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Features

- High-performance, high-density replacement for TTL,
74HC, and custom logic

- 32 macrocells, 64 expander product terms in one LAB
- 8 dedicated inputs, 16 /0 pins

« Advanced 0.65-micron CMOS EPROM technology to
increase performance

« 28-pin, 300-mil DIP, cerDIP or 28-pin HLCC, PLCC
package

Functional Description

Available in a 28-pin, 300-mil DIP or windowed J-leaded ce-
ramic chip carrier (HLCC), the CY7C344B represents the

32-Macrocell MAX® EPLD

densest EPLD of this size. Eight dedicated inputs and 16 bidi-
rectional I/0 pins communicate to one logic array block. In the
CY7C344B LAB there are 32 macrocells and 64 expander
product terms. When an I/O macrocell is used as an input, two
expanders are used to create an input path. Even if all of the
I/O pins are driven by macrocell registers, there are still 16
“buried” registers available. All inputs, macrocells, and I/O pins
are interconnected within the LAB.

The speed and density of the CY7C344B makes it a natural for
all types of applications. With just this one device, the designer
can implement complex state machines, registered logic, and
combinatorial “glue” logic, without using multiple chips. This
architectural flexibility allows the CY7C344B to replace multi-
chip TTL solutions, whether they are synchronous, asynchro-
nous, combinatorial, or all three.
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Logic Block Diagram!" Pin Configurations
HLCC
15(22) INPUT OO O INPUT 1(8) Top View
15(23) INPUT O} 1 INPUT/CLK 2(9) Qg
27(6) INPUT 3 O INPUT  13(20) Qo5
28(7) INPUTDD O INPUT  14(21) 43 21 282726
+ Y 1/0 258 10
MACROCELL2  |«g— <> MACROCELL1 | —&— 10 3(10) INPUT 24 A 110
MACROCELL4 |t <> MACROCELL3 |t —®— 10 411) INPUT O 233 INPUT
MACROCELL6 | C || WMACROCELL5 |w> | [—®— 10 5(12) INP INPUT 22 2 INPUT
L UT/CLK 21 F INPUT
MACROCELL 8 |« o ™ MACROCELL7 |a{ o [—®— 10 6(13) e 20 @ INPUT
MACROCELL 10 [« <> MACROCELL 9 <> —®— 10 9e) 110 198 10
B 1213141516 1718
MACROGELL 12 |« , |« MACROCELL11 [=3= © —®— vo 10(17) Oooooog
MACROCELL 14 |=—{ |« MACROCELL13 |=— O [—®—— 10 11(19) QR gogeee C344B-2
- - - > 5
MACROCELL 16  |=t—3» <> MACROCELL15 |w— N [—®— 10 12(19)
MACROCELL 18 |« p (@3 MACROCELL17 |w— | [~ 10 17(24)
MACROCELL20 |« |, |« MACROCELL19 |3 R —8— 1o 18025
MACROCELL22 |w—3 g [w> MACROCELL21 || © —®— 10 19(26)
L CerDIP
MACROCELL 24 |t <> MACROCELL23 |« —®— 110 20(27) Top View
MACROCELL 26  |=t—3 <> MACROCELL25 |« —®— 10 232 —
MACROCELL 28 [« <«>»| MACROCELL27 |=> —€— 110 24(3) INPUT [ 1 281 INPUT
MACROCELL 30 |=t— <«>»| MACROCELL29 | —9— 10 2504) INPUT/CLK ] 2 271 INPUT
MACROCELL 32 | <> MACROCELL31 |w—> —9— 10 26(5) rogs 26110
110 [ 4 257 110
/10 's 247 110
110 6 23[] 110
C344B-1
64 EXPANDER PRODUCT TERM ARRAY - 32 Vec g7 221 Vee
GND [ 8 211 GND
109 20[1 /O
o 1o 191 /O
1/0 ] 11 187 110
110 Q12 173 o
INPUT ] 13 161 INPUT
INPUT ] 14 15[ INPUT
C344B-3
Selection Guide
7C344B-15 7C344B-20 7C344B-25
Maximum Access Time (ns) 20 25
Note:
1. Number in () refers to J-leaded packages.
MAX is a registered trademark of Altera Corporation.
Cypress Semiconductor Corporation + 3901 North First Street + SanJose <« CA 95134 -+ 408-943-2600
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_—;;%YPRESS CY7C344B
Maximum Ratings DC Output Current, per Pinl®l................. —25 mA to +25 mA
(Above which the useful life may be impaired. For user guide-  DC "PU! Voltagel? .............coiiiiirrnes —2.0V to +7.0V
lines, not tested.) operating Range
Storellge Temperature s —-65°C to +135°C Ambiont
??v?'eer”f\;f&'.’éﬁerat“rew” h ............................ -65°C to +135°C Range Temperature Vee
Maximum Junction Temperature (Under Bias)............. 150°C Commercial —0°C o0 +70°C 5V #5%
Supply Voltage to Ground Potentialll............ —2.0V to +7.0V Industrial —40°C to +85°C 5V £10%
Electrical Characteristics Over the Operating Range

