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Features

e Pin compatible and functional equiva-
lent to Am2901C

Low power

Ve margin

— 5V *10%

— All parameters guaranteed over
commercial and military operating
temperature range

Performs eight operations on two
4-bit operands

Infinitely expandable in 4-bit incre-
ments

Four status flags: carry, overflow, neg-
ative, zero

CY2901C

EMICONDUCTOR

« Capable of withstanding greater than
2001V static discharge voltage

Functional Description

The CY2901 is a high-speed, expandable,
4-bit wide ALU that can be used to imple-
ment the arithmetic section of a CPU, pe-
ripheral controller, or programmable con-
troller. The instruction set of the CY2901
is basic but yet so versalile that it can emu-
late the ALU of almost any digital comput-
er.

The CY2901, as illustrated in the block
diagram, consists of a 16-word by 4-bit du-
al-port RAM register file, a 4-bit ALU and
the required data manipulation and con-
trotlogic.

CMOS Four-Bit Slice

Theoperation performedis delermined by
nine input control lines (I to Ig) that are
usuallyinputs from an instruction register.

The CY2901 is expandablc in 4-bit incre-
ments, has three-state data outputs as well
as flag outputs, and can use either a full
carrylook-ahead or a ripple carry.
TheCY2901is a pin-compatible, function-
allyequivalent,improved-performancere-
placementfor the AM2901.

The CY2901 is fabricated using an ad-
vanced 1.2-micron CMOS process that
eliminateslatch-up, provides ESD protec-
tion over 2001V, and achieves superior
performanceat low power dissipation.

Logic Block Diagram

Pin Configuration

RAM, RAM SHIFT RAM .
Top View
CLOCK L - Op U e " 1
Q-SHIFT = 40 [ OE
'B' DATAIN i A ]2 [
‘A" (READ) ‘A’ ADDRESS A1 13 38 [ Ya
ADDRESS RAM cp Ao 4 o7 [ Vs
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(READAWRITE) :) '8’ ADDRESS QREGISTER ©
ADDRESS A iz 7 34 [1 OVR
DATA  DATA cP Q Aams 8 33 [ Cnra
out  ouT ramMg [ 2[J G
1 10GIC L—— vee 10 a1 | Fs
DIRECY ‘0 F=0 1 30 1 GND
DATAIN ‘ o 12 29 {1 Cn
L {} o . y [ = RE:] 28 1
a Q
a]7|s 5|4 3 z[wlo b 14 27 [ s
ALU DATA SOURCE or O 15 ol
DESTINATION ALU ALU 4 =] S
CONTROL FUNCTION SOURCE g SELECTOR ¢ a; s 25 o
MICROINSTRUCTION DECODE 8, O 17 24 [ 0
{} by _ By CJ18 23] 0.
CARRY IN ——ml C, R s gl B, 19 21 oy
8-FUNCTION ALU | > Cous Bs Ljzo 21 [ a
= F3 (SIGN)
—a= OVERFLOW
F =~ F=o0000 2901G-2
{
A F
DUTPUT ——
ChABE OUTPUT DATA SELECTOR
¥
DATA OUT 2901C-1
Selection Guide See last page for ordering information.
Read Modify-Write Cycle (Min.) in ns Operating Ic¢ (Max.) in mA Operating Range Part Number
CC P g
31 140 Commercial CY2901C
32 180 Milita CY2901C
Iy
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Maximum Ratings

