with this instruction applied, counting can be
controlled by the carry inputs.

The REINITIALIZE COUNTERS instruction aiso is Control Mode
dependent. In Contiol Modes 0, 2, and 3, the contents of the
Address Register and Word Count Register are transferred to the
respective Address Counter and Word Counter; in Control Mode
1, the content of the Address Register is transferred to the Ad-
dress Counter and the Word Counter is cleared. The
REINITIALIZE COUNTERS instruction allows a data transfer
operation to be repeated without reloading the address and word
count from the DATA lines.

TABLE . Am2940 INSTRUCTIONS
Octal Control Word Word Address Address Control Data
Iy 1y lg | Code Function |Mnemonic{ Mode Reg. Counter Reg. Counter Register Dy-D;
WRITE
L L L 0 CONTROL | WRCR 0.1,2,3 | HOLD HOLD HOLD HOLD Dg-Dy—>CR | INPUT
REGISTER -
READ
L L H 1 CONTROL | RDCR | 0,1,2,3 | HOLD HOLD HOLD HOLD HOLD CR-Dy-Dy
REGISTER R (Note 1)
READ
L H L 2 WORD RDWC 0,1,2,3 | HOLD HOLD HOLD HOLD HOLD WC~D
COUNTER
READ
L H H 3 ADDRESS RDAC 0,1,2,3 | HOLD HOLD HOLD HOLD HOLD AC-D
COUNTER N
L TRENmaLzE| 0,23 HOLD | WCR—-WC | HOLD ARSAC HOLD z
COUNTERS HOLD ZERO-WC | HOLD AR—AC HOLD r4
LOAD )
H L H 5 ADDRESS | PAD | 0.1.2.3 | HOLD HOLD D-AR D—AC HOLD INPUT
LOAD 0.2.3 D-WR | D—WC HOLD HOLD HOLD INPUT
H H L 6 WORD LDWC
COUNT D—->WR | ZERO-WC | HOLD HOLD HOLD INPUT
013 |How | comt |wow. | Gount | mow |z
L1, R
H H H 7 ENABLE | ENCT
COUNTERS HOLD HOLD HOLD ENABLE HOLD z
COUNT
CR = Control Reg. WCR = Word Count Reg. L = LOW
AR = Address Reg. WC = Word Counter H = HIGH Note 1:

AC = Address Counter D = Data

Z = High Impedance

Data Bits D3-D+ are high during this instruction.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2940

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential —0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0.5V to Vg max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA

OPERATING RANGE

P/N Range: Temperature Vee
Am2940PC, DC | COM'L Ta = 0°C.to +70°C Voo = 5.0V 5% (MIN. = 4,756V MAX. = 5.25V)
Am2940DM, FM | MIL T = —55°t0 +125°C | Ve = 5.0V +10% (MIN. = 4,50V MAX. = 5.50V)

DC CHARACTERISTICS OVER OPERATING RANGE .

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
: = MIi. lgy = —1.0mA
Vou Output HIGH Voltage Vee = MN, OH m 2.4 Volts
Vin = Vi or Vy, COML gy = —2.6mA
MIL IOL = 8.0mA
Vee = MIN., WCO, ACO =AML i, = 12mA
Vo Output LOW Voltage VIN = Vigor VL — 0.5 Volts
(Note 5) Ag_7,Dg—7 | MIL g = 16mA
DONE COML Ig; = 24mA
Vin Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs 2.0 Volts
ViL Input LOW Level (Note 4) Guaranteed Input Logical LOW voltage for alt inputs 0.8
\ Input Clamp Voltage .| Vec =MIN, ljy = —18mA -1.5 Volts
‘ Dg—7 -0.15
| Input LOW Current = X., Viy = 0. = A
it P ren Vee = MA IN =08V All Others -0.8 m
Do—7 150
I Input HIGH t = . =2
H put Curren Vo = MAX,, Vi = 2.7V All Others 20 HA
lcex Output Leakage on DONE Vee. = MAX,, Vg = 5.5V 250 uA
I Input HIGH Current Vee = MAX,, Vi = 5.5V 1.0 mA
Isc (ot T Grrouit Current |y — MAX. + 0.8V, Vi = 0.5V 30 -85 | mA
Ag—7 -50
lozL Vour = 0.5V
= Dg_ -150
Output OFF Current Vee = MAX. 07 uA
' ) OE = 2.4v v 24y Ag_7 S0
ozH . : outr = = Dg_7 150
Ta = 25°C 170 275
. Ta = 0°C to +70°C 290
A PC, DC
lcc Power Supply Current Voo = MAX, m2940 ¢ Ta = +70°C 235 mA
- Tc = —55°C to +125°C 315
A M, FM
m2940D Tc = +125°C 225
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted'at a time. Duration of the short circuit test should not exceed one second.
4. These inpqt levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment.
5. loL limit on A; and D; (i = 0 to 7) applies to either output individually, but not both at the same time. The sum of the loading on A; plus D;

is limited to 24mA MIL or 32mA COM'L.

3.o0v

AT LEAST 23ns

- INPUT TO
CLOCK TO OUTPUT DELAY
OUTPUT DELAY —

7
OUTPUTS .0.0.0.0.0.0.0.D.0.0.0‘0‘0.0‘0.0‘0.0‘0.0.05 V.

Figure 2. Switching Waveforms.

See Tables A for tg and ty, for various
inputs. See Tables B for combinational

delays from clock and other inputs to
O XA X XREX XXRKX XS outputs.

MPR-728
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SWITCHING CHARACTERISTICS

The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made
at 1.5V with input levels at OV or 3V. All values are in ns with C, = 50pF except output disable times (OE to A and | to D)
which are specified for a 5pF load. All times are in ns.

1. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, V¢ = 5.0V, C, = 50pF)

A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements
(Relative to clock ooy pr— — -
Input |ACO | WCO | Aj.7 | DONE | Dg. Minimum Clock LOW Time 20 ns
LOW-to-HIGH transition) i 0-7 87 : ]
ACI 12 - - - - Minimum Clock HIGH Time 25 ns
Input_ | tg th WCT _ 12 _ 27 _ - Maximum Clock Frequency 22| MHz
Do.7 13 3 {Note 2) " -
D. Enable/Disable Times
lo12 33| 2 lo-2 - - - - &
ACI 15 2 cpP 35 35 a5 50 _ From | To | Disable | Enable
Wl (Note 3) o2 | Dgz | 25 19 ns
151 1 ot -
(Note 1) OE Ag.7 19 13 ns

l. GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, V¢ = 5.0V, C, = 50pF):

A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements
(Relative to clock .
. [} D Mini Clock LOW Ti 23
LOW-to-HIGH transition) Iﬁut ACO| W Ag.7 | DONE | Dg.7 inimum Cloc ime ns
ACI 18 - - - - Minimum Clock HIGH Time 30 ns
Input |t % WwcT B 18 a m_ N h‘; o ”: Maximum Clock Frequency | 18| MHz
Do.7 21 4 (Note 2) X N
D. Enable/Disable Times
lo12 a1| 3 lo-2 - - - - 34 i
ACI - isabl i
ACI 27| 3 %P 50 50 48 77 _ From | To | Disable | Enable
WCl o710 3 o3 lo12 Dg.7 30 30 ns
(Note 1) OE Aoz 23 23 ns

i. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE
Am2940PC, DC (T, = 0°C to +70°C, Vg = 4.75V 0 5.25V, C = 50pF)

A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements
(Relative to clock nout 1 AC0 | wco —
. ACO| WCO | Aj. DONE | Dj. Minimum Clock LOW Time 23 ns
LOW-to-HIGH transition) il 07 07 S :
ACI 20 - - - - Minimum Clock HIGH Time 34 ns
Input | t5 | ty | war Maximum Clock Frequency | 17 | MHz
- 20 - 46 -
Dos | 24| s (Note 2) - ]
P S lo.2 - Z - e D. Enable/Disable Times
ac |ao] & | cP From | To | Disable | Enable
72 |80 4 Notesy S8 | 58 | 54-| 88 -
wel 30| 3 lo12 Do.7 35 | 35 ns
MNote 1) O Ag7| 25 25 ns
IV. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE
Am2940DM, FM (T; = —55°C to +125°C, Voo = 4.5V to 5.5V, C_ = 50pF)
A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements
(Relative to clock e T — -
4 Input |ACO | WCO | Ag.7 | DONE | Dg. M Clock LOW Ti 23
LOW-to-HIGH transition) sl 07 07 nimim 2o e o
ACH 21 - - - - Minimum Clock HIGH Time 35 ns
Input | &5 | ty WCI N Maximum Clock Frequency 16| MHz
- 21 - 54 -
Dg7 |27] 6 (Note 2) - . . .
e 4] s o2 - - - B D. Enabie/Disable Times
ACT aa| s cP 64 64 62 a8 _ From | To | Disable | Enable
e L R (Note 3)
wei lo12 Doz 42 42 ns
34| 5 o
(Note 1) Ot Aoz 30 30 ns

Notes: 1. Control modes 0, 1, and 3 only.
2. WCI to Done occurs only in control modes 0 and 1.
3. CP to Done occurs only in control modes 0, 1, and 2.

2-274




Am2940

APPLICATIONS

The Am2940 is designed for use in peripheral controllers with
DMA capability or in any other system which transfers data to or
from sequential locations of a memory. One or more Am2940's
can be used in each peripheral controller of a distributed DMA
system to provide the memory address and word count required
for DMA operation.

Figure 3 shows a block diagram of an example micropro-
grammed DMA peripheral controller. The Am2910 Micropro-
gram Sequencer, Microprogram Memory, and the Microin-
struction Register form the microprogram control portion of
this peripheral controller. The Am2940 generates the memory
address and maintains the word count required for DMA op-
eration. An internal three-state bus provides the communi-
cation path between the Microinstruction Register, the
Am2917 Data Transceivers, the Am2940, the Am2901A Mi-
croprocessor, and the Device Interface Circuitry.

The Am2940 interconnections are shown in detail in Figure 4.
Two Am2940’s are cascaded to generate a sixteen-bit address.
The Am2940 ADDRESS and DATA output current sink capability
is 24mA over the commercial operating range. This allows the
Am2940’s to drive the System Address Bus and internal Three-
State Bus directly, thereby eliminating the need for separate bus
drivers. Three-bits in the Microinstruction Register provide the
Am2940 Instruction Inputs, lg-15. The microprogram clock is used
to clock the Am2940’s and, when the ENABLE COUNTERS
instruction is applied, address and word counting is controlled by
the CNT bit of the Microinstruction Register.

Asynchronous interface control circuitry generates System Bus
control signals and enables the Am2940 Address onto the Sys-
tem Address Bus at the appropriate time. The open-collector
DONE outputs are dot-anded and used as a test input to the
Am2910 Microprogram Sequencer.

SYSTEM ADDRESS 8US >

<
=

SYSTEM DATA BUS >

- =

TEST REG

INPUTS Mo

® e e e o

Am2910
MICROPROGRAM
SEQUENCER

| 1

COMMAND

REGISTER |

Am2917A
DATA
TRANSCEIVERS

Am2940
DMA ADDRESS
GENERATORS

AN

ZAN

MICROPROGRAM
MEMORY

[ [

MICROINSTRUCTION
REGISTER

L MICRO—
PROGRAM

L | conTRoL

L

INTERNAL 3—STATE BUS

Am2801A
ALU’s

DEVICE
INTERFACE
CIRCUITS

DEVICE

Figure 3. DMA Peripheral Controller Block Diagram.

MPR-229
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MICROINSTRUCTION REG.

c
M TEST
T 0 INPUT +5V
4 . ACO ~ WcO
. o=y DONE
. Am2940 s
—~—1 Do-07 Ag-Az ‘
2 _ £ @
a cLocK OEp 2 2
. — o
[ 3y ACI WCI @ <
= % 5
i P | 3l g
4 ACG ~ WCO g 5
£ lo=t2 DONE & &
5 Am2940 @
z 8 8
8¢ Dy-D7 Ag-Ay -
cLOCK OEp
L m_w WAV
N
MICROPROGRAM ASYNCHRONOUS | e
cLOCK INTERFACE INTERFACE
CONTROL CONTROL
CIRCUITRY = SIGNALS

Figure 4. Am2940 Interconnections.

MPR-230

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired
package, temperature range, and screening level.

Package Operating Screening
Type Range Level
Order Number (Note 1) (Note 2) (Note 3)
AM2940PC P-28 C C-1
AM2940DC D-28 C C-1
AM2940DC-B D-28 (o} B-2 (Note 4)
AM2940DM D-28 M C-3
AM2940DM-B D-28 M B-3
AM2940FM F-28-2 M C-3
AM2940FM-B F-28-2 M B-3
AMZ2940XC Dice c Visual inspection
AM2940XM Dice M to MIL-STD-863
) Method 2010B.
Notes:

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following

letter is number of leads. See Appendix B for detailed outline. Where
Appendix B contains several dash numbers, any of the variations of

the package may be used unless otherwise specified.
. C = 0°Cto +70°C, Vo = 4.75V to 5.25V.
M = —55°C to +125°C, Vg = 4.50V to 5.50V.

. See Appendix A for details of screening. Levels C-1 and C-3 conform
to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
Class B.

4. 96 hour burn-in

METALLIZATION AND PAD LAYOUT

~o

14 17

15 16

Note: Numbers refer to DIP pin connections.
DIE SIZE: 0.178" X 0.181"
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Programmable Timer/Counter
DMA Address Generator

DISTINCTIVE CHARACTERISTICS

® 22-pin version of Am2940 —
Provides multiplexed Address and Data lines plus addi-
tional Instruction Input and Instruction Enable pins.
® Can be used as either DMA Address Generator or Pro-
grammable Timer Counter.
® Executes 16 instructions —
Eight DMA instructions plus eight Timer/Counter instruc-
tions
Provides two independent programmable 8-bit up/down
counters in a 22-pin package —
Counters can be cascaded to form single-chip 16-bit up/
down counter.
e Reinitialize capability —
Counters can be reinitialized from on-chip registers.
Expandable eight-bit slice —
Any number of Am2942s can be cascaded. Three de-
vices provide a 48 bit counter.
® Programmable control modes —
Provide four types of control.
High speed bipolar LSI —

Advanced Low-Power Schottky TTL technology provides -

typical count frequency of 26MHz and 24mA output cur-
rent sink capability.

GENERAL DESCRIPTION

The Am2942, a 22-pin version of the Am2940, can be used
as a high-speed DMA Address Generator or Programmable
Timer/Counter. It provides muitiplexed Address and Data
lines, for use with a common bus, and additional Instruction
Input and Instruction Enable pins. The Am2942 executes 16
instructions; eight are the same as the Am2940 instructions,
and eight instructions facilitate the use of the Am2942 as a
Programmable Timer/Counter. The Instruction Enable input
allows the sharing of the Am2942 instruction field with other
devices.

When used as a Timer/Counter, the Am2942 provides two in-
dependent, programmable, eight-bit, up-down counters in a
22-pin package. The two on-chip counters can be cascaded to
form a single chip, 16-bit counter. Also, any number of chips
can be cascaded — for example three cascaded Am2942s
form a 48-bit timer/counter.

Reinitialization instructions provide the capability to reinitialize
the counters from on-chip registers. Am2942 Programmable
Control Modes, identical to those of the Am2940, offer four
different types of programmable control.

BLOCK DIAGRAM

ADDRESS WORD COUNT
REGISTER REGISTER
0 | 0 | 7
MULTIPLEXER MULTIPLEXER
8 0 7 7
ACi ACO WCI wco
ADDRESS WORD CONTROL
= COUNTER = COUNTER — REGISTER
0 7 1 7 0 2
TRANSFER COMPLETE DATA MULTIPLEXER
CIRCUITRY YoYs
% > 0 ﬂ] oic 7
DONE
DATA
(DD K4 75
INSTRUCTION
ENABLE (Ip)
L
INSTRUCTION [>——pe——— INSTRUCTION : CLOCK D—Do——
fo) " DECODE :
MPR-231
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Am2942 ARCHITECTURE

As shown in the Block Diagram, the Am2942 consists of the

foliowing:

o A three-bit Control Register.

® An eight-bit Address Counter with input multiplexer.

® An eight-bit Address Register.

® An eight-bit Word Counter with input multiplexer.

e An eight-bit Word Count Register.

o Transfer complete circuitry.

® An eight-bit wide data multiplexer with three-state output
buffers.

® An instruction decoder.

Control Register

Under instruction control, the Control Register can be loaded
or read from the bidirectional DATA lines Dg-D;. Control Re-
gister bits 0 and 1 determine-the Am2942 Control Mode, and
bit 2 determines whether the Address Counter increments or
decrements. Figure 1 defines the Control Register format.

Address Counter

The Address Counter, which provides the current memory ad-
dress, is an eight-bit, binary, up/down counter with full look-
ahead carry generation._The Address Carry input (ACI) and
Address Carry QOutput (ACO) allow cascading to accommo-
date larger addresses. Under instruction control, the Address
Counter can be enabled, disabled, and loaded from the DATA
inputs, Do-D7, or the Address Register. When enabled  and
the ACI input is LOW, the Address Counter increments/
decrements on the LOW to HIGH transition of the CLOCK in-
put, CP.

Address Register

The eight-bit Address Register saves the initial address so
that it can be restored later in order to repeat a transfer oper-
ation. When the LOAD ADDRESS instruction is executed, the
Address Register and Address Counter are simultaneously
loaded from the DATA inputs, Dg-D5.

Word Counter and Word Count Register

The Word Counter and Word Count Register, which maintain
and save a word count, are similar in structure and operation
to the Address Counter and Address Register, with the excep-
tion that the Word Counter increments in Control Modes 1
and 3, and decrements in Control Modes 0 and 2. The LOAD
WORD COUNT instruction simultaneously loads the Word
Counter and Word Count Register.

