Features

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

32 macrocells, 64 expander product
terms in one LAB

e 8 dedicated inputs, 16 1/0 pins

o 28-pin 300-mil DIP, cerDIP or 28-pin

CY7C344

Functional Description

Available in a 28-pin 300-mil DIP or win-
dowed J—leaded ceramic chip carrier
(HLCC), the CY7C344 represents the
densest EPLD of this size. 8 dedicated in-
puts and 16 bidirectional 1/O pins commu-
nicate to one logic array block. In the
CY7C344 LAB there are 32 macrocells
and 64 expander product terms. When an

32-Macrocell MAX® EPLD

registers available. All inputs, macrocells,
and I/O pins are interconnected within the
LAB.

The speed and density of the CY7C344
makes it a natural for all types of applica-
tions. With just this one device, the design-
ercan implement complexstate machines,
registeredlogic, and combinatorial “glue”
logic,without using multiple chips. This ar-

HLCC, PLCC package 1/O macrocell is used as an input, two ex- chitectural flexibility allows the CY7C344
pandersare used to create an input path. toreplace multichip TTL solutions, wheth-
Evenifall of the 1/O pins are drivenbyma- €T they are synchronous, asynchronous,
crocellregisters, there are still 16 “buried” combinatorial,or all three.
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Selection Guide
7C344-20 7C344-25 7C344-35
Maximum Access Time (ns) 20 25 35
MaximumOperating Commercial 200 200 200
Current(mA) Military 220 220
Industrial 220 220
Maximum Standby Commercial 150 150 150
Current(mA) Military 170 170
Industrial 170 170
Note:

1. Figuresin () are for J-leaded packages.

MAX and MAX +PLUS are registered trademarks of Altera Corporation.
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Maximum Ratings

(Above which the useful life may be impaired. Foruserguidelines,

DC Output Current, per Pin

- 25mAto +25mA

nottested.) DC Input Voltagel?) .................... ~20Vi0 +7.0V
Storage Temperature ................. - 65°Cto +150°C DCProgram Voltage . .................. - 20Vto +13.5V
meirext Tc“mgeraturewith 0°C 0 470°C Operating Range

Maimum uncion Tomperare N pint y
(UNGETBIS) v eeeeoeee oo 150°C [t Océ""::";gzec e
Supply Voltage to Ground Potential . ... .. .. - 2.0Vto +7.0V -

Maximum PowerDissipation .................... 1500 mW Industrial —40°Clo +85°C SV £10%
DCVecor GND CUTent ... eeenieeen s00ma | Military = 55°Cto +125°C(Case) | SV =10%
Electrical Characteristics Overthe Operating Range!’]

Parameters Description Test Conditions Min. Max. Units
Vou Output HIGH Voltage Vee = Min, Ippp = - 4.0mA 24 v
Vou. Output LOW Voltage Vee = Min, Ig, = §mA 0.45 v
Vi Input HIGH Level 22 [vee+03 | v
Vi Input LOW Level -03 0.8 \%
Iix Input Current GND < VN < V¢o - 10 +10 HA
loz Qutput Leakage Current Vo = Vccor GND - 40 +40 HA
Ios Output Short Vee = Max, Vout = 0.5V14. 51 - 30 -90 mA

CircuitCurrent
Icet Power Supply =Vccor GND (No Load) | Commercial 150 mA
Current (Standby) f_ LOMHz!* Military/Industrial 170 mA
Ioes Power Supply Current =Vecor GND (No Load) | Commercial 200 mA
{170 Site Military/industrial 220 | mA
tR Recommended Input Rise Time 100 ns
tg Recommended Input Fall Time 100 ns
Capacitance
Parameters Description Test Conditions Max, Units
Cin InputCapacitance Vin =2V,f = 1.0MHz 10 pF
Cout OutputCapacitance Vour = 2.0V,f = 1L.OMHz 10 pF
AC Test Loads and Waveforms!’!
R1464( R14640
sV v ALL INPUT PULSES
OUTPUT QUTPUT 3.0v 50% 90%
50 pF R2 5pF R2 GND 10% . 1%
I 2500 I L250n <6ns - . f : <6ns
INCLUDING = — — = t t
JIGAND ~ - - - R F