(Above which the useful life may be impaired.) Static Discharge Voltage ........................ >2001V
o o (Per MIL-STD-883 Method 3015)
Stora'ge Temperature - : """"""""" - 65 C to + 150 C [‘atch_Up Current (Outputs) .................. >2m mA
Ambient Temperaturewith
PowerApplied ............ ... ... —55°Cto +125°C Operating Range
Supply Voltage to Ground Potential -
(PINT0LOPIN30) .. ovesnsenennen. . —05Vto +7.0V Ambient
DC Voltage Applied to Outputs Range Temperature Yee
in High 2 5tate . «evvvo .. e —05Vto +7.0V Commercial 0°Cto +70°C 5V *10%
DC Input Voltage - 05Vto +7.0V Militaryl!] —55°Cto +125°C 5V £10%
Output Current into Outputs (LOW) ............... 30mA Notes:
1. Ta is the “instant on” case temperature.
Pin Definitions
Signal Signal
Name /O Description Name /0 Description
Ap — A3 I These four address lines select one of the regis- Q3 T/O  Outputs: When the destination code on lines Ig,
ters in the stack and output its contents on the RAM; 7,8 indicates a shift left (UP) operation the
(internal) A port. (cont.) three-state outputs are enabled and the MSB of
. i the Q register is output on the Q3 pin and the
By — B3 I These four address lines select one of the regis- MSB of the ALU output (F3) is output on the
ters in the sack and output its contents on the RAM; pin.
(internal) B port. This can also be the destina-
tion address when data is written back into the Inputs: When the destination code indicates a
register file. shift right (DOWN) the pins are the data inputs
L L to the MSB of the Q register and the MSB of
Ip—1Ig 1 These nine instruction lines select the ALU data the RAM.
sources (Io, 1, 2), the operation to be performed
(13, 4, 5), and what data is to be written into ei- Qo I/0  Thesce two lincs arc bidircctional and function in
ther the Q register or the register file (I, 7, g)- RAM, a manner similar to the Q3 and RAM; lines,
) i except that they are the LSB of the Q register
Do-Ds 1 These are four data input lines that may be se- and RAM.
lected by the I, 1, 2 lines as inputs to the ALU.
Chn 1 The carry-in to the internal ALU.
Yo— Y3 O These are three-state data output lines that, )
when enabled, output either the output of the Cnsa O The carry-out from the internal ALU.
ALU or the data in the A latches, as determined feR] o The carry generate and the carry propagate out
: 3, -
by the code on the I, 7, glines. puts of the ALU, which may be used to perform
OE 1 Output Enable. This is an active LOW input a carry look-ahead operation over the 4 bits of
that controls the Yg — Y3 oulputs. When this the ALU.
signal is LOW the Y outputs are enabled and OVR o  Ow . . . N
o ; T erflow. This signal is logically the exclusive-
:&;}al;zen it is HIGH they are in the high-impedance OR of the carry-in and the carry-out of the MSB
: of the ALU. Fhis pin indicates that the result of
CP 1 Clock Input. The LOW level of the clock writes the ALU operation has exceeded the capacity of
data to the 16 x 4 RAM. The HIGH level of the the machine. It is valid only for the siga bit and
clock writes data from the RAM to the A-port assumes two’s complement coding for negative
and B-port latches. The operation of the Q reg- numbers.
ister is similar, Data is entered into the master .
latch on the LOW level of the clock and trans- F=0 o dOpen wlllleoni output that goes HIGH if flhe
ferred from master to stave when the clock is ata on the ALU outputs (Fp, 1, 2, 3) are a
HIGH. L.OW. it indicates that the result of an AT.LJ op-
eration is zero (positive logic).
Q3 I/O  These two lines are bidirectional and are con- L .
RAM;3 trolled by the g, 7, g inputs. Electrically they are F3 o The most significant bit of the ALU output.

three-state output drivers connected to the
TTL-compatible CMOS inputs.
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Electrical Characteristics Overthe Operating Range (VccMin. = 4.5V, VocMax., = 5.5v)2

