— CY7C9101-30 has a 30-ns (max.)
clock cycle (commercial)

— CY7C9101-35 has a 35-ns (max.)
clock cycle (military)

Low power

— I¢c (max. at 10 MHz) = 60 mA
(commercial)

—I¢c (max. at 10 MHz) = 85 mA
(military)

® Ve margin of 5V +10%

CY7C9101
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o Infinitely expandable in 16-bit incre-
ments

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

o Capable of withstanding greater than
2001V static discharge voltage

o Pin compatible and functional equiva-
lent to AM29C101
Functional Description

The CY7C9101 is a high-speed, expand-
able, 16-bit-wide ALU slice that can be
used to implement the arithmetic section
of a CPU, peripheral controller, or pro-

CMOS 16-Bit Slice

ALU, and the necessary data manipulation
and control logic.

The function performed is determined by
9-bit instruction word (I3 to Ip), which is
usually input via a micro-instruction reg-
ister.

The CY7C9101 is expandable in 16-bit in-
crements, has three-state data outputs as
well as flag outputs, and can implement ei-
ther a full look-ahead carry or a ripple
carry.

The CY7C9101 is a pin-compatible, func-
tional equivalent for the Am29C101 with
improved performance. The 7C9101 re-
places four 2901s and includes on-chip
carry look-ahead logic.

Fabricated in an advanced 1.2-micron
CMOS process, the CY7C9101 eliminates
latch-up, has ESD protection greater than
2000V, and achieves superior performance
with low power dissipation.

All parameters guaranteed over . .
commercial and military operating grammable controller. The instruction set
temperature range of the CY7C9101 is basic, yet so versatile
Replaces four 2901s with carry look- that it can emulate the ALU of almost any
ahead logic digital computer.
Eight-function ALU performs three The CY7C9101, as shown in the logic
arithmetic and five logical operations  block diagram, consists of a 16-word by
on two 16-bit operands 16-bit dual-port RAM register file, a 16-bit
Logic Block Diagram ko

s] 7{e]s]afs]2a]1]o

DESTINATION ALU ALU

CONTROL FUNCTION SOURCE
MICRONSTRUCTION DECODE

)

RAM 5 RAM SHIFTER RAMg
Qs Q-SHIFTER Qy
16
A 16 16
A (READ) “B” DATA IN
ADDRESS > As - o
16 x 16 DUAL- Q-REGISTER
B (READ/WRITE) PORT RAM Qis—o
ADDRESS Bi-oa B
Dis_ g >—— L
(DIRECT — .
DATA-IN) o 0
Vs Y16 ¥16 Ve Y18 pie zw
B Q 0 A B Q o0
R-MULTIPLEXER S-MULTIPLEXER
R s
16 {15
o
R n + 16
\/ s b
P
(o 8-FUNCTION ALU F15 (SIGN)
OVERFLOW
F=0
4’15 X6
A
OUTPUT MULTIPLEXER
¥ 7C9101-1

)

Yi5-0
DATA OUT

Pin Configurations

RAM;g

7C9101-2
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Pin Configurations (continued)

PGA
Top View
st] so] 4] as]| a4] 42| 40] 38] 36
Yy Y2 Yo Yo OE | NC | Ya | Yo | Yi2
s3] s2 a] 4| 4| a] a| as9f] a7] 3] 2a
F=0| Yo | Ya{ ¥s Y7 fVss{ Vss | Yo | You | Yia | Yue
s5] 54 2] aa
12 Cn Fis | Y15
s7] 56 o] a1
lo 4 Cn+1g OVR
o] sa8 28] 29
Iy Ig P G
61| 60 | o7
Qo Ig la Ig
62 24| 25
CP | RAMg Qs la
64 22] 23
8 | B A | RAMy5
67| 66 o] 21
Bo By Ay A
8 7 73l 751 77] 7o} e]| s8] 18] 19
D | by O3 | Ds | Dy | NC | Dg | Dyo J D2 | Dis | A0
0] 72| 7] 7] 7| seo| s2| es4] 17
L D2 Dy D | Voc | Voo f Do | D1 | Dya | Dua
7C9101-3
LCC/PLCC
Top View
2728 29 3031 32 33 34 35 36 37 38 30 40 41 42 43
QP PP Do r W & 7 K
w 7C91014
Selection Guide
CY7C9101--30 CY7C9101~-40
CY7C9101-35 CY7C9101-45
Minimum Clock Cycle (ns) Commercial 30 40
Military 35 45
Maximum Operating Current Commercial 60 60
at 10 MHz (mA) Military 35 25
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, ~ Static Discharge Voltage ........................ >2001V
not tested.) (Per MIL-STD-883 Method 3015)
Storage TeMPErature ................. —65°Cto +150°c  Lateh-Up Current (Outputs) . ................... >200 mA
Ambient Temperature with Operating Range
Power Applied ....................... —55°Cto +125°C P g g
i — Ambient

SDu(;:);{inVoltaie t(l>. C(}ir:)ur(n)d Potential ........ 0.5V to +7.0V Range Temperature Vee

oltage Applied to Outputs T Py >
inHigh Z State .. .......cvoneeeennnnnnn. - 05V o +7.0V Commercial 0°Cto +70°C 5V £10%
DC Input Voltage .. ..................... - 3.0V 1o +7.0V Militaryl1) - 55°Cto +125°C 5V £10%
Output Current into Outputs (LOW) ............... 30 mA  Note:

