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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.
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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 rise 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.

1000

_/1965

/ 1970
v

100
w N
g \./
=
w
jo]
1
1 10 100 1000
GATES/CHIP
Figure 2. MPR-002

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 11 — 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:
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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 — utilizing 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 Am9082A can be used to build a microcomputer with
only four or five packages, an Am2900 design will require 30
or 40 or more. The Am93080A 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 other 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 changes 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 contro! 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
or 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 I, 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 | 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 builtinto 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 (D). (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 (2) 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 oceur 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
pipeline 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-
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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 questions 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.






THE Am2900 EVALUATION AND LEARNING KIT

Pictured at the left is the Am2900 Evaluation Kit. The system consists of a
microprogrammed control unit which controls all the inputs to an Am2901A
microprocessor slice. Thirty-two bit microinstructions are entered into a RAM
in the control unit using the switch register. Each microinstruction contains
bits to control the Am2901A’s A and B addresses, instruction, carry in, and
data input. Additional bits in the microinstruction control an Am2909
sequencer which generates the addresses for the microprogram memory.
Once entered, microinstructions may be executed using a single step clock
or using a pulse generator. The LED display provides access to nearly every
signal path in the system.

Sixteen “sequence control” instructions are available, including execute,
branch conditional, jump-to-subroutine, return, and loop. Because the set of
sequence instructions is implemented in a PROM, the user can devise his
own set of operations by programming a new PROM.

The kit is supplied with 40 IC's, all resistors, capacitors, LED’s and switches,
the PC board, and a manua! containing assembly instructions, theory and a
set of exercises. The user need only solder the components in place and
attach a 5 V power supply (2.0 ampere rating).

Working with the kit, the user will gain familiarity with a high performance
pipelined microprogrammed architecture, and with the operation of the
Am2909 and Am2901A. By driving the kit from a pulse generator, the user
can observe the operation of the components in real time, executing real
instructions.

The part number for this kit is Am2900K1.

2-1
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Am2901A

Four-Bit Bipolar Microprocessor Slice

DISTINCTIVE CHARACTERISTICS

® Two-address architecture —
Independent simultaneous access to two working registers saves
machine cycles.
o Eight-function ALU —
Performs addition, two subtraction operations, and five logic
functions on two source operands. ’
o Flexible data source selection —
ALU datais selected from five source ports for atotal of 203 source -
operand pairs for every ALU function.
e Leftiright shift independent of ALU —
Add and shift operations take only one cycle.
e Four status flags —
Carry, overflow, zero, and negative.
® Expandable —
Connect any number of Am2901A’s together for longer word
lengths.
® Microprogrammable —
Three groups of three bits each for source operand, ALU function,
and destination control.

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 Am2901A 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 function, and the
ALU destination register. The microprocessor is cascadable with full
look-ahead or with ripple carry, has three-state outputs, and pro-
vides various status flag outputs from the ALU. Advanced low-
power Schottky processing is used to fabricate this 40-lead LS| chip.

The Am2901A is a pin-for-pin replacement for the Am2901 with
increased speed, better output drive and reduced power supply
current.
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Am2901A

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 multipléexer 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 AQ 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 Am2901A microprocessor implements eight of these pairs.
The microinstruction inputs used to select the ALU source
operands are the lg, 11, and I2 inputs. The definition of Ig, I,
and 1o for the eight source operand combinations are as shown in
Figure 2, Also shown is the octal code for each ‘sele‘ction’.

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 register is 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 I3, I4, and Ig microinstruction inputs are used to select the
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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 (‘182). A carry-out, Cp 44, is also.generated and is avail-
able as an output for use as the carry flag in a status register. Both
carry-in (Cp,) and carry-out (Cp44) 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.
F3 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 C,,3 and Cp14 are
not the same polarity.

The ALU data output is routed to several destinations. It 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 Ig 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 contro! (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 RAM3 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 selected. This shifter is con-
trolled from the lg, |7 and Ig 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-down mode, the multi-
plexer selects the Q register data appropriately 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 lg, |7, and Ig as shown
in Figure 4.

The clock input to the Am2901A controls the RAM, the Q register,
and the A and B data latches. When enabled, data 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) defined by the B address field
when the clock input is LOW.
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Am2901A

ALU SOURCE
MICRO CODE OPERANDS
Mnemonic { b | Iy | Ip g;?el R S

AQ Lfv|L 0 A a
AB [ I 1 A B
za L|H|L 2 o Q
z8 L|{H|H 3 o B
zA H| Lt 4 o) A
DA H|L|H 5 D A
Da H|H]|L 6 D Q
Dz H|H]|H 7 D o

Figure 2. ALU Source Operand Control.

MICRO CODE
AU symsoL
Mnemonic | I5 | I3 | I3 g:::e' Function
ADD Lt 0 RPlus S R+S
SUBR LIL|H 1 S Minus R S-R
SUBS LIH|L 2 R Minus S R-S
OR LIH|H 3 RORS RV S
AND HiL|L 4 R AND S RAS
NOTRS H{L|H 5 RAND S RAs
EXOR HI{H|L 6 REX-OR S R¥S
EXNOR |H|H|H 7 REX-NORS | RS

Figure 3. ALU Function Control.

MICRO CODE FUNCTION FUNCTION v SHIFTER SHIFTER
Mnemonic [ 15 | 17 | 1 | Ot | shift | Load | shift | Load | OUTPUT | Ram, | RaMz | ap | ag
orec | L [ L]|L]| o x | None | NoNE | F>a 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
RaMap |H | L | L[| 4 |pown |28 | Down [az-a F Fo | INa | 0o | INg
RAMD H L H 5 DOWN F2—>B X NONE F Fo IN3 Qp X
RaMau [ H | H | L 6 w |2k>B | UuP |20-0q F INg Fa INg Qs
RAMU |H [H | H]| 7 v |2p>B | x| none F Ny | Fs x 0

Figure 4. ALU Destination Control.

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state
B = Register Addressed by B inputs.
UP is toward MSB, DOWN is toward LSB.

