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Features

® 512x9(CY7C451) and 2,048 x 9
(CY7C453) FIFO buffer memory

e Expandable in width and depth

e High-speed 70-MHz standalone;
50-MHz cascaded

o Supports free-running 50% duty cycle
clock inputs

e Empty, Almost Empty, Half Full,
Almost Full, and Full status flags

e Programmable Almost Full/Empty
flags

o Parity generation/checking

e Fully asynchronous and simultaneous
read and write operation

e QOutput Enable (OF)

® Independent read and write enable
pins

e Center power and ground pins for re-
duced noise

e Available in 300-mil 32-pin DIP,
PLCC, and LCC packages

e Proprietary 0.8y CMOS technology

e Low power

CY7CA451
CY7C453

512 x 9 Cascadable Clocked
and 2K x 9 Cascadable Clocked
FIFOs with Programmable Flags

Functional Description

The CY7CI51 and CYT7C453 are high-
speed, low-power first-in first-out { FIFQ)
memories with clocked read and write in-
terfaces. Both FIFOs are 9 bits wide. The
CY7C4ST has a S12-word by 9-bit
memory array, wWhile the CY7C453 has a
2048-word by 9-bit memory array. De-
vices can be cascaded to increase FIFO
depth. Programmable features include Al-
most Full/Empty lags and  generation/
checking of parity. These FIFOs provide
solutions for a wide variety of data bufter-
ing needs, including high-speed data ac-
quisition, multiprocessor interfaces, and
communications butlering.

Both FIFOs have 4-bit input and output
ports that are controlled by separate clock
and enable signals. The input portis con-
trotled by a free-running clock (CKW) and
awrite cnable pin (ENW). When ENW s
asserted, data is written into the FIFO on
the rising edge of the CKW signal. While
ENW is held active, data is continually

The output port is controlled in a similar
manner by a free-running read clock
{CKR) and a read enable pin (IENR). The
read (CKR) and write (CKW) clocks may
be tied together for single-clock vperation
or the two clocks may be run independently
for asynchronous readiwrite applications.
Clock frequencies up to 71.4 MHz are ac-
ceptable in the standalone configuration,
and up to 50 MHz is acceptable when FI-
FOs are cascaded for depth expansion.

Depth expansion is possible using the cas-
cade input (X1) and cascade output (XO).
The XOsignal isconnected to the XTofthe
next device, and the XO of the last device
should be connected to the XT of the first
device. Instandalone mode. the input (XT)
pin is simply tied to Vg,

The CY7C45T and CY 7C453 provide three
status pins to the user. These pins are de-
coled to determine one of six states: Empty,
Almost Empty, Less than or Equal to Half
Full, Greater than Half Full, Almost Tull,
and Full (see Tuble 1). The Almost Empty/
Full flag (PAFE) and XO functions share

- lee=70mA written info the FIFO oneach CKW eyele,  the same pin. The Almost Empty/Tull Nag is
e v .
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CY7C451
CY7C453

Functional Description (continucd)
validinthestandaloneandwidthexpansionconfigurations. Inthe
depth expansion, this pin provides the expansion out (XO) infor-
mation that is used to signal the next FIFO when it will be acti-
vated.

The flags arc synchronous, i.e., they change state relative to either
the read clock (CKR) or the write clock (CKW). When entering or
exiting the Empty and Almost Empty states, the flags are updated
exclusively by the CKR. The flags denoting Half Full, Almost Full.

Selection Guide

and Full states are updated exclusively by CKW. The synchronous
flag architecture guarantees that the flags maintain their status for
some minimum time.

The CY7C451 and the CY7C453 use center power and ground for
reduced noise. Both configurations are fabricated using un ad-
vanced 0.8u N-well CMOS technology. Input ESD pratection is
greater than 2001V, and latch-up is prevented by the use of reliable
layout techniques, guard rings, and a substrate bias generator.

