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Advanced Micro Devices

The Am2900 Family
Data Book
With Related Support Circuits

Copyright © 1979 by Advanced Micro Devices, Inc.
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AMD 2901 bit-slice processor family includes 2901 and 2903 4-bit microprocessors slices, 2909 and 2911 microprogram sequencers,
2910 microprogram controller and other support chips. The 2901 processor consists of 16 4-bit registers, 4-bit ALU and associated
decoding/multiplexing circuits. The ALU accepts 9-bit microinstructions that specify source operands, ALU function and the destination
register. The 2901 ALU can perform 8 different functions (they are encoded into 3 bits within the microinstruction): addition, subtraction
and logic operations. Multiple 2901 bit-slice processors could be combined together to build microprocessors with any data width (in 4 bits
increments).

Enhanced version of 2901, AMD 2903 has 9 new special ALU functions used for implementation of multiplication, division and
normalization operations. The number of arithmetic and logic ALU functions in 2903 was increased to 15.

AMD Am2903: 4-bit-slice ALU
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The Am2900 Family Data Book lists:(22]

« Am2925 — System Clock Generator and Driver
¢ Am2926 — Schottky 3-State Quad Bus Driver
e« Am2927/Am2928 — Quad 3-State Bus Transceiver

« Am2901 — 4-bit bit-slice ALU (1975)
« Am2902 - Look-Ahead Carry Generator
« Am2903 - 4-bit-slice ALU, with hardware multiply

« Am2904 — Status and Shift Control Unit * Am2929 — Schottky 3-State Quad Bus Driver

« Am2905 — Bus Transceiver « Am2930 - Main Memory Program Control

« Am2906 — Bus Transceiver with Parity * Am2932 — Main Memory Program Control

« Am2907 — Bus Transceiver with Parity e« Am2940 - Direct Memory Addressing (DMA) Generator

« AM2908 — Bus Transceiver with Parity « Am2942 - Programmable Timer/Counter/DMA Generator

« Am2909 - 4-bit-slice address sequencer « Am2946/Am2947 - Octal 3-State Bidirectional Bus Transceiver
« Am2910 - 12-bit address sequencer « Am2948/Am2949 - Octal 3-State Bidirectional Bus Transceiver
« Am2911 - 4-bit-slice address sequencer « Am2950/Am2951 — 8-bit Bidirectional I/O Ports

« Am2912 - Bus Transceiver « Am2954/Am2955 - Octal Registers

« Am2913 - Priority Interrupt Expander « AM2956/Am2957 — Octal Latches

* Am2914 — Priority Interrupt Controller « Am2958/Am2959 — Octal Buffers/Line Drivers/Line Receivers

* Am2915 - Quad 3-State Bus Transceiver « Am2960 — Cascadable 16-bit Error Detection and Correction Unit
¢ Am2916 — Quad 3-State Bus Transceiver « Am2961/Am2962 — 4-bit Error Correction Multiple Bus Buffers
« Am2917 — Quad 3-State Bus Transceiver « Am2964 — Dynamic Memory Controller

« Am2918 - Instruction Register, Quad D Register
« Am2919 - Instruction Register, Quad Register

« Am2920 - Octal D-Type Flip-Flop

« Am2921 - 1-to-8 Decoder

¢ Am2922 - 8-Input Multiplexer (MUX)

¢« Am2923 - 8-Input MUX

« Am2924 - 3-Line to 8-Line Decoder

« Am2965/Am2966 — Octal Dynamic Memory Driver
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Am2901/A/B

Am2901C
Am2902A
Am2903/29203

Am2903A
Am2904
Am2905
Am2906
Am2907/2908
Am2909/2909A
Am2910
Am2911/2911A
Am2912
Am2913
Am2914

Am2915A
Am2916A
Am2917A
Am2918
Am29LS18
Am2919
Am2920
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4-Bit Bipolar Microprocessor SHCe . ..........ovviiiiiviinrrnnnnnn,
UG B0 AMMEDDT ccochcnsacscncscssnsnsossssnnsnsnencssnes

Improved-Speed 4-Bit Microprocessor Slice
High-Speed Look-Ahead Carry Generator

The Superslice® (Advanced 4-Bit Bipolar Microprocessor Slice) . ...