SCOPE (a) (b) Ca44-4 C344-5

Equivalent to:
1630

THEVENIN EQUIVALENT (commercial/military)

OUTPUT o———A— 0 1. 75V

Notes:
2. Minimum DC input is —0.3V. During transitions, the
dershoot to ~2.0V for periods less than 20 ns,
Typical values are for Tp = 25°C and Ve = 5V.
Guaranteed but not 100% tested.

&

Not more than one output should be tested at a time. Duration of the

C344-6
inputs may un- 6.
7.

Measured with device programmed as a 16-bit counter.
Part (a)in AC Test Load and Waveforms is used for all paramcters ex-

cept gk and txz, which is used for part (b} in AC Test Load and Wave-
forms. All external timing parameters arc measured referenced to ex-

short circuit should not be more than one second. VoyT = 0.5V has
been chosen to avoid test problems caused by tester ground degradation.
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Timing Delays

Timing delays within the CY7C344 may be easily determined using
MAX +PLUS® software or by the model shown in Figure 1. The
CY7C344 has fixed internal delays, altowing the user to determine
the worst case timing delays for any design. For complete timing in-
formation, the MAX + PLUS software provides atimingsimulator.

Design Recommendations

Operation of the devices described herein with conditions above
those listedunder “Absolute Maximum Ratings” maycause perma-
nentdamage to the device. Thisis a stress rating only and function-
al operation of the device at these or any other conditions above
those indicated in the operational sections of this data sheet is not
implied. Exposure to absolute maximum ratings conditions for ex-
tended periods of time may affect device reliability. The CY7C344
contains circuitry to protect device pins from high staticvoltages or
electric fields; however, normal precautions should be taken to
avoid applying any voltage higher than maximum rated voltages.

For proper operation, input and output pins must be constrained
to the range GND < (Vjyor VoyT) < Vc. Unused inputs must
always be tied to an appropriate logic level (either Vccor GND).
Each set of Ve and GND pins must be connected together di-
rectly at the device. Power supply decoupling capacitors of at
least 0.2 uF must be connected between Ve and GND. For the
most effective decoupling, each Ve pin should be separately de-
coupled.

Timing Considerations

Unless otherwise stated, propagation delays do notinclude expan-
ders. When using expanders, add the maximum expander delay
tgxp to the overall delay.

When calculating synchronous frequencies, use tg; if all inputs
are on the input pins. tgy should be used if data is applied at an
/O pin. If tgy is greater than topg, 1/tsy becomes the limiting fre-
quency in the data path mode unless 1/(twy + twy) is less than

1itsa.

LOGIC ARRAY
CONTROL DELAY

fac

EXPANDER
DELAY

texp

INPUT

INPUT
DELAY

LOGIC ARRAY
DELAY

When expander logic is used in the data path, add the appropriate
maximum expander delay, texp to tg;. Determine which of 1/(twy
+ tw), 1/tco, or 1/(texp + tsy) is the lowest frequency. The low-
est of these frequencies is the maximum data path frequency for
the synchronous configuration.

When calculating external asynchronous frequencies, use tas; if
all inputs are on dedicated input pins. If any data is applied to an
/O pin, tas; must be used as the required set-up time. If (tasz +
taH) is greater than tacon, 1/(tasz + tay) becomes the limiting
frequency in the data path mode unless 1/(tawn + tawr) is less
than 1/(tasz + tAn).

When expander logic is used in the data path, add the appropri-
ate maximum expander delay, tgxp to tas). Determine which of
1/(tawl + tawL). Vtacol. or 1/(texp + tasy) is the lowest fre-
quency. The lowest of these frequencies is the maximum data
path frequency for the asynchronous configuration.

The parameter toy indicates the system compatibility of this de-
vice when driving other synchronous logic with positive input
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 synchronous clock under worst-
case environmental and supply voltage conditions.