Pin Definitions

1. Ta is the “instant on” case temperature.

Signal Signal
Name I/O Description Name I/O Description
A3 — Ay I RAM Address A. This 4-bit address word se- Qss I/O Output Mode: When the destination code on
lects one of the 16 registers in the register file RAM;5 lines I 7, g indicates a left shift (UP) opera-
for output on the (internal) A port. (cont.) tion, the three-state outputs are enabled and
_ . . the MSB of the Q register is output on the Q5
B; =By I RAM Address B. This 4-bit address word se- pin and likewise, the MSB of the ALU output
lects one of the 16 registers in the register file (F1s) is output on the RAM s pin
for output on the (internal) B port. When data 15 P 15 pm.
is written back to the register file, this is the Input Mode: When the destination code indi-
destination address. cates a right shift (DOWN), the pins are the
data i the MSB of th ist d
Is—Ig 1 Instruction Word. This 9-bit word is decoded to ata inputs 10 the MSB of the Q register an
. the MSB of the RAM, respectively.
determine the ALU data sources (I, 1, 2), the
ALU operation (I3 4 s), and the data to be writ- Qo I/O These two lines are bidirectional and function
ten to the Q register or register file (s, 7, 5). RAM, similarly to the Q15 and RAMs lines. The Qg
. . . and RAM lines are the LSB of the Q register
Dys—Dg 1 Direct Data Input. This 16-bit data word may
; y and the RAM.
be selected by the Ig 1, ; lines as an input to
the ALU. Ca 1 Carry In. The carry in to the internal ALU.
Yi5—Yo O Data Output. These are three-state data out- Ch+i6 O Carry Out. The carry out from the internal
put lines that, when enabled, output either the ALU.
output of Fhe ALU or the data in the A la}tch, G,P O  Carry Generate, Carry Propagate. Outputs
as determined by the code on the Ig 7 g lines. from the ALU that may be used to perform a
OE I Output Enable. This is an active LOW input carry look-ahead operation over the 16 bits of
that controls the Y5 — Y outputs. A HIGH the ALU.
level on this signal places the output drivers at OVR O Overflow. This signal is the logical exclusive-
the high-impedance state. OR of the carry in and the carry out of the
CP I Clock. The LOW level of CP is used to write MSB of the ALU. This indicates when the re-
data to the RAM register file. A HIGH level sult of the ALU operation has exceeded the
of CP writes data from the dual-port RAM to capacity of the ALU’s two’s complement num-
the A and B latches. The operation of the Q ber range.
register is similar; data is entered into the mas- F=0 O  Zero Detect. Open drain output that goes
ter latch on the LOW level of CP and trans- HIGH when the data on outputs (Fys — Fg) are
ferred from master to slave during CP = all LOW. It indicates that the result of an ALU
HIGH. operation is zero (positive logic assumed).
Qj5 1/O These two lines are bidirectional and are con- 1s O  Sign. The MSB of the ALU output.
RAM;;5 trolled by I¢, 7, g. They are three-state output

drivers connected to the TTL-compatible
CMOS inputs.

6-24
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Description of Architecture
General Description

The CY7C9101 general block diagram is shown on the first page of
this datasheet, in the Logic Block Diagram section. Detailed block
diagrams (Figures 1 through 3) show the operation of specific sec-
tions as described below. The device is a 16-bit slice consisting of a
register file (16-word by 16-bit dual-port RAM), the ALU, the Q
register, and the necessary control logic. It is expandable in 16-bit
increments.

Register File
The dual-port RAM is addressed by two 4-bit address fields (A3 —
Ag, B3 — Bp) that cause the data to simultaneously appear at the A

or B (internal) ports. If the A and B addresses are the same, the
data at the A and B ports will be identical.

Data tobe written to RAM is applied to the D inputs of the 7C9101
and is passed (unchanged) through the ALU to the RAM location

specified by the B-address word. New data iswritten into the RAM
by specifying a B address while RAM write enable (RAM EN) is
active and the clock input is LOW. RAM EN is an internal signal
decoded from the signals Ig 7, g. As shown in Figure 1, each of the
16 RAM inputs is driven by a three-input multiplexer that allows
the ALU output (F15 — Fp) to be shifted one bit position to the left
or right, or not shifted at all. The RAM;5 and RAMg I/O pins are
also inputs to the 16-bit, 3-input multiplexer.

During the left-shift (upshift) operation, the RAM; 5 output buffer
and RAMy input multiplexer are enabled. For the right-shift
(downshift) operation, the RAMj output buffer and the RAM;s
input multiplexer are enabled.

The A and B outputs of the RAM drive separate 16-bit latches that
are enabled when the clock is HIGH. The outputs of the A latch go
to the three multiplexers that feed the two ALU inputs (R;5 — Rg
and S5 — Sg) and the chip output (Y15 — Yo). The B latch outputs
are directed to the multiplexer that feeds the S input to the ALU.