7C451-14 7€451-20 7C451-30
7C453- 14 7C453-20 7C453~30
Maximum Frequency (MHz) 71401 50 333
Maximum Cascadable Frequency N/ALR] 50 333
Maximum Access Time (ns) 10 15 20
Minimum Cycle Time (ns) 14 20 30
Minimum Clock HIGH Time (ns) 6.5 Y 12
Minimum Clock LOW Time (ns) 6.5 9 12
Minimum Data or Enable Set-Up (ns) 7 9 12
Minimum Data or Enable Hold (ns) 0 0 0
Maximum Flag Delay {(ns) 10 IN] 20
Maximum Current (mA) Commercial 1401 120 100
Military/[ndustrial 150 130 110
Maximum Ratings
(Above which the useful life may be impaired. Foruser guidelines,  Static Discharge Voltage ... >2001V
not tested.) {per MIL-STD-883, Method 3015)
Storage Temperature ..., ~65°C 1o +150°¢  Lateh-UpCuarrent oo > 20k mA
e Temperarewity Cuansc  OperatingRange
Supply Voltage to Ground Potential . ..... .. ~0.5V to +7.0V Range 'l‘eﬁ:gz:':lt‘;re Veo
Eﬁl}:;}%gétftgpmd ; 0 i —05Vto+70v | Commercial 0°C o +70°C SV =
DC lInput Voltage ....................... 30Vt +70V Industrial —40°C 1o +85°C SV x 0%
Output Current into Outputs (LOW) .............. 20 mA Militaryl?! —55°C 10 +125°C SV 106
Notes:

1. 71.4-MHzoperation is available only in the standalone configuration.
2. The — 14 device cannot be cascaded.

3. Ty is the “instant on™ case temperature,
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Pin Definitions

Signal Name | 1O Description

Dy_y I Data Inputs: When the FIFO is not full and ENW is active, CKW (rising edge) writes data (Dy _ g) into the
FIFO's memory. If MR s asserted at the rising edge of CKW then datais written into the FIFO's programming
register. Dy is 1gnored if the device is configured for parity generation.

Q-7 (] Data Qutputs: When the FIFO is not empty und ENR is active, CKR (rising cdge) reads data (Qg - 7) out of the
FIFO's memory. If MR is active at the rising edge of CKR then data is read from the programming register.

Qg/PG/PE O | Function varies according to mode:
Parity disabled - same functionas Qy 7
Parity ¢nabled, generation — parity generation bit (PG)
Parity enabled, check — Parity Error Flag (PE)

ENW 1 Enable Write: enables the CKW input (for both non-program and program modes)

ENR I | Enable Read: enables the CKR input (for both non-program and program modes)

CKW [ | Write Clock: the rising edge clocks data into the FIFO when ENW is LOW,; updates Half Full, Almost Full, and
Full flag states. When MR s asserted, CKW writes data into the program register.

CKR 1 Read Clock: the rising edge clocks data out of the FIFO when ENR is LOW; updates the Empty and Almost
Empty flag states, When MR is asserted, CKR reads data out of the program register.

HF O | Half Full Flag — synchronized to CKW.

EF O | Empty or Full Flag — E is synchronized to CKR; T is synchronized to CKW

AFE/XO 0O | Dual-Maode Pin:

NotCascaded ~ Programmable Almost Fullissynchronized to CKW; Programmable Almost Empty is synchro-
nized to CKR o
Cascaded — Expansion Out signal, connected to X1 of next device

X1 I | Not Cascaded = X1 is tied to Vs o
Cascaded — Expansion Input, connected to XO of previous device

FL I | First Load Pin: - o
Cascaded — the first device in the daisy chain will have FL tied to Vg all other devices will have FL tied to V¢
(Figure2)
Not Cascaded — tied to V¢

MR I Master Reset: resets device to empty condition,
Non-Programming Mode: program register is reset to default condition of no parity and PAFE active at 16 or
less locations from Ful/Empty.
Programming Maode: Data present on Dy _ g is written into the programmable register on the rising edge of
CKW. Program register contents appear on Q — g after the rising edge of CKR.

OE 1 | Output Enable for Qy - 7 and Qy/PG/PE pins
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CY7C451
CY7C453

Electrical Characteristics Over the Operating Range!®)