OCTAL

o 10 0 1 2 3 4 5 6 7
$I5 ALU
A4 ALUS°-“"°° AQ A,B 0.a 0,8 0,A D, A D, Q D,0
L3 .
Function
Cn=L A+Q A+B a B A D+A D+Q D
0| RPlusS
Ch=H A+Q+1 A+B+1 Q+1 B+1 A+l D+AH D+Q+1 D+1
Cn=L Q-A-1 B—A-1 Q-1 B-1 A-1 A-D-1 Q-D-1 —D—1
1 | SMinus R
Ch=H Qa-A B-A Q B A A-D a-p -D
Cn=1L A-Q-1 A-B-1 -Q-1 -B—1 ~A-1 D-A-1 D-Q-1 D-1
2 | R Minus S
Ch=H A-Q A-B -a -8B -A D-A D-Q D
3 RORS AvQ AVB Q B A DVA pva D
4 | RANDS AAQ AAB 0 0 0 DAA DAQ 4}
5| RANDS AnQ AAB a B A BAA BAa 0
6 |REX-ORS AvQ A¥B Q B A D¥A Dva D
7 |REXNORS| AvQ AYS Q B A D¥A bva D
+ = Plus; — = Minus; V=0R; A =AND; ¥ =EX-OR

Figure 5. Source Operand and ALU Function Matrix.




SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the lg, |1, and I3 instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The
13, 14, and lg 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 lg and Cp, are viewed together, the matrix of

Am2901A

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 Am2901A
can perform and Figure 7 shows the arithmetic functions of
the device. Both carry-in LOW (Cn = 0) and carry-in HIGH
(Cpy = 1) are defined in these operations.

Octal .
1543, 1210 Group Function
40 AAQ
41 ANB
4s AND DAA
46 DAQ
30 AVQ
31 AVB
35 OR DVA
36 Dva
60 AvQ
61 EX-OR Av¥B
65 D¥A
66 Dva
70 A¥Q
71 AVB
75 EX-NOR BYA
76 bva
72 Q
73 B
74 INVERT A
77 D
62 Q
63 B
SS
64 PA A
67 D
32 Q
33 B
21 PASS A
37 D
42 i}
43 “ZERO" 0
44 0
47 0
50 AAQ
51 MASK AAB
55 DAA
56 DAQ
Figure 6. ALU Logic Mode Functions.

Octal Cn =0 {Low) Cn = 1 (High)
I543. 1210 Group Function Group Function
00 A+Q A+Q+1
01 ADD A+B ADD pius At+B+1
05 D+A one D+A+1
06 D+Q D+Q+1

02 Q o+
03 PASS B Increment | B+1
04 A A+1
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. | —-B
24 —A-1 (Negate) —A
17 —D-1 -D
10 Q-A—1 a-A
11 Subtract B—-A—-1 Subtract B—A
15 {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
2 6 D—-Q—1 D—Q

Figure 7. ALU Arithmetic Mode Functions.
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Am2901A

LOGIC FUNCTIONS FOR G, P, Cph+4, AND OVR Definitions (+ = OR)

The four signals G, P, Cn+4, and OVR are designed to indicate Po = Ro + So Go = RoSo

carry and overflow conditions when the Am2901A is in the add Py =Ry + 5 G1 = R1$4

or subtract mod‘e. The table below indi.cates the logic ?quations Py = Ry + Sy Go = RyS)

for these four signals for each of the eight ALU functions. The Pa=Ra+S G = RS

R and S inputs are the two inputs selected according to 3 N3 T3 37 N3=3

Figure 2. Cq4 = G3 + P3G, + P3P2Gq + P3PoP1Gg + P3PoP4PoCh

C3 = G2 + PGy + PaP1Gp + PoP1PoCh

Is43 | Function P G Cn+4 OVR
0| R+s P3P2P1Pg Gg + P3Gy + P3P2Gy + PaPaP1Go Ca C3¥Cy
1 S—R |- Same as R + S equations, but substitute R_, for Rj in definitions —
2 R~S |- Same as R + S equations, but substitute S_I for Sj in definitions -
3 | RVS Low P3P2P1Pg P3P2P1Pg +Cn P3PaP1Pg +Cp
4 | RAS Low G3+Gz+ Gy +Go G3+Gp+Gy+Go+Cn | G3+G2+ Gy +Go+Cp
5 BAS Low |tg—————————— Same as R A S equations, but substitute ﬁ; for Rj in definitions ——————— s}
6 RYS |w= Same as R ¥ S, but substitute ﬁ, for Rj in definitions o
7 | R¥S | G3+Gy+Gy+Gp Gg+ PGy + PaPyGq + PaPoP1Pg ___——_m ‘See note
+P3P2P1Pg (G + Cp}
Note: [P2+GyP1+G2G1Po+G2G1GaCn] ¥ [Pa+G3P2+G3GoP1+G3G,G1Pg+G3G2G1GoCnl +=0R

Figure 8.

ORDERING INFORMATION

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

Package Type Temperature Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2901APC P-40 C C-1
AM2901ADC D-40 o] C-1
AM2901ADC-B D-40 C B-1
AM2901ADM D-40 M C-3
AM2901ADM-B D-40 M B-3
AM2901AFM F-42 M Cc-3
AM2901AFM-B F-42 M B-3
AM2901AXC Dice c } :/ 's,;fl paiagone
AM2901AXM Dice M oS

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, M = —55°C to +125°C.
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.

Figure 9.
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Am2901A

GND
F=0
lo
h
12

cp
Qg
By
8y
B2
B3
00

METALLIZATION AND PAD LAYOUT

Top View Top View
Vee
RAMg
— [— DIP
| —
- Y= ) =X w1 e Y e
— i Azgz s[]v3 ]2 a4
| A 3 B/ Y2 RAM3[] 3 A
—_— 6 Ao [ A" ne(] 4 20142
1 — 4o 15 s 33 Yo RAMg (5 814
Aq g s BI17F veeTle 37 [10€
A [P = £ 34 ] ovR F=0[]7 £ e A4
Az RAM3 []8 33{] Ca+a [y = £ s IY2
— 3 RAMg ({9 235 we u v
—— CE vee £ a3, 2] 10 331
v, F=0 Jn1 307 ono cmch n 32 P
3 i 12 29 E Co ne ] 12 n[Tove
% e £1) 28 Iy Q3 30 %44
— Y I ] 27[ % 8o ] 14 296
v. cp 15 28[ 1'% B []1s 28 1F3
! 0 18 25 1 0o 816 27 {T]GND
— — Yo 8y []7 210 8317 % %cn
— — 7 By 18 233 02 Qo (18 25l
— B2 19 2 g D3 0319 2 E's
— .’ﬁ — OVR 83 ] 20 21[J 9 0, ] 20 23[i3
- oga 22 1%
— ) I Cn+s MPR-006 MPR-007
- G
F3 Caution: Am2901AFM pinout
GND Note: differs from Am2901FM

DIE SIZE 0.132" X 0.149"

CONNECTION DIAGRAM

FLAT PACK CONNECTIONS

Pin 1 is marked for orientation.

on pins 4,11, 12 and 13.

Figure 10.