Using the Am2903 and Am29203

-----------------------

-------------------------

oooooooooooooooooooooooooooo

Am2903 Detailed Switching Characteristics . . ..................
Improved Speed Superslice™ ... ...ttt

Status and Shift Control Unit

Quad 2-Input OC Bus Transceiver with 3-State Receiver..........

Quad 2-Input OC Bus Transceiver with Parity
Quad Bus Transceiver with Interface Logic
Microprogram Sequencer
Microprogram Controller

Microprogram Sequencer
Quad Bus Tranceiver

oooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooo

---------------------------------------

-------------------------------------------

PO ISR PN cccsccccsccsscssscssssesssoosssssssssss
Vectored Priority Interrupt Controller . ............coiiiiininnnnnns

A Microprogrammable Interrupt Structure

Priority Interrupt Encoder Logic Description . ...................
Quad 3-State Bus Transceiver with Interface Logic .................

Quad 3-State Bus Transceiver with Interface Logic .................
Quad 3-State Bus Transceiver with Interface Logic .................

Quad D Register with Standard and 3-State Outputs
Quad D Register with Standard and 3-State Outputs
Quad Register with Dual 3-State Outputs

-------------

Octal D-Type Flip-Flop with Clear, Clock Enable and 3-State Control .
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Am29112
Am29116

Am29700/701
Am29702/703
Am29705
Am29705A
Am29720/721
Am29750/751A
AmM29760A/761A
Am29770/771
Am29774/775
Am29803A
Am29811A

Interruptable 8-Bit Microprogram Sequencer .. ..............

Am2900 High Performance Controller Products .........
16-Bit Bipolar MiCroprocessor .. .......ovuvvniinavrnnnannen

Am2900 High Performance Controller Products .........
Non-Inverting Schottky 64-Bit Random Access Memories . . ..
Schottky 64-Bit Random Access Memories ....... e
16-Word by 4-Bit 2-Port RAM . . . .. ... ... .. i
Improved Speed 2-Port RAM . .. ... ... ... ... it
Low-Power Schottky 256-Bit Random Access Memories ... ..
32-Word by 8-Bit PROMS . .............c0itiiiiiinnnnnnn.
256-Word by 4-Bt PROMS . ...........cc0iriiiiiiinnnnnn
2048-Bit Generic Series Bipolar PROM ....................
4096-Bit Generic Series Bipolar PROM with Output Register .
16-Way Branch Control Unit .. ... ... ... ... ...cciiinenn..
Next Address Control Unit . .. ... ... ...coiiiiiinieennnn.
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Am2901 - Am2901A - Am2901B

Four-Bit Bipolar Microprocessor Slice

DISTINCTIVE CHARACTERISTICS

e Two-address architecture -
Independent simultaneous access 10 two working registers
saves machine cycles.

e 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.

o Leftright 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 Am2901's together for longer word
lengths.

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

e Fast -
Am2901B is up to 27% faster than Am2901A, up to 50%
faster than Am2901. The Am29018 meets or exceeds all of
the specifications for the Am2901 and Am2901A.

GENERAL DESCRIPTION

The four-bit bipolar microprocessor siice 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 1o 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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Logic History

GENERATION | - §SI1, 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
pmonachlpandthomdmuvmhadwithaprou«n:
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

