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Features

o Fast

— CY7C510—45 has a 45-ns (max.)
clock cycle (commercial)

— CY7C510~-55 has a 55-ns (max.)
clock cycle (military)

Low power

— Icc (max. at 10 MHz) = 100 mA
(commercial)

— Icc (max. at 10 MHz) = 110 mA
(military)

e V¢ margin 5V £10%

All parameters guaranteed over com-

mercial and military operating tem-

perature range

CY7C510

EMICONDUCTOR

o 16 x 16 bit parallel multiplication with
accumulation to 35-bit result

o Two’s pl t or i
tude operation

o Capable of withstanding greater than
1001V static discharge voltage

e Pin compatible and functional equiva-
lent to Am29510 and TMC2110

Functional Description

The CY7C510is a high-speed 16 x 16 par-
allel multiplier accumulator that operates
with a 45-ns clocked multiply accumulate
(MAC) time (22-MHz multiply accumu-
late rate). The operands may be specified
as either two’s complement or unsigned
magnitude 16-bit numbers. The accumula-
tor functions include loading the accumu-
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16 x 16 Multiplier
Accumulator

lator with the current product, adding or
subtracting the accumulator contents and
the current product, or preloading the ac-
cumulator from the external world.

All inputs (data and instruction) and out-
puts are registered. These independently
clocked registers are positive edge-trig-
gered D-type flip-flops. The 35-bit accu-
mulator/output register is divided into a
3-bit extended product (XTP), a 16-bit
most significant product (MSP), and a
16-bit least significant product (LSP). The
XTPand the MSP have dedicated portsfor
three-state output; the LSP is multiplexer
with the Y-input. The 35-bit accumulator/
output register may be preloaded through
the bidirectional output ports.

Logic Block Diagram X15 — Xo Y15 = Yo/P1s — Po
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Selection Guide
CY7C510-45 CY7C510-55 CY7C510—-65 CY7C510-75
Maximum Multiply- Commercial 45 55 65 75
Accumulate Time (ns) Military 55 65 75
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Functional Description (continued)

The CY7C510incorporates a 16-bit parallel multiplier followed by
a35-bitaccumulator. Allinputs (data and instruction) and outputs
are registered. The 7C510 is divided into four sections: the input
section, the 16 x 16 asynchronous multiplier array, the accumula-
tor, and the output/preload section.

The input section has two 16-bit operand input registers for the S
and Y operands, clocked by the rising edge of CLK X and CLK Y,
respectively. The four-bit tnstruction register (TC, RND, ACC,
SUBY}is clocked by the rising edge of the logical OR of CLK X and
CLKY.

The 16 x 16 asynchronous multiplier array produces the 32-bit
product of the input operands. Either two’s complement or un-
signed magnitude operation is selected, based on instruction bit
TC.If rounding is selected, (RND = 1), a “1” is added to the MSB
of the LSP (position P;5). The 32-bit product is zero-filled or sign-
extendedas appropriate and passed asa 35-bit number to the accu-
mulatorsection.

The accumulator function is controlled by ACC, SUB, and PREL.
Four functions may be selected: the accumulator may be loaded
withthe current product; the product may be added to the accumu-
lator contents; the accumulator contents may be subtracted from
the current product; or the accumulator may be preloaded from
thebidirectional ports.

Theoutput/preloadsectioncontains the accumulator/output regis-
ter and the bidirectional ports. This section is controlled by the sig-
nals PREL, OEX, OEM, and OEL. When PREL is HIGH, the
output buffers are in high-impedance state. When the controls
OEX, OEM, and OEL are also HIGH, data present at the output
pinswill be preloaded into the appropriate accumulator register at
the rising edge of CLK P. When PREL is LOW, the OEX, OEM,
and OEL signals are enable controls for their respective three-
state output ports.