PIN DEFINITIONS

Ag-3

Bo-3

lo-8

RAM;

RAMg

Dg-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 ccntrol lines to the Am2901A,
used to determine what data sources will be applied
to the ALU (lg12), what function 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 (Q3) and the
register stack (RAM3). Electrically these lines are
three-state outputs connected to TTL inputs internal
to the Am2901A. When the destination code on
lg78 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 Qg pin and the MSB of
the ALU output is available on the RAM3 pin.
Otherwise, the three-state outputs are OFF (high-im-
pedance) 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 RAM3, but at the LSB of the
Q-register and RAM. These pins are tied to the Q3
and RAM3 pins of the adjacent device to transfer
data-between 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 Am2901A. Dg is the LSB.

Yo-3

F3

Cn+4
cP

The four data outputs of the Am2901A. 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 lg7g-

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
Am2901A’s 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.
At the most significant end of the word, this pin
indicates that the result of an arithmetic two’s com-
plement 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 Fg_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 Am2901A’'s ALU.
The carry-out of the Am2901A’s ALU.

The clock to the Am2901A. 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 com-
promises 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.



Am2901A

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 -05Vto+t7.0V
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vc max.
DC input Voltage —-0.5 Vto+b55V
DC Output Current, Into Outputs 30 mA
DC Input Current —30 mA to +5.0 mA

OPERATING RANGE

P/N Suffix Temperature Vee
PC, DC TaA =0°Cto+70°C 475V t05.25V
DM, FM Tc=~55°Ct0+125°C | 4.50 V to 5.50 V
STANDARD SCREENING
{Conforms to MIL-STD-883 for Class C Parts}
MIL-STD-883 Level
Step Method Conditions PC,DC DM, FM
Pre-Seal Visual Inspection 2010 B 100% 100%
24-hour . o
Stabilization Bake 1008 C 1s0°C 100% 100%
° o
Temperature Cycle 1010 ¢ 85 Cto+s0C 100% 100%
10 cycles
Centrifuge 2001 B 10,000 G 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 See below for LTPD =7 LTPD =7
Subgroup 7 5005 definitions of subgroups LTPD =7 LTPD=7
Subgroup 8 LTPD =7 LTPD=7
Subgroup 9 LTPD=7 LTPD =7
*Not applicable for PC
ADDITIONAL SCREENING FOR CLASS B PARTS
Military (Suffix DMB, FMB} Commercial (Suffix PCB, DCB)
MIL-STD-883 )
Step Method Conditions Level Conditions Level
125°C, 75°C,
Burn-in 1015 D 160 hours min. 100% CorD 48 hours min. 100%
Electrical Test 5004
Subgroup 1 100% 100%
Subgroup 2 100% -
Subgroup 3 100% -
Subgroup 7 100% 100%
Subgroup 9 100% -
Return to Group A Tests in Standard Screening
GROUP A SUBGROUPS
(as defined in MIL-STD-883, method 5005)
Subgroup Parameter Temperature
1 DC 25°C
2 DC Maximum rated temperature
3 DC Minimum rated temperature
7 Function 25°C
8 Function Maximum and minimum rated
temperature
9 Switching 25°C
10 Switching Maximum Rated Temeperature
11 Switching Minimum Rated Temperature
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Am2901A

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
(Group A, Subgroups 1, 2, and 3)

Am2901A

Typ.
Parameters Description Test Conditions (Note 1) Min. {Note 2) Max. Units
1 =~1.6mA
OH 24
Yo.Y1,Y2,Y3
IoH = —1.0mA, Cry4 2.4
Vee = MIN. =
VoH Output HIGH Voltage loH = —800uA, OVR, P 24 Volts
VIN=ViHor Vi Ton =
OH = —600uA, F3 24
| = —600
OH =~600uA 24
RAMQ, 3, QO, 3
IoH = —-1.6mA, G 24
Output Leakage Current Vce = MIN,, Vo = 5.5V 250 A
lcex for F = 0 Output VN = iy or V)L K
Yo Ya Yoy IoL = 20mA (COM’L) 05
Vee=MIN, | @Y1 T2Y3 R S ema ML) 0.5
VoL Output LOW Voltage VIN=VIH G,F=0 lgL = 16mA 0.5 Vol
olts
or VL Ch+4 lgL = 10mA 0.5
OVR,P oL = 8.0mA 0.5
F3. RAM
3 0.3, 1oL = 6.0mA 05
Q0,3
m Input HIGH Level Guaranteed input logical 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)
\/ Input Clamp Voltage Ve = MIN,, Iy = —18mA -1.5 Volts
Clock, OE -0.36
Ao, A1, A, A3 —0.36
Bo.B1, B2, B3 ~0.36
m Input LOW Current Ve = MAX., Vi = 0.5V Do. D1. B2, D3 —0.72 mA
‘o, 11, 12. Y6, I8 —0.36
13,14, 15, 17 -0.72
RAMg, 3, Qq, 3 (Note 4) —0.8
Cph 36
Clock, OF 20
Ag. A1, A2, A3 20
Bg.B1,B2,B3 20
™ Input HIGH Current Vee = MAX., Vi = 2.7V Do. D1, B2. D3 40 7y
o, .12, 16, 18 20
13, 14,15, 17 40
RAMp, 3, Qg, 3 (Note 4) 100
Cn 200
Iy Input HIGH Current Ve = MAX,, VN = 5.5V 1.0 mA
Y0, Y1, Vo =24V 50
Yo,Y3 Vg = 0.5V -50
| Of: i =
OZH f State (High Impedance) Ve = MAX. Vo =24V 100 uA
lozL Output Current RAMg, 3 | (Note4)
Qp, 3 Vo = 0.5V _800
(Note 4)
Y0.Y1,Y2,Y3,G —30 -85
[of — —85
los Output Short Circuit Current | v = MAX. + 0.5V, Vg = 0.5V or:;:’g _gg —a5 mA
(Note 3)
F3 —30 —85
RAMg, 3.Qq, 3 —-30 —85
Ta=25°C 160 260
Am2901APC. DE | TAT 0°C to +70°C 160 265
m ,
Iec Power Supply Current Vge = MAX. Ta=+70°C 160 220 mA
{Note 6) (See Fig. 12) Te=-55°C to 160 280
Am2901ADM, FM | +125°C
Tc=+125°C 160 190

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 lg7g in a state such that the three-

state output is OF F,

5. “MIL"” = Am2901AXM, DM, FM. “COM’L" = Am2901AXC, PC, DC.
6. Worst case i 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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Am2901A

ROOM TEMPERATURE
SWITCHING CHARACTERISTICS
(See next page for AC Characteristics over operating range.)