Parameter Description Test Conditions Min. Max. Unit
Vee Supply Voltage Maximum Vg rise time is 10 ms 4.75(4.5) | 5.25(5.5) \%
Vou Output HIGH Voltage loy = —4.0 mA DCE! 2.4 Vv
VoL Output LOW Voltage loL =8 mA DCE 0.45 Vv
ViH Input HIGH Level 2.0 Voc+0.3 \Y
Vi Input LOW Level -0.3 0.8 v

lix Input Current GND < V| < Ve -10 +10 pA
loz Output Leakage Current Vg = Vg or GND —40 +40 pA
iR Recommended Input Rise Time 100 ns

tr Recommended Input Fall Time 100 ns
Capacitance

Parameter Description Test Conditions Max. Unit

CiN Input Capacitance ViN=0V, f=1.0 MHz 10 pF
Cout Output Capacitance Vout =0V, f=1.0 MHz 12 pF

AC Test Loads and Waveforms

R1 464Q R1 4640
5V 06— M 5V ALL INPUT PULSES
OUTPUT! OUTPUT: P .0V |
| 3.0 90%
50 pF I $ 25209 5 pF I $ 25209 GND 10%
INCLUDING =1 j_L L _L <6ns = ; s
JIGAND ~ = = = R
SCOPE  (a) (b) C344B-5 C344B-6
Equivalent to: THEVENIN EQUIVALENT (commercial)
163Q
OUTPUTo A 0 1.75V 34487

Notes:

2. Minimum DC input is —0.3V. During transactions, the inputs may undershoot to —2.0V or overshoot to 7.0V for input currents less then 100 mA and periods

shorter than 20 ns.

3. The lpy parameter refers to high-level TTL output current; the I, parameter refers to low-level TTL output current.
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Design Recommendations

Operation of the devices described herein with conditions
above those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any
other conditions above those indicated in the operational sec-
tions of this data sheet is not implied. Exposure to absolute
maximum ratings conditions for extended periods of time may
affect device reliability. The CY7C344B contains circuitry to
protect device pins from high-static voltages or electric fields;
however, normal precautions should be taken to avoid apply-
ing any voltage higher than maximum rated voltages.

For proper operation, input and output pins must be con-
strained to the range GND < (V,y or VouT) < V- Unused
inputs must always be tied to an appropriate logic level (either
Ve or GND). Each set of V¢ and GND pins must be connect-
ed together directly at the device. Power supply decoupling
capacitors of at least 0.2 uF must be connected between V¢
and GND. For the most effective decoupling, each V¢ pin
should be separately decoupled.