Parameters Description Test Conditions Min. Max. | Units
Vou Output HIGH Voltage Ve = Min,, Iog = —3.4 mA 24 v
Vol Output LOW Voltage Ve = Min,, 04 v
Ior, = 20 mA Commercial, 16 mA Military
Viu Input HIGH Voltage 2.0 Vce \%
Vi Input LOW Voltage -30 0.8 v
Im Input HIGH Current Ve = Max, Vin = Ve 10 nA
I Input LOW Currcnt Ve = Max, Viy = GND — 10 HA
Ion Output HIGH Current Vce = Min, Vo = 24V -34 mA
Tor Output LOW Current Vee = Min, Vor = 0.4V Commercial 20 mA
Military 16 mA
Ioz Output Leakage Current Ve = Max.,, Voyr = GND or Ve — 40 +40 HA
Isc Output Short Circuit Current3l | Ve = Max, Voyr =0V -30 | -8 | mA
Iec Supply Current Ve = Max. Commercial 140 mA
Military 180 mA
Capacitancel*]
Parameters Description Test Conditions Max., Units
CiN inputCapacitance Ta =25°C,f=1MHz, 5 pF
Cour OutputCapacitance Ve =50V 7 pF
Notes:
2. Sccthe last page of this specification for Group A subgraup testing in- 4. Testedinitially and after any design or process changes that may affect
formation. these parameters.

3. Notmore than oneoutput should be shorted at a time. Duration of the
short circuit should not be more than one sccond.

Output Loads used for AC Performance Characteristics

+5V +5v
R1 270Q
Vour Vour
I* 3" o
T 2o0i1C3 2001C4
All outputs except open drain Open drain (F = 0)

Notes:

1. Cp =50 pF includes scope probe, wiring and stray capacitance.

2. Cp, = 5 pF for output disable tcsts.

3. Loads shown above are for commercial (20 mA) Ioy specifications

only.
Commercial Military
R, 203Q 252Q
R; 1482 174Q

LOGIC H



? o e CY2901C
SEMICONDUCTOR
CY2901C Guaranteed Commercial Range AC Cycle Time and Clock Characteristics
Performance Characteristics CY2901— c
The tables below specify the guaranteed AC performance of these T . >
devices over the Commercial (0°C to 70°C) operating tempera- Read Modify Wite Cycle (from sclection 31ns
. . - j of A, B registers to end of cycle)
ture range with Ve varying from 4.5V to 5.5V. All times are in - -
nanosecondsand are measuredbetweenthe 1.5V signallevels. The Maximum Clock Frequency to shift Q 32 MHz
inputs switch between OV and 3V with signal transition rates of 1V (50% duty cycle, I = 432 or 632)
pernanosecond. Alloutputs have maximum DC currentloads. See Minimum Clock LOW Time 15 ns
f}?"‘;’“:pagef':"a‘:;g C‘ftch“t‘;mff"l'lma_""“' . Minimum Clock HIGH Time 15ns
is data applies to parts with the following numbers: — -
CY2901CPC, CY2901CDC, CY2901CLC Minimum Clock Period 31ns
For faster performance see CY7C901 - 23 specification.
Combinatorial Propagation Delays. C = 50 pFI5l
To Output Y F3 Co+d G,P F=0 OVR RAM, Qo
From Input Y Fs Cn+4 G,P F=0 OVR RAM; Qs
A, B Address 40 40 40 37 40 40 40 —
D 30 30 30 30 38 30 30 —
Ch 22 22 20 — 25 22 25 —
Toiz 35 35 35 37 37 35 35 —
T35 35 35 35 35 38 35 35 —
Ig7g 25 — —_ — — — 26 26
ABypass ALU (I = 2XX) 35 — — — — — — —
Clock (LOW to HIGH) 35 35 35 35 35 35 35 28
Set-Up and Hold Times Relative to Clock (CP) Input!S ¢!
CP: N /]
| S E—
Set-Up Time Hold Time Set-Up Time Hold Time
Input Before H$p L After H$ L Before L) H After L} H
A, B Source Address 15 1 30, 15 + tpwL 1
{Note 7) (Note 8)
B Destination Address 15 4 Do Not Change » 1
D — -— 25 0
Cn — — 20 0
Torz — — 30 0
I345 — — 30 0
Ts7s 10 [ ] Do Not Change » 0
RAM 3,Qo, 3 — — 12 0
Output Enable/Disable Times
Output disable tests performed with Cy, = 5 pF and measurcd to 0.5V change of output voltage level.
Device Input Output Enable Disable
CY2901C OE Y 23 23
Notes:
5. A dash indicates a propagation delay path or sct-up time constraint adestination; i.e. if data is not being written back into the RAM. Nor-

does not exist.