TABLE |
CYCLE TIME AND CLOCK CHARACTERISTICS

Tables |, Il, and lIf below define the timing characteristics of TIME TYPICAL |GUARANTEED
the Am2801A at 25°C. The tables are divided into three types Read-Modify-Write
of parameters; clock characteristics, combinational delays ea(ti'me‘) o s;:;ecﬁgrf'gf
from inputs to outputs, and set-up and hold time require- A, B registers to end of 55ns 93ns
ments. The latter table defines the time priorto the end of the cycle)
cycle (i.e., clock LOW-to-HIGH transition) that each input must Maximum Clock Frequency to
be stable to guarantee that the correct data is written into one Shift Q Register (50% duty 40MHz 20MHz
of the internal registers. cycle)
All values are at 25°C and 5.0V. Measurements are made at | Minimum Clock LOW Time 30ns 30ns
1.5V with V; = OV and Viy = 3.0V. For three-state disable [ minimum Clock HIGH Time 30ns 30ns
tests, C_ = 5.0pF and measurement is to 0.5V change on yTen * Period 75
output voltage level. All outputs fully loaded. inimum Clock Perio ns 93ns
TABLE 11
COMBINATIONAL PROPAGATION DELAYS (all in ns, C_ = 50pF (except output disable tests))
TYPICAL 25°C, 5.0V GUARANTEED 25°C, 5.0V
To Shift Shift
Output _ _|F=0 Outputs __|F=0 Outputs
From Y F3 |Ch+4]G,P| R =|OVR Y F3 [Ch+4| G,P | RL=| OVR
Input 270 RAMg| Qo 270 RAMg| Qg
RAM3l Q3 RAM3| Q3
A,B 45 | 45 45 | 40 | 65 | 50 | 60 | — 75 [ 75| 70 | 59 | 85 | 76 | 90 | —
D (arithmetic mode)| 30 30 30 25 45 30 | 40 — 39 37 41 31 55 45 59 =
D(1=X37) (Note 5)[ 30 | 30 - - 45 - [ 40 | ~ 36 | 38| — - 51 — | 63 -
Cn 20 | 20 | 10 | — 35 | 20 | 30 - 27 | 24| 20 - 46 | 26 | 45 -
1012 35 | 35 | 35 | 25 { 50 | 40 [ 45 | — 50 { 60 | 46 | 41 65 | 57 1 70 -
1345 35 [ 36 | 35 | 256 | 45 | 35 | 45 | — 50 | 50 50 | 42 | 65 | 59 | 70 -
678 15 - - - - — 20 | 20 | 26 - - — - - 26 | 26
OE Enable/Disable J20/20, — | — | = { = [ = | = | = l8o/33] = [ = [ = [ = =] = =
A bypassing _ _ _ _ _ _ = _ _ _ _
ALU (I = 2xx) 30 35 - - -
Clock 4 (Note6)| 40 | 40 | 40 | 30 | 55 | 40 | 55 | 20 || 52 | 52 | 52 | 41 [ 70 | 57 | 71 | 30
SET-UP AND HOLD TIMES (all in ns) (Note 1) TABLE 1l
TYPICAL 25°C, 5.0V GUARANTEED 25°C, 5.0V
From Input Notes .
Set-Up Time Hold Time Set-Up Time Hold Time
A B 2,4 40 93
Source 3,5 towl +15 0 tpwl + 25 0
B Dest. 2,4 tpwl + 15 0 tpwk + 15 0
D (arithmetic mode) 25 0 70 0
D (I =X37) (Note 5) 25 0 60 0
Ch 15 0 55 0
1912 30 0 64 0
1345 30 0 70 0
l678 4 tpwL + 15 0 towL + 25 0
RAMo, 3. Qq, 3 15 0 20 0
Notes: See next page.

1. .

2. If the B address is used as a source operand, allow for the ‘A, B source’” set-up time; if it is used only for the destination address, use the
B dest.’”” set-up time.

Where two numbers are shown, both must be met.

“tpwl’ is the clock LOW time.

. DV O is the fastest way to load the RAM from the D inputs. This function is obtained with | = 337.

. Using Q register as source operand in arithmetic mode. Clock is not normaliy in critical speed path when Q is not a source.

Popw
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SWITCHING CHARACTERISTICS
OVER OPERATING RANGE FOR Am2901A

(See previous page for room temperature characteristics.)

Tables 1V, V, and VI below define the timing characteristics
of the Am2901A over the operating voltage and temperature
range. 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
LLOW-to-HIGH transition) that each input must be stable to
guarantee that the correct data is written into one of the
internal registers.

Measurements are made at 1.5V with V=0V and V|4=3.0V.
For three-state disable tests, C|_ = 5.0pF and measurement is
to 0.5V change on output voltage level. Input rise and fall
times are 1Tns/V. All outputs fully loaded.

Am2901A

TABLE IV
CYCLE TIME AND CLOCK CHARACTERISTICS
TIME COMMERCIAL MILITARY

Read-Modify-Write Cycle

(time from selection of

A, B registers to end of 100ns 110ns

cycle)
Maximum Clock Frequency to

Shift Q Register (50% duty 15MHz 12MHz

cycle) | =432 or 632
Minimum Clock LOW Time 30ns 30ns
Minimum Clock HIGH Time 30ns 30ns
Minimum Clock Period 100ns 110ns

Commercial = Am2901APC, DC, XC
TA = 0°C 1o +70°C
VCC = 4.75 10 5.25V
Military = Am2901ADM, FM, XM
Tc = —65°Cto +125°C
Vee = 4.50 to 5.50V