Pin Configurations

LCC/PLCC
Top View

987 6 543 2 168 6766 65 64 63 62 61

P2, Y2
P3. Y3
Ps, Yq
Ps, Ys
Pe. Y¢
P7. Y7
GND
GND
Pg, Yg
Pg, Yo
P10, Y10
P11, Y11
P12, Y12
P13, Y13
P14, Y1a
P15, Y15
Pig

7C510-2

DIP
Top View
1 X7
2 Xe.
3 X9
4 X10
5 X41
6 Xq2
7 Xia
8 X14
X1s
OEL
RND
sus
ACC
CLK X
CLKY
Veo
TC
OEX
PREL
OEM
ClKP
Paq
Pag
Paz
P34
Pap
Pag
P2g
P27
P26
Pos
P2y
7C510-3
PGA
Top View
51 50 48 46 44 42 40 38 36
NC X1s RND | ACC |CLKY| TC | PREL |CLKP| P33
53 52 49 47 45 43 41 39 37 35 34
Ny3 Xiq4 | OEL | SUB | CLKX| Voo | OEX | CEM | Paq P32z NC
55 54 32 33
X1 | X2 Pao | Pa
57 58 30 31
Xg | X0 Pog | Pze
59 58 28 29
Xz Xg Pa2g Par
61 60 26 27
X5 Xs Paa | Pazs
3| 62 24 25
X3 Xq Paa | Pos
65 64 22 23
X4 Xo P2g P21
67 86 20 21
Yo, Pa| Xg Pig | Pio
68 1 3 5 7 9| . 11}y 3 4. 18 18 19
NC | Y1,P1| ¥a.Pa| ¥s, Ps| Y7 Pr| Ya. Ps| 1% | By | oy | Pis | P
2 4 6 8 10 12 14 16 17
| Y11, | Y13, | Yas,
Y2, P2| Ya,Pa| Y5, Pg] GND | Yo, Pg| p.) | Py | Pis | NC
7C510-4
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Maximum Ratings
(Abovewhich the useful life may be impaired. Foruserguidelines,
not tested.)

Ambient Temperature UnderBias . ....... — 55°Cto +125°C
Supply Voltage to Ground Potential . .. ...... —05Vto +7.0V
DClInput Voltage ................oonnnn - 0.5Vto +7.0V
DC Voltage Applied to Qutputs .......... — 0.5V to Ve Max.
Output Current into Qutputs (LOW) ................ 10mA
Static Discharge Voltage ................covnitn >1001V

(Per MIL-STD-883 Method 3015)

Preload Function Table

Operating Range

Ambient
Range Temperature Vec
Commercial 0°Cto +70°C 5V 210%
Militarytl] —55°Cto +125°C 5V +£10%

Notes:

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

Accumulator Function Table

Output Register PREL | ACC SUB P Operation
PREL | OEX | OEM | OEL XTP MSP LSP L L X Q Load
0 ] 0 0 Q Q Q L H L Q Add
0 0 0 1 Q Q Z L H H Q Subtract
0 0 1 0 Q z Q
0 Q 1 1 Q Z Z H X X PL Preload
0 1 0 0 Z Q Q
0 1 0 1 Z Q Z
0 1 1 0 z z Q
0 1 1 1 Z V4 z
1 0 0 0 z z V4
1 0 0 1 z z PL
1 0 1 0 z PL z
1 0 1 1 z PL PL
1 1 0 0 PL V4 Z
1 1 0 1 PL z PL
1 1 1 0 PL PL z
1 1 1 PL PL PL
Z= Cutput buffers at high impedance (disabled).
Q= Output buffers at low impedance. Contents of output register

available through output ports.
PL = Output disabled. Preload data supplied to the output pins will be
loaded into the output register at the rising edge of CLK P.