Transfer Complete Circuitry

The Transfer Complete Circuitry is~a combinational logic net-
work which detects the completion of the data transfer opera-
tion in three Control Modes and generates the DONE output
signal. The DONE signal is a open-collector output, which can
be dot-anded between chips.

Data Mulitiplexer

The Data Multipiexer is an eight-bit wide, three-input multip-
lexer which allows the Address Counter, Word Counter and
Control Register to be read at DATA lines Dy-D5. The Data Mul-
tiplexer output, Y4-Y7, is enabled onto DATA lines Dy if and
only if the Output Enable input, OEp, is LOW. (Refer to Figure
2.)

Instruction Decoder

The Instruction Decoder generates required internal control
signals as a function of the INSTRUCTION inputs, lo-I3 Con-
trol Register bits 0 and 1, and the INSTRUCTION ENABLE
input, lg.

Clock .

The CLOCK input, CP is used to clock the Address Register,
Address Counter, Word Count Register, Word Counter, and
Control Register, all on the LOW to HIGH transition of the CP
signal.

Control Register

Control Mode Control Word DONE Output Signal
CRy| CRy Number Mode Type Counter WCi = LOW WCT = HIGH
HIGH when HIGH when
L L o Word Count Equals Zero Decrement Word Counter = 1 Word Counter = 0
HIGH when HIGH when
L H 1 Word Count Compare increment Word Counter + 1 Word Counter
= Word Count Reg. = Word Count Reg.
H ot 2 Address Compare Decrement | a4 when Word Counter = Address Counter
H H 3 Word Counter Carry Out Increment Aiways LOW
CRy Address Counter
H = HIGH L Increment
L-tow H Decrement

Figure 1. Control Register Format Befinition.

OE,

Dy-D;

H HIGH Z

L DATA MULTIPLEXER OUTPUT, Ygy-Y,

Figure 2. Data Bus Output Enable Function.
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BLOCK DIAGRAM

ADDRESS WORD COUNT
REGISTER REGISTER
0 ] ‘7 0 I
MULTIPLEXER MULTIPLEXER
8 0 7 [} , 7
ACI ACO Wal Wco
ADDRESS d WORD CONTROL
= COUNTER = = COUNTER = REGISTER
0 7 0 )| 7 2
TRANSFER COMPLETE DATA MULTIPLEXER
CIRCUITRY Yo7
OFp o> ° o/c 7
DONE
DATA
(D07 K1 P
INSTRUCTION
ENABLE (ig)
INSTRUCTION [~  INSTRUCTION : cLOCK D—Do—————
(g13) s DECODE :
MPR-231
LOGIC SYMBOL CONNECTION DIAGRAM
Top View
D
20 2 P
) )
Aco weo wai []4® 22 ] Vec
Dy b—— 19
WTo 1 [] DONE
Dg —— 18 Le nl]
8 —d i Ds — 17 AT [ s 20 [ ] ACO
Am2942 DATA { D4 }— 16 g []4 19] 07
D3 b—— 7 )
15 s 0[5 18 ] Dg
14 Iz D2 e 6
1 , | WeTRUCTION o l—os o, []s Am2942 17 [] o
12 3 O f—r 4 0, ]2 16 [ ] Pa
OFp Jo—— ¢ —
° E s 1570
10 ——{ cLock DONE 21 OFp [ e
Acl wol cLock [] 10 131k
T T GND [ 12 ]k
3 1
VCC = Pin 22
GND = Pin 11 Note: Pin 1 is marked for orientation.
MPR-232 MPR-233
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Am2942 CONTROL MODES

Control Mode 0 — Word Count Equals Zero Mode

In this mode, the LOAD WORD COUNT instruction loads the
word count into the Word Count Register and Word Counter.
When the Word Counter is enabled and the Word Counter
Carry-in, WCI, is LOW, the Word Counter decrements on the
LOW to HIGH transition of the CLOCK input, CP. Figure 1
specifies when the DONE signal is generated in this mode.

Control Mode 1 — Word Count Compare Mode

In this mode the LOAD WORD COUNT instruction loads the word
count into the Word Count Register and clears the Word Counter.
When the Word Counter is enabled and the Word Counter
Carry-in, WCI, is LOW, the Word Counter increments on the LOW
to HIGH transition of the clock input, CP. Figure 1 specifies when
the DONE signal is generated.

Control Mode 2 — Address Compare Mode

In this mode, only an initial and final memory address need
to be specified. The initial Memory Address is loaded into the
Address Register and Address Counter and the final memory

address is loaded into the Word Count Register and Word
Counter. The Word Counter is always disabled in this mode
and serves as a holding register for the final memory address.
When the Address Counter is enabled and the ACI input is
LOW, the Address Counter increments or decrements (de-
pending on Control Register bit 2) on the LOW to HIGH trans-
ition of the CLOCK input, CP. The Transfer Complete Circuitry
compares the Address Counter with the Word Counter and
generates the DONE signal during the last word transfer, i.e.
when the Address Counter equals the Word Counter.

Control Mode 3 — Word Counter Carry Out Mode

For this mode of operation, the user can load the Word Count
Register and Word Counter with the two's complement of the
number of data words to be transferred. When the Word
Counter is enabled and the WCI input is LOW, the Word
Counter increments on the LOW to HIGH transition of the
CLOCK input, CP. A Word Counter Carry Out signal, WCO,
indicates the last data word is being transferred. The DONE
signal is not required in this mode and, therefore, is always
LOwW.
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Am2942 INSTRUCTIONS

The Am2942 instruction set consists of sixteen instructions.
Eight are DMA Instructions and are similar to the Am2940
instructions. The remaining eight instructions are designed to
facilitate the use of the Am2942 as a Programmable Timer/
Counter. Figures 3 and 4 define the Am2942 Instructions.

Instructions 0-7 are DMA instructions. The WRITE CONTROL
REGISTER instruction writes DATA input Dy-D, into the Con-

transition of the CLOCK input, CP. Thus, with this instruction
applied, counting can be controlled by the carry inputs.

The REINITIALIZE COUNTERS instruction also is Control
Mode dependent. In Control Modes 0, 2, and 3, the contents
of the Address Register and Word Count Register are trans-
ferred to the respective Address Counter and Word Counter;
in Control Mode 1, the content of the Address Register is
transferred to the Address Counter and the Word Counter is

_ HEX

le [ Iz 1, & 1y | CODE
0 06 0 0 o 0 WRITE CONTROL REGISTER
0 6 o0 0o 1 1 READ CONTROL REGISTER 3
0 o o0 1 o 2 READ WORD COUNTER @
0 o o0 1 1 3 READ ADDRESS COUNTER I g
0 0o 1 0 o 4 REINITIALIZE COUNTERS s g
0 o 1 0o 1 5 LOAD ADDRESS g
0 0o 1 1 0 6 LOAD WORD COUNT z
0 o 1 1 1 7 ENABLE COUNTERS o
1 0 X X X 0-7 INSTRUCTION DISABLE
0 1 0 0 0 8 WRITE CONTROL REGISTER, T/C
0 1 o 0 1 9 REINITIALIZE ADDRESS COUNTER s3
0 1 0 1 0 A READ WORD COUNTER, T/C o=
o | 1 o 1 1 B READ ADDRESS COUNTER, T/C 33
0 1 1 0 o0 c REINITIALIZE ADDRESS & WORD COUNTERS § 8
0 1 1 0 1 D LOAD ADDRESS, T/C a S
0 1 1 1 0 E LOAD WORD COUNT, T/C Z ﬁ
0 1 1 1 1 F REINITIALIZE WORD COUNTER ? 3
1 1 X X X 8-F INSTRUCTION DISABLE, T/C

0= LOW 1 = HIGH

X = DON'T CARE

Notes: 1. When I3 is tied LOW, the Am2942 acts as a DMA circuit: When |3 is tied HIGH, the Am2942 acts

as a Timer/Counter circuit.

2. Am2942 instructions 0 through 7 are the same as Am2940 instructions.

Figure 3. Am2942 Instructions.

trol Register; DATA inputs D3-D; are “don’t care” inputs for
this instruction. The READ CONTROL REGISTER instruction
gates the Control Register to Data Multipiexer outputs Yo-Ys
Outputs Y3-Y; are HIGH during this instruction.

The Word Counter can be read using the READ WORD
COUNTER instruction, which gates the Word Counter to Data
Muitiplexer outputs, Yo-Y;. The LOAD WORD COUNT instruc-
tion is Control Mode dependent. In Control Modes 0, 2, and 3,
DATA inputs Dg-D; are written into both the Word Count Re-
gister and Word Counter. In Control Mode 1, DATA inputs
Do-D; are written into the Word Count Register and the Word
Counter is cleared.

The READ ADDRESS COUNTER instruction gates the Ad-
dress Counter to Data Multipiexer outputs, Y4-Y;, and the
LOAD ADDRESS instruction writes DATA inputs Dy-D; into
both the Address Register and Address Counter.

_In"Control Modes 0, 1, and 3, the ENABLE COUNTERS in-
struction enables both the Address and Word Counters; in
Control Mode 2, the Address Counter is enabled and the
Word Counter holds its contents. When enabled and the carry
input is active, the counters increment on the LOW to HIGH

cleared. The REINITIALIZE COUNTERS instruction allows a
data transfer operation to be repeated without reloading the
address and word count from the DATA lines.

When I—é is HIGH, Instruction inputs, lo-l,, are disabled. If I; is
LOW, the function performed is identical to that of the
ENABLE COUNTERS instruction. Thus, counting can be con-
trolled by the carry inputs with the ENABLE COUNTERS in-
struction applied or with Instruction Inputs Ig-l, disabled.

Instructions 8-F facilitate the use of the Am2942 as a Pro-
grammable Timer/Counter. They differ from instructions 0-7 in
that they provide independent control of the Address Counter,
Word Counter and Control Register.

The WRITE CONTROL REGISTER, T/C instruction writes
DATA input Dy-D, into the Control Register. DATA inputs
D3-D; are “don’t care” inputs for this instruction. The Address
and Word Counters are enabled, and the Control Register
contents appear at the Data Multipiexer output.

The REINITIALIZE ADDRESS COUNTER instruction allows
the independent reinitialization of the Address Counter. The
Word Counter is enabled and the contents of the Address
Counter appear at the Data Multiplexer output.
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The Word Counter can be read, using the READ WORD executed. The Word Counter is enabled and its contents ap-
COUNTER, T/C instruction. Both counters are enabled when pear at the Data Multiplexer output.
this instruction is executed. The LOAD WORD COUNT, T/C instruction is identical to the
When the READ ADDRESS COUNTER, T/C instruction is 52@? é’(‘)’fﬂ’i‘g gzggge:‘ﬁ’“"t”" with the exception that Ad-
executed, both counters are enabled and the address counter '
contents appear at the Data Multiplexer output. The Word Counter can be independently reinitialized using
the REINITIALIZE WORD COUNTER instruction. The Ad-
The REINITIALIZE ADDRESS and WORD COUNTERS in- dress Counter is enabled and the Word Counter contents ap-
struction provides the capability to reinitialize both counters at near at the Data Multiplexer output.
chelga:ne time. The Address Counter contents appear atthe Data When the Tg input is HIGH, Instruction inputs, lg-la, are dis-
ultiplexer output. abled. The function performed when I is HIGH is identical to
DATA inputs Dy-D; are loaded into both the Address Register that performed when I3 is LOW, with the exception that the
and Counter when the LOAD ADDRESS, T/C instruction is Word Counter contents appear at the Data Multiplexer output.
Data
__ { lglalylg Control Word Word Adr. Adr. Control | Multiplexer
e | (Hex) Function Mnemonic | Mode Reg. Counter Reg. Counter Reg. Output
WRITE CONTROL : FORCED
L 0 REGISTER WRCR 0,1,23 HOLD HOLD HOLD HOLD Dg.2—* CR HIGH
READ CONTROL CONTROL
L 1 REGISTER RDCR 0,1,23 HOLD HOLD HOLD HOLD HOLD REG.
READ WORD: WORD
L 2 COUNTER RDWC 0,1,23 HOLD HOLD HOLD HOLD HOLD GOUNTER
READ ADDRESS ADR.
L 3 COUNTER RDAC 0,1,23 HOLD HOLD HOLD HOLD HOLD COUNTER
L 4 REINITIALIZE REIN 0,2,3 HOLD WR -+ WC HOLD AR~ AC HOLD ADR. CNTR.
COUNTERS 1 HOLD ZERO —+ WC HOLD AR+ AC HOLD ADR. CNTR.
. LOAD WORD
L 5 ADDRESS LDAD 01,23 HOLD HOLD D ~+AR D +AC HOLD COUNTER
L 6 LOAD WORL! LOWG 0,23 D -+ WR D~ WC HOLD HOLD HOLD FORCED HIGH
COUNT 1 D—+WR | ZERO-WC HOLD HOLD HOLD FORCED HIGH
ENABLE 0,1,3 HOLD ENABLE HOLD ENABLE HOLD ADR. CNTR.
L 7 ENCT
COUNTERS 2 HOLD HOLD HOLD ENABLE HOLD ADR. CNTR.
" 07 INSTRUCTION 0,1,3 HOLD ENABLE HOLD ENABLE HOLD ADR. CNTR.
DISABLE 2 HOLD HOLD HOLD ENABLE HOLD ADR. CNTR.
WRITE CONTROL CONTROL
L 8 REGISTER, T/C WCRT 0,1,23 HOLD ENABLE HOLD ENABLE [Dg.; - CR REG.
REINITIALIZIE ADR.
L 9 ADR. COUNTER REAC 0,1,2,3 HOLD ENABLE HOLD AR - AC HOLD COUNTER
READ WORD WORD
L A COUNTER, TC RWCT 0,1,2,3 HOLD ENABLE HOLD ENABLE HOLD COUNTER
READ ADDRESS ADR.
L B COUNTER. T/C RACT 0,1,2,3 HOLD ENABLE HOLD ENABLE HOLD COUNTER
. c AT)ED':'ETS'AS‘-K:ED RAWG 0,23 HOLD WR =+ WC HOLD AR -» AC HOLD ADR. CNTR.
WORD COUNTERS 1 HOLD ZERO —+WC HOLD AR— AC HOLD ADR. CNTR.
LOAD . WORD
L D ADDRESS, TIC LDAT 0.1,23 HOLD ENABLE D~ AR D —+AC HOLD COUNTER
. . LOAD WORD LweT 0,23 D - WR D ~+~WC HOLD ENABLE HOLD FORCED HIGH
COUNT, T/C 1 D-+WR | ZERO-»WC HOLD ENABLE HOLD FORCED HIGH
. . REINITIALIZE REWG 0,23 HOLD WR -+ WC HOLD ENABLE HOLD WD. CNTR.
WORD COUNTER 1 HOLD ZERO - WC HOLD ENABLE HOLD WD. CNTR.
H oF INSTRUCTICON 0,1,3 HOLD ENABLE HOLD ENABLE HOLD WD. CNTR.
DISABLE, T/C 2 HOLD HOLD HOLD ENABLE HOLD WD. CNTR.

WR = WORD REGISTER
WC = WORD COUNTER
AR = ADDRESS REGISTER

AC = ADDRESS COUNTER
CR = CONTROL REGISTER
D = DATA

Figure 4. Am2942 Function Table.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2942

Storage Temperature

—-65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential -0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State ~0.5V to Vg max.
DC Input Voltage -0.5V to +5.5V
DC Output Current, Into Outputs 30mA

DC Input Current

—30mA to +5.0mA

OPERATING RANGE

P/N Range Temperature Vee

Am2942PC, DC | COM'L Ta = 0°C to +70°C Vece = 5.0V £5% (MIN. = 475V MAX. = 5.25V)

Am29420M, FM | MiL Te = —55°to +125°C | Voo = 5.0V =10% (MIN. = 4.50V MAX. = 5.50V)

DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
Voo = MIN, MIL loy = —1.0mA
\ Output HIGH Voltage 2.4 Volts
o ueu o Vin = Vig or Vi COMLlgn = —26mA | | |
MIL lIgL = 8.0mA
Weo, ACo COMF)LLI = r1nzmA
VoL Output LOW Voltage Vce = MIN,, oL 05 Volts
VIN = VIH or V||_ MiL IOL = 16mA
Dgo—7, DONE ’
COM'L Ig_ = 24mA
ViH Input HIGH Level (Note 4) Guaranteed Input Logical HIGH voltage for all inputs 2.0 Volts
ViL Input LOW Level (Note 4) Guaranteed Input Logical LOW voltage for all inputs 0.8 ]
Vi Input Clamp Voltage Voo = MIN, |y = —18mA -1.5 Vqlts
Do—7 -0.15
| Input LOW C t Vee = MAX,, = 0.5V mA
i Py urren ce Vin=0 All Others ~08
Do—7 150
| | HIGH t = " =27V A
H nput HIGH Curren Vee = MAX, Viy = 2.7 Al Others 0 7
lcEx Output Leakage on DONE Vee = MAX,, Vg = 5.5V 250 nA
Iy Input HIGH Current Vee = MAX,, V|y = 5.5V 1.0 mA
Output Short Circuit Current _ - _ _
Isc {Note 3) VCC = MAX. + 0.5V, Vo = 0.5V 30 35"”7 mA
! = V = 0.5V Do— —-150
ozL Output OFF Current Yee = MAX. ouv 0=7 A
lozH OF = 24V VouT = 2.4V Dg—7 150
Ta = 25°C 155 250
Ta = 0°C to +70°C 265
Am2942PC, DC
icc Power Supply Current Vee = MAX. Ta = +70°C 220 mA
Tg = —55°C to +125°
Am29420M, FM | 1€ = %5 C to +125°C 285
Tc = +125°C 205

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical limits are at Voo = 5.0V, 25°C ambient and maximum loading. ’ i
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment.