TABLE V
GUARANTEED COMBINATIONAL PROPAGATION DELAYS (all in ns, Cp. = 50pF ({except output disable tests))
COMMERCIAL MILITARY
To Shift Shift
Output _ _|F=0 Outputs _ __|F=0 Outputs
From Y F3 |Ch+4| G.P | R_=|OVR Y F3 |Ch+4| G,P | RL=| OVR
input 270 RAMg| Qo 270 Ravol G0
RAM3| Q3 RAM3) Q3
A,B 80 80 75 65 87 85 95 - 85 85 80 70 97 90 100 -
D (arithmetic mode)| 45 45 45 35 57 55 65 — 50 50 50 40 62 60 70 —
D (1= X37) {Note 5)| 40 40 - - 52 - 60 - 45 45 - - 57 - 65 -
Cn 30 30 20 - 47 30 50 - 35 35 25 - 52 35 55 -
1012 55 55 50 | 48 67 65 | 75 — 60 60 55 | 50 72 70 | 8o —
1345 55 55 55 50 67 65 75 — 60 60 60 55 72 70 80 -
1678 30 | — - | -1 -1~-13]|3¢{]s3ss|~-] - I “ |3 | 35
OE Enable/Disable [35/26( — | — | = [ = | — | =} — Jaores| — 1 — | = | = | = | = [ -
A bypassing _ _ _ _ _ _ _ _ _ _ _ _
ALU (I = 2xx) e 50 - -
Clock & (Note6)| 60 | 60 | 60 | 50 | 72 | 70 | 80 | 30 | 65 | 65 | 65 | 55 | 82 | 75 | 85 | 35
GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) TABLE VI
COMMERCIAL MILITARY
From Input Notes
Set-Up Time Hold Time Set-Up Time Hold Time
A, B 2,4 100 0 110 0
Source 3,5 tpwl-+30 towl 30
B Dest. 2,4 towl+15 0 tpwl+15 0
D (arithmetic mode) 70 0 75 0
D (I = X37) (Note 5) 60 0 65 0
Cn 55 0 60 0
I01 2 80 0 85 0
|345 80 0 85 0
'678 4 tpwL+30 0 tpwl+30 0
RAMp, 3, Qg, 3 25 0 25 0
Notes: 1. See Figure 11. All times relative to clock LOW-to-HIGH transition.
2. If the B address is used as a source operand, allow for the *‘A, B source’’ set-up time; if it is used only for the destination address, use the
‘B dest.” set-up time.
3. Where two numbers are shown, both must be met.
4. “tpwL" is the clock LOW time.
5. D V 0 s the fastest way to load the RAM from the D inputs. This function is obtained with | = 337.
6. Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source.
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Am2901A

SET-UP AND HOLD TIMES (minimum cycles from each input)  time prior to the clock until the hold time after the clock. The

set-up times allow sufficient time to perform the correct
Set-up and hold times are defined relative to the clock LOW-to- operation on the correct data so that the ccrrect ALU data
HIGH edge. Inputs must be steady at all times from the set-up can be written into one of the registers.

towl
(at least 30 ns}

o JF 7[

100

e

i

- CARRNOXRAANNY

Y

i<————30———.
0

* CAROCORAMOURRXKCRRANCAAS

<—>01

55 ~mr— et — 0.
WWWWWWWWWUAAMAARAMAAMAAMARAAAAA VAWV WA
“ VAANARARVAVARAAAARARNAAARAARARAARARARRAAA MM S
Figure 11. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data
Stable Times for Am2901ADC, in ns. See Table VI for Detailed Information.
Icc Versus Temperature
for Am2901A
300
A
250 {— SPEC vl
< vé};hﬂlr&sAx, S é —/é/""
E SEE TABLE :
| 200 \
o
N
150 . S
TYPICAL |
Vee :I;.ovcc \
100 1
-55 0 25 70 125
T-°C
TEMPERATURE —~°C
Figure 12.
MPR-009
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS
Speeds used in calculations for parts other than Am2901A are
representative for available MSI parts.

Mux SEQUENCER
p e ol 5
MICROPROGRAM
MEMORY
Ls8 ms8
G? o o
0} @ ¢ Coea STATUS
n
REGISTER AslLc, Anzooia ova |54+ REQISTER
fa
Am2901A 0| ®
Ll Cp
¥
b4 ®
jo—
Co Am2902 | REGISTER
Chez
cLock
R . . . MPR-010
Pipelined System. Add without Simultaneous Shift.
DATA LOOP CONTROL LOOP
Register  Clock to Output 15 (D Register  Clock to Output 15
+(@2901A AB1G P 85 +(©MUX Select to Output 20
+ 2902 G, Py 10 Cpyy 10 +@as10 CC to Output 45
+(4)2901A Cnt0Cpnyss OVR, F3, F =0, Y 50 + &) PROM Access Time €0
+ () Register  Set-up Time 5 + (D Register  Set-up Time 5
145ns 145ns
Minimum clock period = 145ns
Mux SEQUENCER
®| @ o
MICROPROGRAM Mux
MEMORY
s ® ¢ . MsB
® faMo RAMy RAMg RAM MUX
REGISTER A.8,1.C, GF @ Am2901A
A F
Am2901A ral
Cn ovR
VI ’
k STATUS
REGISTER

ENER

CLOCK

[ Am2902

Casz

DATA
- REGISTER

MPR-011

Pipelined System. Simultaneous Add and Shift Down
DATA LOOP CONTROL LOOP

Register  Clock to Output 15 (D Register  Clock to Output 15

+@2901A A BWG P 65 +® MUX Select to Output 20

+ (32902 GoPoto Cnez 10 +(D 2910 CC to Output 45

+ (@ 2901A Cp to RAMg 50 +(8) PROM Access Time 60

+(8)2901A RAM; Set-up Time 25 + @ Register  Set-up Time 5

165ns

Minimum clock period = 165ns

145ns

Note: Care is required to define the worst case path at the ends of the array during an add and shift operation. In a shift down (toward LSB), RAMg
and Qg are available after the A, B~ RAM, Q delay. In a shift up (toward MSB), Qj is available after the A, B~ RAM, Q delay. RAM3, however, is not
available until the carry has propagated through the 2902. This is the same as the data loop shown above. If the most significant RAM; output were
returned through a multiplexer to the RAMg or Qg input, then this path would be longer than the one shown, but this connection is highly unlikely.
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS (Cont.)

TEST

SEQUENCER
@ Am2910

r cLocK
recister (D
CONDITION
CODE MUX
MICROPROGRAM
MEMORY
®@ Ls8 ms8
l I ® orF * o . ®
AB,1,Cy Am2901A  Cpeg
OVR |—1
Am2901A F3
Cn F=0
jo— 4//
n (@) Am2902
Cn+z [O—
MPR-012

Non-Pipelined Addressed Based Architecture. Instruction Execute and
Conditional Branch allowed on Same Cycle (e.g. = subtract and branch if F = 0)

Due to poor speeds, this type of architecture is not recommended.

Minimum clock period = @Register
+@ PROM
+(32907A
+(3)2902
+(®)2901A
+®MUX
+(@)Am2910
+(@)Register

Compare with previous page.

Clock to output
Access time

A BtoG,P
GoPoto Cpyz
ChtoCpyiq OVR, F3, F=0
Data in to Data out
Test to address out
Set-up time

Note: Extra time needed if shift occurs on same cycle.