LOGIC H
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Pin Definitions

Signal Signal
Name /O Description Name 1/0 Description

Xi5s—Xo I X-InputData. This 16-bit number may be OEL I  Output Enable Least. When LOW, the LSP
interpreted as two’s complement or unsigned bidirectional port is enabled for output.
magnitude. When HIGH, the output drivers are disabled

. high impedance) and the MSP port may be

Y15 - Yo 1O Y-Input Data/]._,SP Output Data. When .thls flsegd for g?eloadizlg. See Prcloa(? Functizlm

(P15—Po) port is used to input a Y value, the 16-bit Table.
number may be interpreted as two’s comple- :
ment or unsigned magnitude. This bidirec- PREL I  Preload. When HIGH, the three bidirection-
tional port is multiplexed with the LSP out- al ports may be used to preload data into the
put (P15 — Pg), and can also be used to pre- accumulator register at the rising edge of
load the LSP register. CLK P. The three-state controls (OEX,

P3; — P3; /O Extended Product (XTP) Output Data. This OEM, OEL) must be HIGH to preloat.j data.
portisbidirectional. The extended product When LOW, the accumulated product is
emerges through this port. The XTP register loaded into the accumulator/output register
may also be preloaded through this port. at the rising edge of CLK P. The output driv-

. . ers must be enabled (OEX, OEM, OEL

P3; — Pig /O MSP Output Data. This port is bidirectional. must be LOW) for the accumulated product
The most significant product emerges to be output. Ordinarily, PREL, OEX,
through this port. The MSP register may also OEM, and OEL are tied together. See Accu-
be preloaded through this port. mulator Function Table.

Pjs —Pp /O LSP Output Data. This port is bidirectional. TC I Two’s Complement Control. When HIGH,
Theleast significant product emerges the 7C510 is in two’s complement mode,
through this port. The LSP register may also where the input and output data are inter-
be preloaded through this port. preted as two’s complement numbers. The

CLK X I X-Register Clock. X-Input data are latched device is in unsigned magnitude mode when
into the X-register at the rising edge of CLK TC is LOW. This control is loaded into the
X. instruction register at the rising edge of CLK

X + CLKY.

CLKY I Y-Register Clock. Y-Input data are latched L.
into the Y-register at the rising edge of CLK RND 1 Round Control. When HIGH, rounding is
Y. enabled and a “1” is added to the MSB of the

LSP (P15). When LOW, the product is un-

CLKP I Product Register Clock. XTF, MSP, and LSP changed. This control is loaded into the in-
are latched into their respective registers at struction register at the rising edge of CLK X
the rising edge of CLK P. If preload is se- + CLKY.
lected, these registers are loaded with the
preload data at the output pins via the bidi- ACC I AccumulateControl. When HIGH, the accu-
rectional ports. If preload is not selected, mulator/output register contents are added
these registers are loaded with the current to or subtracted from the current product
accumulatedproduct. (XY)and this result is stored back into the

accumulator/output register. When LOW,

OEX I Output Enable Extended. When LOW, the the product is loaded into the accumulator
extended product bidirectional port is en- register, overwriting the current contents.
abled for output. When HIGH, the output This control is loaded into the instruction
drivers are disabled (high impedance) and register at the rising edge of CLK X +
the XTP port may be used for preloading. CLKY.

See Preload Function Table.
SUB I Subtract Control. When both ACC and SUB

OEM I Output Enable Most. When LOW, the MSP are HIGH, the accumulator register contents

bidirectional port is enabled for output.
When HIGH, the output drivers are disabled
(high impedance) and the MSP port may be
used for preloading. See Preload Function
Table.

are subtracted from the current product XY
and this result is written back into the accu-
mulator register. When ACC is HIGH and
SUB is LOW, the accumulator register con-
tents and current product are summed, then
written back to the accumulator register.
This control is loaded into the instruction
register at the rising edge of CLK X + CLK
Y. See Accumulator Function Table.
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CY7C510 Input Formats
Fractional Two’s Compl t Input
XN Yin
1514131211109876543210”1514131211109876543210|
20 21 22 23 24 25 26 27 28 29 2710 211 3-12 213 214 215 20 21 22 23 24 25 26 27 38 29 210211 2-12 2-13 2-14 215
(Sign) (Sign)