Am2900 —

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
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1
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Notes: 1. DAg.3 is input only on Am2903, but is VO port on Am29203.
2. OnAm2903, zero logic is connected 1o Y, after the OE y buffer.
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FROM DATA BUS (\FI
o INSTRUCTION
(AmID NGSTEN
(PROM ON PLA) “::"o::“
OTHEN
ADORESS
SOURNCES
1] L (‘
% ®
123 Am20irin e CONTROL C:
Ol Am29i Ny MOQUENCEN or LOGIC
OR AmPM0) WROM S8 STAT S
NGISTEN
‘ v o C__ (AmM9I C v N 2
‘ @
4 )
L . 11
(¢ ) FAOM DATA BUS
"~ o ' DATA
! REGASTER
oc
MICROPROGRAM ~4MTS
L1} ny |
A s— " o TR -
PIPELINE 0
790 7O 4% WORDS w —_— ) : s Am200) ARRAY oy
] AU ARRAY !’
Ca
S ¥ F-0
1 Microinstruction currently being executed ll
10 OTHER 70 DATA BUS PROGRAM
2 Sequencer control lines select source of SYSTEM CONTROL UN' T
FUEMENTS ANOOR MEMORY
next microinstruction address 1o, ¢ SRABLES ON 55 SSSETeR
3 Next microinstruction address TR R0
4 Next microinstruction {}
6 Status bits from current microinstruction ..
6 Status bits from last microinstruction —
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Figure 1. Detailed Am2901B Microprocessor Block Diagram.
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MICRO CODE | ASu RONACE MICRO CODE ~D
Octal Octal | Function
Mnemonie | Iz | 1 | bo | code R s Mnemonic | 15 | L | 13 | code
AQ L L L 0 A Q ADD LiL|e 0 RPus S R+S
AB L L | M 1 A (3 SUBR LiL|M 1 S Minus R $-R
20 L H L 2 0 Q suBs LINWlL 2 R Miws S R-S
P ] L H H 3 0 L} OR LIMHIH 3 RORS RVS
ZA ML L ) 0 A AND HiLlL 4 RANDS RAS
DA |l LN [ 0 ~ NOTRS ML~ [ RAND S RAAS
(+14] H H L 6 D Q EXOR HIiH]lL 6 REXORS RYS
0z H | HI|H 7 D 0 EXNOR HIH|H 7 REXNORS | AyS
Figure 2. ALU Source Operand Control, Figure 3. ALU Function Control.
RAM Q-REG. RAM Q
MICRO CODE FUNCTION FUNCTION Y SHIFTER SHIFTER
Mnemonic [ Ig | 1 | Ig Mm Shit | Load | shit | Losd | OVUTPUT | pam, | RAM, | Q Q,
QREG L L L 0 NONE | NONE | F+Q | F X x X x
NOP L L | H 1 X NONE X NONE F X x| x X
RAMA LWL 2 NONE F+8 X NONE A X x x X
RAMF L M| H 3 NONE Fe8 X NONE F X X | X X
O RAMGD | H | L L 4 |DOWN |F2+8 | DOWN |Q2—+Q F o Fo INy »-f",q
| RAMD HiL| W]l s DOWN |F2-+8B X NONE ¥ Fo * Ny | Q | X |
Al RAMOQU | H | H | L 6 uP F+8 uP #zo-oo ~F No | Fy . No. Q; |
RAMU H|H|H 7 uP 8 X NONE F INg Fy x 0,
w ToN'rT USE 0 UVISABLE FEN & OBNABLE ¥
X = Don't care. Electrically, the shift pin is a TTL input internally connected 10 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.

ECionira 4 All)l Dectination Caontrol
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1590 OCTAL 0 1 2 3 B 5 6 7
gls ALU
A A4 ALUI” - A Q A.B 0.Q 0.8 0A D A D.Q D,0
L3 Function
—— -— E —
Ca=L A+Q A8 (] 1] A D+A D+Q [+]
0| RPIusS
Ch=H AvQnY AvBN Q1 8 An) DAY 0+Q"1 D+
- - - o — — ey Al - ——— - P m——— -
Ca=L 0-A-1 B A1 Q-1 B8-1 At A-D-1 Q-D-1 ~0-1
1 | SMinus R
Ch*H Q-A B-A Q 8 a A-D Q-D -0
P -~ —— e — — — —— - P —— e ——
Cn=L A-Q-1 A-B 1 01 -8-1 ~A-1 D-A-1 0-0-1 D-1
2 | RMinus S
Ca*H A.O A B Q -8 -A D-A D-Q [+]
3 RORS AvO AVE Q B A DVA pva (4]
e B
4 | RANDS ArQ ArnB 0 0 0 DAA oAQ 0
5§ | RANDS ArQ AnB 0 ® A 6/A bro )
—_—— e >
6 |lREXORS AvQ AYSB Q s 'y DYA pvYQ [+]
4 - —— - -
7fem“ ive AvE a i x 5va | ©vo 5