The parameter taoy indicates the system compatibility of this
device when driving subsequent registered logic with a positive
hold time and using the same clock as the CY7C344.

In general, if toon is greater than the minimum required input
hold time of the subsequent logic (synchronous or asynchronous),
then the devices are guaranteed to function properly under worst-
case environmental and supply voltage conditions, provided the
clock signal source is the same. This also applies if expander logic
is used in the clock signal path of the driving device, but not for the
driven device. This is due to the expander logic in the second de-
vice’s clock signal path adding an additional delay (tgxp), causing
the output data from the preceding device to change prior to the
arrival of the clock signal at the following device’s register.

REGISTER

OUTPUT
DELAY
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tasu tap

[TY] YLAD

fcoms

t2x
ATCH

fAH

—  clock

SYSTEM CLOCK DELAY

4cs
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o

Figure 1. CY7C344 Timing Model
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External Synchronous Switching Characteristics(”] Over Operating Range
CY7C344-20 | CY7C344-25 | CY7C344-35
Parameters Description Min. | Max. | Min. | Max. | Min. | Max, | Units
tPD1 Dedicated Input to Combinatorial Com’l & Ind 20 25 ns
Output Delayl8] il % 3
tpp2 1/0 Input to Combinatorial Output Com'l & Ind 20 25 ns
Delny® Mil 25 35
tpD3 Dedicated Input to Combinatorial Com’l & Ind 30 40 ns
OQutput Delay with Expander Delay(1%] Ve yr =
tpDa 1/O Input to Combinatorial Output Delay | Com’l & Ind 30 40 ns
with Expander Delayl4 11] v o =
tEA Input to Output Enable Delay{4] Com’l & Ind 20 25 ns
Mil 25 35
tER Input to Output Disable Delayl4] Com’l & Ind 20 25 ns
Mil 25 35
tco1 Synchronous Clock Input to Output Com’l & Ind 12 15 ns
Delay Mil 15 20
tcoz %};ﬂ;ﬁz:gﬁ gg)st( pt&[&f)lc‘?ll Feedbackto | Com’l & Ind 22 29 ns
Mil 29 37
ts Dedicated Input or Feedback Set-Up Com'’l & Ind 12 15 ns
Time to Synchronous Clock Input i 5 5
tH Input Hold Time from Synchronous Com’l & Ind 0 0 ns
Clock Input!”l Vil 0 n
twH Synchronous Clock Input HIGH Timel4l | Com1& Ind 7 8 ns
Mil 8 10
twL Synchronous Clock Input LOW Timell | Com’l & Ind 7 8 ns
Mil 8 10
tRw Asynchronous Clear Widthl4] Com'l & Ind 20 25 ns
Mil 25 35
tRR Asynchronous Clear Recovery Timel4l | Com’l & Ind 20 25 ns
Mil 25 35
trRO Asynchronous Clear to Registered Com'l & Ind 20 25 ns
Output Delayl?l i > s
tpw AsynchronousPreset Widthl4l Com'l & Ind 20 25 ns
Mil 25 35
tPR AsynchronousPreset Recovery Timel4l | Com’l & Ind 20 25 ns
Mil 25 35
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External Synchronous Switching Characteristics(”) Over Operating Range(continued)