Integer Two’s Complement Input
XIN Yin

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0|r15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
215 914 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215 214 213 212 711 210 99 28 27 26 25 24 23 22 921 20
(Sign) (Sign)

Unsigned Fractional Input
Xin YN

|1514131211109 8 7 6 5 4 3 2 1 0J|1514131211109 8 7 6 5 4 3 2 1 0|
21 922 23 24 25 26 27 28 29 2-10 2-11 2-12 2-13 2-14 2-15 2-16 21 22 23 24 25 26 27 28 29 2-10 2-11 2-12 2-13 2-14 2-15 2-16

Unsigned Integer Input
XN Yin
[151413121110987654321U[151413121110987654321OI

215 914 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215 914 213 212 711 210 29 28 27 26 25 24 923 22 2t 20

CY7C510 Output Formats
Two’s Complement Fractional Output
XTP MSP LSP
r343332J[313029282726252A2322212019181716”15 41312111009 87 65 432 10|
24 93 22 21 20 21 22 23 24 25 26 27 2-8 29 2-102-112-129-133-14  2-15 2-16 2-17 2-18 2-19 2-20 2-21 222 223 224 225 226 2-27 328 229 2-30
(Sign)

Two’s Complement Integer Output
XTP MSP LSP

[34 33 32|[31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 t6lis 14 13 121110 9 8 7 6 5 4 3 2 1 o]
234 233 232 231 230 229 228 227 226 ZE 224 ZB 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
(Sign)

Unsigned Fractional Output
XTP MSP LSP

‘343332”31302928272652432221m1918171d[15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0|
22 21 90 2129 23 24 25 26 27 28 29 2-102-112-12 2-132-1242-152-16  »-17 2-18 2-19 920 321 522 3-23 2-24 9-25 3-26 2-27 228 2-29 2-30 231 2-32

Unsigned Integer Qutput
XTP MSP LSP

|34333j5302928272625242322212019181716J|15 413121109 8 7 6 5 4 3 2 1 0]
234 233 232 731 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28 97 26 25 24 23 922 9ol 20
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Electrical Characteristics the Over Operating Rangel2]
Parameters Description Test Conditions Min. | Max. | Units
VoH Output HIGH Voltage Voo = Min, Igi = — 0.4 mA 2.4 %
VoL Output LOW Voltage Vcc = Min,, Igp, = 4.0 mA 0.4 v
Vi Input HIGH Voltage 20 \"
ViL Input LOW Voitage 0.8 \'
Ion Output HIGH Current Vce = Min, Vol = 2.4V -04 mA
IoL Output LOW Current Vee = Min, Vgor, = 04V 4.0 mA
Ix Input Leakage Current GND < Vi < Ve -10 +10 nA
Iy Input Current, Max. Input Voltage | Vcc = Max., Viy = 7.0V 10 mA
Ipsl! Output Short Circuit Current Vce = Max, Vgyt = 0.5V -3 | -30 | mA
lIozL Output OFF (High Z) Current Vce = Max, OE = 2.0V -25 HA
Tozu Output OFF (High Z) Current Vce = Max,, OFE = 2.0V 25 uA
Icc(QH Supply Current (Quiescent) Vee = Max,, Viy = [GND to Vi ] or [V to Vel 30 mA
Iec(Q)H Supply Current (Quiescent) Vce = Max, Vee > Vi > 3.85V, | Commercial 20 mA
0.4V > Vin > GND Military 5
ICC(Max.)(4] Supply Current Vce = Max, fo g = 10 MHz Commercial 100 mA
Military 110
Capacitancel5]
Parameters Description Test Conditions Max. Units
(&N} InputCapacitance Ta = 25°C,f = 1 MHz, 8 pF
Cout Output Capacitance Vee = 5.0V 10 pF
Output Loads used for AC Performance Characteristics
R1
1025Q R3
5V O———WA— To S500Q
OUTPUT O—l—‘ QUTPUT 0—1—'\’\'\'1
L R2 PIN
40 pF j: 8170 5pF Vx
= = 7C5105 — 7C510-6
Normal Load (Load 1) Three-State Delay Load (Load 2)