RAM,
RAM;5
Fis
Fia
Fia
Fiz
L]
L ]
o
Fs
Fa
Fy
Fo
Ia .---- - " I 0 N --‘-------------:
: ALU '
- 3-IN | 3-IN | 3-IN 3-IN |4 3N |4 3-IN |— |
! DESTINATION m - XX - - RAM SHIFTER
7 >—| PESTIUIK —:—:) mux [ mux [ mux 7'+ * A mux H mux H mux (16 % 3N MUX)
s >— (YRR PRy PR R SN [ ...
D D
As > Dis D1 D13 se0 2 1 Do < By
A ADDRESS Az > 16-WORD BY 16-BIT DUAL PORT RAM < By B ADDRESS
Ay > —< B
Ay > A5 — Ag Vll’E Bis — By < B,
B F.
A LATCH B LATCH
or > P>
>_D ~AT1e ﬁ16
7691015
A5 — Ag Bis - Bg
Figure 1. Register File
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Description of Architecture (continued)

Q Register

The Qregisterismainly intended foruse as a separate working reg-
ister for multiplication and division routines. It may also function
as an accumulator or temporary storage register. Sixteen master-
slave latches are used toimplement the Q register. Asshown in Fig-
ure 2,the Q-register inputs are driven by the outputs of the Q shift-
er (snxteen 3-input multiplexers, under the control of I 7, g). The
function of the Q register input multiplexers is to allow the Q regis-
ter to be shifted either left or right, or loaded with the ALU output
(F15 — Fg). The Q5 and Qy pins (I/O) function similarly to the
RAM;5and RAMj pins described earlier. Data is entered into the
master latches when the clock is LOW and is transferred to the
slave (output) at the clock LOW-to-HIGH transition.

ALU (Arithmetic Logic Unit)

The ALU can perform three arithmetic and five logical operations
onthe two 16-bit input operands, R and S. The R input multiplexer
selects between data from the RAM A portand data at the external
datainput, D5 — Dyg. The S input multiplexer selects between data
from the RAM A port, the RAM B port, and the Q register. The R
and S multiplexers are controlled by the Iy, 2 inputs as shown in
Table 1. The R and S input multiplexers each have an “inhibit capa-
bility,” offering a state where no data is passed. This is equivalent

to a source operand consisting of all zeros. The R and S ALU
source multiplexers are configured to allow eight pairs of combina-
tionsof A, B, D, Q, and “0” to be selected as ALU input operands.

The ALU input functions, which are controlled by I3 4,5, are
shownin Table 2. Carrylook-ahead logicis resident on the 7C9101,
using the ALU carry in (Cp) input and the ALU carry propagate
(P), carry generate (G), carry out (C, + 16), and overflow outputs
to implement carry look-ahead arithmetic and determine if arith-
metic overflow has occurred. Note that the carry in (Cp) signal af-
fects the arithmetic result and internal flags only; it hasno effect on
the logical operations.

Control signals I 7, g route the ALU data output (Fy5 — Fg) to the
RAM, the Qregister inputs, and the Y outputs as shown in Table 3.
The ALU result MSB (F,5) is output so the user may examine the
sign bit without needing to enable the three-state outputs. The F =
0 output, used for zero detection, is HIGH when all bits of the F
output are LOW. It is an open drain output that may be wire ORed
across multiple 7C9101 processor slices. Figure 3 shows ablock dia-
gram of the ALU.

The ALU source operands and ALU function matrix are summa-
rized in Table 4 and separated by logic operation or arithmetic op-
eration in Tables 5 and 6, respectively. The Iy, 1, 7 lines select eight
pairs of source operands and the I3, 4, 5 lines select the operation to
be performed.

Qs Fis  Fia Fi3 e Fa Fy Fo
Qg
Q SHIFTER I’
e ALY 3N I aan | 3N 3N ] 3n | 3m |
y > PESTROEEN mux [ mux = mux 7'+ * A mux [ mux H mux [
lg >— S P D P [ERSEE R R
(16 x 3-IN MUX)
D15 D1 D13 eee D, Dy Dy
QEN
oP >—I> Q REGISTER
Qs Qig Qi3 Qy LX) Q Q Q Q
Qis Qg Qi3 Q2 see Q3 Q Q Q 7C3101-6

Figure 2. Q Register
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Description of Architecture (continued)

Conventional Addition and Pass-Increment/Decrement

When the carry in is HIGH and either a conventional addition or a
PASS operation is performed, one (1) is added to the result. If the
DECREMENT operation is performed when the carry inis LOW,
the value of the operand is reduced by one. However, when the
same operation is performed when the carry inis HIGH, it nullifies
the DECREMENT operation so that the result is equivalent to the
PASS operation. In logical operations, the carry in (C,) will not af-
fect the ALU output.

Table 1. ALU Source Operand Control

Subtraction

Recall that in two’s complement integer coding — 1is equal to all
ones, and that in one’s complement integer coding zero is equal to
all ones. To convert a positive integer to its two’s complement (neg-
ative) equivalent, invert (complement) the number and add 1 toiit;
i.e.,, TWC = ONC + 1. In Table 6 the symbol — Q represents the
two’s complement of Q, so the one’s complement of Qis then — Q
-1