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

Source addresses must be stable prior to the clock H # L transition to
allow time to access the source data before the latchesclose. The Aad-
dress may thenbe changed. The B address could be changed if it is not

8.

mally A and B are not changed during the clock LOW time.

The set-up time prior to the clock L # H transition is to allow time for
data to be accessed, passed through the ALU, and returned to the
RAM. It includes all the time form stable A and B addresses to the
clock L # H transition, regardless of when the clock H $ L transition
occurs.
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CY2901C Guaranteed Military Range AC

Cycle Time and Clock Characteristicsi?!

Performance Characteristics Y2901~ C
i SooCra 135 yopemimgompers, | Keaeodty-Wee Cyce (rom seleoon | 3208
ture range with Ve varying from 4.5V to 5.5V. All times are in
nanosecondsand are measured betweenthe 1.5V signal levels. The Maximum Clock Frequency to shift Q 31 MHz
inputs switch between 0V and 3V withsignal transition ratesof 1V (50% duty cycle, | = 432 or 632)
pernanosecond. Alloutputs have maximum DC current loads. See Minimum Clock LOW Time 1S ns
;frl;:](;ttrilgi{ Characteristics” of thisdatasheet forloading circuit in- Mirimum Clock HIGH Time Sre
This data applies to parts with the following numbers: Minimum Clock Period 32ns
CY2901CDMB For faster performance see CY7C901—27 specification.
Combinatorial Propagation Delays. C; = 50 pFi2 ]
To Output Y F3 Co+4 G,P F= OVR RAM; Q3
From Input Y F; Cata G,P F=0 OVR RAM, Qo
A, B Address 48 48 48 44 48 48 48 —
D 37 37 37 34 40 37 37 —
Ca 25 25 21 28 25 28 —
Io12 40 40 40 44 44 40 35 —
I345 40 40 40 40 40 40 40 —
1578 29 — — — — — 29 29
A Bypass ALU (I = 2XX) 40 — — — — — — —
Clock (LOW to HIGH) 40 40 40 40 40 40 40 33
Set-Up and Hold Times Relative to Clock (CP) Inputl5 5!
ce: —\L /]
Set-Up Time Hold Time Set-Up Time Hold Time
Input Before Hp L After HPp L Before L # H After L® H
A, B Source Address 15 2 30,15 + tpwL 2
(Note 7) (Note 8)
B Destination Address 15 4 Do Not Change » 2
D — — 25 0
Cy — — 20 0
Ip12 — — 30 0
1345 — — 30 0
Ig78 10 4 Do Not Change » 0
RAMg, 3, Qp, 3 — — 12 0

Output Enable/Disable Times

Device Input Output Enable

Disable

CY2901C OE Y 25

25

Output disable tests performed with Cp = 5 pF and measured to 0.5V change of output voltage level.
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Ordering Information