CY7C343-20 | CY7C343-25 | CY7C343-35
Parameters Description Min. | Max. | Min. | Max. | Min. | Max. | Units
tpo AsynchronousPreset to Registered Com’l & Ind 20 25 ns
Output Delay!4] -
Mil 25 35
tcr Synchronous Clock to Local Feedback Com’l & Ind 4 7 ns
Inputt® -
Mil 7 13
tp External Synchronous Clock Period Com’l & Ind 14 16 ns
1/fmax3 -
( ) Mil 16 20
fmaxi External Maxim[l.jnll"li‘requcncy Com’l & Ind 41.6 333 MHz
1/ + t " -
(Mtcor +ts1)) Mil 33 243
fmax2 Maximum Frequency virgtl}sllmemal Only |Com’l & Ind | 62.5 45.4 MH:z
Feedback ( 1/ + tghl* .
(Hlicy + 15)) Mil 45.4 29.4
fmax3 Data Path Maximum Frequency, lca[it ‘(g]f Com’l & Ind | 71.4 62.5 MHz
H(twy, +t , 1(tg + tyg),or (1 g -
(twe + twn), 1(ts + t11), or (11tcon) YAl 525 776
fmMax4 Maximum Reg}itelr Toggle Frequency Com’l&Ind | 714 62.5 MHz
14(t +t g "
(twe + twh) Mil 625 50.0
toH Output Data Stable Time[gr?rsxll Com’'l & Ind 3 3 ns
Synchronous Clock Input!
y P Mil 3 3

Notes:

8. Thisparameter is the delay from an input signal applied toadedicated ~ 13. Thisspecification isa measure of the delay associated with the internal
input pin to a combinatorial output on any output pin. This delay as- registerfeedback path. Thisdelay plus the register set-up time, ts, is the
sumes no expander terms are used to form the logic function. minimuminternal period for an internal state machine configuration.

9. This parameter is the delay associated with an input signal applied to This parameter is tested periodicallyby sampling production material.
an I/O macrocell pin to any output. This delay assumes no expander  14. This specification indicates the guaranteed maximum frequency at
terms are used to form the logic function. which a state machine configuration with external only feedback can

10. This parameter is the delay associated with an input signal applied to operate.
adedicated input pin to combinatorial output on any output pin. This  15. This specification indicates the guaranteed maximum frequency at
delay assumes expander terms are used to form the fogic function and whichastate machine with internal-only feedback can operate. If regis-
includes the worst-case expander logic delay for one pass through the ter output states must also control external points, this frequency can
expander logic. This parameter is tested periodically by sampling pro- still be observed as long as it is less than 1/tco;. This specification as-
duction material. sumes no expander logic is used. This parameter is tested periodically

10. This parameter is the delay associated with an input signal applied to by sampling production material.
an /O macrocell pin to any output pin. This delay assumes expander  16. This frequency indicates the maximum fretéuency at which the device
terms are used to form the logic function and includes the worst-case may operate in data path mode (dedicated input pin to output pin).
expander logic delay for one pass through the expander logic. This pa- This assumes that no expander logic is used.
rameter is tested periodically by sampling production material. 17. Thisspecificationindicatesthe guaranteed maximum frequencyinsyn-

11. This specification is a measure of the delay from synchronous register chronousmode,atwhich an individual output or buried register can be
clockinput tointernal feedback of the register output signal toa combi- cycled by aclock signal applied to either a dedicated input pin oran /O
natorial output for which the registered output signal is used as an in- pin.
put. This parameter assumes no expanders are usedin the logicof the 18, This parameterindicates the minimum time after a synchronous regis-

combinatorial output and the register is synchronously clocked. This
parameter is tested periodically by sampling production material.
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ter clock input that the previous register output data is maintained on
the output pin.
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External Asynchronous Switching Characteristics Over Operating Rangel’l

CY7C344-20 | CY7C344-25 | CY7C344-35

Parameters Description Min. { Max. | Min. | Max. | Min. | Max. | Units

tacol Asynchronous Clock Input to Output Com’l & Ind 20 25 ns
Delay Mil %5 35

tacoz Asynchronous Clock Input to Local Com’l & Ind 30 37 ns
Feedback to Combinatoriat Output! !9l Vil 7 )

tas Dedicated Input or Feedback Set-Up Com’l & Ind 9 12 ns
Time to Asynchronous Clock Input Ml 2 5

tAH Input Hold Time from Asynchronous Com'l & Ind 9 12 ns
Ciock Input Mil 12 175

LAWIL Asynchronous  Clock  Input HIGH | Com'l & Ind 7 9 ns
Time'™ Mil 9 15

TAWL AsynchronousClock Input LOW Time!*l | Com’l & Ind 9 11 ns

Mil 11 15

tACF Asynchronous Clock to Local Feedback | Com’l & Ind 18 21 ns
Lnputt* 21 Mil 21 27