INPUTS

QUTPUTS

Figure 5. Switching Waveforms.

AT LEAST 23ns ) See Tables A for ts and t, for various
INPUT TO inputs. See Tables B for combinational
CLOCK TO OUTPUT DELAY .
I OUTPUT DELAY delays from clock and other inputs to
7
e outputs.

MPR-728

2-283



Am2942

SWITCHING CHARACTERISTICS

The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V
with input levels at OV cr 3V. All values are in ns with C_ = 50pF except output disable times (I to D) which are specified for a 5pF
load. All times are in ns.

. TYPICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, V¢ = 5.0V, C_ = 50pF)

A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements
(Relative to clock —T ' — -
e Mi Clock LOW Ti 20 ns
LOW-to-HIGH transition) input | ACO | WCO | DONE | Do, nimum ~oe me
ACI 12 - - - Minimum Clock HIGH Time | 30 ns
Input 1 ts | th wCi _ 12 27 _ Maximum Clock Frequency |{28| MHz
Dg. 13 3 (Note 1) .
o7 D. Enabie/Disable Times
lo12 33| 2 lo-2 - - - 21
ACi 5| 2 cP 35 35 0 37 From |To |Disable | Enable
— (Note 2) OE Do.7 19 13 ns
wCl 15 1

Il. GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, V¢ = 5.0V, C = 50pF)

A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements
(Relative to clock ——T—— — p
LOW-to-HIGH transition) Input |ACO|{ WCO | DONE | Dg.7 Minimum Clock LOW Time 23 ns
ACI 18 - - - Minimum Clock HIGH Time |30 | ns
Input |t th WGl B 18 " B Maximum Clock Frequency |22 | MHz
Do.7 21 4 (Note 1) ) .
D. Enable/Disable Times
o1z [41] 8 lo.2 - - - 34
ACH 27 3 &F; o 0 0 . 53 Flﬂn To Dls:able Enable
WCi |27} 3 OE Do.7 23 ns
Ili. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE
Am2942PC, DC (T5 = 0°C to +70°C, Ve = 4.75V to 5.25V, C; = 50pF)
A. Set-up and Hold Times . B. Combinational Delays C. Clock Requirements
(Relative to clock ey — i Clook LOw T 2
LOW-to-HIGH transition) nput |ACO | WCO | DONE | B0z Pl St =
ACI 20 - - - Minimum Clock HIGH Time 34 ns
Input | tg th WCIl Maximum Clock Frequency 20{ MHz
D, 24| 6 (Note 1)| 2 46 N . N
0-7 D. Enable/Disable Times
lot2 4 | 5 lo-2 - - - 37 -
o 30 " cp From |To |Disable | Enable
Note 2)| %8 | S8 8 59 OE Do.7| 25 25 ns
WCT |30 | 3
IV. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE
Am2942DM, FM (Tc = —55°C to +125°C, Ve = 4.5V to 5.5V, C = 50pF)
A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements
(Relative to clock — — | e -
LOW-to-HIGH transition) input | ACO | WCO | DONE | Do.; Minimom Clock LOW Time |23 | s
ACI 21 - - - Minimum Clock HIGH Time |36 ns
Input | ts th wer Maximum Clock Frequency 15| MHz
wcl - 21 54 -
Doy 121 o= D. Enable/Disable Ti
ora o 5 . - - - o . Enable/Disable Times
212 L = T -
ACI 34 5 (CNF;Qe » 64 64 a8 68 ro_m o | Disable | Enabie
wel a4 5 QE Do-7 30 30 ns

Notes: 1. WCI to Done occurs only in control modes 0 and 1.
2. CP to Done occurs only in control modes 0, 1, and 2.
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APPLICATIONS

Figure 6 shows an Am2942 used as two independent, pro-
grammable eight-bit timer/counters. In this example, an
Am2910 Microprogram Sequencer provides an address to
Am27827 512 x 8 Registered PROMs. The on-chip PROM
output register is used as the Microinstruction Register.

The Am2942 Instruction input, I3, is tied HIGH to ) select the
eight Timer/Counter instructions. The Tg, l-lo, and OEp inputs
are provided by the microinstruction, and the Do-D7 data lines
are connected to a common Data Bus. GATE WC and GATE
AC are separate enable controls for the respective Word
Counter and Address Counter. The DONE, ACO and WCO

output signals indicate that a pre-programmed time or count
has been reached.

Figure 7 shows an Am2942 used as a single 16-bit pro-
grammable_timer/counter. In this example, the Word Counter
carry-out, WCO, is connected to the Address Counter carry-in,
ACI, to form a single 16-bit counter which is enabled by the
GATE signal.

Figure 8 shows two Am2942s cascaded to form a 32-bit
programmable timer/counter. The two Word Counters form the
low order 16 bits, and the two Address Counters form the
high order bits. This allows the timer/counter to be loaded and
read 16 bits at a time.

I

INPUTS REG MUX [

Dg-D1q

Am2010 cp
MICROPROGRAM SEQUENCER

Yo-Y11

=1

z

Am27827
REGISTERED PROMS

MICROINSTRUCTION REG cpP

3y v DATA BUS

|

P
O
Ol

E

E Wl 13 O6p

CLACK
Am2942 WCI pe———————— GATE WC

ft—————— GATE AC

DONE

Figure 6. Two 8-Bit Programmable Counters/Timers In a 22-Pin Package.

MPR-234

I

@

MUX

Do-Dy4

cP

Am2010
MICROPROGRAM SEQUENCER
Yo-¥yq

<z

Am27527
REGISTERED PROMS

MICROINSTRUCTION REG cP

OTHER ~——‘

Wco

ATO

+5v i DATA BUS
cp

T Io- OF "
E lolz i3 OFp Do-D7 cLock

|

5

Am2942 1 f————— GATE

»)
o

DONE

! VAA—— +5V

Figure 7. 16-Bit Programmable Counter/Timer Using a Single Am2942.

MPR-235
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OTHER Dg-Dyq
TEST
== Am2910
INPUTS REG Mux cc MICROPROGRAM SEQUENCER cp
Yo-Y11
Am27527
REGISTERED PROMS
MICROINSTRUCTION REG cp CLOCK
OTHER | l
| .
3 DATA BUS (16) J
+8V 3 +5V
I (8-15) | ©7
iE Iglo Iy OEp Do-D7 ¢pled ] gl 13 OFp 0607
—| wco Am2842 wei Wco Am2842 Wei — cate
ACO Aci Aci
ACO DONE ACi ACO DONE i

Figure 8. 32-Bit Programmable Counter/Timer Using Two Am2942s.

MPR-236

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Package Type Operating Range Screening Level
Qrder Number (Note 1) (Note 2) (Note 3)
AM2942PC P-22 (o} C-1
AM2942DC D-22 C C-1
AM2942DCTB D-22 [+ B-2 (Note 4)
AM2942DM D-22 M C-3
AM2942DM-B D-22 M B-3
AM2942FM F-22 M C-3
AM2942FM-B F-22 M B-3

Visual inspection

AM2942XC Dice (o}
AM2942XM Dice M : to MIL-STD-883

Method 2010B.

Class B.
4. 96 hour burn-in.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline.
Where Appendix B contains several dash numbers, any of the variations of the package may be used uniess otherwise specified.
2. C = 0°Cto +70°C, Vg = 4.75V to 5.25V, M = — 55°C to +126°C, V¢ = 4.50V 1o 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883,
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Am2946 « Am2947

Octal 3-State Bidirectional Bus Transceivers

DISTINCTIVE CHARACTERISTICS

® 8-bit bidirectional data flow reduces system package count
® 3-state inputs/outputs for interfacing with bus-oriented

FUNCTIONAL DESCRIPTION

The Am2946 and Am2947 are 8-bit 3-state Schottky transceiv-
ers. They provide bidirectional drive for bus-oriented micro-

systems processor and digital communications systems. Straight through
® PNP inputs reduce input loading bidirectional transceivers are featured, with 24mA drive capability
® Ve —1.15V Vgy interfaces with TTL, MOS and CMOS on the A ports and 48mA bus drive capability on the B ports. PNP
® 48mA, 300pF bus drive capability inputs are incorporated to reduce input loading.
¢ Am2946 has inverting transceivers One input, Transmit/Receive determines the direction of logic
* ¢m294? has non-inverting transceivers ) signals through the bidirectional transceiver. The Chip Disable
¢ Transmit/Receive gnd ?dh'g g'ﬁfb'e Elmphfy control logic input disables both A and B ports by placing them in a 3-state
¢ 20-pin ceramic and mo ed DIF pac age condition. Chip Disable is functionally the same as an active LOW
® Low power — 8mA per bidirectional bit chip select
® Advanced Schottky processing v C o
® Bus port stays in hi-impedance state during power up/down The output high voltage (Vou) is specified at Vcc—1.15V
® 100% product assurance screening to MIL-STD-883 minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM
requirements or microprocessors.
LOGIC DIAGRAM
Am2946
Ao Aq A2 Az Ag As As A7
CHIP
DISABLE
cD
TRANSMIT/
RECEIVE
i | ] ]
By 8, “By B3 By Bg 8, B,

Am2947 has non-inverting transceivers.

BLI-101
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
APORT
1 2 3 4

Vec Bo By By By By By Bg B; R Illlii[i
OdO0onononnonng

20 19 18 17 16 15 14 13 12 11 Ao A1 Az Az Ay As Ag A7

9 cD
. Am2946 « Am2047
p Am2946 ¢ Am2047 11— /R
8 By By By By Bg Bg By

°

12 3 4 6 6 7 8 9 10 Illll]ll
UUUUUUUUU 19 18 17 16 15 14 13 12

Ag Ay Ay Az Ay Ag Ag A; CD GND

B PORT
Vcc = Pin 20
Note: Pin 1 is marked for orientation. GND = Pin 10
BLI-102 BLI103
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Am2946 « Am2947

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2946 Am2947 Package Type Operating Screening Level

Order Nurriber Order Number (Note 1) (Note 2) {Note 3)
AM2946PC AM2947PC P-20-1 C C-1
AM2946DC AM2947DC D-20-1 C C-1
AM2946DC-B AM2947DC-B D-20-1 o] B-1
AM2946DM AM2947DM D-20-1 M C-3
AM2946DM-B AM2947DM-B D-20-1 M B-3

Visual inspection
AM2946XC AM2947XC Dice Cc } to MIL-STD-883

Method 2010B.

Notes:

4. 96 hour burn-in.

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B
contains several dash numkers, any of the variations of the package may be used unless otherwise specified.

2. C=01t070°C, Vgg = 4.75V t0 525V, M = —55 to + 125°C, Vg = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1-and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B.
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Am2946

Metallization and Pad Layouts

Ao

Aq
Az
Az
Aq
As
As
A7
cb

GND

DIE S121 0.069" X 0.089""

-
=]

Am2947

® @ N o G AN

DIE SIZE 0.069" X 0.089"

Am2946 « Am2

947

ABSOLUTE MAXIMUN! RATINGS (Above which the useful life may be impaired)

Storage Temperature

—-651t0 +150°C |

Supply Voltage

7.0V
Input Voltage 5.5V
QOutput Voltage 5.5V
Lead Temperature (Soldering, 10 seconds) 300°C
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise ‘Noted:

MIL

Ta = —5510 +125°C  VgcMIN = 4.5V
COML Tp=0to70°C

VeeMIN = 4.75V

VocMAX = 5.5V
VeoMAX = 5.25V

DC ELECTRICAL CHARACTERISTICS over operating temperature range

Am2946 - Am2947

Parameters Description Test Conditions Min (N.«.I;Yep 1) Max Units
A PORT (Ag-A7)
ViH Logical “1” Input Voitage CD = V) MAX, TR = 2.0V 2.0 Volts
ViL Logical “0" Input Voltage %%:: ;'Byl\x r\cll(l)LM'L 23 Volts
Vou Logical “1” Qutput Voltage '|C'/Dﬁ== X%\?A AX, :Z: : :g::: VCC2.-71'15 VC;;SOJ Volts
VouL Logical “0” Output Voltage .IC./%ZX%VM AX, I((E)(I;NTLTZI:{L A 0031 00; Voits
los Output Short Circuit Current ,\Clgciv'hh :;'(f\),fl’oré R; 0.8V, Vo = 0V, 10 _38 75 | mA
(1 Logical “1” Input Current CD = V). MAX, T/R = 2.0V, V| = 2.7V 0.1 80 uA
N Input Current at Maximum Input Voltage | CD = 2.0V, Voo = MAX, V| = Voo MAX 1 mA
[T Logical “0” Input Current CD = V) MAX, T/R = 2.0V, V| = 0.4V 70 ~200 HA
A Input Clamp Voltage CD = 2.0V, |y = —12mA -07 -15 | Volts
loo Output/Input 3-State Current CD = 2.0V Vo = 04V ~200 A
Vo = 4.0V 80
B PORT (By-B7) )
ViH Logical “1” Input Voltage CD = V). MAX, T/R = V| MAX 2.0 Volts
ViL Logical “0” Input Voltage .lcf\/% :V\'/';LMNII\:)’( ::MOLM'L g: Volts
lo = —0.4mA Vee—1.15| Vcc—0.8
VoH Logical “1” Output Voltage %%::;'.B\?AAX' oy = —5mA 27 3.9 Volts
loH = —10mA 24 36
VoL Logical “0” Output Voltage _?/% Z \é"'(-)\y'Ax’ :2:: : ig:ﬁ gi g; Volts
los Output Short Cirouit Current SECZVI'WLA“)”(%;)ZZ =20V, Vo =0V, -25 -50 | 150 | mA
™ Logical “1” Input Current CD = Vi MAX, T/R = V| MAX, V| = 2.7V 0.1 80 uA
I Input Current at Maximum Input Voltage | CD = 2.0V, Vg¢ = MAX, V| = Vg MAX 1 mA
[ Logical “0” input Current CD = V| MAX, T/R = V| MAX, V| = 0.4V -70 —200 uA
Ve Input Clamp Voltage CD = 2.0V, Ijy = —12mA -0.7 -15 Volts
loo Output/Input 3-State Current CD = 2.0V Vo = 04V —200 nA
Vo = 4.0V 200
CONTROL INPUTS CD, T/R
ViH Logical “1” Input Voltage 2.0 Volts
ViL Logical “0” Input Voltage COML 08 | Volts
MIL 0.7
liH Logical “1” Input Current V=27V 0.5 20 A
N Input Current at Maximum Input Voltage | Voo = MAX, V| = Vo MAX 1.0 mA
e Logical “0” Input Current V| = 0.4V .(‘.;IDR :8: :z: mA
Ve Input Clamp Voltage iy = —12mA -0.8 -1.5 Volts
POWER SUPPLY CURRENT
Am2946 CD = V| = 2.0V, VCC_= MAX 70 100
o Power Supply Current CD = 0.4V, Vjna = T/R = 2V, Vo = MAX 100 150 A
Am2947 CD =20V, V, = 0.4\ﬁ Vee = MAX 70 100
CD = Vna = 0.4V, TR =2V, Vg = MAX 90 140
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Am2946 - Am2947