+ = Plus, “Minus; V~OR, A ~AND, ¥y "EXOR
Figure 5. Source Operand and ALU Function Matrix.
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LOGIC FUNCTIONS FOR G, P, Cp4q, AND OVR Definitions (+ = OR)

The four signals G, P, Cne4q, and OVR are designed to indicate Po = Ro + So Go = RoSo

carry and overflow conditions when the Am2901 is in the add Py = Ry + 8, Gy *~ RyS,

or subtract mode. The table below indicates the logic equations Py =Ry + Sy Gy * R3Sy

for these four signals for each of the eight ALU functions. The o _ Ra + S Ga = R

R and S inputs are the two inputs selected according to 3" 3 = RSy

Figure 2, Cq = Gy + P3Gy + P3P2Gy + P3PaPyGg + PyP,Py PoCy

Ca = Gz + P2Gy + PaPGo + P2PyPoCp
lga3 | Function " [ Coed OVR
0| Res P3PaP1Pg Gy + P3Gy + P3PaGy + P3PaPyGg Ca Ca¥Cq
1 S$~R |eo- Same as R + S equations, but substitute R, for R; in definitions —
2 RS |- Same a5 R + S equations, but substitute ﬁ for §; in definitions -
3 | Rvs LOW  PyPyPy P P3P2PyPg + Cq P3'2P1Pg + Cy
4 RAS Low Gy +Gy+ Gy + Gg Gy+G+Gy+Gp+Cy G3+G+ Gy + Gy +Cy
6 AAS LOW - Same as R A S equations, but substitute | for Rj in definithons e g
6 | AVYS | Same as R ¥ 5, but substitute R, for R, in definitions e
7 RVS [ Gy+Gy+Gy+ Ga + PaGn + PaPaGy + PaPaP P, Gy +P35; +P3P,G,
3462461+ G 3+ P3Gz + P3PGy + P3P2PyPo T PaPaPiPe 1Go + ol Sesncte
Note: (P34 8Py +8,8,Po +8528,8oCn) ¥ [Py + TP + T3 B2P, + B3B8, Po + B3 8,8, By o) +=OR

Figure 8.
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METALLIZATION AND PAD LAYOUT

CONNECTION DIAGRAM

Top View
B — DIP
- v -
N - — Y )
N 3 1 5 Y g B
~ —_— 7 = E w3 v
g — M OVA ) I w[Y
= « w3 Y%
. o - \[:0 )\_]'
- 3 G 73w B » [ o
e vy Tl 00 See
2 G v, e nwit
17 7 —— — gy Yoo O n[ %
RAMY B o I » [ ow
RANG @ Yo L »[J5
VEE W) b 30 OW0 L == I P = RN
o B L » o 1=k o =F
Fod 11 = — ™ 4 ™ L ~ '
o 12 = -—n % ™ =%
"y 13— = » 3
O — - L= it nl)%
CF 1) HuCdn n[ %
')(:)0 1\:)“9
Oy !O———] ] | l;” Dg
0 V— | — Dy
8 W — —————— n o, MPR.006
2w
0 20 ——
G n
Dy 22 ——
Am29018B

DIE SIZE 0.117" X 0.128"
Figure 10.

Note: Pin 1 is mark
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SMALLER DIE SIZES MAKE FASTER PARTS
Am2901 Am2901A Am2901B
P25 ABBB Yt 2L : -
L IS TS 5 - v, — — . -
B - v 121 (BB IR
... y " Oww . . 4 . y - [4
ol "
A, b I . S ~ s
-~ l“’ »
‘v e ‘ ~ .
|
DIE SIZE 0.167" X 0.198" DIE SIZE 0.132" X 0.149" DIE SIZEO 17" X 0.128
Spoed AB —» G,P 80ns Speed AB — G.P 65ns Speed AB - G.P s0ns
_ N [ R _—
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Vce & Temp

s Com’l

s Mil

Part Number

Suffix

OPERATING RANGE

Vee Temperature

PC, PCB,
OC, oCe
xC
DM, DMB
FM, FMB
XM

—

r -

4.75V 10 5.25V Ta = 0°C 10 +70°C

450Vio S50V | T = ~55Cio +125°C

Am2900 —
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ORDERING INFORMATION

Order the part number according to the table below 1o obtain the desired package, temperature range, and scnening level.