7C451-14 7C451-20 7C451-30
7C453-14 7C453~-20 7C453-30
Parameter Description Test Conditions Min. | Max. | Min. | Max. | Min. | Max. | Unit
Vou Output HIGH Voltage | V¢ = Min, Iy = = 2.00mA 24 24 24 v
VoL Output LOW Voltage | Ve = Min,, Igp, = 8.0 mA (.4 0.4 0.4 v
Vit Input HIGH Voltage 22 | Vee | 22 [ Vee | 22 [ Vee | v
vl Input LOW Voitage =30 08 |=-30] 08 |-30] 08 v
Iix Input Leakage Ve = Max. =10 | +10 | =10 | +10 | =10 [ +10 | A
Current
Iyl Output Short Voo = Max., Vourt = GND ~90 —90 —90 mA
Circuit Current
TozL Output OFF, High Z | OE > Vi, Vs < Vo < Vo =10 | 410 | =10 | +10 | =10 | + 10 | pA
lozu Current
TIee7] Operating Current Voo = Max, Igur = 0mA | Com'l 140 120 100 | mA
Mil/Ind 150 130 110 | mA
I¢eal¥! Operating Current Vee = Max., Igur = 0mA | Com'l 70 70 70 mA
Mil/Ind 80 80 80 mA
'SBM Standby Current Ve = Max., Igur = 0mA | Com'l 30 30 30 mA
Mil/Ind 30 30 30 mA
Capacitancel Y1
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Ta = 25°C,{ = 1 MHz, 10 pF
Cour Output Capacitance Vee = 5.0V 12 PF
AC Test Loads and Waveformsl'!. 12,1314, 15}
A1 500Q
5V O ALL INPUT PULSES
OUTPUT | 3.0V !
90% 900:)0%
C I R2 GND 10%
333Q
<3ns <3ns
NcLuDING L L <answl b -
JIGAND ~
SCOPE Ca51-4 C451-5
Equivalent to: THEVENIN EQUIVALENT
200€2
OUTPUT 0———ama————0 2V
Notes:
4. See the last page of this specification for Group Asubgroup testingin- - 9. All inputs signals are connected 10 Ve, All outputs are unloaded.
formation. Read and write clocks switch al maximum frequency (fyax).
5. The ¥y and Vy_specifications apply for ali inputs except XTand FI.  10. Tested initially and after any design or process changes that may affect
The X1 pinis not a TTL input. Itis connected 1o either XO of the pre- these parameters.
vious device or Vgg. FL must be connected 10 either Vgg or Ve, 11, Cy, = 30 pF for all AC parameters except for topz.
6. Test no mare than one output at a time for not more than one second. 12. €L = § pF for topz-
7. Inputsignals switch from OV 1o 3V with a rise/fall time of 3nsorless, 13, Al AC measurements are referenced to 1.5V except tog, 11z, and
clocks and clogk cnah]_cs switch at maximum frequency (fygax), while toH7. ’
data inputs S\Vll?h at fiyvax2. O\Ilplll:\ are l_lﬂl(‘i‘licfj< 14, 1op and 1y 7 are measured at £ 100 mV from the steady state.
8. Input signals swilch from 0V to 3V with a rise/fall time less than 3 ns, 5 toniz is measured at +500 mV from Vo and — S00 mV from Voyy.

clocks and clock enables switch at 20 MHz, while the data inputsswitch
at 10 MHz. Outputs are unloaded.
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Switching Characteristics Over the Operating Rangel* 101

7C451-14 | 7C451-20 | 7C451-30
7C453—14 | 7C453-20 | 7C453-30
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
toKw Write Clock Cycle 14 20 30 ns
tCKR Read Clock Cycle 14 20 30 ns
teKH Clock HIGH 6.5 9 12 ns
teKL Clock LOW 6.5 9 12 ns
141171 Data Access Time 10 15 20 ns
Lo Previous Output Data Hold After Read HIGH 0 0 0 ns
e Previous Flag Hold After Read/Write HIGH 0 0 0 ns
tsn Data Set-Up 7 9 12 ns
tho Dita Hold 0 4] 0 ns
tSEN Enable Set-Up 7 9 12 ns
tHIN Enable Hold 0 U} 0 ns
1Ok OF LOW to Output Data Valid 10 15 20 ns
11" ¥ | OF LOW to Output Data in Low Z, o 0 o ns
tonz!1% 81 | OF HIGH to Output Data in High Z 10 15 20 ns
tpG Read HIGH to Purity Generation 10 15 20 ns
tpy Read HIGH to Parity Error Flag 10 15 20 ns
555 Flag Dclay 10 15 20 ns
tgkpwitHl Opposite Clock After Clock 0 0 0 ns
tskpwal>? | Opposite Clock Before Clock 14 20 30 ns
tPMR Master Reset Pulse Width (MR LOW) 14 20 30 ns
tSCMR Last Valid Clock LOW Set-Up to MR LOW 0 0 0 ns
LOHMR Data Hold Fram MR LOW 0 0 0 ns
tMRR Master Reset Recovery 14 20 30 ns
(MR HIGH Set-Up to First Enabled Write/Read)
IMRF MR HIGH to Flags Valid 14 20 30 ns
TAMR MR HIGH to Data Outputs LOW 14 20 30 ns
tSMRP Program Mode—MR LOW Set-Up 14 20 30 ns
IMRP Program Mode—MR LOW Hold 10 15 25 ns
terp Program Mode—Write HIGH to Read HIGH 14 20 30 ns
tap Program Mode—Data Access Time 14 20 3u ns
torp Program Mode—Data Hold Time from MR HIGH 0 0 0 ns
Notes:

6, Test conditions assume signal transition time of 3 ns or less, timing ref-

crence levels of 1.5V, and output foading as shown in AC Test Loads

and Wavelorms and capacitance asin notes 1 and 12, unless otherwise
specified.

Access time includes all data outputs switching simultancously.

At any given temperature and voltage condition, ty) 7 is greater than

teypz, for any given device.

. 4K wi 1S the minimum time an opposite clock can oceur after a clock
and still be guaranteed not to be included in the current clock eyele (for
purposes of flag update). If the opposite clock occurs less than tyg pw
after the clack, the decision of whether or not toinclude the opposite
clock in the current clock eyele is arbitrary. Nose: The opposite clock is

17.
I8,

20.

5142

the signal to which a flag is not synchronized; i.e., CKW is the opposite
clock for Empty and Almost Empty flags, CKR is the the opposite clock
for the Almost Full, Half Full, and Full flags. The clock is the signal to
whicha flagissynchronized: i.e., CKW is the clock for the Half Full, Al-
most Full, and Full flags, CKR is the clock for Empty and Almost
Empty flags.

sKg:w2 is the minimum time an opposite clock can oceur before aclock
and still be guaranteed 10 be included in the current clock cycle (for
purposes of flag update ). If the opposite clock occurs less than tgk - w2
before the clock, the decision of whether or not to include the opposite
clock in the current clock evele is arbitrary. See Note 19 for definition
of clock and opposite clock.
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Switching Waveforms

Write Clock Timing Diagram

tokw

toke —

tokM

Crw /| ENABLED wAITE

DISABLED WRITE N\,
so tvp

o et KK T HIXKIKKKK
o STTR | KK TXHXKXKHKKK

|
1SEN tHEN
E/F PAFE, AF

[ try
e | tep | cas1-8

Read Clock Timing Diagram

tckr

[e— tcxn lokL
CKR 7/m—7 DISABLED READ N\

f————— s

ton
Qo-s PREVIGUS WORD NEW WORD
tsEN tHEN
ENR Y?)E KX K AR XX XX XXX
] Z
teH je— tsen tHEN
B P _*xxx*
e g
trD | H o { C451-7
Master Reset (Default with Free-Running Clocks) Timing Diagraml-!. 22, 23 2|
\l temR %
MR
N /|

tscmR e— tyn
CKW / N\ FIRST
WRITE
w AN

tscmRr le— tiyrr
CKR /x } \,

N\

toHMR — tAMR
ALL DATA
Qo-s VALID DATA ) >O<\\ OUTRUTS LOW

[ tMRr ——>1

erme REXXHKIKX X

j«<— tMRF

FF XX XXX AKX XH

Li

€451--8
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Switching Waveforms (continucd)

Master Reset (Programming Mode) Timing Diagram! 23 24

l— tgppp —— tHMRP
tckH [ IMRR
' rom #
SECOND
/. ware WRITE
ENW  Low l— teTp —
tsp ta— | {1y
Pos ey XK o LXK KKK oo XK DX X womo 2 )X X
tsMRP tHMRP
¥ rcm N
7l reno N\
e toxy >
tOHMR tap tomp tamr ——»
ALL DATA
Qo-8 VALID DATA PGM WORD I\, QUTPUTS LOW
cas1-9

Master Reset (Programming Mode with Free-Running Clocks) Timing l)iagram[l‘* 4

MR N

[e— lsmpe ——

N

tHMRP

|
o
F—“cxw—'

/]

4

tokn teke
W NN
tsen tHEN
ENW / \
le— terp —
Po-s _utme PK X XK e D XX KX X X X XK X oo 1 )X X XK woroa )X X