20
60
65
10
50
15
45

265ns
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PNP
DRIVEN INPUT

DRIVEN INPUT DRIVEN INPUT
Vee ®
[ R o R
o—9 o—t
"H YN
rzj1
= R= = R=
13,4,57 10k cP 6k
Cn % I0,1,6,8 20k 1 10k
. OF 20k Ag-3.Bo-3 6k
C, ~ 5.00F, all inputs. Co3 FtMa.s 15 o o 03803
_ MPR-013
< 502 NOM : < 502 NOM
2
‘on lon
loL
Co = 5.0pF, all outputs.
Figure 13. Input/Output Current Interface Conditions.
MPR-014
Veo VWA Vec
1%
1 ]7 I‘O ]3 ]4 ]5 IE ||6 lUluF
MR CEP CET Py Py Py Pg VCC 8
GND
Am9316 =
2 15
CLOCK cpP T
Qg a; a, [H
14 13 12 n
15 17 18 19 20 [ Vee
cP By By 8y By ig
" 2 Feoft *a*mﬁ
Xl s 860
27 N
s8] sl ‘37.Eﬁ
=l 34 560
w0 Am2901A OVR VWA
OE 33 470
woT om Cora L—-—‘VVV—‘
Vee f3 a3 1 AA— vy ’
° RAMg 680
z Q RAkg 15 AA—
g 4 13 € Dg Dy Dy D3 Vee GND Az Ay A Ay Yo Yy Y, Y3
12 |33 |7 29 |25 |24 [23 |22 10 30 112 3 4 36 [37 |38 |39
i TFTFITFFFET T ]
Vee =5.0V 0.1uF
Frequency = 100KHz l
Ta = 125°C Vee 270 {270 (270 |270
b3 b3 9
This circuit conforms to MIL-STD-883, b % b3
method 1015, condition D. Vee
Figure 14. Life Test and Burn-in Circuit for Military Class B Parts.
(Contact Factory for Commercial Burn-in Conditions) MPR-015




USING THE

Am2901A

BASIC SYSTEM ARCHITECTURE

The Am2901A 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 Am2901A. 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
Am2901A’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 Am2901A’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 Am2901A’s occurs
in parallel with the access time of the microprogram store.
Without the “pipeline register’”, these two functions must
occur serially.

EXPANSION OF THE Am2901A

The Am2901A is a four-bit CPU slice. Any number of
Am2901A’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 Am2901A’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
are connected to the Qg and RAMg pins of the adjacent more

significant device. These connections allow the Q-registers of
all Am2901A’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 multipléxers which can be controlled
by the microcode to select the appropriate input signals to the
shift inpufs. (See Figure 19)

The open collector F = 0 outputs of all the Am2901A'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 F3 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
DATA IN
-  Am2910
MICROPROGRAM
REGISTER
[F— SEQUENCERc, cp
ADDRESS Cp Nac, b
AB A
MICROPROGRAM & [——X
STORE g [ cPU
ouT 128 e Am2901A’s STATUS
I c| our
2840BITS ' | v
(ROM/PROM) N 'r:>
4 2z
CONTROL oATA
JUMP ADDRESS out
TO OTHER
DEVICES
MPR-016

Figure 15. Microprogrammed Architecture Around Am2901A's.

Do_3 D47 Dg-11
gq1/0 — 0o e ] Q o a3 Q ° Qg f— Qg 40
RAMg 1/0 ——] RAMg RAM RAMg RAMj RAMg RAMy [— RAMqq 110
Am2901A Am2901A Am2901A
CARRY IN ——] ¢, Cnig c, Cn+g - Cy Creg c
OVRI— OVR p— OVR v
_ F3 b~ _ Fa F3 —— N
OF v F=0 —] GE v F=0 — OF v F=0 z
I8! 11 2 "
Yo-3 Ya-7 Yg-11 4700
~AAM—0 Vee
OUTPUT
CONTROL
MPR-017

Figure 16. Three Am2901A’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 Am2901A (Cp+4 pin)
is the carry-out from the array, and is used as the carry (C) bit
of the processor status word.

Am2901A

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 Logic
Units. Figures 17 and 18 illustrate single and multiple level
lookahead. :

DPo-3 D47 Dg_11 Di2_1s
0y 10— q, 0 Qg Q, 0y Qa3 Q3 Q451/0
RAM 1/0 —] RAMg RAM3 RAMg RAM3 RAMg RAMy RAMg RAMg RAMq5 1/0
sp—— & o— Gp— G p—
Am2901 *P 2901A . Am2901A ¢ P Am2901A ¢ |
CARRY-IN ~¢—{ c,, m2901A ¢ —fc, Am Coeg f— Cy L Crig f— —] Cn m. Cog f—¢
OVR|— OVR |— OVR | OVR v
F3p— Fap— F3}— F3al—N
F=0 F=0 F=0 | F=0 z
Yo-3 Ya_7 Yg—11 Y12-15 Ry
4702
- WA—O Ve
1 J, 1 I l 44
Pg Gy P1 Gy PGy P3Gy
G P—
c, Am2902
4 P——
Crix ndy Cniz
MPR-018

Figure 17. Four Am2901A’s in a 16-Bit CPU using the Am2902 for Carry Lookahead.

Am2901A’s

Gy Py GpP; GgPy
P

G Py GpPy G3P3
P

GgPg G1Py GpPy

—1c, Am 2902 Am 2902 C Am 2002
G G G
Cix Coty Chiz Co4x Cty  Cpiz Crix Chty  Catz
ToCy ToCg ToCqy ToCyy ToCypy ToCpg ToCzg ToCsg ToCay
J o) Lc[ 00
GgPg GiPy GpPy G3Py
v jo—
Cn Am 2902
b
Crix Cnay Crtz
L Cag
ToCqg ToCgy

MPR-019

Figure 18. Carry Lookahead Scheme for 48-Bit CPU using 12 Am2901A’s. The Carry-Out Flag (C4g) Should
be Taken from the Lower Am2902 Rather than the Right-Most Am2901A for Higher Speed.
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SoS1 17
MsB

0—
O—4

17 So$q
1 LsB
1G A B 2G
—] 1co
H—p—31C1 [
56 w
1z G2 INPUTS %
e 252 FOR
- 2co %_,E up
H——f2c1 £53 SHIFT
“T 1 <32 2 RAMg
2c3
=

Am2901A
ARRAY

1G A B 2G
10 |
a, 1w g5§ ¢! ——*
INPUTS a5x 1c2
FOR 232 103
DOWN §2F 200 [
SHIFT E23 et} d—n
RAM,, > %32 36
2c3 -1~|
MSB—F,
(SIGN BIT)

MPR-020

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

SHIFT 1/0 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 LSI chip. Figure 19
shows two Am25L.S253 dual four-input multiplexers connected
to provide four shift modes. Instruction bit I7 (from the
Am2901A) 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 LLSB and the Q-register MSB is loaded
into the RAM LSB. On a down shift, the RAM LSB
is loaded into the Q-register MSB 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 )
Shift Type
1z 81 S Qo Q, RAMg RAM;,
H L L 0 Qn-1 0 Fn-1 Up Zero
H L H 1 Qp-1 1 Fn-1 One
H H L Qp Qp-1 Fn Fn-1 Rotate
H H H 0 Qnp-1 Qn Fn-1 Arithmetic
L L L Q 0 Fq 0 Down Zero
L L H Q 1 F1 1 One
L H L Qq Qp Fq Fo Rotate
L H H Q4 Fo Fq RAMp = RAMp.; = Fp Arithmetic

HARDWARE MULTIPLICATION

Figure 20 illustrates the interconnections for a hardware multi-
plication using the Am2901A. 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 technique 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 is a 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 muijtiplier 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 Q.