Table 2. ALU Function Control

ALU Source Micro Code
Micro Code Operands Octal ALU
Octal Mnemonic | Is | I4 | I3 | Code Function Symbol
Mnemonic | Iy | I | Ip | Code R S ADD T T 0 RPlusS RTS
AQ LIL Ly o0 A Q SUBR L{L|H| 1 |SMinusR S-R
AB LIL ) H 1 A B SUBS L|H|L| 2 |RMinuss R-S
2Q LIH L 2 0 Q OR L{H|H]| 3 |RORS RVS
ZB LIH[H] 3 o B AND H{L|L| 4 |ranDs RAS
ZA H L L 4 0 A NOTRS {H|L|H{| 5 |RaNDs RAS
DA HQL|H S D A XOR H|{H|[L| 6 |RXORS RVS
DQ HfH3 L, 6 D Q XNOR |H|{H|H| 7 |RXNORS | R¥US
DZ H H H 7 D 0]
Table 3. ALU Destination Control
Micro Code RAM Function Q-Reg. Function RAM Shifter Q Shifter
Octal Y

Mnpemonic | Ig | I7 | Ig Code Shift Load Shift Load Output | RAMy | RAM;5 | Qo Qis

QREG L L L 0 X None None F#»Q 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
RAMQD H L L 4 DOWN | F2»B | DOWN | Q2% Q F Foy INy5 Qo INys

RAMD H L | H 5 DOWN | F2»B X None F Fy INy5 Qo X
RAMQU H | H L 6 Up 2F# B UP 209 Q F INg Fis INg Qs
RAMU H|H|H 7 UP 2F#B X None F INp Fis X Q15

X = Don't care. Electrically, the input shift pin is a TTL input internally connected to a three-state output that is in the high-impedance state.

A = Register addressed by A inputs.
B = Register addressed by B inputs.
UP is toward MSB, DOWN is toward LSB.
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Description of Architecture (continued)
Dis D14 LX) D4 Do Bis Big eee B4 Bo
) Qi
Ais Q4
Aqq .
* L]
L] L]
L
Aq Q
T
Ao ) [ 1 | | [
2-IN | 2-IN 2-IN |4 2-IN 3-IN | 3-IN 3-IN |4 3-IN
mux [ mux F7* * *A mux F mux mux [ mux 7 * *4 mux = mux ¢ soﬂ_gce <
operanD [<
DECODE < |,
Rys Rig eee Ry Ro S15 Si4 ese G So [ E
16-BIT ARITHMETIC LOGIC UNIT (ALU) —
— Cn+16
Fi5 Fia XX Fq Fo —= OVR
X I T—» F,5(SIGN)
F=0
Cn
A <k
2-N 2-IN 7 yi 2-IN 2-IN
MUX MUX 70/ MUX MUX DESE}?‘@SE)N ~< ¥
: ; < s
OFE >—(1 >—e + //o . O/L
* ‘ ‘ 7C8101-7
Yi5 Y1a ese Y, Yo
Figure 3. ALU
Table 4. Source Operand and ALU Function Matrix
I21p Octal 0 1 2 3 4 5 6 7
Octal ALU Source A A (o) 0 o D D D
Is43 | ALU Function Q B Q B A A Q (8]
0 |Cy=L A+Q A+B Q B A D+A D+Q b
R plus §
Ca=H A+Q+1 1 A+B+1 Q+1 B+1 A+1 D+A+1 |D+Q+1 D+1
1 Cy=L Q-A-1|B-A-1 Q-1 B-1 A-1 A-D-1|Q-D-1}|-D-1
S minus R
Ca=H Q-A B—-A Q B A A-D Q-D -D
2 Ch=L A-Q-1]|]A-B-1|-Q-1|-B-1|-A-1|D-A-1|D-Q-1 D-1
R minus S
Ca=H A-Q A-B -Q -B -A D-A D-Q D
3 RORS AVQ AVB Q B A DvVA DvQ D
4 RAND S AANQ AAB 0 0 0 DAA DAQ 0
5 |RANDS AANQ AAB Q B A DAA DAQ 0
6 REX-OR S AMQ AVMB Q B A DvA DV¥Q D
7 REX-NOR S A¥Q AVB [e] B A DVA DvVQ D

+ = Plus; — = Minus; V = OR; A = AND; ¥ = EX-OR
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Table 5. ALU Logic Mode Functions

Table 6. ALU Arithmetic Mode Functions

Octal C, = 0 (LOW) C, = 1 (HIGH)

Isq3, I2zo | Group Function Group Function
00 ADD A+Q |ADDplus |A+Q+1"
01 A+B [on¢ A+B+1
05 D+A D+A+t
06 D+Q D+Q+1
02 PASS Q Increment Q+1
03 B B+1
04 A A+1
07 D D+1
12 Decrement Q-1 PASS Q
13 B-1 B
14 A-1 A
27 D-1 D
22 1’s Comp. -Q-1 {2sComp. -Q
23 -B-1 [(Negate) -B
24 -A-1 -A
17 -D~-1 -D
10 Subtract Q — A — 1 | Subtract Q-A
11 (I'sComp.) [g _ A — 1 | (2's Comp.) B-A
15 A-D-1 A-D
16 Q-D-1 Q-D
20 A-Q-1 A-Q
21 A-B-1 A-B
25 D~-A-1 D-A
26 D-Q-1 D-Q