[e— lckp —

IscmR

CKR _/L;*M?
VALID
READ

IsMRp

tHMRP

«—— MRR

tokH |
IsEN tHeN
ENR / \
taMr ———»
toHmR - tap tonp
Q ALL DATA
0-8 VALID DATA PGM WORD I, OUTPUTS Low
C451-10
Notes:
21, To only perform resct (no programming), the following criteria must 23, All data outputs (O - x ) go LOW as a result of the rising edge of MR
be met: ENW or CKW must be inactive while MR is LOW, after tamg.
22. To only perform reset (no programming), the following criteria must 24, In this example. Qq -~ g will remain valid untit topvg if either the first

be met: ENR or CKR must be inactive while MR is LOW,

read shown did not occur or if the read occurred soun enoughsuch that
the valid data was caused by it.
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Switching Waveforms (continued)

Read to Empty Timing Diagram|25. 2. 29]
COUNT 0 1 1 (NO CHANGE) 0
LATENT CYGLE
CKR /N G\Jm
ENABLED | 7 nxe ENABLED
READ UPDATE READ
READ
ENR
[e— tskEw —>| '4- tsKEW2 1
CKw 7[;\
ENABLED
WRITE
LOW
ENW
e tep [ tep le— tep
E/F
PAFE _LOW
C451-12
Read to Empty Timing Diagram with Free-Running Clocks!2: 26 27. 28]

COUNT 1 o 1 LATENT CYCLE o

CKR R1 A2 R3 R4 RS R6
/| EnaBLED IGNORED IGNORED FLAG ENABLED IGNORED
READ AEAD READ UPDATE AEAD READ

tSKEW2

Fm AX XXX XCKN AXX XXX

le—— tokews —] f— tskewz —

CKW w1 w2 w M w5 w6
/ ENABLED
WRITE
ENW \_/

HIGH
Fe— trp fe— tep lfe— 1ep
EF
PAFE 20
cas1-11
Notes:
25, “Count” is the number of words in the FIFO. 28. CKR is clock; CKW is opposite clock.
26. The FIFQisassumed tobe programmedwith P>0(i.c.,PAFEdoesnot 29, R3 updates the flag 1o the Empty state by asserting E/F Because W1
transition at Empty or Full). occurs greater than tgkpw) after R3, R3 does not recognize W1 when
27. R2is ignored because the FIFO is empty (count = 0). It is important updating flag status. But because W1 occurs greater than tskgw; be-
tonote that R3is also ignored because W3, the firstenabled write after fore R4, R4 includes W1 in the flag update and, therefore, updates
empty, occurs less than (gkpw? before R3. Therefore, the FIFO still FIFO to Almost Empty state. [tis important to note that R4 is a latent
appears empty when R3 occurs. Because W3 occurs greater than cyclesi.e., itonly updates the flag status regardiess of the state of ENR.
tskEw? before R4, R4 includes W3 in the flag update. [t does not change the count or the FIFO's data outputs.
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Switching Waveforms (continued)
Read to Almost Empty Timing Diagram with Free-Running Clocks! 5. 25 3]

COUNT 17 17 18 17

16
CKR R1 A2 A3 R4
/]| EnaBLED ENABLED
READ READ
ENR / \

- tskEwt —] le—— tskewz —

CKW / N%w M w5 w6
ENABLED ENABLED
WRITE WRITE

HF

R5 R6
ENABLED ENABLED
READ READ

HIGH

HIGH
EF

le— trp fe— tep je— trp

PAFE

Cas51-14

Read to Almost Empty Timing Diagram with Read Flag Update Cycle and Free-Running Clocks/2%- 28 30. 31, 32]

18 (no change)}
FLAG UPDATE CYCLE

COUNT 17

>

CKR /] ENABLED

READ

| :
N\

[*— tskewr —™ [e— ltskewz —|
Ckw w2 w3
_/-;\_)W ENABLED wa ws we wr
WRITE WRITE
\ /
HIGH
HF
/F Hen
le— teo le— to le— trp
PAFE
C451-13

Notes:

30. The FIFO in this example is assumed to be programmed to its default 32, When making the transition from Almost Empty to Intermediate, the
flag values. Almost Empty is 16 words from Empty; Almost Full is 16 counl must increase by two (16 18 two enabled writes: W2, W3) be-
locations from Full. fure a read (R4) can update flags to the Less Than Half Full state.