Equivalentto: THEVENIN EQUIVALENT
455Q
OUTPUT O—————MWA——0 222V
7C510-7

Notes:
2. Seethe last page of this specification for Group A subgroup testing in-

formation.
3. Notmorethanoneoutputshould be shorted at a time. Duration of the

short circuit should not be more than one second.
4. For Igc measurements, the outputs are three-stated. Two quiescent

figures are given for different input voltage ranges. To calculate Icc at

5.

any given frequency, use 30 mA + Icc(AC) where Icc(AC) = (7mA/
MHz) x Clock Frequency for the commercial temperature range.
Icc{AC) = (8mA/MHz) X Clock Frequency for military temperature
range.

Testedinitially and after any design or process changes that may affect
these parameters.
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Switching Characteristics Over Operating Rangel?]
7C510—45 7C510-55 7C510—65 7C510-75
Parameters Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units
tMA Multiply Accumulate Time 45 55 65 75 ns
ts Set-Up Time 20 20 25 25 ns
ty Hold Time 3 3 3 3 ns
tpw Clock Pulse Width 25 25 30 30 ns
tppp Output Clock to P 30 30 35 35 ns
tepy Output Clockto Y 30 30 35 35 ns
tPHZ OEX,OEM to P; HIGHto Z 25 25 30 30 ns
EL t isable Ti
thiz OFELtoY (Disable Time)  [agre 25 25 30 30 | ns
tpzH OEX, OEM to P; Z to HIGH 30 30 35 35 ns
OEL to Y (Enable Ti
TrzL oY (Enable Time) Z 1o LOW 30 30 35 35 | bs
tHCL Relative Hold Time 0 0 0 ns
Test Waveforms
Parameter Vx Output Waveform—Measurement Level
Alltpp’s Vce Vou *
1.5V
VoL
tPHZ 0.0V v
sV 0.0v
tprLz 2.6V 05V 2.6V
VoL
tpzH 0.0V Vv,
0.0V L5V oH
t 2.6V
L 26V 1.5V v
oL
7C510-8
Set-Up and Hold Time!] Pulse Width(")
v LOW-HIGH-LOW
DATA % t - f % 1.5V PULSE — 1.5
INPUT
ov
t —
tS ‘H 3v Pw 7C510-10
TIMING 15V
INPUT :
ov
7C510-8

Notes:
6. Crosshatched area is don’t care condition.

7. Diagramshown for HIGH data only. Output transition may be oppo-
site sense.
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CY7C510 Timing Diagram

thoL
CLK X
CLKY /
tg — t

H
Xin, YN
RND, TC
ACC, SuB

CLKP

teDp

TR XXXXXXXXXXXXXXX XXX XXX

Preload Timing Diagram

tpw
CLKP f—\L—/

PREL

& 4 1)
XXX XXX XXX

OEL s

OUTPUT
PINS

7C510-11

7C510-12
Three-State Timing Diagram
THREE-STATE / \ Vor
CONTROL A N 1.5V
- tpyz VoL
(DISABLE) e tpzy v
(ENABLE) oH
(HIGH LEVEL) Vou — 0.5V — 1sv
THRES'S;QL? (HIGH IMPEDANCE)
Vgon +0.5V 1.5V
VoL
- tpz)
(LOW LEVEL) | tpz (ENABLE)

(DISABLE)

6—-24

7C510-13
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Typical DC and AC Characteristics

NORMALIZED lec

NORMALIZED FREQUENGY

CY7C510

NORMALIZED SUPPLY CURRENT
vs. SUPPLY VOLTAGE

1.2
1.0 /
0.8 //
06 Voo =55V __]
Vin = 5.0V
Ta=25°C
0.4 1 1
40 45 50 55 6.0
SUPPLY VOLTAGE (V)
NORMALIZED FREQUENCY
vs. SUPPLY VOLTAGE
1.3
1.2
1.4
esmmrmem=
1.0 |
e
09
Ta=25°C
0.8 I l
0.7
40 45 50 55 6.0