Octal

Is43, I210 Group Function
40 AND AAQ
41 AANB
45 DAA
46 DAQ
30 OR AVQ
31 AVB
35 DVA
36 DVQ
60 XOR AVQ
61 AVB
65 DY A
66 D¥Q
70 XNOR AYQ
71 AYEB
75 DVA
76 DVQ
72 INVERT Q
73 B
74 A
77 D
62 PASS Q
63 B
64 A
67 D
32 PASS Q
33 B
34 A
37 D
42 “ZERO” 0
43 0
44 0
47 0
50 MASK AANQ
51 AANB
55 DAA
56 DAQ

LOGIC H
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Electrical Characteristics Over Commercial and Military Operating Rangel?]
Ve Min. = 45V, Vee Max, = 5.5V

Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage Vee = Min, Iog = — 3.4 mA 2.4 v
All Outputs Except F = 0
VoL Output LOW Voltage Vee = Min, Igr = 16 mA 0.4 \%
Viu Input HIGH Voltage 2.0 Vce v
VIL Input LOW Voltage -3.0| 08 A\’
Iix Input Leakage Current Vss < ViN < Vee, Ve = Max. -10 10 uA
Iou Output HIGH Current Ve = Min, Voy = 24V ~3.4 mA
All Outputs Except F = 0
IoL Output LOW Current Vee = Min,, VgL = 04V 16 mA
Ioz Output Leakage Current Ve = Max. +40 HA
Vour = Vssto Voc — 40 HA
Isc Output Short Circuit Currentl3] | Voo = Max,, Voyr = 0V -85 mA
All Outputs Except F = 0
Icc(QpH Supply Current (Quiescent) Vss < VIN < Vipor__ Commercial 30 mA
Vi < Vin < Veg; OF = HIGH Military 35 A
Icc(Qy)4 Supply Current (Quiescent) Vss < ViN<04Vor_ Commercial 25 mA
3.85V < Vin < V¢ OE = HIGH Military 30 A
Icc(Max.)4l | Supply Current %CC = Max,, fcrx = 10 MHz; Commercial 60 mA
E = HIGH Military 85 | mA
Capacitancels]
Parameter Description Test Conditions Max. Unit
CiN Input Capacitance Ta = 25°C, f = 1 MHz, 8 pF
Cout Output Capacitance Vee =50V 10 pF

Output Loads Used for AC Performance Characteristics(6 7)

Vour

I*

+5V

252Q

175Q

7C9101-8

All Outputs Except Open Drain

Notes:

2. Seethelast page of this specification for Group A subgroup testing in-

formation.

3. Notmore than one output should be shorted atatime. Durationofthe 5.

short circuit should not be more than one second.

4. Two quiescent figures are given for different input voltage ranges. To
calculate Icc at any given frequency, use Ioc(Qj) + Icc(AC) where 7,

+5V

270Q
Vour
CL

7C8101-8

Open Drain (F = 0)

these parameters.

o

CL = 5 pF for output disable tests.

Iec(Qy) is shown above and Icc(AC) = (3 mA/MHz) x Clock Fre-

quency for the commercial temperature. Icc(AC) = (5 mA/MHz) x
Clock Frequency for military temperature range.

Tested initially and after any design or process changes that may affect

Cy = 50 pF includes scope probe, wiring, and stray capacitance.
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Table 7. Logic Functions for CARRY and OVERFLOW Conditions

Isqs Function P G Cn+16 OVR
0 R+S Py - Pis Gis + P1sGia + P1sP1sGiz + ... + P — P15Gy Cis Ci6 ¥ Cis
1 S-R Same as R + S equations, but substitute R; for R; in definitions
2 R-S Same as R + S equations, but substitute S; for S; in definitions
3 RVS
4 RAS
S RAS HIGH HIGH LOW LOW
6 R¥VS
7 R¥S

Definitions (+ = OR)
Py — P15 = PysP14P13P12P11P10P9PsP7PsPsP4P3PoP Py
Pg=Rp+ So
Pi1=R; +§
P,=Ry+S;
P3; = R3 + §3, etc.

CY7C9101-30 and CY7C9101—-40 Guaranteed

Go — Gi15 = G15G14G13G12G11G10G9G8G7G6G5GaG3G2G1Go

Go = RoSp
Gy =Ry
Gy = RyS;
G3 = Ri183, etc.

Ci6 = G15 + P15G14 + P1sP1aGiz + ... + Pg — P1sCy
Ci5 = Gis + P1yGy3 + PyP13Gia + ... + Pp = PGy

Cycle Time and Clock Characteristics

Commercial Range AC Performance Characteristics CY7Co101 Ty myTy

The tables below specify the guaranteed AC performance of Read-Modify-Write Cycle (from selection | 30 ns 2018

these devices over the commercial (0°C to 70°C) operating |t A B registers to end of cycle)

temperature range with Ve varying from 4.5V to 5.5V. All . -

times are in nanoseconds and are measured between the 1.5V | Maximum Clock Fr_equency to shift Q 33MHz (25 MHz

signal levels. The inputs switch between OV and 3V with signal | (50% duty cycle, 1 = 432 or 632)

transition rates of 1V per nanosecond. All outputs have maxi- | Minimum Clock LOW Time 20 ns 25 ns

mum DC current loads. See the Electrical Characteristics sec- Minimum Clock HIGH Time 10 s 1508

tion for loading circuit information.