Am2946
AC ELECTRICAL CHARACTERISTICS (V¢ = 5.0V, T, = 25°C) Typ
Parameters Descrliption Test Conditions Min (Note 1) Max Units
A PORT DATA/MODE SPECIFICATIONS
Propagation Delay to a Logical “0” from CD = 0.4V, T/R = 0.4V (Figure 1)
tPDHLA B Port to A Port Ry = 1k, Ry = 5k, Cy = 30pF 8 12 ns
Propagation Delay to a Logical “1” from CD = 0.4V, T/R = 0.4V (Figure 1)
PDLHA | B'Port to A Port Ry = 1k, Ry = 5k, C; = 30pF n 16 ns
Propagation Delay from a Logical “0" to | Bg to B; = 2.4V, T/R = 0.4V (Figure 3)
tpLza 3-State from CD o A Port S3 =1, Rg = 1k, C4 = 15pF 10 15 ns
t Propagation [Delay from a Logical “1” to Bg to By = 0.4V, T/R = 0.4V (Figure 3) 8 15 ns
PHZA 3-State from CD to A Port S3 = 0, Rg = 1k, C4 = 15pF
Propagation Delay from 3-State to Bp to By = 2.4V, TR = 0.4V (Figure 3)
tPzLa a Logical “0" from CD to A Port S3 =1, Rs = 1k, C4 = 30pF 20 % ns
Propagation Delay from 3-State to Bg to By = 0.4V, T/R = 0.4V (Figure 3)
tPzHA a Logical “1” from CD to A Port 83 = 0, Rs = 5k, C4 = 30pF 19 80 ne
B PORT DATA/MODE SPECIFICATIONS
. ool . f CD = 04V, T/R = 24V (Figure 1) | 12 18
ropagation Deiay to a Logical “0" from - — —
teDHLB A Port to B Port Ry = 100Q), Ry = 1k, C1 300pF ns
Ry = 6679, Ry = 5k, Cy = 45pF 7 12
o o Dol Louoal 1" 1 CD = 04V, TR = 24V (Figure 1) | " 20
ropagation Delay to a Logicat “1” from — - _
tPDLHB A Port to B Port R1 = 1009, Hg = '”(, C1 300pF ns
Ry = 667Q, Ry = 5k, Cq 4 45pF 9 14
t Propagation Delay from a Logical “0" to Ag to Ay = 2.4V, T/R = 2.4V (Figure 3) 13 18 ns
PLZB 3-State from CD to B Port S3 =1, Rg = 1k, C4 = 15pF
4 Propagation Delay from A Logical “1" to | Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) 8 15 ns
PHZB 3-State from CD to B Port S3 = 0, Rg = 1k, C4 = 15pF
A to A7 = 2.4V, T/R = 2.4V (Figure 3) |
Propagation Dielay from 3-State to — — — 25 35
tpzie a Logical “0” from CD to B Port S = 1, Rs = 1000, C4 = 300pF ns
83 = 1, Rg = 667(2, C4 = 45pF 16 25
Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) |
Propagation Dielay from 3-State to — — — 22 35
tPzHB a Logical “1" from CD 1o B Port S3 = 0, Rs = 1k, G4 = 300pF ns
S3 = 0, Rg = 5k, C4 = 45pF 14 25
TRANSMIT/RECEIVE MODE SPECIFICATIONS
Propagation Dlelay from Transmit Mode CD = 0.4V (Figure 2)
m Trans _ _ _
TRL to Receive a Logical “0,” T/R to A Port | o1 = 1» Fla = 1000, C3 = 5pF 23 35 ns
82 =1, R3 = 1k, Cz = 30pF
R CD = 0.4V (Figure 2)
Propagation Delay from Transmit Mode _ _ _
tTRH to Receive a l.ogical “1,” T/A to A Port S¢ = 0, R4 = 100Q2, C3 = 5pF 22 35 ns
Sg =0, Hg = 5k, 02 = 30pF
Propagation Cielay from Receive Mod CD = 0.4V (Figure 2)
y eive Mode - _ -
tRTL to Transmit a Logical “0,” T/R to B Port 81 =1, Ry = 100€2, C3 = 300pF 26 3% ns
S, = 1, Rz = 30002, C, = 5pF
Propagation Dielay from Receive Mode OD = 0.4V (Figure 2)
{ ve Mo = = =
tRTH to Transmit a Logical “1," T/R to B Port S1 =0, Ry = 1k C3 = 300pF 2 35 ns
S, = 0, Rg = 3009, Cy = 5pF
Notes: 1. All typical values given are for Vo = 5.0V and T = 25°C.
ccC
2. Only one output at a time should be shorted.
FUNCTIONAL TABLE
Inputs Conditions
Chip Disable 0 0 1
Transmit/Receive ] 1 X
A Port Out In HI-Z
B Port In Out HI-Z
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Am2947
AC ELECTRICAL CHARACTERISTICS (V¢ = 5.0V, T = 25°C)
Typ
Parameters Description Test Conditions Min (Note 1) Max Units
A PORT DATA/MODE SPECIFICATIONS
Propagation Delay to a Logical “0" from CD = 0.4V, T/R = 0.4V (Figure 1)
PDHLA | g port 10 A Port Ry = 1k, Ry = 5k, Gy = 30pF 14 18 ns
4 Propagation Delay to a Logical “1" from CD =0.4V, T/R = 0.4V (Figure 1) 13 18 ns
~PDLHA B Port to A Port Rq = 1k, Ry = 5k, Cy = 30pF
t Propagation Delay from a Logical 0" to By to By = 0.4V, T/R = 0.4V (Figure 3) 1 15 ns
PLZA 3-State from CD to A Port S3 = 1, Rg = 1k, C4 = 15pF
N Propagation Delay from a Logical “1” to Bp to By = 2.4V, T/R = 0.4V (Figure 3) 8 15 ns
PHZA 3-State from CD to A Port S3 =0, Rs = 1k, C4 = 15pF  ~
Propagation Delay from 3-State to Bg to By = 0.4V, T/R = 0.4V (Figure 3)
tpzLA a Logical “0” from CD to A Port Sg = 1, A = 1k, Cg = 30pF 2z 3 ns
Propagation Delay from 3-State to Bp to By = 2.4V, T/R = 0.4V (Figure 3)
tpzHA a Logical “1” from CD to A Port S3 = 0, Rg = 5k, C4 = 30pF 1 % ns
B PORT DATA/MODE SPECIFICATIONS
CD = 0.4V, T/R = 24V (Figure 1) | 5 »
Propagation Delay to Logical “0” from — — —
tppHLB A Port to B Port Ry = 1000}, Rg = 1k, C1 = 300pF ns
’ R1 = 6671, H2 = 5k, C1 = 45pF 1" 18
o Doy 1 Locioal “1" CD = 04V, T/R = 2.4V (Figure 1) | © 2
ropagation Delay to Logical “1” from — — —
teDLHB A Port to B Port Ry = 1009, Ry = 1k, C4 = 300pF ns
Ry = 667, Ry = 5k, Cy = 45pF 1 18
: Propagation Delay from a Logical “0” to | Agto A; = 0.4V, T/R = 2.4V (Figure 3) 13 18 ns
PLZB 3-State from CD to B Port S3 =1, Rg = 1k, C4 = 15pF
" Propagation Delay from a Logical “1” to Ag to Ay = 2.4V, T/R = 2.4V (Figure 3) 8 15 ns
PHZB 3-State from CD to B Port S3 = 0, Rg = 1k, C4 = 15pF
b . S Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) | a2 w0
ropagation Delay from 3-State to — _ _
tpzie a Logical “0” from CD to B Port S3 = 1, Rs = 1002, C4 = 300pF ns
Sy = 1, Rg = 66712, C4 = 45pF 16 22
' Ag o Ay = 2.4V, T/R = 2.4V (Figure 3) | » .
Propagation Delay from 3-State to — _ —
tpzB a Logical “1" from CD to B Port Ss = 0, Rs = 1k, Cq4 = 300pF ns
S3 = 0, Rg = 5k(}, C4 = 45pF 14 22
TRANSMIT/RECEIVE MODE SPECIFICATIONS
Propagation Delay from Transmit Mode CD = 0.4V (Figure 2)
TAL to Receive a Logical “0," /R to A Port | o = O Fa =100, Cg = 5pF 30 40 ns
Sy =1, R3 = 1k, C, = 30pF
b ion Dolay from T  Mod CD = 0.4V (Figure 2)
ropagation Delay from Transmit Mode _ _ _
ITRH to Receive a Logical “1,” T/R to A Port 81 = 1, Rg = 100, C5 =5pF 28 40 ns
Sy = 0, Rg = 5k, 02 = 30pF
. . CD = 0.4V (Figure 2)
Propagation Delay from Receive Mode _ - _
RTL to Transmit a Logical “0,” T/R to B Port 81 =1, Ry = 10011, C3 = 300pF 31 40 ns
32 =0,R3 = 30012, Cz = 5pF
. . CD = 0.4V (Figure 2)
Propagation Delay from Receive Mode _ _ _
RTH to Transmit a Logical “1,” T/R to B Port | >1 ~ 0 Ra =1k Cs = 300pF 28 40 ns
32 =1, Rg = 3001, 02 = 5pF
Notes: 1. All typical values given are for Voc = 5.0V and Tp = 25°C.
2. Only one output at a time should be shorted.
DEFINITION OF FUNCTIONAL TERMS
Ag-A7 A port inputs/outputs are receiver output drivers when CD  Chip Disable forces all output drivers into 3-state when
T/R is LOW and are transmit inputs when T/R is HIGH (same function as active LOW chip select, CS).
HIGH. T/R  Transmit/Receive direction control determines whether
A port or B port drivers are in 3-state. With T/R HIGH,
Bg-B7 B port inputs/outputs are transmit output drivers when A port is the input and B port is the output. With T/R
T/R is HIGH and receiver inputs when T/R is LOW. LOW, A port is the output and B port is the input.
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SWITCHING TIME WAVEFORMS
AND AC TEST CIRCUITS

Vee Vee
0 Ry
Am2848 3oV INPUT ouTPUT
INPUT 1, 1
A, ORB, r\X.sv sV X,/ !
Am2947 ov
DEVICE
tap1 DO PULSE UNDER
GENERATOR TEST J_
OUTPUT F ) 509 [N Ry
B, OR A, 1.5V 1.5v\\_ J— :|:
ty =t¢ < 10ns
10% to 90% Note: Cy includes tést fixture capacitance.
Figure 1. Propagation Delay from A Port to B Port
or from B Port to A Port.
BLI-104
3.0v Vee
INPUT §|
TR 1.5V 15V T
‘|¥ Y t Ji’ oV APORT O O BPORT
Vee DEVICE Vee
UNDER S1=1
Sp=1 TEST
15V 15V R3 Rg
TR
‘RTL———-—| TRL — Cop= 3
BPORT APORT $2=0 I l I i& =0
RTH—= trRH— = = = = =
1.5V 1.8V PULSE fl)ﬂ
GENERATOR 'W__L

t =t < 10ns
10% to 90%

Note: Cp and Cj include test fixture capacitance.

Figure 3. Propagation Delay from CD to A Port or B Port.

Figure 2. Propagation Delay from T/R to A Port or B Port.
BLI-105
3ov Vee
tr tr
NP —\\][mv 15V % f
o PORT
ov IIP\IOPI.R; O © OUTPUT
05V 1z - INPUT DEVICE Vee
_i UNDER s3=1
TEST R
PORT PULS T S
ouTPUT GENERATOR co
S3=0
tPHZ # oLz tpzL ——| ’_._ 500 c 3
0.5v I
tr =t < 10ns Note: C4 includes test fixture capacitance.
10% to 90% Port input is in a fixed logical condition.
BLI-106
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Octal 3-State Bidirectional Bus Transceivers
ADVANCE INFORMATION

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® 8-bit bidirectional data flow reduces system package count The Am2948 and Am2949 are 8-bit 3-state Schottky transceiv-
® 3-state inputs/outputs for interfacing with bus-oriented ers. They provide bidirectional drive for bus-oriented micro-

systems processor and digital communications systems. Straight through
® PNP inputs reduce input loading bidirectional transceivers are featured, with 24mA drive capability
® Veoc — 1.15V Vg interfaces with TTL, MOS and CMOS on the A ports and 48mA bus drive capability on the B ports. PNP
® 48mA, 300pF bus drive capability inputs are incorporated to reduce input loading.
® Am2948 has inverting transceivers Separate TRANSMIT and RECEIVE enables are provided for
® Am2949 has non-inverting transceivers microprocessor systems with separated read and write control
® Separate TRANSMIT and RECEIVE enables bus lines.
® 20-pin ceramic and molded DIP package . . "
® Low power — 8mA per bidirectional bit Thg output high voItaqe (VQH) is specified at Vgc—1.15V

> @ Advanced Schottky processing minimum to allow interfacing with MOS, CMOS, TTL,, ROM, RAM

e Bus port stays in hi-impedance state during power up/down Or microprocessors.
® 100% product assurance screening to MIL-STD-883

requirements

Am2949

LOGIC DIAGRAM

Ag A Ay Ag Ag Ag Ag A7

L 1

v

TRANSMIT —Dc
RECEIVE —-Dc Y

8y B, [: B3 By B B 8,

Am2948 has inverting transceivers.

BLI-107
CONNECTION DIAGRAM LOGIC SYMBOL
Top View A PORT
. 1 2 3 4 5 6 7 8
Vec Bp Bi By By By Bg Bg B; W ||I|II|I
AN AnaQ ISV ———
2 19 18 17 16 15 14 13 12 1"
o— T
Am2948/2949
) Am2948/2049 n—-I=®w
Bo By By Bz By Bs Bg By
[
1 2 3 4 5 6 7 8 9 10 l I I [ } l | I
LJ[_IUL_]I_I[_[LII_]I_]U 9 18 17 16 15 14 13 12
Ay Ay Ay Az Ag Ag Ag A; T GND
' B PORT
VCC = Pin 20
Note: Pin 1 is marked for orientation. GND = Pin 10
BLI-108 BLI-109
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Eight-Bit Bidirectional /O Ports

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
e Eight-Bit, Bidirectional I/C Port with Handshake — The Am2950 and Am2951, members of Advanced Micro Devices
Two eight-bit, back-to-back registers store data moving in both Am2900 Family, are designed for use as parallel data i/O ports.
directions between two bidirectional busses. Two eight-bit, back to back registers store data moving in both
® Register Full/Empty Flags — directions between two bidirectional, 3-state busses. On chip flag
On-chip flag flip-flops provide data transfer handshaking flip-flops, set automatically when a register is loaded, provide the
signals. handshaking signals required for demand-response data
® Separate Clock, Clock Enable and Three-State Output Enable transfer.
for Each Register. Considerable flexibility is designed into the Am2950 « Am2951.

e Separate, Edge-Sensitive Clear Control for Each Flag
Flip-Flop.

® Inverting and Non-Inverting Versions —
The Am2950 provides non-inverting data outputs. The
Am2951 provides inverting data outputs.

® 24mA Output Current Sink Capability.

Separate clock, clock enable and three-state output enable sig-
nals are provided for each register, and edge-sensitive clear
inputs are provided for each fiag flip-flop. A number of these
circuits can be used for wider I/O ports. Both inverting and non-in-
verting versions are available.

® 100% Reliability Assurance Testing in Compliance with Twenty-four mA output curr.ent sink capability, sufficient for most
MIL-STD-883. three-state busses, is provided by the Am2950 « Am2951.
Am2950 BELOCK DIAGRAM Am2951 BLOCK DIAGRAM
Fr Fr
cPq Vee :P w9 cPa Vee =1 ZP m 9
CE_CLR epge_ | CLRr CE_CLR epae | CLRm
e, T o 9 oevect e, T - 9 oetect
— 1 L g L L e
A, A{ B, Y By
o 00 CP  CE o L o Ao 0 cP  CE a 0 o
Aq Yy By Ay A1 By
Dy Qy D¢ [<]]
A, . Y2 B, Az Y2 B2
D, Q, D, Q, PO
A = Y. B A [ Y; B,
'3 D3 5 Qa 3 '3 '3 03 E 03 3 '3
Aq 2 Y4 By Ay ‘E \ A
b, & Q Dy A
4 —
A ¥, B a : Y, B,
s oy as 5 5 5 D as _‘P 5 5
Ag. Ys Bg Ag Y Be
Dg Qg D¢ Qg
A Y; B A \¢ B;
z D, Q; ——-I: z 4 u [ a, Sa .
Yy Yo
\—'q-— Q Dy ‘-014——‘ Q Do
v Y
—1.4— Q D ——o:q— a D,
2 Y2
Q, [ Q, 0,
Y & Y. @
: Q3 E D3 —g'q—" Q E Dy
Y. g Y. ]
. Q4 ‘i D4 > q O g P
Y5 Y5
Qs Dg Qs D5
Ye Ye
Qg Og Qg Dg
¥4 Y,
e cp” e o

OEs D I 1 CPg OEas D I | ‘;:s
CEs s

Fs a Sl fs a ol
FS ce 3 ce
cLn °° cLr P
oRs| epge ClRs| epce
DETECT DETECT
MPR-573 MPR-574
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Am2950 LOGIC SYMBOLS

4 2 20 2

[ 4| 4

CLRS OEAS CPR CER
26 —| Ao B0 }—— 18
27 —{ a1 B1 7
28 — A2 B2 |—— 16
11— A3 B3 f—— 15
2 M Am2950 Ba [—— 14
3 — as BS |—— 13
s —] as B6 —— 10
7 — A7 B7}—— 9
5 —i Fs FR |—— 11
CES CPS OEBR CLRR

1T

23 24 19 12

Am2051

L 25 20 21

| L4

CLRS OEAS CPR CER
26 —| A0 B0 o— 18
27 — a1 B1 o— 17
28 — A2 | B2 o— 16
11— A3 B3 fo— 15
2 —] a4 Am2951 Bao— 14
3 —] A5 B5 o— 13
6 — A6 Bs o— 10
7 ——] A7 B7 o— 9
§ =y FS FR — 11

CES CPS OEBR CLRR

171

22 24 19 12

MPR-576 MPR-576
CONNECTION DIAGRAMS
Top Views
DIP FLAT PACK
° o/
A3+ 28| ]A2
Al ]2 27 [ a1
o \J )
B7 1 28 | vee
As[ |3 26 [ ] A0 — 27 = a7
CLRs[ | 4 25 [ | OEAS RT3 26 s
s[5 24 [ Jops CLRR [ 4 25 [Fs
s 2 [Jees Bs[]s 24 [ CLRS
B4 s 23 [ A5
ar[ 7 Amogso 22 [ lono B3[]7 amasso 22 1A
vec [ s Am2951 21 [ EER B2 |8  AmM251 5 a3
87| 20 [ JcPr LA 20 A2
o B0 ] 10 19 A
B6[ |10 19 [ | OEBR S8R ] 1 18 a0
|1 18 []B0 cer 12 17 [ '6Eas
cLRR[] 12 17 [ 181 CER ] 16 L1 cPs
D 14 15 CES
Bs[ |13 16 [ _]B2 ano [ —
Ba[ |14 : 15[ B3
Note: Pin 1 is marked for orientation.
Bi is inverted on Am2951. MPR-577 MPR-585

DEFINITION OF FUNCTIONAL TERMS

A0-7 Eight bidirectional lines carrying the R Register inputs or
S Register outputs.

BO-7 Eight bidirectional lines carrying the S Register inputs or
R Register outputs. _

CPR Theclock for the R Register and FR Flip-Flop. When CER
is LOW, data is entered into the R Register and the FR
Flip-Flop is set on the LOW to HIGH transition of the CPR

__ signal.

CER The Clock Enable for the R Register and FR Flip-Flop.
When CER is LOW, data is entered into the R Register
and the FR Flip-Flop is set on the LOW to HIGH transition
of the CPR signal. When CER is HIGH, The R Register
and FR Flip-Flop hold their contents, regardless of CPR

_ signal transitions. _

OEBR The Output Enable for the R Register. When OEBR is
LOW, The R Register three-state outputs are enabled
onto the BO-7 lines. When OEBR is HIGH, the R Register
outputs are in the high-impedance state.