Am2901 Am2901A Am29018 Package Type Oponho ngo Screening Leve
Order Number Order Number Order Number (Note 1) (Mote 3)
AM2601PC AM2901APC AM2601BPC P-40 Cc C1
AM26010C AM2901ADC AM2901BDC D40 Cc C1
AM2901DC-B AM29801ADC-B AM2901BDC-B D-40 C B-2 (Note 4)
AM29801ADM AM2901BDM D-40 M cC3
AM2001ADM-B  AM2901BDM-B D-40 M B3
AM2901AFM AM2901BFM F-42 M c3
AM2901AFM-B AM2901BFM-8 F-42 M B8-3
AM2901AXC AM2901BXC Dice c m'm
AM2901AXM AM2901BXM Dice 4] Method 20108.

v

Notes: 1. P = Moldoed DIP, D = Hermetic DIP, F = Flat Pak. Number following letier is number of leads. See Appendix B fodetalied

outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless herwise

O

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

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

4. 96 hour burn-in,

Figure 9.
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Figure 16. Three Am2901°s used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B, and
| Pins on all Devices are Connected Together.
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High-Speed Look-Ahead Carry Generator
DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION

e Provides look-ahead carries across a group of four Am2601
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

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

The Am2002A is a high-speed, look-ahead carry generator
which accepts up 10 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

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:

Coex = Go + Pccﬂ

c"¢, - G‘ + P‘Go + P‘PQC,‘

Crez = o + Pdy + PPiGo + PiPPYC
= Gy + P3Gy + PyPGy + PyP,P,Gy

P - P,P,P‘PQ
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Figure 17. Four Am2901s in a 16-Bit CPU Using the Am2902 for Carry Lookahead.



CSUN . B
pmChuronNs 48- b it CPU =12x2901 o

2016-2019
MP122
o Am2900 —
A=2901'y
1
/ ~N
c.—i)—qc' <c‘ -C' 1Cu c“ qc” 41:“ qc' c‘ qC’ qc. 1“ =
arllcr]lcr]lcr arllar]lc r]lor grllcre G » G r
1*} ?T o9 QU0 trv P9 OO0 © OO0 © vy O
A A uL AL AL ad A4 A4 A4 nL |9 J.LA ) 95
GoPo G1% GpP Gy GoPo GiPy 6% Gy G% SN 5% 6
" p-— 'Dj » o—
G Am 2902 +_‘c. A 2902 bd €, Am 2902
G p— G . P
Coaen Cory Core Coren Coey  Couy Coen Cary  Come
1 | | | 1 | | | I
ToCy r.c, uc“ TeCyy Yoc, YOC' Yoc' ToCq Toly
| [=
GPy G P Gpfy °3'a'
c, Am 2002
G P
cm C..' C‘..
L Car
TeCyg ToCy
MPR019

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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(Group A, Subgroups 1, 2, and 3)