The multiplier is in the Am2901A 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
Ra, and the B address inputs are used to address the partial
product in Rp. On each cycle, Rj is conditionally added 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 Am2901A on every cycle will be:

Ig7¢ = 4 (shift register stack input and Q register left)
|543 = 0 (Add)
lz10 = 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)
Am2901A’s 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.

Ls8 ® MSB
CN vy ag [ o —J
RAM, RaMg F—] ramy RAM3 ®
Am2901A Am2901A
';gvnl— Co Cpea. Cnvd
ADD OvA f— ove
Fa|— 3
101, ¢ Fu0 f— J c Fe0 |—
CLOCK-

MPR-021

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

Am2901A

2. 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 11 can select between A, B
or 0, B as the source operands; it can be driven directly
fron: 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 RAMg
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 complement 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 ke performefi,
because the sign bit of the multiplier carries negative rather
than positive arithmetic weight.

Y = Y21 +Y 27+ +Y 20

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
Am2901A for each step of a signed, two’s complement
muitiplication. The Am2904 LSI chip conveniently imple-
ments the required shift linkages and the EX-OR function
for this algorithm.

Initial Register States Am2901A Microcode Final Register States
R R
0 | Multiplier 2's Comp. Multip! 0 | Muitiplier
1| Multiplicand Program P ey 1| Multiplicand
21X 8/5/75 .S, 2] LSH Product
a[x Date By 3| MSH Product
Pin St Octal Ju
S,F—| D Description Repeat in States ( ! me
A | B [1g76]1sa3] t210 | Ca | Qo Q3 RAMp | RAM; | To | if

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

OAB B Clear R3 - X 2 4 3 X X X X X

(0+B)/2 . 1or3

B Cond. Add & Shift n-1 1 3 4 /] —] 0 - RA - F.

(A+B)/2 ' Iy = QoLO Mo a¥OVR

(8—-0)/2 R 1or3
B | Cond. Subt. & Shift - 1 3 4 1 1 - RAM - F

(B-A)/2 ond. Su ' s = OgLO o 3VOVR

ovQ | B | MoveLSHProd.toRy | — 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
(whenY = 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. Thenverify our guess by a multiplication (no “direct”
division method is kitown), and continue to do so for ali 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 digitis
1", otherwise the subtraction is cancelled (by adding the

divisor to the remainder) and the quotient digit will be “0".
Now shiftthe 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 if it
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 divisoris 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 normal operation. The flow chart for un-
signed.non-restoring division is shown in Figure 22.

ALIGN
DIVISOR

SUBTRACT

ADD SHIFT R
DIVISOR BACK

| SUBTRACT l

I___

MPR-022

Figure 22. Flowchart for Non-Restoring 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 0.uotient 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 I through I,
ALU control bits) when necessary, the Divisor should be
aligned. This can be done by ORing Rx with 0 (Is_o = 33
octal). The most significant bit is deposited in the Status
Register, and can be shifted out by setting I = | = HIGH and
17 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, 17 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 Ry and Q registers up. lg7¢ Will be 6 in octal while
lz10 = 1in octal and I5 = 15 = LOW. Puliing the CL bit in the
micracode 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 &ll of the other bits of
the Remainder with the CL bit in the microcode LOW will
leave the control of 13 to the (complemented) previous sign
bit. If it was “’0"” (R = 0), I3 and C, will be HIGH and the ALU
will subtract; if itwas 1 (R <0), 13 and C,, will be LOW and the
ALU will ADD, as required. In each up shift, the complement
of the present sign bit will 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
12 LOW, I HIGH and controlling |; 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
Am2901A’s for each phase of the Alignment and Division.

Am2901A

START

X<o

2's
COMPLEMENT
X

i

SET “X <0”
FLAG

YES
Y <o

oy No
COMPLEMENT
Y
SET Y <0
FLAG
DIVIDE
(FIG. 22)

s RESET
COMPLEMENT
Q
SET % < 0
FLAG
2's RESET
COMPLEMENT
Q
2
COMPLEMENT
R
EXIT

MPR-023
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Figure 23. Flowchart for First Quadrant Division
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Am2901A

msB LsB
a3 % Q3 %
RAM. RAI RAM RAM,
3 Am2901A Mo 3 Am2901A ° 1
c, Cotg Ca b
F3
D
Am2918 E)DC TO I (ALU DESTINATION)
STATUS REGISTER Y OE Q
|
TO I3 (ALY FUNCTION)
cL
FROM PIPE-LINE
REGISTER
MPR-024
Figure 24. Interconnections for Dedicated Division.
Initial Register Status Am2901A 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 | Ig76 | I543 | 1210 | Cn | Q¢ | Q3 | RAMg |RAM3| to | if
ove B | Align Divisor X K x |1 s7 3 3 X | x | x 0 ;‘i;’;
(B—A)*2 | B | First Subtract & Shift 1 - 110 6 1 1 1 | F | x 0 X
{(BxA)*2 | B | Loop Subtract/Add & Shift 0 k 110 6 10 1 mw | F3 | X 0 X
B+A or B | Correct Remainder X - 110 3 0 73 0 X X X X
B+0 B | Shift Remainder 1 X111 5 1 3 1 X X X Sign

k = Number of Ieading‘ zeros of the Divisor

Figure 25. Am2901 Microcode for Dedicated Division.
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EXAMPLES OF SOME OTHER OPERATIONS
1. Byte Swapping

Occasionally the two halves of a 16-bit word must be
swapped. Dg_; is interchanged with Dg.45. 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 Rg
A=B=01I= 701 RAMD = 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.