FR The FR Flip-Flop output.

CLRR The clear control for the FR Flip-Fiop. The FR Flip-Flop is

CPS

CES

OEAS The output enable for the S Register. When OEAS is

FS

CLRS The clear control for the FS Flip-Flop. The FS Flip-Fiop is

cleared on the LOW to HIGH transition of CLRR signal.
The clock for the S Register and FS Flip-Flop. When CES
is LOW, data is entered into the S Register and the FS
Flip-Flop is set on the LOW to HIGH transtion of the CPS
signal. )

The clock enable for the S Register and FS Flip-Flop.
When CES is LOW, data is entered into the S Register
andthe FS$ Flip-Fiop is set on the LOW to HIGH transition
ofthe CPS signal. When CES is HIGH, the S Register and
FS Flip-Flop hold their contents, regardless of CPS signal
transitions.

LOW, the S Register three-state outputs are enabled onto
the A0-7 lines. When OEAS is HIGH, the S Register
outputs are in the high-impedance state.

The FS Flip-Flop output.

cleared on the LOW to HIGH transition of CLRS signal.
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REGISTER FUNCTION TABLE
(Applies to R or S Register)

OUTPUT CONTROL

Inputs | Internai ___ | Internal Y-Outputs
D CcP CE Q Function OE Q Am2950 | Am2951 Function
X X H NC Hold Data H X z z Disable Outputs
- ! L L Load Data - - L H Enable Outputs
H t L L H H L
FLAG FLIP-FLOP FUNCTION TABLE
(Applies to R or S Flag Flip-Flop)
Inputs
CE CP | CLR | F-Output | Function
H 4 NC Hold Flag
X N L Clear Flag
) L 4 4 H Set Flag
H = HIGH NC = NO CHANGE
L =LOW t = LOW-to-HIGH Transition
X = Don't Care 4+ = NO LOW-to-HIGH Transition
Z = High impedance

ORDERING INFORMATION

Order the part nurnber according to the table below to obtain the desired package, temperature range, and screening level.

Am2950 Am2951 Package Type Operating Range Screening Level
Order Number Order Number (Note 1) (Note 2} (Note 3)
AM2950PC AM2951PC P-28 C C-1
AM2950DC AM2951DC D-28 C C-1
AM2950DC-B AM2951DC-B D-28 C B-2 (Note 4)
AM2950DM AM2951DM D-28 M C-3
AM2950DM-E AM2951DM-B D-28 M B-3
AM2950FM AM2951FM F-28-2 M C-3
AM2950FM-B AM2951FM-B F-28-2 M B-3
AM2950XC AM2951XC Dice c :’;S&fl'gi%egg‘;"
AM2950XM AM2951XM Dice M

Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for
detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may be.used
unless otherwise specified.

2. C = 0°Cto +70°C, Voo = 4.75V 10 5.25V, M = — 55°C to +125°C, V¢ = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to
MIL-STI>-883, Class B.

4. 96 hour burn-in.

METALLIZATION AND PAD LAYOUT

13 14 15

16 17

Numbers refer to DIP pin connection
DIE SIZE 0.107” X 0.138"
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Am2950 « Am2951

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V
DC Voltage Applied to Outputs for High Output State —0:5V to +VCC max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs 30mA

DC input Current

~30mA to +5.0mA

OPERATING RANGE

Part Number Range Temperature vCcC
Am2950/51PC,DC | COM'L | T4 = 0°Cto +70°C VCC = 5.0V +5% (MIN. = 4.756V, MAX. =5.25V)
Am2950/51DM, FM | MIL TC = —55°Cto +125°C | VCC = 5.0V +10%  (MIN. = 4.50V, MAX. = 5.50V)

Am2950, Am2951
DC CHARACTERISTICS OVER OPERATING RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units
FR, FS IOH = —1mA 2.4 34
VOH Output HIGH Voltage VCC = MIN. MIL, IOH = —2mA 2.4 34 Volts
VIN = VIHor VIL | ‘A0-7, BO-7 -
. COML, IOH = ~6.5mA | 2.4 3.4
FR, FS I0L = 12mA 0.5
voL Output LOW Voltage (Note 5) | YCC = MIN. MIL I0L = 16mA 05 | Volts
VIN = VIH or VIL | A0-7, BO-7
COML IOL = 24mA 0.5
VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts
voltage for all inputs
viL Input LOW Level Guaranteed input logical LOW 0.8 Volts
voltage for all inputs
Vi Input Clamp Voitage VCC = MIN,, IIN = —18mA -1.5 Volts
) A0-7, BO-7 —250 pA
HL Input LOW Current VCC = MAX,, VIN = 0.5V CLRR, CLRS —-2.0 mA
Others -360 nA
. A0-7, BO-7 70
IH Input HIGH Current VCC = MAX,, VIN = 2.7V CLRR, CLRS 100 nA
Others 20
1} Input HIGH Current VCC = MAX,, VIN = 5.5V 1.0 mA
- VO = 2.4V 70
0 Output Off-state VCC = MAX. A0-7, BO-7 A
Leakage Current VO = 0.4V —250
Output Short Circuit Current _ _ _
1SC (Note 3) VCC =MAX. 30 85 mA
Ta = 25°C 156 263
: Ta = 0°C to +70°C 275
Icc Power Supply Current voe = max. | COME Tp = +70°C 228 | mA
(Notes 4, 6)
MIL Tc = —55°C to +125°C 309
Te = +125°C 202
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at VCC = 5.0V, 25°C ambient and maximum loading.
. Not more than one output should be shorted at a time. Duration of the short circuit test shouid not exceed one second.

. The sum of IOL into Ai and Bi for each i must not exceed 32mA COM'L, 24mA MIL at a given point in time.
. Worst case ICC is at minimum temperature.

1
2
3
4. ICC is measured with all inputs at 4.5V and all outputs open.
5
6
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SWITCHING CHARACTERISTICS

The tables below define the Am 2950 - Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock
LOW-to-HIGH transition. Tables B are propagation delays. Tables C are recovery times. Tables D are pulse-width requirements.
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V.-All values are in ns with RL
on Ai and Bi = 22002 and RL on FS and FR = 3004. CL = 50pF except output disable times which are specified at CL = 5pF.

TYFICAL ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, VCC = 5.0V)

A. Set-up and Hold Times
(With respect to clock
LOW-to-HIGH transition.)

B. Propagation Delays C. Recovery Times

With Input | AO-7 | BO-7 | FS FR From To tREC
Input | RespectTo | ts | th ces || 15 | - | 13 | - CLRs [|cPs[| 17
AO-7 CPS _[ 2 0 ceR [| - 15 - 13 CLRR [ |CPR|| 17
BO-7 CPR | 2 0 cRs Kl = N " -
CES cps | 9 0 CLRR || - - - 1
CER cPrR [ 9 0
D. Pulse-Width Requirements E. Enable/Disable Times
Min. LOW Min. HIGH From | To Disable Enable
Input Pulse Width Pulse Width OEAS | AO-7 15 16
CPS 15 15 OEBR | BO-7 15 16
CPR 15 15
CLRS 15 15
CLRR 15 15

GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (T, = 25°C, VCC = 5.0V)

A. Set-up and Hold Times.

B. Propagation Delays

C. Recovery Times

With Input | AO-7 | BO-7 | FS FR From | To | tREC
Input | RespectTo | ts th cps I _ B CLRSj cPS [
AO-7 cps [ cPR || - - CLRR | CPR:_
BO-7 CPR | ctrs [| - - .
CEs cps | clRR b < ~ -
CER cPR | =
" D. Pulse-Width Requirements E. Enable/Disable Times
Min. LOW Min. HIGH From | To Disable Enable
Input Pulse Width Pulse Width OEAS | AO-7
cPs OEBR | Bo-7
CPR
CLRS
CLRR
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Am2950 + Am2951

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE
(T4 = 0°C to +70°C, VCC = 4.75 to 5.25V)

A. Set-up and Hold Times.

B. Propagation Delays C. Recovery Times
With Input | A0O-7 | BO-7 | FS FR From | To tREC
Input | RespectTo | ts | th ces [| 26 | - | 20 | - CLRs [|cPs[| a1
A7 | CPS )} L 7T S cPR | - | 26 | - | 20 cLRR [ |cPRE| a1
BO-7 CPR | 7 5 cRrs || - _ 22 _
CES crs I | 15| 4 CLRR I - _ _ 22
CER CPR [ | 15 | 4 B
D. Pulse-Width Requirements E. Enable/Disable Times
Min. LOW Min. HIGH From | To Disable Enable
Input Pulse Width Pulse Width OEAS | A0-7 22 27
cPs 20 20 OEBR | BO-7 22 27
CPR 20 20
CLRS 20 20
CLRR 20 20

GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE

(Tc = —55°C to +125°C, VCC = 4.5 to 5.5V)

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times

With Input | A0-7 | BO-7 | FS FR From | To | tREC
Input | Respect To | ts th cps || 28 _ 20 - CLRS J— cPS j 34
A7 | ops | | 11| s cPR [| - | 28 | - | 20 cLRR [ |cPRI| 34 |
BO-7 cPR [ | 11| 8 clRs [| - - > | -
CEs cps | 15 | 4 clRr kI < - N 52
CER cPR [ | 15 | 4 =

D. Pulse-Width Requirements E. Enable/Disable Times
Min. LOW Min. HIGH From | To | Disable | Enable

Input Pulse Width Pulse Width OEAS | A0-7 24 28

cPs 20 20 - OEBR | Bo7 | 24 28

CPR 20" 20

CLRS 20 20

CLRR 20 20
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Am2950 - Am2951

APPLICATIONS

The Am2950 » Am2951 provides data transfer handshaking sig-
nals as well as eight-bit, bidirectional data storage. Its flexibility
allows it to be used in any type of computer system, including
Am2900, 8080, 8085, 8086, 280, and Z8000 systems.

Figure 1 shows an Am2950 used to store data moving in both
directions between a bidirectional system data bus and a bidirec-

tionat peripheral data bus. The on-chip Flag flip-flops provide the
data in, data out handshaking signals required for data transfer
and interrupt request generation.

Figure 2 shows a multiple I/O port system using Am2950’s. Two
Am2950's are used at each port to interface the 16-bit system
data bus. The Am2950 flags are used to generate I/O interrupt
requests.

r

2950

SEND NEW DATA |
FR
H— D [ DATA READY
CPg FR
cLock
CE CLR
CEg CLR
CLOCK R T 1 A
ENABLE 1 DATA TAKEN
OUTPUT ENABLE
- oSE OEcn ~
R
A > REG B
s
REG
- cp
OUTPUT OExs CE
ENABLE i CEg
t CLOCK ENABLE
T SEND NEW DATA
FS CE
READY Y B .
k)
cLOCK
CLR
CLRg
DATA TAKEN
PERIPHERAL SYSTEM
Figure 1. A Bidirectional I/O Port with Handshaking Using the Am2950.
MPR-578
)
‘cpy | BPT-§ iTERRUPT
PRIORITY
ENCODER
<L SYSTEM DATA BUS (16 BITS) >
Am2950 Am2950 Am2950 Am2950 Am2950
@) 2 2 (2)
MEMORY : : : : :
110 o 110 110
PORT 0 PORT 1 PORT 2 PORT 3 PORT 4
Figure 2. Muitiple /O Port System.
MPR-579
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Am2954 « Am2955

Octal Registers with Three-State Outputs

DISTINCTIVE CHARACTERISTICS

Eight-bit, high-speed parallel registers

Am2954 has non-inverting inputs

Am2955 has inverting inputs

Positive, edge-triggered, D-type flip-flops

Buffered common clock and buffered common three-state
control

VoL = 0.5V (max) at . = 32mA

High-speed — Clock to output 11ns typical

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am2954 and Am2955 are 8-bit registers built using high-
speed Schottky technology. The registers consist of eight D-type
flip-flops with a buffered common clock and a buffered 3-state
output control. When the output enable (OE) input is LOW, the
eight outputs are enabled. When the OE input is HIGH, the
outputs are in the 3-state condition.

Input data meeting the set-up and hold time requirements of the
D inputs is transferred to the Y outputs on the LOW-to-HIGH
transition of the: clock input.

The devices are packaged in a space-saving (0.3-inch row
spacing) 20-pin package.

LOGIC DIAGRAM

Am2954
Dy Dy D, D, D, Ds Dg D,
cpP D
5 1 ) L X ) 4 L
) cP D CP D CP D CP D CP D CP D CP D
a [ [ a Q ] Q
[
ouwur—|>c *
ENABLE
Yo Yy Y3 Y3 Y, Ys Yo Y,

Inputs Dg through D7 are inverted on the Am2955.

BLI-10
CONNECTION DIAGRAMS - Top Views LOGIC SYMBOLS
Vec Y7 D7 Dg Yg Ys Ds D, Yq CP 3 4 7 8 13 14 17 18
OO0 oOnomon Illllllj
20 19 18 17 16 15 14 13 12 11
Dy O, D D3 Dy D; Dg D,
Am2954 11 i CP
Am2954
2 3 4 5 6 7 8 9 10 1 —0F
OO0 ooooooorg Yo M1 Ve ¥a V4 ¥s Yo W
OF Yo Bp Dy Y Y, D, Dy Y3 GND Il]llll
2 5 6 9 12 15 16 19
Vee Y7 D; Dg Yg Y5 Ds Dy Y, CP
[_l'_lr-lr-ll—]mml—]’-]n 3 4 7 8 13 14 17 18
20 19 18 17 16 15 14 13 12 11 A&ééééét&
by By b D3 Dy Ds Dg Dy
) Am2955 11— CP
Am2955
® 2 3 4 5 6 7 8 85 10 1—]GE
U uoOoOootIad Yo Y1 Yz Y3 Y4 Y5 Y5 Yy
OE Yo Dy Dy Yy Y Dy D3 Y3 GND
I I ] | ] I I ' Vee = Pin 20
) 2 5 6 9 12 15 16 19 GND = Pin 10
Note: Pin 1 is marked for orientation. BLI-11 BLI-112
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Am2954 « Am2955

ELECTRICAL CHARACTERISTICS

The Following Conditions Apply Unless Otherwise Specified:

Am2954XC, DC, PC
Am2954XM, DM, FM

Am2955XC, DC, PC
AmZ2955XM, DM, FM

Ta = 0to 70°C

DC CHARACTERISTICS OVER OPERATING RANGE

Vg = 4.75 10 5.25V
Te = —5510 +125°C Vg = 4.50 to 5,50V

Typ
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units
Vee = MIN MIL, loy = —2.0mA 2.4 3.4
v, Output HIGH Vcitage cc : Volts
oH out 9 Vin = Vigor Vit [ GOML, Iy = —6.5mA 24 34
Vee = MIN loL = 20mA .45
V Output LOW Voltage cc Volts
oL p g Vin = VigorV) loL = 32mA 5
Vi Input HIGH Level Guaranteed input logical HIGH 20 Volts
voitage for all inputs
Vi Input LOW Level Guaranteed in_put logical LOW 08 Volts
voltage for all inputs
\ Input Clamp Voltage Vee = MIN, iy = —18mA -1.2 Volts
lye Input LOW Current Voc = MAX, Viy = 0.5V —-250 nA
It Input HIGH Current Voo = MAX, Vi = 2.7V 50 rA
L Input HIGH Current Vee = MAX, Vyy = 5.5V 1.0 ‘mA
Off-State (High-Impedance) _ Vo = 0,5V -50
loz Output Current Vee = MAX Vo = 2.4V 50 uA
Output Short Circuit Current _ _ _
|sc (Note 3) VCC = MAX 40 100 mA
Power Supply Current _
Icc (Note 4) Vee = MAX 90 140 mA
Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the-applicable device type.
2. Typical limits are at V¢ = 5.0V, 25°C ambient and maximum loading.
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
4. Am2954 measured at CLK = LOW-to-HIGH, OE = HIGH, and all data inputs are LOW.

Am2955 measured at CLK = LOW-to-HIGH, OE = HIGH, and all data inputs are LOW.

MAXIMUM RATINGS (Above which the useful lite may be impaired)

Storage Temperature

—65 to +150°C

Temperature (Ambient) Under Bias

—55to +125°C

Supply Voltage to Ground Pctential (Pin 16 to Pin 8) Continuous -0.5to +7.0V
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +V¢c max
DC Input Voltage -05to +5.5V
DC Output Current, Into Outputs 30mA
DC Input Current —30 to +5.0mA

2-302



Am2954 « Am2955

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2954 Am2955 Package Type Ope ing Range Screening Level
Order Number Order Number {Note 1) (Note 2) (Note 3)
AM2954PC AM2955PC P-20-1 C C-1
AM2954DC AM2955DC D-20-1 C CA1
AM2054DC-B AM2955DC-B D-20-1 o] B-1
AM2954DM AM2955DM D-20-1 M C-3
AM2954DM-B AM2955DM-B D-20-1 M B-3
AM2954FM AM2955FM F-20 M C-3
AM2954FM-B AM2955FM-B F-20 M B-3
AM2954XC AM2955XC Dice c xs&fi_'gi’ée_cag%"
AM2954XM AM2955XM Dice M Method 2010B.

Notes: :

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B
contains several dash numbers, any of the variations of the package may be used unless otherwise specified.

2. C=01070°C, Vog = 475V 105.25V, M = -55 to + 125°C, Vi = 4.50V to 5.50V.

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B.

DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE
D; The D flip-flop data inputs (Am2954, non-inverting). Inputs Internal | Outputs
D; The D flip-flop data inputs (Am2955, inverting). Function | OE | Clock | Am2954 D; | Am2955 D; Q; Y;
CP Clock Pulse for the register. Enters data on the LOW-to- Hi-Z H L X X NC z

HIGH transition. H1H X NC z

. g i ; L t L H L L

Y_| The register three-state outputg (Am2954, non-inverting). LOAD . + " L a "
OE Output Control. An active-LOW three-state control used to REGISTER | H t L H L z

enable the outputs. A HIGH level input forces the outputs H T H L H z

to the high impedance (off) state.

’ H = HIGH ) NC = No Change -
L =LOW Z = High impedance

X =Don't Care 1 =LOW-to-HIGH transition
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Am2954 « Am2955

SWITCHING CHARACTERISTICS
(TA = 2500, VCC = 50V)

Am2954 « Am2955
Parameters Description Min Typ Max Units Test Conditions
1 : 8 15 ns ‘
PLH Clack to Output. Y;
tPHL 11 17 ns C_ = 150F
tzn — 8 15 ns Ry = 2800
OEtoY;
71 B 18 ns
thz o 5 9 ns CL = 5pF
EtoY;
th OEtoY; 7 2 . R_ = 2800
. HIGH 6 ns
tew Clock Pulse Wiclth
LOW 7.3 ns
' 5 s C|_ = 15pF
S Data to Clock R = 2800
ty 2 ns
fmax Maximum Clock Frequency (Note 1) 75 100 MHz

Note: 1. Per industry convention, fn,y is the worst case value of the maximum device operating frequency with no constraints on t,, t;, pulse width or
duty cycle.

Metallization and Pad Layouts

Am2954 Am2955

OE
Yo

Y3
GND

DIE SIZE 0.096" X 0.083"
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Am2954 « Am2955

APPLICATION

INCOMING DATA BUS

Do Dy Dy D, D4 Dg Dg Dy Dg Dg D1oD1y D12D13D14D15 Dy Dy Dz D3 D4 D5 Dg Dy Dg Dy D19 D1y D12D13044D1s

ADDRESS ADDRESS
2 Am27s07  }—| Am27S07 =1 Am27507 |—=| Am27S07 Am27807 |~— Am27507 |=—| Am27507 |=— Am27S07 .
W = W
—_— ] ] |1 ] | l———
CLOCK CLOCK
GE Am2954 Am2954 Am2954 Am2954 OF
o | ] |—] e
8 8 8 8
/ 16-BIT DATA BUS }
Dual 16-word by 16-bit non-inverting high-speed data buffer.
BLI-113

SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

DRIVING QUTPUT PNP INPUTS

Note: Actual current flow direction shown.

BLI- 14
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Am2956 « Am2957

Octal Latches with Three-State Outputs

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

® 8 latches in a single package
® Am2956 has non-inverting outputs

Am2957 has inverting outputs

VoL = 0.5V (max) at lo. = 32mA

Three-state outputs interface directly with bus organized
systems

Hysteresis on latch enable input for improved noise mar-
gin

High speed — Clock to cutput 12ns typical

100% product assurance screening to MIL-STD-883
requirements

FUNCTIONAL DESCRIPTION

The Am2856 is an octal latch with 3-state outputs for bus
organized system applications. The latching flip-flops appear
to be transparent to the data (data changes asynchronously)
when latch enable, G, is HIGH. When G is LOW, the data that
meets the set-up times is latched. Data appears on the bus
when the output enable, OE, is LOW. When OE is HIGH the
bus output is in the high-impedance state.

LATCH G
ENABLE

LOGIC DIAGRAM
Am2956

D3

Dy D5

D6

by

D

[}

I

2]

i

(2]

I

—Of ©

]

il

I

i

i

i
— P>

its

—

e —P>o-

Yo Y1 Y2

iisalisalisal
! ol

Y4 Y7

Inputs Dy through D are inverted on the Am2957.

MPR-360
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
3 4 7 8 13 14 17 18
Ve Y7 D; Dg Y6 Y5 Dg Dy Y4 G |||[||II
Ao noOonnn Do ©, D; Dy D, D5 D O
20 19 18 17 18 15 14 13 12 11
n—y¢
Am2956
p Am2956 ! o8
Yo Y1 Y2 Y3 Ya Y5 Yg Y7
[ ]
T 2 3 4 5 6 7 8 9 10 llllllll
U0 onoOg 2 5 6 9 12 15 16 19
OF Yo Dy D, V1 Yz D Dy Yz GND
Vce = Pin 20
Note: Pin 1 is marked for orientation. GND =Pin 10
MPR-361 MPR-362
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Am2958 « Am2959

Octal Buffers/Line Drivers/Line Receivers with Three-State Outputs

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
e Three-state outputs drive bus lines directly These buffers/line drivers, used as memory-address drivers,
® Advanced Schottky processing clock drivers, and bus oriented transmitters/receivers, pro-
® Hysteresis at inputs improve noise margin vide improved PC board density. The outputs of the com-
® PNP inputs reduce D.C. loading on bus lines mercial temperature range versions have 64mA sink and
® Vg of 0.55V at 65mA for commercial-range product; 15mA source capability, which can be used to drive termi-
48mA for military-range product nated lines down to 133(). The outputs of the military tem-
o Data-to-oytput propagation delay times: perature range versions have 48mA sink and 12mA source
Inverting — 7.0ns MAX current capability.

£ Ng'r\~invening ~ 9.0ns M':AXAX Featuring 0.2V minimum guaranteed hysteresis at each
* na( e-to-output - 15.0ns S ) L low-current PNP data input, they provide improved noise
® 100% reliability assurance testing in comphanpe with rejection and high-fan-out outputs to restore Schottky TTL
M'L",STD'883 . ) levels completely.
® 20-pin hermetic and molded DIP packages
The Am2958 and Am2959 have four buffers enabled from
one common line, and the other four buffers enabled from

another common line. The Am2958 is inverting, while the
Am2959 presents true data at the outputs.

CONNECTION DIAGRAMS

Top Views
Am2958 Am2959
sl ® ~ 20[} Vee w]® ~ 20[] Vee
1a1[]2 18] % a1 []2 19I] %6
2va[]3 [ Jm 2va []3 w[ g
2[4 17]7] 24 IAZE 4 17[] 204
2va[]s 8[J1v2 2v3[]s B[ J1v2
136 15[7] 23 13 []e 15[7] 23
2v2[]7 1al]vs 2v2 []7 1l ]1va
1a4 8 13[] 242 1a4 |8 13]] 22
vi[]e 12f J1va ' avi []o 2] 1va
Gno [0 1] 241 anD [0 n[Qea
BLI-137 BLI-138

ORDERING INFORMATION

Order the part number according to the table below to obtain the desired package, temperature range, and screening level.

Am2958 Am2959 Package Type Operating Range Screening Level
Order Number Order Number (Note 1) (Note 2) (Note 3)
AM2958PC AM2959PC P-20-1 c C-1

AM2958DC AM2959DC D-20-1 C C-1
AM2958DC-B AM2959DC-B D-20-1 C B-1
AM2958DM AM2959DM D-20-1 M C-3
AM2958DM-B AM2959DM-B D-20-1 M B-3
AM2958XC Am2959XC Dice c e opocton
Am2958XM AM2959XM Dice M Method 2010B.

Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix
B contains several dash numbers, any of the variations of the package may be used unless otherwise specified.
2. C=01t070°C, Voo = 475V 10 5.26V, M = -55 to +125°C, Vo = 4.50V to 5.50V.
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883.
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Am2958 - Am2959

Am2958

2yt

;
;

— 2Y2
— 2Y3

—1Y4  2A4

—cD—J b1l
BLI-115

— 2va

IV
i

LOGIC DIAGRAMS

Am2959

IAI——E 4l
1A2 _k— 12
1A3 -k— 1v3
1A4 —k—lw
16

[ BLI-116

;

2A2

2A3

VYN

Fagl
L 2y2
— 2Y3

— 2va

MAXIMUM RATINGS above which the useful life may be impaired

Storage Temperature -65°C to +150°C
Temperature (Ambient) Under Bias -55°C to +125°C
Supply Voltage to Ground Potential -0.5V to +7.0V
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +V o max.
DC Input Voltage -0.5V to +7.0V
DC Output Current 150mA

DC Input Current

-30mA to +5.0mA
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ELECTRICAL CHARACTERISTICS
The Following Conditions Apply Unless Otherwise Noted:

Am2958 (MiL)
Am2059 (COM’L) Tp =0°C to +70°C

Ta =—55"C to+125°C

Vec(MIN = 4.50V
Vec(MIN. = 4.75V

Voo MAX.) = 5.50V
Veo(MAX.) = 5.26V

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Am2958 - Am2959

. Typ.

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
ViH High-Leve! Input Voltage 2.0 Volts
ViL Low-Level Input Voltage 0.8 Volts
Vik Input Clamp Voltage Vee = MIN., 1| = —18mA —1.2 Volts

Hysteresis (VT4 — V1) Ve = MIN. 0.2 04 Volts
Vee = MIN, | COM'L, IgH =—1mA 2.7
ViL=08V gy =—3mA 24 34
VOH High-Level Output Voitage Volts
Voo =MIN. | MIL, loH = —12mA 20
VIL=05V | COML,lgy=—15mA| 20
) Vee =MIN. | MIL, I =48mA 055
VoL Low-Level Qutput Voltage Volts
VIL=08V | COML,IQ| =64mA. 0.55
Off-State Output Current
1 . -
0zH High-Level Voltage Applied Voo =MAX. Vo =24V 50
ViH=2.0V HA
Off-State Output Current Vi =08V
I § =05V i
0zL Low-Level Voltage Applied Vo=05 50
Input Current at Maximum
] = . =5,
! Input Voltage Vee = MAX., V=866V 10 mA
1H High-Level Input Current, Any Input Voo = MAX., Vg =27V 50 uA
Any A — A
e Low-Level Input Current Vee = MAX., V| =05V 400 o
Any G -2.0 mA
10s Short-Circuit Output Current (Note 3) Vee = MAX. -50 ~225 mA
All Qutputs MIL 80 123
HIGH com'L 80 135
= MiL 100 145
Am2958 All Qutputs Voe = MAX. mA
LOW QOutputs open com'L 100 150
MiL 100 145
Outputs at Hi-Z -
Icc Supply Current com'L 100 150
All Outputs MIL 95 147
HIGH com'L 95 160
All Outputs Ve = MAX. MiL 120 170
mA
Am2989 Low Outputs open com'L 120 180
MIL 120 170
Outputs at Hi-Z
: COoM'L 120 180
Notes: 1. For conditions shown as MIN. or MAX,, use the appropriate value specified under recommended operating conditions.
2. All typical values are Vog = 5.0V, Ta =25° C.
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
SWITCHING CHARACTERISTICS (Voo =5V, Ta =25°C)
Am2958 Am2959
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
) Propagation Delay Time,
PLH L.ow-to-High-Level OQutput 4.5 7.0 6.0 9.0 ns
Propagation Delay Time,
. 7. 6.0 X
tPHL High-to-Low-Level Output Ci = B0pF, R = 908 (Note 3) 45 0 9.0 ns
tzL Output Enable Time to Low Level 10 15 10 15 ns
tzH Qutput Enable Time to High Level 6.5 10 8.0 12 ns
Wz Output Disable Time from Low Level 10 15 10 185 ns
CL =5.0pF, R|_=90% (Note 3)
tyz Output Disable Time from High Level 6.0 9.0 6.0 9.0 ns
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Am2958 « Am2959

LOAD CIRCUIT FOR VOLTAGE WAVEFORMS
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
TEST v OuTPUT
POINT cc

CONTROL v
(LOW-LEVEL 1.3V 13v
ENABLING) )

ov
Ry ‘ZL__I - Lz
T
1.3v

WAVEFORM 1

SICLOSED TSV 5148,
St 52 OPENEj\—-( ) CLOSED) g 15V
V,
FROM QUTPUT ¢ oL

1 tyz - DSV ’
UNDER TEST ZH HZ e ! oV,
' e__ OH
oL 4 IN916 S10PEN )/1;( L
=0V

LAR 5k oR 5185, =18V

N304 52 CLOSED CLOSED

WAVEFORM 2
_‘{52
BLI-117 . —

Notes: 1.

BLI-118

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

3. Inthe examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < 1.0MHz, ZoyT * 6082
and t, < 2.5ns, t; < 2.5ns.

FUNCTION TABLES
Am2958 Am2959
INPUTS | OUTPUT INPUTS | OUTPUT
G| A Y G|A
H X z H X z
L H L L H H
L L H L L L

Am2958 USED AS SYSTEM BUS DRIVER —
4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD

CONTROL OR MICROPROGRAM ROM/PROM

B S T s e e s e T o
| |
.:gxlsgzl |
i '

e e e e

SYSTEM ADDRESS BUS

BLI-119
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Am2958 « Am2959

APPLICATIONS (Cont.)

INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS
IN A SINGLE PACKAGE

Am2958

r B
| 353/\] |
i.l'r-s | 1 ! ;':\gx BUS
=Y
| |
|
|

QUTPUT

_G 1 ouTPUT-PORT
CONTROL

INPUT
PORTS

TO
DATA BUS

|
|
I
|
I |
|

_@_{_G_} {NPUT—PORT
‘ CONTROL
L |

BLI-120

Metallization and Pad Layout

Am2958 ¢ Am2959

vee

19 2G; (2G)

18 1Y1

- 17 2A4

.16 1Y2

— 16 2A3

DIE SI1ZE 0.077"" X 0.124"
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Am2960
~ast Error Detection and
Correction for Memories

Corrects All Single-Bit
Errors

Corrects all single bit errors. Detects all double

and some triple bit errors.

Expandable

One Am2960 provides Error Detection and
Correction for 16-bits. Two Am2960s handle
32 bits; four Am2960s handle 64 bits.

Fast

Design objective of 30ns typical to detect etrors,
and 50ns to correct for 16-bits.

2-312

Flexible

Can be used with Am2900-based designs,
the AmZ8000 or other CPUs.

Diagnostics Built-In

Logic on-chip for device test and software-
controlled diagnostics.

Allows for Increased
Memory Reliability

And can significantly reduce field servicing
costs.



Am2960

Cascadable 16-Bit Error Detection and Correction Unit

ADVANCED DATA

DISTINCTIVE CHARACTERISTICS

® Modified Hamming Code
Detects multiple errors and corrects single bit errors in a
parallel data word. ldeal for use in dynamic memory
systems.

e Expandable
One Am2960 provides EDC on 16-bit data words.
Two Am2960s provide EDC on 32-bit data words.
Four Am2960s provide EDC on 64-bit data words.

® Syndromes provided.
The Am2960 makes available the syndrome bits when an
error occurs, so the location of memory faults can be
logged.

® Microprocessor compatible
The Am2960 is designed to work with Z8000 micropro-
cessor systems as well as high performance 2900 designs.

e Advanced circuit and process technologies
Newest 2900 LSI techniques provide very high
performance.
Data-in to error detection typically 30ns
Data-in to correct data out typically 50ns

e Built-in Diagnostics
Extra logic on the chip provides diagnostic functions to be
used during device test and for system diagnostics.

GENERAL DESCRIPTION

The Am2960 Error Detection and Correction Unit (EDC) contains
the logic necessary to generate check bits on a 16-bit data fieid
according to a modified Hamming Code, and to correct the data
word when check bits are supplied. Operating on data read from
memory, the Am2960 will correct any single bit error and will
detect all double and some triple bit errors. For 16-bit words, 6
check bits are used. The Am2960 is expandable to operate on
32-bit words (7 check bits) and 64-bit words (8 check bits). In all
configurations, the device makes the error syndrome available on
separate outputs for data logging.

The Am2960 also features two diagnostic modes, in which diag-
nostic data can be forced into portions of the chip to simplify
device testing and to execute system diagnostic functions. The
product is supplied in a 48 lead hermetic DIP package.
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EDC Architecture

The EDC Unit is a powerful 16-bit cascadable slice used for
check bit generation, error. detection, error correction and diag-
nostics.

As shown in the block diagram, the device consists of the
following:

— Data Input Latch

— Check Bit Input Latch

— Check Bit Generation Logic
— Syndrome Generation Logic
— Error Detection Logic

— Error Correction Logic

— Data Output Latch

— Diagnostic Latch

— Control Logic

Data Input Latch

16 bits of data are loaded from the bidirectional DATA lines
under control of the Latch Enable input, LE IN. Depending on the
control mode the input data.is either used for check bit genera-
tion or error detection/correction.

Check Bit Input Latch

Seven check bits are loaded under control of LE IN. Check bits
are used in the Error Detection and Error Correction modes.

Check Bit Generation Logic

This biock generates the appropriate check bits for the 16 bits of
data in the Data Input Latch. The check bits are generated ac-
cording to a modified Hamming code.

Syndrome Generation Logic

In both Error Detection and Error Correction modes, this logic
block compares the check bits read from memory against a
newly generated set of check bits produced for the data read in
from memory. if both sets of check bits match, then there are no
errors. If there is a mismatch, then one or more of the data or
check bits is in error.

The syndrome bits are produced by an exclusive-OR of the two
sets of check bits. If the two sets of check bits are identical

(meaning there are no errors) the syndrome bits will be all
zeroes. If there are errors, the syndrome bits can be decoded to
determine the number of errors and the bit-in-error.

Error Detection Logic

This section decodes the syndrome bits generated by the Syn-
drome Generation Logic. If there are no errors in either the input
data or check bits, the ERROR and MULTI ERROR outputs
remain HIGH. If one or more errors are detected, ERROR goes
LOW. If two or more errors are detected, both ERROR and
MULTT ERROR go LOW.