AP External Asynchronous Clock Period Com’l & Ind 16 20 ns
(iaxalt Mil 20 30

fMAXAL External Maximum Frequency in Com’l & Ind 34.4 27 MHz
Asynchronous Mode 1(tacoy + tag)i4 221 Mil 27 20

fMAXA2 Maximum Internal Asynchronous Com’l & Ind 37 30.3 MHz
Theauency \(ack - igs) or Mil 303 238

fMAXA3 Data Path Maximum Fre(iuency in Com’l & Ind 50 40 MH:z
AsynchronousModel* 24 i ym 55

fMAaxAd Maximum Asynchronous Re%istchoggle Com’l & Ind 62.5 50 MH:z
Frequency 1/(tawi + tawp )l 2l il % 3

tAOH Output Data Stable Time from Com'l & Ind 15 15 ns
Asynchronous Clock Input[“v 2] Mil s G

Notes:

19. Thisspecification is a measure of the delay from an asynchronous reg- 23,

ister clock input to internal feedback of the registered output signal to
a combinatorial output for which the registered output signal is used
as an input. Assumes no expanders are used in logic of combinatorial
output or the asynchronous clock input. This parameter is tested peri-
odically by sampling production material.

20. Thisparameter is measured with a positive-edge-triggered clock at the

register. For negative edge triggering, the tawy and taw) parameters 24,

must be swapped. If a given input is used to clock multiple registers
withboth positive and negative polarity, t awn should be used for both
tawH and tawy..

21, Thisspecificationis a measurc of the delay associated with the internal
register feedback path for an asynchronously clocked register. This

delay plus the asynchronous register set-up time, tag, is the minimum 25,

internal period for an asynchronously clocked state machine configu-
ration. This delay assumes no expander logic in the asynchronous clock
path. This parameteris tested periodically by sampling production ma-

terial. 26.

22. Thisparameter indicatesthe guaranteed maximum frequency at which
an asynchronously clocked state machine configuration with external
feedbackcan operate. It is assumed that no expander logicis employed
in the clock signal path or data path.
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This specification indicates the guarantced maximum frequency at
which an asynchronously clocked state machine with internal-only
feedback can operate. If register output states must also control exter-
nal points, this frequency can still be observed aslong as this frequency
isless than 1/15co1. Thisspecification assumes noexpanderlogicis uti-
lizedl.This parameteristested periodicallybysampling productionma-
terial.

This specification indicates the guaranteed maximum frequency at
whichan individual output orburied register can be cycled inasynchro-
nously clocked mode. This frequency is least of 1/(tawn + tawL),
1/(tas + tan), or Htaco1. It also indicates the maximum frequency at
which the device may operatc in the asynchronously clocked data path
mode. Assumes no expander logic is used.

This specification indicates the guarantced maximum frequency at
whichan individual cutput or buried register can be cycled inasynchro-
nously clocked mode by a clock signalapplied to an external dedicated
input or an 1O pin.

This parameter indicates the minimum time that the previous register
outputdata is maintained on the output pin after an asynchronous reg-
ister clock input to an external dedicated input or I/O pin.
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Typical Internal Switching Characteristics Over Operating Rangel?|