Am2900 —

Tye.
Parametors Description Test Conditions (Note 1) Min. (Note 2) Max. Units
1o = =1.6mA
Yo.Y1.Y2. Y3 “ !
. lon = ~1.0mA, Creq - .
VO | Outout HIGH Voltege e v uo..--com.A.ovn_'j T von
INTVINOTViL ion = ~000uA, Fy 24 I
1OH = ~600uA 24
oM = ~1.6mA, 24 —t ]
Output Leakage Current Ve = MIN, Vo = 5.6V 280 »A
'CEX | for F = 0 Outout Cfvineviwervie | I Bt S
Tvovevavs |lon=30mAicowt) o5 ]
vee=MIN, | YO T1T2YI O T amA ML) N [ e8]
VoL Output LOW Voltage vin*Vin |G, F-0 oL = 16mA B B CLI -
or Vi Cnea o, * 10mA A | 05
ova, I ioL = 8.0mA i “os |
'3'“%:’0 m.w “
Q,3 _ — ] N
Vin ngut HIGH Lovel Guarantesd input logicel HIGH 20 Ve
voltage for sl inputs (Note 7) e -
Vie | 1nput LOW Lovel Gustontiod input foglest LOW 08 voits
voltege for sl inputs (Note 7)
Vi Input Clamp Voltage Ve = MIN,, iy = ~18mA =15 | Vois |
Clock, OF o | 0w
Ag. Ay, A2, Ay . . 1 0%
B0, 81. 82, 83 ] 0%
. . Dg. Dy, D3, D3 -on =
UTH Input LOW Current Vee = MAX., Viy = 08V ...6"'.. 2168 —_— — :F” 4
l;,I‘,T‘.h . _iﬂ_
[RAWMg, 3. Qg 3 (Now 4) -08"
g f o -.—‘-._ 4-‘———1 - 4
M - —4>~-”—4
Ao A A2 Ay »
__;%u..l:.og N
04, D2, 03 40
' Input HIGH - MAX., Vi = 2.7 —
I nput Current Vee = MAX, Viy = 2.7V T - — mA
13. 14, V5. 17 o 40
RAMg, 3,00 3 Nowd) | | 100
A [ Ca . R .. -
= MAX., Vyp = 8, 1 mA
I Input HIGH Current Vec=MAX. V=88V I R S Y
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Figure 14. 2's Complement 16 X 16 Multiply.
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Figure 22. Flowchart for Non-Restoring Division (Unsigned Numbers).
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B. Combinational Propagation Delays.
C_ = S0pF
From Input Y F3 | Cn+4 G P F=0 OVR | RAM3 Q3
‘A BAddress | 60 61 59 50 4 70 67 7 -
D 1 8 |3 | 4w | 32 | a4 4s -
o e lw| x| - v | » | = |-
012 s | & | 4 4 s | s | s | -
(a5 s 2| 2 | s | e | e | s - |
I 678 . zg - - - . B . 27 27
:cm?' s | a8 | @ B 8 | s5 | EE*:E—_

input CP: L——-,———?ﬁ

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 | O0(Noe3) 69(Noted) | O
nation 15 Do Not Change 0
I Y S R P
en - T = 1 7w 0
s - - s | 0
(s |- S T T
678 1 Do Not Change 0
wesces | - | - | | o |
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TABLE IV E-2
Guaranteed Combinational Delays
Tc = =55°C to +126°C, Voo = 4.5V to 5.5V
Two's Complement Multiply Instruction
(lg765 = 24, L4321 = Oy, lp = 0)
© Output Slice QI0, $10,
From Position | ¥ | Cpyy |(G.P| Z(s) | N |OVR | DB |WRITE| QIO, | SI10, | SI04 | Parity
A, B Address MSS 13| 93 - - |12 ]| 118 | s2 - - 97 - -
(Arith. Mode) IS, LSS 101 93 84 - - - 52 - - 97 - -
MSS 78 62 - - | 66 | 94 - - - 64 - -
AT e IS, LSS | 64 62 51 - - - - - - 64 - -
@ MSS 85 56 - - |60 | @7 - - - 58 - -
5L [e0| 6 | 4 | - | - | - - - - s | - -
e MSS 58 30 - - | 40 | 59 - - - | % - -
. IS, LS8 | 40 30 - - - - - - - 38 - -
MSS 108 | o7 - -~ | 89 | 102 | - - . e | « | -
lo IS 105 97 81 - - - - - . Tie . -
LSS 105 97 81 - - - 53 . Tie - -
MSS 12| 98 - - | o4 | m | - - . e | o | - |
laa21 IS 12 98 85 - - - - - . 75+« . -
LSS 12 98 85 43 - - - 53 . 75« - -
MSS 99 86 - - 100 - - - LD - -
lg765 1S 29 86 84 - - - - . T . -
LSS 99 86 84 48 - - - S0 - T4« . -
MSS 07| 90 - - |89 | 116 | 39 - 42 91 - -
Chick IS,LSS | 89 90 74 | s7 | - - 39 - 2 91 - -
” MSS 90 65 - - |70 | 81 - - - 72 - -
1S 90 65 a8 - - - - - ~ n” - -
IEN Any - - - - - - - 24 - - - | -
$103, S10¢ Any 26 - - - - - - - - - - -~