Timing Considerations

Unless otherwise stated, propagation delays do not include
expanders. When using expanders, add the maximum ex-
pander delay tgxp to the overall delay.

When calculating synchronous frequencies, use tgy if all in-
puts are on the input pins. When expander logic is used in the
data path, add the appropriate maximum expander delay, tgxp
to tgy. Determine which of 1/(twy + twr), 1/tco1, or 1/(texp +
tsy) is the lowest frequency. The lowest of these frequencies
is the maximum data-path frequency for the synchronous con-
figuration.

When calculating external asynchronous frequencies, use
tagt if all inputs are on dedicated input pins.

When expander logic is used in the data path, add the appro-
priate maximum expander delay, tgxp to tag1. Determine which
of 1/(tAWH + tAWL)! 1/tACO1! or 1/(tEXP + tAS1) is the lowest
frequency. The lowest of these frequencies is the maximum
data-path frequency for the asynchronous configuration.

The parameter toy indicates the system compatibility of this
device when driving other synchronous logic with positive in-
put hold times, which is controlled by the same synchronous
clock. If toy is greater than the minimum required input hold
time of the subsequent synchronous logic, then the devices
are guaranteed to function properly with a common synchro-
nous clock under worst-case environmental and supply volt-
age conditions.

Document #: 38-03036 Rev. **

Typical |cc VS. fMAX
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EXPANDER]
DtELAY —p
=P REGISTER
LOGIC ARRAY
CONTROLDELAY tcir OUTPUT
INPUT fLAC " DELAY
> PRE OUTPUT
INPUT top — =3
DELAY Lo%lEcL/R@RAY tRsu t Ctg'r\)/l ] %XZ
N tLAD tRH tLATCH =
SYSTEM CLOCK DELAYtcs
/0 CLOCK
/O—| /O DELAY DELAY
tio
FEEDBACK
DELAY
tFD C344B-10
Figure 1. CY7C344B Timing Model
External Synchronous Switching Characteristics Over Operating Range
7C344B-15 | 7C344B-20 | 7C344B-25
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpD1 Dedicated Input to Combinatorial Output Delay[*! | Com’l/Ind 15 20 25 | ns
tpp2 /O Input to Combinatorial Output Delay!*! Com’l/Ind 15 20 25 ns
tsu Global Clock Set-up Time Com’l/Ind 9 12 15 ns
tcot Synchronous Clock Input to Output Delay!*] Com’l/Ind 10 12 15 ns
ty Input Hold Time from Synchronous Clock Input | Com’l/Ind ns
twH Synchronous Clock Input HIGH Time Com’l/Ind ns
twi Synchronous Clock Input LOW Time Com’l/Ind ns
fmax Maximum Register Toggle Frequency[5] Com’l/Ind | 83.3 71.4 62.5 | MHz
tonT Minimum Global Clock Period Com’l/Ind 13 16 20 ns
topH Output Data Hold Time After Clock Com’l/Ind 1 1 1 ns
font Maximum Internal Global Clock Frequency® | Com'l/Ind | 76.9 62.5 50 MHz
Notes:
4. C1=35pF

5. The fyyax values represent the highest frequency for pipeline data.
6. This parameter is measured with a 32-bit counter programmed into each LAB.
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External Asynchronous Switching Characteristics Over Operating Range

7C344B-15 | 7C344B-20 | 7C344B-25

Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tacot Asynchronous Clock Input to Output Delay!*! Com’l/Ind 15 18 22 | ns
tasi Dedicated Input or Feedback Set-Up Time to Com’l/Ind 5 6 8 ns

Asynchronous Clock Input
tAH Input Hold Time from Asynchronous Clock Input | Com’l/Ind 8 ns
tawn Asynchronous Clock Input HIGH Timel”] Com’l/Ind 9 ns
tawL Asynchronous Clock Input LOW Timel”] Com’l/Ind 11 ns
tacNT Minimum Internal Array Clock Frequency Com’l/Ind 13 16 20 ns
facNT Maximum Internal Array Clock Frequency!®! Com’l/Ind | 76.9 62.5 50 MHz