Minimum Clock Period 30 ns 40 ns

This data applies to parts with the following numbers:

CY7C9101-30PC  CY7C9101-30JC  CY7C9101-30GC  CY7C9101-40PC  CY7C9101-40]JC

CY7C9101-40GC

Combinatorial Propagation Delays (C = 50 pF)(8l
To Output Y FIS Ch+ 16 E, P F OVR RAMQ Q()
From Input Y Fis Ch+16 G,P F=0 OVR RAM;;5 Q5
Speed (ns) 30 | 40 |30 {40 | 30 | 40 [ 30 | 40 | 30 j40 | 30 |40 | 30 | 40 | 30 | 40
A, B Address 37 | 47 | 36 | 47 |35 |44 | 32 | 41 |35 |46 | 32 (42 [ 32 140 | — | —
D 29 |34 |28 |34 |25 |32 25|30 )29 |36 |21 f2 [27 |33 (—|—
Cy 212722712025 | — | — |22 |26 222 |24 |30 |—|—
To12 32 140 |32 140 [ 30 |38 |28 |36 |34 |42 |26 |32(27 |35 | —|—
I345 34 |43 |33 |42 |33 [ 42 |27 |35 (34 140 |32 |42 29 |38 [ — j—
Is78 vwl2l{l—-|—-—1—-|-|-1—-t1t—1=1—-1—1]122 |26 |22 26
A Bypass ALU (I = 2XX) (3% {—1—-11—--11-1/1—-!/1-t—-/=-!/-1-1—-1—-1—-1-
Clock (LOW to HIGH) 31 |40 |30 |39 |30 |38 |27 |34 |28 |37 |34 34 (27 13520 |23

Note:

8. A dash indicates a propagation delay path or set-up time constraint
does not exist.
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Set-Up and Hold Times Relative to Clock (CP) Inputi8]
CP: ¥—\__ S N ___7—'
Set-Up Time Hold Time Set-Up Time Hold Time
Before H$ L After H$ L Before L # H After L3 H

Speed (ns) 30 40 30 40 30 40 30 40
A, B Source Address 10 15 30 30 3000] 40[T0] 0 0
B Destination Address 10 15 4 Do Not Changelll] » 0 0
Data — — — — 22 28 0 0
Cn — — — — 16 22 0 0
To, 1, 2 — - — — 26 35 0 0
I3, 4, 5 — — — — 29 37 0 0
Is, 7,8 10 12 ] Do Not Changell1] » 0 0
RAMj, RAM;s, Qp, Qss — — — | = 1 n | 14 0 0

Output Enable/Disable Times

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

Device Input Output Enable Disable
CY7C9101-30 OE Y 18 16
CY7C9101-40 OE Y 22 19

Notes:

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

10. The set-up time prior to the clock LOW-to-HIGH transitionis to allow
time for data to be accessed, passed through the ALU, and returned to

11.

the RAM. It includes all the time from stable A and B addresses to the
clock LOW-to-HIGH transition, regardless of when the clock HIGH-
to-LOW transition occurs.

Certain signals must be stable during the entire clock LOW time to
avoid erroneous operation. This is indicated by the phrase “do not
change.”
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CY7C9101-35 and CY7C9101—45 Guaranteed
Military Range AC Performance Characteristics

Cycle Time and Clock Characteristics/2!

CY709101 -35 —-45
The tables below specify the guaranteed AC performance of - - T
these devices over the military (— 55°C to +125°C) operating Read-Modify-Write Cycle (from selection [ 35ns | 45ns
. p of A, B registers to end of cycle)
temperature range with Ve varying from 4.5V to 5.5V. All - -
times are in nanoseconds and are measured between the 1.5V | Maximum Clock Frequency to shift Q 28 MHz | 22 MHz
signal levels. The inputs switch between 0V and 3V with signal | (50% duty cycle, I = 432 or 632)
transition rates of 1V per nanosecond. All outputs have maxi- | Minimum Clock LOW Time 23 ns 28 ns
mum DC current loads. See the Electrical Characteristics sec- vy "
tion for loading circuit information. Minimum Clock HIC.iH Time 12ns 17ns
This data applies to parts with the following numbers: Minimum Clock Period 35ms | 45ms
CY7C9101-35DMB CY7(9101-35LMB CY7C9101-35GMB
CY7C9101-45DMB CY7C9101 —-45LMB CY7C9101~45GMB
Combinatorial Propagation Delays (Cp, = 50 pF)!% 8!
To Output Y Fis Cn + 16 G,P F OVR RAM, Qo
From Input Y Fis Cu+16 G,P F=0 OVR RAM;;5 Qs
Speed (ns) 35 | 45 |35 |45 [ 35 | 45 [ 35 [ 45 |35 |45 |35 |45 [35 |45 {35 |45
A, B Address 41 | 52 |40 | S1 |38 | 48 |37 145 [ 40 [ 48 | 36 | 46 36 |43 | — | —
D 31 |37 |31 |36 |29 |36 |28 32|33 |40 |23 3230 (35| —|—
Cq 25 130 |24 |29 |23 |27 | — | — (24|29 |23 |27 |26 |31 | —|—
To1z 36 | 44 | 35 |43 [ 33 |41 131 |38 |38 |46 |29 |38 |30 (38— |—
I345 38 | 48 |37 |47 |37 |46 [ 31 |38 |38 45 |36 |45 |33 |41 | —|—
I¢78 A2y —|—|—]—-—]—|—-1—1—=—]—|— {24 )28 |24 {28
A Bypass ALU (I = 2XX) 283 (—|-1-1-1-1-1-1—-1-|—-—|1=-]|—-|—-—1—-
Clock (LOW to HIGH) 35 [ 44 | 34 {43 | 34 | 42 |30 | 37 |34 |40 | 28 [ 38 [30 |37 |21 |25
Set-Up and Hold Times Relative to Clock (CP) Input(? 8]
cr: T\l 2
~ {7
Set-Up Time Hold Time Set-Up Time Hold Time
Before Hp L After Hp L Before L$ H After L# H
Speed (ns) 35 45 35 45 35 45 35 45
A, B Source Address 12 17 301 30 3sli0] | 45010] 0 0
B Destination Address 12 17 4 Do Not Changel11] » 1 1
D — — — — 25 30 0 0
Cp — — — — 19 24 0 0
To12 — — — — 30 37 0 0
Ia4s — — — — 33 40 0 0
I678 12 16 ] Do Not Changell1] » 0 0
RAMy RAM;s, Qp, Q15 — — — ] — I 13 | 15 1 1