FeS8+ChitZ=0

S+R+CnisZ =1
Y3 = F3 @ OVR (MSS)
Z = Qp (LSS)
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1. For set-up times from all inputs not specified in Table IV B,

the set-up time is computed by calculating the delay 10 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 hold times are less than
or equal 1o zero relative to the clock LOW-to-HIGH edge.

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

" and, indirecty, conirols 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.,

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 lgy¢s CONtrol the writing or not writing of data into
RAMand Q, should be stable during the entire clock LOW

time unless is HIGH, preventing writing.

. The set-up time prior 10 the clock LOW-to-HIGH transition

occurs in parallel with the set-up time prior 10 the clock HIGH-
to-LOW transition and the clock LOW time. The actual set-up
time requirement on 43240, relative 1o the clock LOW-t0-HIGH
transition, is the longer of (1) the set-up time prior 10 clock
L = H, and (2) the sum of the set-up time prior to clock
H = L and the clock LOW time.

[ ] [ )
CALIFORNIA I I m I n — ‘ I O C ke d © Jeff Drobman
STATE UNIVERSITY
NORTHRIDGE 2016-2019
COMP122 Am2900 —
TABLE VB
Guaranteed Set-up and Hold Times
Te = ~85°C to +126°C, Voo = 4.5V 1o 5.5V
All Functions
CAUTION: READ NOTES TO TABLE B. NA = Not Applicable; no timing constraint.
HIGH-to-LOW LOW-t0-HIGH
With Respect \ ‘
Input to this Signal Set-up Hold Set-up Hold Comment
Y Clock NA NA 23 3 tomvnmap
WE HIGH Clock 25 Note 2 Note 2 0 | ToPrevent Writing
WE Low Clock NA NA 35 0 | ToWrie into RAM
A, B as Sources Clock 38 3 NA NA See Note 3 o
To Write Data only into

B as a Destination Clock and WE both LOW 6 Note 4 Note 4 3 “c«_"d_.w
QI0p, QIO Clock NA NA 23 3 ToSnnQ
lg7es Clock 24 Note 5 Note 5 o | -
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
l4az10 Clock 24 74 0 See Note 6

Notes: 3. A and B addresses must be set-up prior 1o clock LOW transi-
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Am2903 - Am29203

® Expandable Register File -
Like the Am2901, the Am2003/29203 contains 16 internal
working registers arranged in a two-address architecture, But
the Am2903/29203 includes the necessary "hooks” 10 ex-
pand the register file externally to any number of registers.

® Built-in Multiplication Logic -
Performing multiplication with the Am2901A requires a foew
external gates — these gates are contained on-chip in the
Am2003/20203. Three special instructions are used for un-
signed multiplication, two's complement multiplication 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 simultaneously 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.

® Built-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 capabllity 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

The Am2003 is a four-bit expandable bipolar microprocessor
slice. The Am2003 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 10 its complete arithmetic and logic instruc-
tion set, the Am2903 provides a special set of instructions which
faciiitate the implementation of multiplication, division, normali-
zation, and other previously time-consuming operations. The
Am29203 is a similar device, but has additional VO capability,
more special instructions and will be at least 30% faster.

BLOCK DIAGRAM
g' ‘74 . DATA W . . N
v waTe
v .
A » r3 X
o) DATA OUY OATA OUT H
A ]
{4 . AnISI O Y
o LATOM et feeor
=
roeeen 44 . “
%v} .' “
Ppp— . LI —
o~ - - I— b )
0
(= ' mux w8 )
“Y
1 1
am
- AN NS N .
ol=e \, -
- o3
Coe WOy

DR JEFF
SOFTWARE

INDIE APPDEVELOPER

© Jeff Drobman
2016-2019