31. R4 only updates the flag status. It does not affect the count because
ENR is HIGH.
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Switching Waveforms (continued)

Write to Half Full Timing Diagram with Free-Running Clocks|=% 33. 34, 35|
COUNT 1024 1025 1024 1023
(256 [257] [256] [255]
A enBieo
WRITE
ENW / \
[ lskew: — [+ tskewa —
N ARNED AN AW .
ENABLED ENABLED
READ READ
ENR _\ /
fe— trp —» le— trp [e— lgp
HF 5\
HIGH
E/F
pare M

Ca51-15

Write to Half Full Timing Diagram with Write Flag Update Cycle with Free-Running Clocks!S: 33 3. 35.36.37)
|[g§g](no change)

COUNT 1024 | 1025 1024 1023 FLAG UPDATE CYCLE
(256] | [257) [256] (255]
CKW W1 w2 w3
__A ennaieo
WRITE
ENW
[+ Iskew1 — [e— lIskEW2 —
CKR R2 A3
At ENABLED ENABLED R4 RS RE R7
READ READ
ENR \ /

HIGH

[*— tFo [e— trp [— trp
HF
EFF

paFE 1"
Ca51-16

Notes: B o
33 CKW is clock and CKR is opposite clock. 36, The HF write flag update cx{cic does notaffect the count because ENW
34, Count = 1,025 indicates Half Full for the CY7C453 and count = 257 is HIGH. It only updates HF to HIGH.

indicates Half Full for the CY7C451, Values for CY7C451 countare 37, When making the transition from Halt Fult (o Less Than Hall Full, the

shown in brackets, count must decreisse by two (1,025 #1,023; two enabled reads: R2 and
35, Whenthe FIFO contains 1,024 [256) words, the rising edge of the next R3) before a write (W) can update flags to Tess than Half Full.

enabled write causes the HE to be true (LOW),
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Switching Waveforms (continued)

Write to Almost Full Timing Diagraml25 3 33 38.39]

COUNT 2030 2031 2032 2031 2030 2032
[494] [495] [496] [495] (494} (498}
s 2037 0
[495]
L A
m\ wa
ENABLED ENABLED
WRITE WRITE
o e RN
ENW L .
[ tskEw! 4 l-—- Iskewz

CKR R1 ¥ Rz Y
7 ENABLED ENABLED]
READ

READ
ENR
[+ o
PAFE
HE | low
E/F  HigH

C451-18

Write to Almest Full Timing Diagram with Free-Running Clocks! 5. . 3%
COUNT 2031 2032 2031 2030
1495 [496] [495) {494
CKW w1 w2 w3
WRITE
ENW __///’ ‘\\\
[ tskEwr - [— tskEwz —™
CKR A1 R2 R3 R4 A5 R6
ENABLED ENABLED
READ READ
ENR __\\\\ 4//,
HF Low
E/F HIGH
+— trp le— irp re—— trp
PAFE
C451 17
Notes: .
3K W2 updates the flag to the Almost Full state by asserting PAFE. Be- 390 The dashed lines show Wlasa lag update write ruther than an enabled

cause R oceurs preater than tyiw) after W2, W2 does not recognize

R1when updating the Mag status. W3inciudes R2 inthe fla

g updite be-

cause R2 oceurs greater than tgg-wa before W3, Note that W3 does

not hive to be enabled to update flags.

S~ 148
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Switching Waveforms (continued)

Write to Almost Full Timing Diagram with Write Flag Update Cycle and Free-Running Clocksl25: 30 33]

2030 (no change}
(494)

COUNT 2031 | 2032 2031 2030 FLAG UPDATE CYCLE
{495] | {496] {495) [494) I

w1 w2 w3
ENABLED

WRITE

CKw

:

[e— tokEwr — le—— tgkewo —™

R2 A3 Ra RS R& R7
ENABLED ENABLED
READ READ

CKR

N
2

/
HF Low
HIGH
EF
F— trD [+ to [e— o
PAFE
C451-19
Write to Full Flag Timing Diagram with Free-Running Clocks!=5, 26. 33, 40]
GOUNT 2047 2048 2047 LATENT CYCLE o048
1511 1512] [511] [512)

?
(2]