SUPPLY VOLTAGE (V)

NORMALIZED lgc

NORMALIZED FREQUENCY

NORMALIZED SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

1.4
1.2
Voo = 5.5V
Vin = 5.0V
0 \
08 \\
0.0
—55 25 1256
AMBIENT TEMPERATURE (°C)
NORMALIZED FREQUENCY
vs. AMBIENT TEMPERATURE
1.6
1.4
. \\
1.0
Vce = 5.0V
0.8
0.6
-55 25 125

AMBIENT TEMPERATURE (°C)

NORMALIZED OUTPUT DELAY

vs. OUTPUT LOADING

4.0
35
>
3 30 '/
frr]
(=)
5 25
£ A
2
3 2.0 /
15 A Vec=5.0v _ |
: / Ta = 25°C
10 L |
0 200 400 600 800 1000

CAPACITANCE (pF)

30

25

20

15

10

OUTPUT SOURCE CURRENT (mA)

0.

35
30
25
20
15
10

5
0

OUTPUT SINK CURRENT (mA)

0.0

OUTPUT SOURCE CURRENT
vs. OUTPUT VOLTAGE

Vog = 5.0V
Ta=25°C

0 0.8 1.6

2.4 3.2

OUTPUT VOLTAGE (V)

OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE

1

v

yd

/

/|

/

/

Ve = 5.0V
Ta=25°C ]

1.0 20

3.0 4.0

OUTPUT VOLTAGE (V)

NORMALIZED I¢¢ vs. FREQUENCY

1.6

o 14

e

a /1

g 1.2 v

-l

g vd

T 10 /

CZ) Ve =5.5V
08 / Tame = 25°C
' " ViN=0,3V
06 | | |

0 5 10 20

FREQUENCY (MHz)

7C510-14
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Ordering Information

CY7C510

MILITARY SPECIFICATIONS

Group A Subgroup Testing

Speed Package Operating
(ms) Ordering Code Range . .

35 | CY7C510-=45DC D30 Commercial | DC Characteristics
CYTC510—45GC G68 Parameters Subgroups
CY7C510—45JC 181 Vou 1,2,3
CY7C510—45LC L81 VoL 1,2,3
CY7C510—45PC P29 Vin 1,2,3

55 CY7C510-55DC D30 Commercial ViL, 1,23
CY7C510—55GC G68 Ton 1.2,3
CY7C510—55IC 181 ToL 1.2.3
CY7C510—-55LC L31 - 123
CY7C510—55PC P29 I 123
CY7C510—55DMB D30 Military Tos 2.3
CY7C510—55GMB G68

TozL 1,2,3
CY7C510—55LMB L81 o 123

65 CY7C510—65DC D30 Commercial
CY7C510—65GC G68 loc(@) 123
CY7C510—651C T81 Toc(Q2) 1,23
CY7C510—65LC L81 loc(Max.) 1,23
gz;gig_g:]];im ]1;'?) Ve Switching Characteristics

- 111
CY7C510-65GMB G68 my Parameters Subgroups
CY7C510—65LMB L81 tMa 7,8,9,10, 11

75 CY7C510-75DC D30 Commercial ts 7,8,9,10, 11
CY7C510—75GC G68 ty 7,8,9,10,11
CY7C510—75JC 181 tpw 7,8,9,10,11
CY7C510—75LC L81 tpDP 7,8,9, 10, 11
CY7C510—75PC P29 tPDY 7,8,9,10, 11
CY7C510—75DMB D30 Military tpHZ 7,8,9,10, 11
CY7C510—75GMB G68 iz 7.8.9,10, 11
CY7C510—-75LMB L81 tpzH 7,8,9,10,11

tpzL 7,8,9,10,11
tHCL 7,8,9,10, 11
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