Read
Modify-
Write Cycle Package Operating
(ns) Ordering Code Type Range
31 CY2901CDC D18 Commercial
CY2901CPC P17
32 CY2901CDMB D18 Military
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics Combinational Propagation Delays (Continued)
Parameters Subgroups Parameters Subgroups
Vou 1,2,3 FromCytoY 7,8,9,10,11
VoL 1,23 From Cp to F3 7,8,9,10,11
Viu 1,23 FromChto Cy 4+ 4 7.8,9,10,11
Vi Max. 1,23 FromCytoF =0 7,8,9,10, 11
Imy 1,2,3 From C, to OVR 7,8,9,10,11
In 1,2,3 From C, to RAMj, 3 7,8,9,10,11
Ion 1,2,3 FromIpgpto Y 7,.8,9,10,11
IOL 1,2,3 FromIgy2 to F3 7,8,9,10,11
loz 1,2,3 FromIpj2to Cpy 4 4 7,8,9,10,11
Isc 1,2,3 FromIp;;to G, P 7,8,9,10,11
Icc 1,2,3 FromIp;zto F = 0 7,8,9,10, 11
Cycle Time and Clock Characteristics gzz ;giz ::: gXNRﬁ, ; ; g z :g ::
Parameters Subgroups FromI34; to Y 7,8,9,10, 11
Minimum Clock LOW Time 7,8,9,10,11 From I345 to F 7,8,9,10, 11
Minimum Clock HIGH Time 7,8,9,10, 11 FromI3e5 10 Cy 5 4 7.8,9.10, 11
Combinational Propagation Delays From Iss t0 G, P 7.8,9,10,11
FromIzystoF =0 7,8,9,10,11
Parameters Subgroups From Isgs 1o OVR 7,8,9,10, 11
From A, B Addressto Y 7,8,9,10,11 From I45 to RAMY 3 7,8,9,10, 11
From A, B Address to F3 7,8,9,10,11 From Igzg to Y 7,8,9,10, 11
From A, B Address lOEn: 4 7,8,9,10,11 From Ig75 to RAMO, 3 7,8,9,10, 11
From A, B Addressto G, P 7,8,9,10, 11 From lgzg to Qg 3 7.8,9,10, 11
From A, B Addressto F =0 7.8,9,10, 11 From A Bypass ALU 10 Y (I = 2XX) 7,8,9,10, 11
From A, B Addressta OVR 7.8,5,16,11 From Clock LOW 10 HIGH 10 Y 7,8,9,10, 11
From A, B Address to RAMy, 3 7.8,9,10,11 From Clock LOW to HIGH to F3 7,8,9,10, 11
From Dto Y 7.8,9,10,11 From Clock LOW to HIGH t0 Cy 4 4 7,8,9,10, 11
From D to Fy 789,10, 11 From Clock LOW t0 HIGH t0 G, P 7,8,9,10, 11
FromDw Gy 4 4 7,859,106, 11 From Clock LOW to HIGH to F = 0 7,8,9,10,11
FromDwG, P 789101 From Clock LOW to HIGH 10 OVR 7,8,9,10,11
FromDtoF =0 7.8,9,10, 11 From Clock LOW to HIGH to RAMy, 5 7,8.9,10, 11
From D to OVR %,8,910,11 From Clock LOW to HIGH to Qg 7,8,9,10,11
From D to RAM 3 7,8,9,10,11




o~

CY2901C

Set-Up and Hold Times Relative to Clock (CP) Input

Parameters Subgroups

A, B Source Address 7,8,9,10,11
Set-Up Time Before Hp L

A, B Source Address 7,8,9,10,11
Hold Time After H$ L

A, B Source Address 7,8,9,10,11
Set-Up Time Before L § H

A, BSource Address 7,8,9,10, 11
Hold Time After L H

B Destination Address 7,8,9,10, 11
Set-Up Time Before HB L

B Destination Address 7,8,9,10,11
Hold Time After H$ L

B Destination Address 7,8,9,10,11
Set-Up Time Before L H

B Destination Address 7,8,9,10,11
Hold Time After L H

D Set-Up Time Before L »H 7,8,9,10,11
D Hold Time After L H 7,8,9,10,11
C,, Set-Up Time Before L§ H 7,8,9,10,11
C, Hold Time After L% H 7,8,9,10,11
Ig12 Set-Up Time Before L H 7,8,9,10,11
Ig12 Hold Time After L H 7,8,9,10, 1
I345 Set-Up Time Beforc L§ H 7,8,9,10,11
1345 Hold Time After L H 7,8,9,10,11
1478 Set-Up Time Before H L 7,8,9,10,11
178 Hold Time After H L 7,8,9,10,11
Ig7g Set-Up Time Before L $H 7,8,9,10, 11
T¢7s Hold Time After L H 7,8,9,10, 11
RAM,, RAM;3, Qp, Q3 7,8,9,10, 11
Set-Up Time Before L H

RAMg, RAM;3, Qp, Q3 7,8,9,10,11

Hold Time After L H
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