Error COrrectibn Logic

For single errors, the Error Correction Logic compiements (cor-
rects) the single data bit in error. This corrected data is loadable
into the Data Output Latch, which can then be read onto the
bidirectional data lines. If the single error is one of the check bits,
the correction logic does not place corrected check bits on the
syndrome/check bit outputs. If the corrected check bits are
needed the EDC must be switched to Generate Mode.

Data Output Latch

The Data Output Latch is used for storing the result of an error
correction operation. The latch is loaded from the correction
logic under control of the Data Output Latch Enable, LE OUT.
The Data Output Latch may also be loaded directly from the
Data Input Latch under control of the PASS THRU control input.

The Data Output Latch is split into two 8-bit (byte) latches which
maly be enabled independently for reading onto the bidirectional
data lines.

Diagnostic Latch

This is a 16-bit latch loadable from the bidirectional data lines
under control of the Diagnostic Latch Enable, LE DIAG. The
Diagnostic Latch contains check bit information in one byte and
contro! information in the other byte. The Diagnostic Latch is
used for driving the device when in Internal Control Mode, or for
supplying check bits when in one of the Diagnostic Modes.

Control Logic

The control logic determines the specific mode the device oper-
ates in. Normally the control logic is driven by external control
inputs. However, in Interhal Control Mode, the control signals
are instead read from the Diagnostic Latch.
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PIN DEFINITIONS

DATAg.15

CBy.g

LEIN

GENERATE

$Co.6

OE sC

ERROR

MULTI
ERROR

16 bidirectiorial data lines. They provide input to
the Data Input Latch and Diagnostic Latch, and
receive output from the Data Output Latch. DATA,
is the least significant bit; DATA;s the most sig-
nificant.

Seven Check Bit input lines. The check bit lines
are used to input check bits for error detection.
Also used to input syndrome bits for error correc-
tion in 32 anct 64-bit configurations.

Latch Enable — Data Input Latch. Controls latch-
ing of the input data. When HIGH the Data Input
Latch and Check Bit Input Latch follow the input
data and input check bits. When LOW, the Data
Input Latch and Check Bit Input Latch are latched
to their previcus state.

Generate Check Bits input. When this input is
LOW the EDC is in the Check Bit Generate Mode.
When HIGH the EDC is in the Detect Mode or
Correct Mode.

In the Generate Mode the circuit generates the
check bits or partial check bits specific to the data
in the Data Input Latch. The generated check bits
are placed on the SC outputs.

In the Detect or Correct Modes the EDC detects
single and multiple errors, and generates syn-
drome bits based upon the contents of the Data
Input Latch and Check Bit Input Latch. In Correct
Mode, single-nit errors are also automatically cor-
rected — corrected data is placed at the inputs of
the Data Output Latch. The syndrome result is
placed on the SC outputs and indicates in a coded
form the number of errors and the bit-in-error.

Syndrome/Check Bit outputs. These seven lines
hold the check/partial-check bits when the EDC is
in Generate Mode, and will hold the syndrome/
partial syndrome bits when the device is in Detect
or Correct Modes. These are 3-state outputs.

Output Enable — Syndrome/Check Bits. When
LOW, the 3-slate output lines SCy.g are enabled.
When HIGH, the SC outputs are in the high im-
pedance state.

Error Detected output. When the EDC is in Detect
or Correct Mode, this output will go LOW if one or
more syndrome bits are asserted, meaning there
are one or more bit errors in the data or check bits.
If no syndrome bits are asserted, there are no er-
rors detected and the output will be HIGH. In Gen-
erate Mode, ERROR is forced HIGH. (In a 64-bit
configuration, ERROR must be externally im-
plemented.)

Multiple Errors Detected output. When the EDC is
in Detect or Correct Mode, this output if LOW indi-
cates that there are two or more bit errors that
have been detected. If HIGH this indicates that
either one or no errors have been detected. In

CORRECT

LE OUT

OE BYTE 0,
OE BYTE 1

PASS
THRU

DIAG
MODE_

CODE IDg._»

LE DIAG

Generate Mode, MULTI ERROR is forced HIGH.
(In a.64-bit configuration, MULTI ERROR must be
externally implemented.)

Correct input. When HIGH this signal allows the
correction network to correct any single-bit error in
the Data Input Latch (by complementing the
bit-in-error) before putting it onto the Data Output
Latch. When LOW the EDC will drive data directly
from the Data Input Latch to the Data Output Latch
without correction.

Latch Enable — Data Output Latch. Controls the
latching of the Data Output-Latch. When LOW the
Data Output Latch is latched to its previous state.
When HIGH" the Data Output Latch follows the
output of the Data Input Latch as modified by the
correction logic network. In Correct Mode, single-
bit errors are corrected by the network before
loading into the Data Output Latch. In Detect
Mode, the contents of the Data Input Latch are
passed through the correction network unchanged
into the Data Output Latch. The inputs to the Data
Output Latch are unspecified if the EDC is in Gen-
erate Mode.

Output Enable — Bytes 0 and 1, Data Output
Latch. These lines control the 3-state outputs for
each of the two bytes of the Data Output Latch.
When LOW these lines enable the Data Output
Latch and when HIGH these lines force the Data
Output Latch into the high impedance state. The
two enable lines can be separately activated to
enable only one byte of the Data Output Latch at a
time.

Pass Thru input. This line when HIGH forces the
contents of the Check Bit Input Laich onto the
Syndrome/Check Bit outputs (SCq_g) and the un-
modified contents of the Data Input Latch onto the
inputs of the Data Output Latch.

Diagnostic Mode Select. These two lines control
the initialization and diagnostic operation of the
EDC.

Code Identification inputs. These three bits iden-
tify the size of the total data word to be processed
and which 16-bit slice of larger data words a par-
ticular EDC is processing. The three aliowable
data word sizes are 16, 32 and 64 bits and their
respective modified Hamming codes are desig-
nated 16/22, 32/39 and 64/72. Special CODE ID
input 001 (ID,, ID4, IDy) is also used to instruct the
EDC that the signals CODE IDg.,, DIAG
MODE;,.;, CORRECT and PASS THRU are to be
taken from the Diagnostic Latch, rather than from
the input control lines.

Latch Enable — Diagnostic Latch. When HIGH the
Diagnostic Latch follows the 16-bit data on the
input lines. When LOW the outputs of the Diag-
nostic Latch are latched to their previous states.
The Diagnostic Latch holds diagnostic check bits,
and internal control signals for CODE 1Dg_,, DIAG
MODE,.{, CORRECT and PASS THRU.
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FUNCTIONAL bESCRIPTION

The EDC contains the logic necessary to generate check bits on
a 16-bit data field according to a modified Hamming code. Oper-
ating on data read from memory, the EDC will correct any
single-bit error, and will detect all double and some triple-bit
errors. The Am2960 may be configured to-operate on 16-bit data
words (with 6 check bits), 32-bit data words (with 7 check bits)
and 64-bit data words (with 8 check bits). In all configurations,
the device makes the error syndrome bits available on separate
outputs for error data logging. -

Code and Byte Specification

The EDC may be configured in several different ways and oper-
ates differently in each configuration. It is necessary to indicate
to the device what size data word is involved and which bytes of
the data word it is processing. This is done with input lines
CODE IDy.5, as shown in Table |. The three moglified Hamming
codes referred to in Table | are:

® 16/22 code — 16 data bits

— 6 check bits

— 22 bits in total.
® 32/39 code — 32 data bits

— 7 check bits

— 39 bits in total.
® 64/72 code — 64 data bits

— 8 check bits

— 72 bits in total.

CODE ID input 001 (IDy, ID4, IDg) is a special code used to
operate the device in Internal Control Mode (described later in
this section).

TABLE |I. HAMMING CODE AND SLICE IDENTIFICATION.

CODE | CODE |CODE ‘

ID, D4 IDy | Hamming Code and Slice Selected
0 0 0 Code 16/22

0 0 Internal Control Mode

0 1 0 Code 32/39, Bytes 0 and 1

0 1 1 Code 32/39, Bytes 2 and 3

1 0 0 Code 64/72, Bytes 0 and 1

1 0 1 Code 64/72, Bytes 2 and 3

1 1 0 Code 64/72, Bytes 4 and 5

1 1 1 Code 64/72, Bytes 6 and 7

Control Mode Selection

The device control lines are GENERATE , CORRECT , PASS
THRU, DIAG MODE.; and CODE IDg_,. Table Il indicates the
control modes selected by various combinations of the control
line inputs.

Diagnostics
Table Il shows specifically how DIAG MODE,_; select between
normal operation, initialization and one of two diagnostic modes.

The Diagnostic Modes allow the user to operate the EDC under
software control in order to verify proper functioning of the
device. :

Check and Syndrome Bit Labeling
The check bits generated in the EDC are designated as follows:

e 16-bit configuration — CX C0, C1, C2, C4, C8;
e 32-bit configuration — CX, C0, C1, C2, C4, C8, C16;
® 64-bit configuration — CX, C0, C1, C2, C4, C8, C16, C32.

Syndrome bits are similarly labeled SX through $32. There are
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and
8 syndrome bits in the 64-bit configuration.

FUNCTIONAL DESCRIPTION —
16-BIT DATA WORD CONFIGURATION

The 16-bit format consists of 16 data bits, 6 check bits and is
referred to as 16/22 code (see Figure 1).

The 16-bit configuration is shown in Figure 2.

Generate Mode

In this mode check bits will be generated that correspond to the
contents of the Data Input Latch. The check bits generated
are placed on the outputs SCq.5 (SCg is unspecified for 16-bit
operation).

Check bits are generated according to a modified Hamming
code. Details of the code for check bit generation are contained
in Table 1IV. Each check bit is generated as either an XOR or
XNOR of eight of the 16 data bits as indicated in the table. The
XOR function results in an even parity check bit, the XNOR is an
odd parity check bit.

Detect Mode

In this mode the device examines the contents of the Data Input
Latch against the Check Bit Input Latch, and will detect all
single-bit errors, all double-bit errors and some triple-bit errors. If
one or more errors are detected, ERROR goes LOW. If two or
more errors are detected, MULTI ERROR goes LOW. Both error
indicators are HIGH if there are no errors.

Also available on device outputs SCq.5 are the syndrome bits
generated by the error detection step. The syndrome bits may
be decoded to determine if a bit error was detected and, for
single-bit errors, which of the data or check bits is in error. Table
V gives the chart for decoding the syndrome bits generated by
the 16-bit configuration (as an example, if the syndrome bits
SX/S0/S1/S2/S4/S8 were 101001 this would be decoded to indi-
cate that there is a single-bit error at data bit 9). If no error is
detected the syndrome bits will all be zeroes.

In Detect Mode, the contents of the Data Input Latch are driven
directly to the inputs of the Data Output Latch without correction.

Correct Mode

In this mode, the EDC functions the same as in Detect Mode
except that the correction network is allowed to correct (com-
plement) any single-bit error of the Data Input Latch before put-
ting it onto the inputs of the Data Output Latch. If multiple errors
are detected, the output of the correction network is unspecified.
If the single-bit error is a check bit there is no automatic correc-
tion. If check bit correction is desired, this can be done by plac-
ing the device in Generate Mode to produce a correct check bit
sequence for the data in the Data Input Latch.

Pass Thru Mode

In this mode, the unmodified contents of the Data Input Latch
are placed on the inputs of the Data Output Latch and the con-
tents of the Check Bit Input Latch are placed on outputs SCq_s.
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TABLE ll. EDC CONTROL MODE SELECTION.

tuted for the normaily generated check bits when in the Generate Mode.
The EDC functions normally in the Detect or Correct modes.

DIAG MODE_, CODE 1Dy
GENERATE CORRECT PASS THRU (DM, DMg) (IDy, 1D, IDy) Control Mode Selected
LOW Low LOW 00 Not 001 Generate
Low LOW LOowW 01 Not 001 Generate Using Diagnostic Latch
LOW LOwW LOW 10 Not 001 Generate
LOw LOW LOw 11 Not 001 Initialize
LOW LOW HIGH 00 Not 001 Pass Thru
Low LOW HIGH 01 Not 001 Pass Thru
LOwW LOW HIGH 10 Not 001 Pass Thru
Low Low HIGH 11 Not 001 Undefined
Low HIGH LOW 00 Not 001 Generate
Low HIGH Low 01 Not 001 Generate Using Diagnostic Latch
LOow HIGH LOW 10 Not 001 Generate
LOW HIGH LOW 1 Not 001 Initialize
Low HIGH HIGH 00 Not 001 Pass Thru
LOowW HIGH HIGH 01 Not 001 Pass Thru
LOW HIGH HIGH 10 Not 001 Pass Thru
LOW HIGH HIGH 11 Not 001 Undefined
HIGH Low LOW 00 Not 001 Detect
HIGH Low Low 01 Not 001 Detect
HIGH LOW LOW 10 Not 001 Detect Using Diagnostic Latch
HIGH Low LOW 11 Not 001 Initialize
HIGH LOW HIGH 00 Not 001 Pass Thru
HIGH LOW HIGH 01 Not 001 Pass Thru
HIGH LOowW HIGH 10 Not 001 Pass Thru
HIGH LOW HIGH 11 Not 001 Undefined
HIGH HIGH LOw 00 Not 001 Correct
HIGH HIGH Low 01 Not 001 Correct
HIGH HIGH Low 10 Not 001 Correct Using Diagnostic Latch
HIGH HIGH LOW 11 Not 001 Initialize
HIGH HIGH HIGH 00 Not 001 Pass Thru
HIGH HIGH HIGH 01 Not 001 Pass Thru
HIGH HIGH HIGH 10 Not 001 Pass Thru
HIGH HIGH HIGH 11 Not 001 Undefined
Any Any Any Any 001 Internal Control Using Diagnostic Latch
TABLE lliil. DIAGNOSTIC MODE CONTROL.
DIAG DIAG
MODE MODE, Diagnostic Mode Selected
0 0 Non-diagnostic mode. The EDC functions normally in alt modes.
0 1 Diagnostic Mode A. The contents of the Diagnostic Latch are substi-

0 Diagnostic Mode B. In the Detect or Correct Mode, the contents of the
Diagnostic Latch are substituted for the check bits normally read from
the Check Bit Input Latch. The EDC functions normally in the

Generate Mode.

1 Initialize. The inputs of the Data Output Latch are forced to zeroes and
the check bits generated correspond to the all-zero data.
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DATA CHECK BITS

BYTE 1 BYTE 0 CXxjpcojcijca|cs

c8

Uses Modified Hamming Code 16/22
— 16 data bits

— 6 check bits

— 22 bits in total

Figure 1. 16 Bit Data Format.

MPR-730

INPUT CHECK BITS
FOR 16-BIT CONFIGURATION

DON'T
DATAp45 CX CO c2 C8 CARE

UL

DATAg1s CB, CB, CB, CB; CB, CBy CBg

EDC CODE

1Dg_2

$C; SC; SC, SC; SC, SCs SCg

l ‘ l R | UNSPECIFIED
FOR 16-BiT
SX/CX St/C1 S4/C4 CONFIGURATION

$0/C0 S2/C2 S8/C8

SYNDROME/CHECK BIT OUTPUTS
FOR 16-BIT CONFIGURATION

Figure 2. 16 Bit Configuration.

MPR-731

TABLE IV. 16-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART.

Generated Participating

Check Data Bits
Bits Parity 0 2 3{4 5 6 7|8 9 10 1112 13 14 15
cX Even (XOR) X X X X X
co Even (XOR) | X X X X X X X
c1 Odd (XNOR) | X X | X X X X X X
c2 Odd (XNOR) | X X X X XX X
C4 Even (XOR) X X[X X X X X
c8 Even (XOR) X X X X|X X X X

The check bit is generated as either an XOR or XNOR of the eight data bits noted by an “X” in the table.

TABLE V. SYNDROME DECODE
TO BIT-IN-ERROR.

TABLE VI. DIAGNOSTIC LATCH LOADING —
16-BIT FORMAT.

Syndrome S8 | 0 1 0 1 0 1 0 1
Bits S4| o 0 1 1 0 [0} 1 1
$2{0 0 0 0 1 1 1 1
SX S0 S1

0 0 % |[C8{C4 | T [C2| T T M
0 1 C1 T T 15| T 13 7 T
0 1 0 Co| T T T 12 6 T
0 1 1 T {10 | 4 T 0 T T M
1 0 0 CX| T T 14 | T " 5 T
1 0o 1 T|9 (8| T|M|T|T|M
1 1 0 T 8 2 1 T T M
1 1 1 M T T M T M M T

% — no errors detected

Number — the location of the single bit-in-error
T - two errors detected

M — three or more errors detected

Data Bit Internal Function

0 Diagnostic Check Bit X
1 Diagnostic Check Bit 0
2 Diagnostic Check Bit 1
3 Diagnostic Check Bit 2
4 Diagnostic Check Bit 4
5 Diagnostic Check Bit 8

6,7 Don’t Care
8 CODEIDO
9 CODEID 1

10 CODEID 2

11 DIAG MCDE 0

12 DIAG MODE 1

13 CORRECT

14 PASS THRU

15 Don't Care
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Diagnostic Latch

The Diagnostic Latch serves both for diagnostic uses and inter-
nal control uses. It is loaded from the DATA lines under the
control of LE DIAG. Table VI shows the loading definitions for
the DATA lines.

Generate Using Diagnostic: Latch (Diagnostic Mode A)
Detect Using Diagnostic Latch (Diagnostic Mode B)
Correct Using Diagnostic L.atch (Diagnostic Mode B)

These are special diagnostic modes selected by DIAG MODE,_4
where either normal check bit inputs or outputs are substituted
for by check bits loaded into the Diagnostic Latch. See Table Il
for details.

Internal Control Mode
This mode is selected by CODE IDy.; input 001 (IDy, 1Dy, 1D).