Output Enable/Disable Times!2]

Output disable tests performed with Cy, = 5 pF and measured to 0.5V change of output voltage level.

Device Input Output Enable Disable
CY7C9101-35 OE Y 20 17
CY7C9101-45 OE Y 23 20
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Applications

CY7C9101

Minimum Cycle Time Calculations for 16-Bit Systems
Speed used in calculations for parts other than CY7C9101 and CY7C910 are representative for available MSI parts.

M SEQUENCER
- CY7C910
—m SEL A AB.Cn F=0
‘ Cosuel 4, STATUS | 4
CY7C245s cyzcot01 a4 7 REGISTER
MICROPROGRAM Yas - Yo A
MEMORY
REGISTER
A DATA
REGISTER
T
7C9101-10
Pipelined System, Add Without Simultaneous Shift
Data Loop Control Loop
CY7C245 Clock to Output 12 CY7C245 Clock to Output 12
CY7C901 A,BtoY,Cp+ 16 OVR 37 MUX Select to Output 12
Register Set-Up 4 CY7C910 CC to Output 22
53 ns CY7C245 Access Time 20
66 ns
Minimum Clock Period = 66 ns
D=
>—m
o] o [ g | = -
—s SEL > fe—
NS MUX
! —|_. =
CY7C245s RAMp RAM;5 fat—o -—G
MICROPROGRAM CY7C9101  Fyg
MEMORY -
OVR
REGISTER ABLC o e b—
A A _Yis—Yo
L]
STATUS
DATA REGISTER
REGISTER A
B
7C9101-11
Pipelined System, Simultaneous Add and Shift Down (Right)
Data Loop Control Loop
CY7C245 Clock to Output 12 CY7C245 Clock to Output 12
CY7C9101 A,BtoY,C; + 16, OVR 37 MUX Select to Output 12
XOR and MUX  Prop. Delay, Select to 20 CY7C910 CC to Output 22
Output CY7C245 Access Time 20
CY7C9101 RAM;;5 Set-Up 11 6 ns
80 ns

Minimum Clock Period = 80 ns
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Typical DC and AC Characteristics

CYPRESS
SEMICONDUCTOR

NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT OUTPUT SOURCE CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE _ vs. VOLTAGE
1.2 < 60
-
14 / Z 50 Vec = 5.0V —
o o 1.1 T \ Ta = 25°C
L L o 0
2 4
2 2 rg o © \
N N w N
| 1.0 o 30
S S S
2 1.0 7 £ 8
[} o @ 20
z f=10MHz | Z 09 2
08 Tp = 25°C Ve = 5.5V z 10
I Vin = 5.0V 5
0.6 0.8 o 0
4.0 4.5 5.0 5.5 6.0 -55 25 125 0.0 1.0 2.0 3.0 4.0
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
OUTPUT SINK CURRENT NORMALIZED FREQUENCY OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE vs. AMBIENT TEMPERATURE vs, OUTPUT VOLTAGE
< 175 1.6 < 140
E 5 E
E 150 E 14 E 120 p——
i ] 5 i P
e 125 v o] c 100 v
) /] 212 5 /
O 100 w O 80
& 5 N 1o % 6
e /| 3 5 /
g 50 / s 2 40 /
Vee = 5.0V T 08 = Vec = 5.0V
3 2 7 Yooy 4 ¢ Veomsov | 3 2l 18 e
0 I 0.6 0 ]
0.0 1.0 2.0 3.0 4.0 -55 25 125 0.0 1.0 2.0 3.0 4.0
QUTPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V)
TYPICAL OUTPUT DELAY
CHANGE vs. OUTPUT LOADING NORMALIZED I¢c vs. FREQUENCY
E 1.6 1.1
g1 o 10 V4
§ 1.4 // Eo //
S y, &J 0.9 7
O 13 =
1) g /
w 0.8
N 2 S '
S / z A 1 vec=s0v
Z 1.1 Vec =50 0.7 Ta=25°C ]
g Ta=25°C Vin = OV or 3V
1.0 1 I 0.0 L1
0 200 400 600 800 1000 0 5 10 15 20 25 30 35 oo
7C9101-12
CAPACITANCE (pF) FREQUENCY (MHz)
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CY7C9101