Am2901A

The PC can be read out and incremented in one cycle
by using the Am2901A destination code 2, and addres-
sing the PC with both the A and B addresses. The cur-
rent value of PC will appear on the Y outputs, and
PC+1 will be returned to the register. If the PC is in re-
gister 15, then:

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

The PCwill be onthe 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
Am2901A, the following application notes are available from

AMD.
Publication
Title Number
A 16-Bit Microprogrammed Computer AM-PUB 030
An Emulation of the Am9080A AM-PUB 064
A High Performance Disc Controller AM-PUB 065
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Am2902A

High-Speed Look-Ahead Carry Generator

DISTINCTIVE CHARACTERISTICS

e Provides look-ahead carries across a group of four
Am2901A microprocessor ALU’s

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

® 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 Am2901A 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:
Chi+x = Go + PoCp
Cn+y = G1 + P1G0 + P1PoCn
Cn+z =Gy + P2G1 + P2P1G0 + P2P1P0Cn
= G3 + P3G2 + P3sz1 + P3P2P1Go

P = P3P2P1P0
LOGIC DIAGRAM
S Go P G Py 512) Gy Py
1 A "
T Y 11 il T
Chax Cn+y Cez F
MPR-026
CONNECTION DIAGRAM LOGIC SYMBOL
Top View
3 4 1 2 14 15 5 6
Vec P2 By Cn Cnux Cpty § Crag A é (L ‘L Jz é
Ao nnn
Gg Pg Gy Py Gy P G Pg
16 15 14 13 12 11 10 9
Am2902A ¢ P— 10
13 = Cn LOOK:AHEAD CARRY
GENERATOR

o P 7

1 2 3 4 5 6 7 8 Cx Cn+y Chiz
Uuyguoaot o

Gy P G P Gz Pz P GND

12 1
. . 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)

Am2902A

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¢e max.
DC Input Voltage —0.5V to +5.5V
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)

AmM2902AXC  Tp =0°Cto +70°C Ve = 5.0V £5% (COM’L) MIN, = 4,75V MAX. = 5,25V
AmM2902AXM Tp = —55°C to +125°C Vce = 5.0V £10% (MIL) MIN, = 4.50V MAX. = 5.50V
Parameters Description Test Conditions (Note 1) Min. {Note 2) Max. Units
Veg = MIN, gy = —1mA MIL 2.5 3.4
\Y Output HIGH Voltage Volts
OH VIN=VIH or Vi com 2.7 34
Vee = MIN,, lgL = 20mA
\ Output LOW Voltage 0.5 Volts
oL ViIN=VIHor Vi
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs 0.8 Volts
\ Input Clamp Voltage Vee = MIN,, 1IN = —18mA -1.2 Volts
Cn —2
P3 —4
| P2 —6
= Input LOW Current Ve = MAX., Viy = 0.5V = mA
Pg.P1,G3 -8
Go. Go ~14
Gq —16
Cn 50
P3 100
IH Py 150
Input HIGH Current Vee = MAX, VIN = 2.7V —_— MA
Po,P1,G3 200
Go, Go 350
Gq 400
1 Input HIGH Current Vee = MAX,, VN = 6.5V 1.0 mA
Output Short Circuit _ _
Isc (Note 3) Vce = MAX,, VouT = 0.0V 40 100 mA
Vee = MAX. MIL 69 99 mA
All Outputs LOW COoM’L 69 109
Icc Power Supply Current
= 35
Vce = MAX, MIL mA
All Ouputs HIGH COM’L 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 Vg = 5.0V, 25°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, Vo = 5.0V)

Parameters Description Min. Typ. Max. Units Test Conditions
1 = - .
o GilPi — Cnj 20 ’ ns
tpHL 4.5 7
1 - - = 5 75
PLH G/F—>G ns
tpHL 7 10.5 = 15pF
1 — 4., . RL = 2800
PLH PP 5 6.5 ns L
tPHL 6.5 10
tPLH Cn = Crtj 6.5 10 ns
tpHL 7 10.5
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Am2902A

DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE
C,, Carry-in. The carry-in input to the look-ahead generator. Also Inputs Outputs
the carry-ininput to the nth Am2901A microprocessor ALU input. = = = = =
. cC, G P, G P G, P, G, P, cn+,c,,+ycn+,e P
Cn+j Carry-out. (j = x, y, z). The carry-out output to be used at
e . X H H L
the carry-ininputs of the n+1, n+2 and n+3 microprocessor ALU L H X L
slices. X L X H
. ! . H X L H- .
G;, P; Generate and propagate inputs respectively (i = 0, 1, 2,
3). The carry generate and carry propagate inputs from the n, ))E l)-(l l)-(i I':ll )"(' t
n+1, n+2 and n+3 microprocessor ALU slices. L H X H X L
G, P Generate and propagate outputs respectively. The carry ;E ),_( § )l; f_( ”'H
generate and carry propagate outputs that can be used with the H X L X L H
next higher level of carry look-ahead if used. X X X X X H H L
X X X H H H X L
X HHH X H X L
L H X H X H X L
X X X X X L X H
X X X L X X L H
X L X X L X L H
H X L X L X L H
X X X X X H H H
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
X L X X L X L L
L X L X L X L L
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

Metallization and Pad Layout

Vee
Gy P2
P G,
Go
Po
G
cﬂ
[
Cntx
P
GND Cnt
9 10 Y
Chtz G

DIE SIZE 0.062” X 0.067”
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Am2902A

APPLICATIONS
1
CARRY-IN G, Am2901A G, Am2901A , Am2901A o ATESOTA CARRY.OUT
G P G P G P
Gg Py Cnix Gy Py Cray Gy Py Coiz
L ]c, Am2902A
16-BIT CARRY LOOK-AHEAD CONNECTION.
MPR-028
~ Am2901 ~
CARRY-IN G _ € _ Cr  _ G G _ G _ € _|=Cn Cn+4}—= cARRY-OUT
G 7 G P G 7 G_ 7 G P G_p G_p
Gp Py Cpex Gq Py Cpey Gy Pp Cpyy Gz Py Gy PgCrix Gi Py Cory Gy Py Cnyz Gg Py
1
Cn Am2902A 3§ Cn Am2002A
Gy Pp €
ol o ™ Am2902A

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

MPR-029

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

ORDERING INFORMATION

Package Type Temperature Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
AM2902APC P-16 C C1
AM2902ADC D-16 C C-1
AM2902ADC-B D-16 (o} B-1
AM2802ADM 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 el spocton
Am2902AXM Dice M Method 20108.

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, M = —-55°C to +125°C.

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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Am2903

The Superslice™

DISTINCTIVE CHARACTERISTICS

® Expandable Register File—
Like the Am2901A, the Am2903 contains 16 internal working
registers arranged in a two-address architecture. But the
Am2903 includes the necessary “hooks” to expand the regis-
ter 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. Three special instructions are used for unsigned
multiplication, two’s complement multiplication, and the last
cycle of a two’s complement multiplication.

Built-in Division Logic—

The Am2903 contains all logic and interconnects for execution
of a non-restoring, multiple-length division with correction of
the quotient.

Built-in Normalization Logic—

The Am2903 can simultaneously shift the Q Register and count
in a working register. Thus, the 