CY7C344-20 | CY7C344-25 | CY7C344-35
Parameters Description Min. | Max. | Min. | Max. | Min. | Max. | Units
1N Dedicated Input Pad and Buffer Delay | Com’l & Ind 5 7 ns
Mil 7 11
o 1/0 Input Pad and Buffer Delay Com’l & Ind 5 7 ns
Mil 7 11
tEXP Expander Array Delay Conr'l & Ind 10 15 ns
Mil 15 20
tLAD Logic Array Data Delay Com'l & Ind 9 10 ns
Mil 10 11
tLAC Logic Array Control Delay Com’l & Ind 7 7 ns
Mil 7 7
top Output Buffer and Pad Delay Com’l & Ind 5 5 ns
Mil 5 8
1zx Output Buffer Enable Delayl?’] Com'l & Ind 8 11 ns
Mil 1 12
txz, Output Buffer Disable Delay Com’] & Ind 8 11 ns
Mil 1t 12
trsy Register Set-Up Time Relative to Com’l & Ind 5 8 ns
Clock Signal at Register Mil 3 1
[3:011 Register Hold Time Relative to Com’l & Ind 9 12 ns
Clock Signal at Register Mil 2 15
tLATCH Flow-Through Latch Delay Com’l & Ind 1 3 ns
Mil 3 5
tRD Register Delay Com’l & Ind 1 1 ns
Mil 1 1
LCOMB Transparent Mode Delayl® Com'l & Ind 1 3 ns
Mil 3 5
tcH Clock HIGH Time Com’l & Ind 7 8 ns
Mil 8 9
tcL Clock LOW Time Com’l & Ind 7 8 ns
Mil 8 9
tic Asynchronous Clock Logic Delay Com’l & Ind 8 10 ns
Mil 10 12
tics Synchronous Clock Delay Com’l & Ind 2 3 ns
Mil 3 5
tFp Feedback Delay Com’l & Ind 1 1 ns
Mil 1 1
tPRE Asynchronous Register Preset Time Com’l & Ind 6 9 ns
Mil 9 12
teLR Asynchronous Register Clear Time Com’l & Ind 6 9 ns
Mil 9 12
tpew Asynchronous Preset and Clear Com’l & Ind 5 7 ns
Pulse Width Mil 7 9
tpCR AsynchronousPreset and Clear Com'l & Ind 5 7 ns
Recovery Time Mil 7 9
Notes:
27. Sample tested only for an output change of 500 mV. 28. This specification guarantees the maximum combinatorial delay asso-

ciated with the macrocell register bypass when the macrocell is confi-
gured for combinatorial operation.
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Switching Waveforms
External Combinatorial
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Switching Waveforms (continued)

Internal Combinatorial
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tin —-| [« tos
SYSTEM CLOCI

K
AT REGISTER /—\—_/1

tRsy —=j¢— tay

DATA FROM
LOGIC ARRAY

C344-13

4-233



S
? fgm CY7C344
SEMICONDUCTOR
Switching Waveforms (continued)
Internal Synchronous (Output Path)
CLOCK FROM
LOGIC ARRAY
trp fop —»
Saminon X X )E >£
txz -\-] tzx -|
OUTPUT PIN X /| HIGHZ P
C344-14
Ordering Information
Speed Package Operating
(ns) Ordering Code Type Range
20 CY7C344-20DC/DI1 D22 Commercial/Industrial
CY7C344-20HC/HI H64
CY7C344-20JC/)1 J64
CY7C344-20PC/P1 P21
CY7C344-20WC/WI w22
25 CY7C344-25DC/DI D22 Commercial/Industrial
CY7C344-25HC/HI H64
CY7C344-25JC/I1 Jod
CY7C344-25PC/P1 P21
CY7C344-25WC/WI w22
CY7C344-25DMB D22 Military
CY7C344-25HMB Hé64
CY7C344-25WMB w22
35 CY7C344-35DMB D22 Military
CY7C344-35HMB Ho64
CY7C344-35WMB w22
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics Switching Characteristics
Parameters Subgroups Parameters Subgroups
Vou 1,2,3 tpp1 7,8,9, 10,11
VoL 1,23 tpD2 7,8,9,10, 11
Vin 1,23 P03 7,8,9,10, 11
Vi 1,2,3 oo 7.8,9, 10, 11
lix 123 s 7.8,9, 10, 11
i‘c’; : ; 3 ty 7,8,9,10, 11
— tACO1 7,8,9,10,11
tACO) 7.8,9,10, 11
tAs 7,8,9,10, 11
tald 7,8,9,10,11
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