Ordering Information
Package Operating
Speed (ns) Ordering Code Name Package Type Range

30 CY7C9101-30GC G68 68-Pin PGA (Cavity Down) Commercial
CY7C9101-30JC J81 68-Lead PlasticLeaded Chip Carrier
CY7C9101-30PC P29 64-Lead (900-Mil) Molded DIP

35 CY7C9101-35DMB D30 64-Lead (900-Mil) Bottombraze Military
CY7C9101-35GMB G68 68-Pin PGA (Cavity Down)
CY7C9101-35LMB 181 68-Square Leadless Chip Carrier

40 CY7C9101-40GC G68 68-Pin PGA (Cavity Down) Commercial
CY7C9101-40JC J81 68-Lead Plastic Leaded Chip Carrier
CY7C9101-40PC P29 64-Lead (900-Mil) Molded DIP

45 CY7C9101-45DMB D30 64-Lead (900-Mil) Bottombraze Military
CY7C9101-45GMB G68 68-Pin PGA (Cavity Down)
CY7C9101~45LMB L81 68-Square Leadless Chip Carrier
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MILITARY SPECIFICATIONS
Group A Subgroup Testing ‘
DC Characteristics Combinational Propagation Delays (continued)
Parameter Subgroups Parameter Subgroups
Vou 1,2,3 From ChtoF=0 7,8,9,10,11
VoL 1,2,3 From C, to OVR 7,8,9,10,11
Vin 1,2,3 From G, to RAMg 15 7,8,9,10,11
Vi Max. 1,2,3 FromIp;2t0 Y 7,8,9,10,11
Iix 1,2,3 From 10’1’2 to Fys 7,8,9,10,11
Ioz 1,2,3 From Ig12t0 G, + 16 7,8,9,10,11
Isc 1,23 From Iy to G,P 7,8,9,10,11
Ioc(Qy) 1,2,3 From I ,t0 F = 0 7,8,9,10, 11
Icc(Q2) 1,2,3 From Ip;;to OVR 7,8,9,10, 11
Icc(MaX‘) 1,2,3 From 10,1,2 to RAM0,15 7,8,9,10, 11
Combinational Propagation Delays ggz Z:: :Z :15 ; Z ; ig ﬁ
Parameter Subgroups From I3.45 t0 Cp + 16 7,8,9, 10, 11
From A, B Addressto Y 7,8,9,10,11 From I3 45 to G, P 7,8,9,10,11
From A, B Address to Fy5 7,8,9,10,11 FromIz45t0 F =0 7,8,9, 10, 11
From A, B Address to Cp, + 16 7,8,9,10, 11 From I3 45 to OVR 7,8,9, 10,11
From A, B Address to G, P 7,8,9,10,11 From I3 45 to RAMg 15 7,8,9,10,11
From A, B Addressto F = 0 7,8,9,10,11 FromIg7gto Y 7,8,9,10,11
From A, B Address to OVR 7,8,9,10, 11 From I 7,3 to RAMg 15 7,8,9,10,11
From A, B Address to RAMg 15 7,8,9,10,11 From I 74 to Qg 15 7,8,9,10, 11
FromDtoY 7,8,9,10,11 From A Bypass ALU to Y, (I = 2XX) 7,8,9,10,11
From D to Fys 7,8,9,10,11 From Clock LOW to HIGH to Y 7,8,9,10,11
FromDto Cy + 16 7,8,9,10,11 From Clock LOW to HIGH to Fj5 7,8,9,10,11
FromD to G, P 7,8,9,10, 11 From Clock LOW to HIGH to. Cy + 16 7,8,9,10,11
FromDtwoF=0 7,8,9,10,11 From Clock LOW to HIGH to G, P 7,8,9,10,11
From D to OVR 7,8,9,10,11 From Clock LOW to HIGH to F = 0 7,8,9,10, 11
From D to RAMy,15 7,8,9,10,11 From Clock LOW to HIGH to OVR 7,8,9,10,11
From Cyto Y 7,8,9,10, 11 From Clock LOW to HIGH to RAM ;5 7,8,9, 10, 11
From Gy to Fi5 7,8,9,10,11 From Clock LOW to HIGH to Qg 15 7,8,9,10, 11
From Cyto Cy 4 16 7,8,9,10,11
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CY7C9101

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

Hold Time After L H

Parameter Subgroups

A, B Source Address 7,8,9,10,11
Set-Up Time Before H# 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, B Source Address 7,8,9,10, 11
Hold Time After L p H

B Destination Address 7,8,9,10, 11
Set-Up Time Before Hp 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
Ip12 Set-Up Time Before L # H 7,8,9,10, 11
Ip12 Hold Time After L# H 7,8,9,10,11
I345 Set-Up Time Before L 8 H 7,8,9,10,11
1345 Hold Time After L # H 7,8,9,10,11
Is78 Set-Up Time Before Hp L 7,8,9,10, 11
Ig78 Hold Time After H$ L 7,8,9,10,11
Is78 Set-Up Time Before L § H 7,8,9,10,11
Ig78 Hold Time After L H 7,8,9,10, 11
RAMj, RAM;5, Qp, Q15 7,8,9,10,11
Set-Up Time Before L H

RAMy, RAM;5, Qq, Q15 7,8,9,10,11

Document #: 38—00017-D