When in Internal Control Mode, the EDC takes the CODE ID.5,
DIAG MODE,.;, CORRECT and PASS THRU control signals
from the internal Diagnostic l_atch rather than from the external
input lines.

Table VI gives the format for loading the Diagnostic Latch.

FUNCTIONAL DESCRIPTION —
32-BIT DATA WORD CONFIGURATION

The 32-bit format consists of 32 data bits, 7 check bits and is
referred to as 32/39 code (see Figure 3).

The 32-bit configuration is shown in Figure 4.

The upper EDC (Slice 0/1) handles the least significant bytes 0
and 1 — the external DATA lines 0 to 15 are connected to the
same numbered inputs of the upper device. The lower EDC
(Slice 2/3) handles the mosi significant bytes 2 and 3 — the
external DATA lines for bits 16 to 31 are connected to inputs
DATA, through DATA,g respectively.

The valid syndrome and check bit outputs are those of Slice 2/3
as shown in the diagram. In Correct Mode these must be read
into Slice 0/1 via the CB inputs, thus requiring external buffering
and output enabling of the check bit lines as shown. The OE SC
signal can be used to control enabling of check bit inputs —
when syndrome outputs are enabled, the external check bit in-
puts will be disabled.

The valid ERROR and MULT! ERROR outputs are those of the
Slice 2/3. The ERROR and MULTI ERROR outputs of Slice 0/1
are unspecified. All of the latch enables and control signals must
be input to both of the devices.

Generate Mode

In this mode check bits will be: generated that correspond to the
contents of the Data Input Latch. The check bits generated are
placed on the outputs SCq_g of Slice 2/3.

Check bits are generated according to a modified Hamming
code. Details of the code for check bit generation are contained
in Table VII. Check bits are generated as either an XOR or
XNOR ot 16 of the 32 data bits as indicated in the table. The
XOR function results in an even parity check bit, the XNOR in an
odd parity check bit.

Detect Mode

In this mode the device examines the contents of the Data Input
Latch against the Check Bit Input Latch, and will detect all
single-bit errors, all double-bit errors and some tripte-bit errors. If
one or more errors are detected, ERROR goes LOW. If two or
more errors are detected, MULTI ERROR goes LOW. Both error
indicators are HIGH if there are no errors. The valid ERROR and
MULTI ERROR signals are those of Slice 2/3 — those of Slice
0/1 are undefined.

Also available on Slice 2/3 outputs SCq.g are the syndrome bits
generated by the error detection step. The syndrome bits may
be decoded to determine if a bit error was detected and, for
single-bit errors, which of the data or check bits is in error. Table
VIili gives the chart for decoding the syndrome bits generated for
the 32-bit configuration (as an example, if the syndrome bits
SX/S0/S1/52/54/S8/S16 were 0010011 this would be decoded to
indicate that there is a single-bit error at data bit 25). If no error is
detected the syndrome bits will be all zeroes.

In Detect Mode, the contents of the Data Input Latch are driven
directly to the inputs of the Data Output Latch without correc:
tions.

Correct Mode

In this mode, the EDC functions the same as in Detect Mode
except that the correction network is allowed to correct (com-
plement) any single-bit error of the Data Input Latch before put-
ting it onto the inputs of the Data Output Latch. If multiple errors
are detected, the output of the correction network is unspecified.
If the single-bit error is a check bit there is no automatic correc-
tion — if desired this would be done by placing the device in
Generate Mode to produce a correct check bit sequence for the
data in the Data Input Latch.

For data correction, both Slices 0/1 and 2/3 require access to the
syndrome bits on Slice 2/3’s outputs SCy_g. Slice 2/3 has access
to these syndrome bits through internal data paths, but for Slice
0A they must be read through the inputs CBg_g. The device
connections for this are shown in Figure 4. When in Correct
Mode the SC outputs must be enabled so that they are available
for reading in through the CB inputs.

Pass Thru Mode

In this mode, the unmodified contents of the Data Input Latch
are placed on the inputs of the Data Output Latch and the con-
tents of the Check Bit Input Latch are placed on outputs SCyq_g of
Slice 2/3.

Uses Modified Hamming Code 32/39 DATA ' CHECK BITS

— 32 data bits

— 7 check bits BYTE 3 BYTE 2 BYTE 1 BYTEO |cx|co}ci|ca]|cafcs]ce
~ 39 bits in total 31 24 {23 16 115 sl7 0

Figure 3. 32 Bit Data Format.

MPR-732
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INPUT CHECK BITS

DATAg.; DATAjis cx co €1 C2 C4  C8 Ci6 OFE sc
F—
DATA CB, CB; CB, CB; CB; CB; CBg
6ESC<—-L
EDC L
BYTES 0 AND 1 =
CODE
D [=—010
sC, SC, SC, SC; SC, SCs SCg
DATA CB, CB, CB, CB; CB, CBs CBg
OE sC
EDC
BYTES 2 AND 3
CODE
D j— 011
______ WU
ERROR ERRoR SCo SC; . SC; SC3 SC, SC;  SCq

EAROR _MULTI_SX/CX S0/CO0 $1/C1 $2/C2 $4/C4 SB/CE S16/C16

ERROR

OUTPUT SYNDROME/CHECK BITS

Figure 4. 32 Bit Configuration.

MPR-733

TABLE VII. 32-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART.

Generated Participating Data Bits

Check
Bits Parity 0 1 2 3/4 5 6 7|8 9 10 11|12 13 14 15
cX Even (XOR) | X ' X X X|X X X X
co Even (XOR) | X X X X X X X
Ci Odd (XNOR) | X X | X X X X X
c2 Odd (XNOR) | X X X X X X' x
c4 Even (XOR) X X|x x x X X X
cs Even (XOR) X X X X|[X X X X
ci6 Even(XOR) | X X X X |X X X X

Generated Participating Data Bits

Check
Bits Parity 16 17 18 19{20 21 22 23|24 25 26 27|28 29 30 31
cX Even (XOR) X X X X X X X X
co Even (XOR) | X X X X X X X
ci Odd (XNOR) X | x X X X X X
c2 Odd (XNOR) | X X X X X X| x x
ca Even (XOR) X X|X X X X X X
cs Even (XOR) X X X X|X X X X
cie Even (XOR) X X X X|X X X X

The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by an “X" in the table.
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TABLE Vill. SYNDROME DECODE TO BIT-IN-ERROR. from the internal Diagnostic Latch rather than from the external
control lines.
Syndrome S0 1 0o 1 0 1 0 A . . . .
Bits s8/o0 o 1 1 0 0 1 1 Table IX gives the format for loading the Diagnostic Latch.
4
o so st s2 1o 0 0 FUNCTIONAL DESCRIPTION —
64-BIT DATA WORD CONFIGURATION
°o 0 0 * |C16/C8| T |C4|T|T 30 The 64-bit format consists of 64 data bits, 8 check bits and is
0 o0 1 C2| T |T|27| T |6 |M|T referred to as 64/72 code (see Figure 5).
o 0 1 0 G T 25| 7 |3115| 7 The configuration to process 64-bit format is shown in Figure 6.
0o 0 1 1 TiIM|1B{T|23] T| T WM™ In this configuration a portion of the syndrome generation and
2 error detection is implemented externally of the EDCs in MSI.
6 v 0 o CofT|T|24]T | 2|M|T For error correction the syndrome bits generated must be read
6 1 o0 1 Ti1 |12 T2 T|T|M back into all four EDCs through the CB inputs. This necessitates
0 1 1 o TimMliol T2l T  TM™m the check bit buffering shown in the connection diagram of Fig-
ure 6. The OE SC signal can control the check bit enabling —
o 1 1 W TITIM|TIMMT when syndrome bit outputs are enabled the external check bit
1 0 0 o0 CX|T|T|M|T|M|14|T lines will be disabled so that the syndrome bits may be read onto
1 0 0 1 timM[u]|T]2] T[T ™ the CB inputs.
1 0 1 o] TIM]|9 | T |19 T | T3
TABLE IX. DIAGNOSTIC LATCH LOADING —
1 0 1 1 M| T|[T([20| T|{7|M|T 32-BIT FORMAT.
11 0 o0 TIM|8|T[18]|T|T|M
1 1 0o 1 7l T T 28T |6 |M|T Data Bit Internal Functior\
1 1 1 0 Ml T T 26T a4 |mM|T 0 Dfagnost!c Check Bft X
] ; ; ; T 1o w7 o 1 Diagnostic Check Bit 0
2 Diagnostic Check Bit 1
* — no errors detected N N :
Numbers — number of the single bit-in-error 3 Diagnostic Check Bit 2
:\;l_ t""’1° errors detected 4 Diagnostic Check Bit 4
—t
ree or more errors detected 5 Diagnostic Check Bit 8
6 Diagnostic Check Bit 16
7 Don't Care
Diagnostic Latch 8 Slice 0/1 — CODE ID 0
The Diagnostic Latch serves both for diagnostic uses and inter- 9 Slice 0/1 — CODE ID 1
nal control uses. It is loaded from the DATA lines under the 10 Slice 01 — CODE ID 2
control of LE DIAG. Table IX shows the loading definitions for -
the DATA lines. 11 Slice 0/1 — DIAG MODE 0
12 Slice 0/1 - DIAG MODE 1
G te Using DI tlc Latch (DI fic Mode A 13 Slice 0/1 — CORRECT
Denera e. s ng. agn?,s I-c e:‘ cD‘( iagnostic Mo Be ) Py Slice 0/1 — PASS THRU
etect Using Diagnostic Latch (Diagnostic Mode B) P Don't Care
Correct Using Diagnostic Latch (Diagnostic Mode B) 16.23 Don't Gare
24 Slice 2/3 — CODE ID 0
These are special diagnostic modes selected by DIAG MODE_4 fce / -
where either normal check bit inputs or outputs are substituted 25 Slice 2/3 — CODE ID 1
for by check bits from the Diagnostic Latch. See Tabie Ill for 26 Slice 2/3 — CODE ID 2
details. 27 Slice 2/3 — DIAG MODE 0
28 li — DIAG MODE 1
Internal Control Mode 20 Zce 2//2 COF?REg'lI?
ice -
This mode is selected by CODE ID,.,, input 001 (ID5, 1Dy, IDg).
5 mo v 0-2: 1P\ (IDz 1D, IDo) 30 Slice 2/3 — PASS THRU
When in Internal Control Mode the device takes the CODE a DoniC
IDg.o, DIAG MODEg.;, CORRECT and PASS THRU signals on't Care
DATA CHECK BITS

BYTE7 BYTE 6 BYTE 5 BYTE 4 BYTE 3 BYTE 2 BYTE 1 BYTE 0 CX jco| Ci|c2]csa|ca|cis]|caz

63 48 | 47 32131 16 1 15 0
Uses Modified Hamming Code 64/72

— 64 data bits

— 8 check bits

= 72 bits in total Figure 5. 64 Bit Data Format.
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Figure 6. Am2960 — 64 Bit Data Configuration.
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Input CBg of Slice 0/1 is unused and need not be connected.
Output SCq of Slice 2/3 is unspecified for the 64-bit configura-
tion.

The error detection signals for the 64-bit configuration differ from
the 16 and 32-bit configurations. The ERROR signal functions
the same: it is LOW if one or more errors are detected, and
HIGH if no errors are detected. The DOUBLE ERROR signal is
HIGH if and only if a double-bit error is detected — it is LOW
otherwise. All of the MULTi ERROR outputs of the four devices
are valid. MULTI ERROR is LOW when three or more errors are
detected; it is HIGH if either zero, one or two errors are detected.

This is a different meaning for MULTI ERROR than in other
configurations.

Generate Mode

In this mode check bits will be generated that correspond to the
contents of the Data input Latch. The check bits generated ap-
pear at the outputs of the XOR gates as indicated in Figure 6.

Check bits are generated according to a modified Hamming
code. Details of the code for check bit generation are contained
in Table X. Check bits are generated as either an XOR or XNOR

TABLE X. 64-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE.

Generated Participating Data Bits
Check pating
Bits Parity 0 2 3(4 5 6 7/8 9 10 11|12 13 14 15
cX Even (XOR) X X X X X X X X
Co Even(XOR) | X X X X X X X X
(%3] Odd (XNOR) | X Xi X X X X X X
c2 Odd (XNOR) | X X X X1 x X
C4 Even (XOR) X XX X X X
cs Even (XOR) X X X X{X X X X
C16 Even (XOR) X X X XX X X X
C32 Even (XOR) X X X X[Xx X X X
Generated Participating Data Bits
Check
Bits Parity 16 17 18 19|20 21 22 23|24 25 26 27|28 29 30 31
CX Even (XOR) X X X X X X X X
co Even (XOR) | X X X X X X X
Ct Odd (XNOR) | X X | x X X X X X
c2 Odd (XNOR) | X X X X Xl X X
C4 Even (XOR) X X | X X X X X
cs Even (XOR) X X X X[|[X X X X
C16 Even (XOR) X X X XX X X X
C32 Even (XOR) X X X X|X X x X
Generatec Particlpating Data Bits
Check
Bits Parity 32 33 34 35|36 37 38 39|40 41 42 43|44 45 46 47
cX Even (XOR) | X X X X X X X X
co Even (XOR) | X X X X X X X X
C1 Odd (XNOR) | X X | X X X X X X
c2 Qdd (XNOR) | X X X X X X X
c4 Even (XOR) X XX X X X X
cs Even (XOR) X X X X|X X x X
c16 Even (XOR) X X X XX X X X
C32 Even (XOR) X X X X[ X X X X
Generated Participating Data Bits
Check
Bits Parity 48 49 50 51|52 53 54 55|56 57 58 59/60 61 62 63
cx Even (XOR) | X X X X X X X X
Cco Even (XOR) X X X X X X X X
ct Odd (XNOR) | X x| x X X X X X
c2 Odd (XNOR) | X X X X x| x X
ca4 Even (XOR) X X|X X X X X X
c8 Even (XOR) X X X[ X X X X
ci6 Even (XOR) X X X X|x X X
c32 Even(XOR) | X X X X|X X X X

The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an “X" in the table.
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of 32 of the 64 bits as indicated in the table. The XOR function
results in an even parity check bit, the XNOR in an odd parity
check bit.

Detect Mode

In this mode the device examines the contents of the Data Input
Latch against the Check Bit Input Latch, and will detect all
single-bit errors, all double-bit errors and some triple-bit errors. If
one or more errors are detected, ERROR goes LOW. If exactly
two errors are detected, DOUBLE ERROR goes HIGH. if three
or more errors are detected, MULTI ERROR goes LOW — the
MULT! ERROR output of any of the four EDCs may be used.

Available as XOR gate outputs are the generated syndrome bits
(see Figure 6). The syndrome bits may be decoded to determine
if a bit error was detected and, for single-bit errors, which of the
data or check bits is in error. Table Xl gives the chart for encod-
ing the syndrome bits generated for the 64-bit configuration (as
an example, if the syndrome bits SX/S0/S1/52/54/58/516/S32
were 00100101 this would be decoded to indicate that there is a
single-bit error at data bit 41). if no error is detected the syn-
drome bits will all be zeroes.

In Detect Mode the contents of the Data Input Latch are driven
directly to the inputs of the Data Output Latch without correc-
tions.

Correct Mode

In this mode, the EDC functions the same as in Detect Mode
except that the correction network is allowed to correct (com-
plement) any single-bit error of the Data Input Latch before put-
ting it onto the inputs of the Data Output Latch. If multiple errors
are detected, the output of the correction network is unspecified.
If the single bit error is a check bit there is no automatic correc-
tion. Check bit correction can be done by placing the device in
generate mode to produce a correct check bit sequence for the
data in the Data Input Latch.

To perform the correction step, all four slices require access to
the syndrome bits which are generated externally of the devices.
This access is provided by reading the syndrome bits in through
the CB inputs. The device connections for this are shown in
Figure 6. When in Correct Mode the SC outputs must be en-
abled so that the syndrome bits are available at the CB inputs.

Pass Thru Mode

In this mode, the unmodified contents of the Data Input Latch
are placed on the inputs of the Data Output Latch, and the
contents of the Check Bit Input Latch are passed through the
external XOR network and appear unmodified at the XOR gate
outputs labeled CX to C32 (see Figure 6).

TABLE XI. SYNDROME DECODE TO BIT-IN-ERROR.

Syndrome €320 1+ 0 1 o 1 o 1 o0 1 0 1 0 1 0o 1
Bits §16| 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
s, 0 0o o o0- 1t {+ 1 1 o0 0 o0 0 1 1t 1 1
sS4/ 0 0, 0 o0,0,0 0 o0 1 1 1 1 1 1 1 1
SX S0 S1 S2
0 0 (o} 0 % |C32|Ci6| T |C8 | T T M|Ca | T T M 46 | 62
0 0 0 1 C2 T M T 59| T T |83 (37| T M T T M
0 0 1 0 C1| T T M T |4 |57 T T |53 T |16|T T3
0 0 1 1 T M M T T T|29 |23 | T T 7 T M| M T
0 1 0 0 Co| T T M T |40 | 56| T T |50|34| T M T T M
0 1 0 1 T |49 (33| T |12| T T |28 |22 | T T 6 T MM} T
0 1 1 0 T M| M T{10]| T T (262 | T T 4 T M| M T
0 1 1 1 16 T T 0 T M| M T T M| M T M T T M
1 0 0 0 CX| T T M T M| M T T M| M T 14| T T | 30
1 0 0 1 T M| M T |11 T T | 27 ‘21 T T 5 T M| M T
1 0 1 0 T|Mi{M|T |9 | T|T|25|19 | T )| T| 38| T |47 |63| T
1 0 1 1 T T M T | 45 | 61 T T |83 T M T T M
1 1 0 0 T M| M T 8 T 24 118 | <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>