Typical Internal Switching Characteristics Over Operating Range
7C344B-15 | 7C344B-20 | 7C344B-25

Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tN Dedicated Input Pad and Buffer Delay Com’l/Ind 3 5 7 ns
to I/O Input Pad and Buffer Delay Com’l/Ind 3 5 7 ns
texp Expander Array Delay Com’l/Ind 8 10 15 ns
tLaD Logic Array Data Delay Com’l/Ind 7 10 13 ns
tLac Logic Array Control Delay Com’l/Ind 4 4 4 ns
top Output Buffer and Pad Delay!®! Com’l/Ind 4 4 4 ns
tzx Output Buffer Enable Delay!*! Com’l /Ind 7 7 7 ns
tyz Output Buffer Disable Delay!*! Com'l/Ind 7 7 7 ns
trsu Register Set-Up Time Relative to Clock Signal | Com’l/Ind 4 4 5 ns

at Register
tRH Register Hold Time Relative to Clock Signal at | Com’l/Ind 5 8 10 ns

Register
t ATCH Flow-Through Latch Delay Com’l/Ind 1 1 1 ns
trRD Register Delay Com’l/Ind 1 1 1 ns
tcoms Transparent Mode Delay Com’l/Ind 1 1 1 ns
tic Asynchronous Clock Logic Delay Com’l/Ind 7 8 10 ns
tics Synchronous Clock Delay Com’l/Ind 2 2 3 ns
trD Feedback Delay Com’l/Ind 1 1 1 ns
tPRE Asynchronous Register Preset Time Com’l/Ind 5 6 9 ns
toLr Asynchronous Register Clear Time Com’l/Ind 5 6 9 ns
Notes:

7. This parameter is measured with a positive-edge-triggered clock at the register. For the negative-edge clocking, the tacy and tac| parameter must be swapped.
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Switching Waveforms

External Combinatorial

DEDICATED INPUT/
I/0 INPUT
«— tpD1/tpD2

COMBINATORIAL
OUTPUT
C344B-11

External Synchronous

SYNCHRONOUS
CLOCK PIN

SYNCHRONOUS
CLOCK AT REGISTER n .
l«'SU »le—'H >
DATA FROM ><
LOGIC ARRAY
<—t{co1

REGISTERED )(
OUTPUTS
C344B-12

External Asynchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACK
tasi taH tAawH —>1= tawL

ASYNCHRONOUS
CLOCK INPUT
C344B-13

Internal Synchronous
CLOCK FROM M

LOGIC ARRAY |<— top —>
tRD
DATA FROM X ><
LOGIC ARRAY
txz tzx
HIGH IMPEDANCE | /——————
OUTPUT PIN X
/] STATE N—

C344B-14
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Switching Waveforms (continued)

Internal Combinatorial

tiN

INPUT PIN

X

I/0 PIN

X

l«— texp —>

EXPANDER

re—— t ac, tLaD —>

ARRAY DELAY

LOGIC ARRAY

INPUT

LOGIC ARRAY
OUTPUT

—agcowls <top >

OUTPUT

C344B-15

PIN

Internal Asynchronous
tR

CLOCK PIN

CLOCK INTO
LOGIC ARRAY

=

N

tin —>

je— taw. —> |
tF

le—— tic —>

CLOCK FROM
LOGIC ARRAY

RSy —>j=

DATA FROM

LOGIC ARRAY.

tRD:fLATCH —>|<— tFD

tRH
% tcLrtPRE —>|<— tFD g<

REGISTER OUTPUT
TO LOCAL LAB

LOGIC ARRAY-

REGISTER OUTPUT

. §<
C344B-16

TO ANOTHER LAB
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Switching Waveforms (continued)

Internal Synchronous

SYSTEM CLOCK PIN m

<— N —>| <— lcs
SYSTEM CLOCK
AT REGISTER e trsy —>le— ta
DATA FROM X
LOGIC ARRAY.
C344B-17
Ordering Information
Speed Package Operating
(ns) Ordering Code Name Package Type Range

15 CY7C344B-15HC/HI H64 28-Lead Windowed Leaded Chip Carrier Commercial/Industrial
CY7C344B-15JC/JI J64 28-Lead Plastic Leaded Chip Carrier
CY7C344B-15PC/PI P21 28-Lead (300-Mil) Molded DIP
CY7C344B-15WC/WI W22 28-Lead Windowed CerDIP

20 CY7C344B-20HC/HI H64 28-Lead Windowed Leaded Chip Carrier Commercial/Industrial
CY7C344B-20JC/JI J64 28-Lead Plastic Leaded Chip Carrier
CY7C344B-20PC/PI P21 28-Lead (300-Mil) Molded DIP
CY7C344B-20WC/WI W22 28-Lead Windowed CerDIP

25 CY7C344B-25HC/HI H64 28-Lead Windowed Leaded Chip Carrier Commercial/Industrial
CY7C344B-25JC/JI J64 28-Lead Plastic Leaded Chip Carrier
CY7C344B-25PC/PI P21 28-Lead (300-Mil) Molded DIP

Document #: 38-03036 Rev. **
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Package Diagrams

28-Pin Windowed Leaded Chip Carrier H64

150 DIA. LENS
PIN 1 DIMENSIONS IN 1NNII:I|-'LES
SEE '
VIEW A MAX.
1 1 MM N
N\ 4y
u|
g .
_ _p_ 442 485 T 390
SR 4955 430
N
i
I J N | S
LILIL] LILIL]
090
442 T ey
5
485 180
795 -
\SEATING
PLANE
== 8
035 X 45° —m -
’T R
¢
77004
‘ .
008 \ = i
o
, i
VIEW A
51-80077
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Package Diagrams (continued)

“ !||

28-Lead Plastic Leaded Chip Carrier J64
DIMENSIONS IN INCHES MIN.
MAX.

SEATING PLANE 2
PIN 81 1D A LN\%
nx

4 1 26
TT——n [ W o W X\
© | e
5[] 25
O i
0485 04 E 0045
0458 ' 02%
0495 |: 0.055 0430
. i N
1
1 19 0026
0032 |
AN [ N [ N N Ny |
12 ) 18 0.020 MIN.
0458 1 =~ o120 -
e 0485 le— 0165
0495 0.180
51-85001-A

28-Lead (300-Mil) Molded DIP P21

14 1
ol B o Wk B ol W B L Wl B o Wl B L Wl I L WL YL DIMENSIDNSININCHES%
MAX.

0.280
e
15 28

| 0030
=+ Goso

SEATING PLANE

| ‘

0140 glc)

tiss 0.140
ISC 0.009 J 3 MIN
0160 J L Qo5 0012
T 0060

0.090 JL 0.015 L 0.310 _J

0.0 0065 020 0385

51-85014-B
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Package Diagrams (continued)
28-Lead (300-Mil) Windowed CerDIP W22
MIL-STD-1835 D-15 Config. A

140 X 300 OR
140 X 400

GLASS LENS PIN 1
I A O R Wﬁﬁﬁﬁmﬁ

DIMENSIONS IN INCHES

MIN.
MAX.

!
245

H 310
i

L N I A
005 MIN AAgJL%,

BASE PLANE
1430 ‘ 90
455 1,485
200
MIN
a
SEATING PLANE

FU

015
51-80087
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© Cypress Semiconductor Corporation, 1999. The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the use
of any circuitry other than circuitry embodied in a Cypress Semiconductor product. Nor does it convey or imply any license under patent or other rights. Cypress Semiconductor does not authorize
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