W5 w8
ENABLED IGNORED
WRITE wi

W3
{GNORED F|
WRITE UPDATE
WRITE

Crw M
—7] e

e /X P <N\ X
X XXX X

[ Iskewt —-—>| |<— tskEW2 —

kR __ S " LN "N\ "
ENABLED
READ

e AN

tSKEW?2

qE oW
le— 1rp -— tp — trD
EF
PAFE Low

C451-20

Notes:

40. W2isignored because the FIFO is full {(count = 2,048 |S12]). [1is im-
portant ta note that W3 is also ignored hecause R3, the first enabled
read after tull, oceurs less than tggpwa before W3 Therefore, the
FIFO still appears full when W3 occurs, Because R oceurs greater
than tgk w2 before W, W includes R3 in the flag update.
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Switching Waveforms (continucd)

Even Parity Generation Timing Diagram(4!- 42|

CKR ENABLED READ DISABLED READ

| teg

Qg/PG/F’E
Q-7 gmemoswono - SO corSloRD
ERR SCOON, AX XXX XXX XX

C451-21

Even Parity Generation Timing Diagram/?!- 43

CkR 7 ENABLED READ \ DISABLED READ

trg

Qg/PG/PE
Qo,7 PREVIOUS WORD" wxxm NEW WORD
ODD NUMBER OF 1s EVEN NUMBER OF 15
B SOON AXX XX XXX XX

Cast-22
Notes:
41, In this example, the FIFO is assumed to be programmed to generate 43, 1FQq — 7 “new word™ also has an odd number of 1s, then PG stays
even parity. HIGH.
42 If Qu — 7 “new word™ also has an even number of ts, then PG stays
LOW.
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Switching Waveforms (continued)
Even Parity Checkingl*!

CKwW
WRITE M WRITE M+1 WRITE M+2

ENW

5 -~

Qy/PG/ SF

PE

I* tPE

c
WORD M- 1 WORD M WORD M+1 WORD M+2
2
C451-23
Output Enable Timing!4%. 46]
CKR / READ M +1 \
ENR __lOW
oF B
tonz toe >
QD~ 8 VALID DATA XXX VALID DATA
WORD M WORD M+1
t
oLz C451-24
Notes:
44. Inthis example, the FIFQ is assumed to be programmed to check for 46, IfENR was HIGH around the rising edge of CKR (i.c., read disabled),
even parity. the valid data at the far right would once aguin be word M instead of
45. This example assumes that the time from the CKR rising edge to valid word M+1.

word M+1 > 14,
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Architecture

The CY7C451and CY7C453 consist of anarray of $12/2048 words
of 9bits cach (implemented by an array of dual- -port RAM cells), ¢
read pointer, a write pointer, control signi E
ENW, MR, OF, FL.. XI. XO), and flags (}

Resetting the FIFO

Upon power-up, the FIFO must be reset with a Master Reset
(MR) cycle. This causes the FIFO to enter the Empty condition
significd by E/F and PAFE being LOW and HF heing HIGH. All
data outputs (Qq — ) go low at the rising edge of MR. In order for
the FIFO to reset to its default state, a fdlllngL_dEL must veeur on
MR and the user must not read or write while MR is LOW (unless
ENR and/or ENW are HIGH or uniess the device is being pro-
grammed). Upon completion of the Master Reset cycle, all data
outputs will go LOW tamp after MR is deasserted. All flags are
guaranteed to be valid tygy: after MR is taken HIGH.

FIFO Operation

When the ENW signal is active (LOW), data present on the
Dy -y pins is written into the FIFO on cach rising cdge of the
CKW signal. Similarly, when the ENR signal is active, data in the
FIFO memory will be presented on the Qg — g outputs. New data
will be presented on cach rising edge of CKR while ENR is ac-
tive. ﬁNR_H!g:ﬂl set up typn before CKR for it to be a valid read

function. ENW must occur tgpy before CKW for it to be a valid
write function.

E

Anoutput enable (OE) pin is provided to tri-state the Qg - g out-
putswhen OFE is not asserted. When OFE isenabled, data in the out-
put register will be avaitable to Qg _ g outputs after top. If devices
are cascaded, the OF function will only output data on the FIFO
that is read enabled.

The FIFO contains overflow circuitry 1o disallow additional writes
when the FIFO isfull, and underflow circuitry to disallow addition-
al reads when the FIFO is empty. An empty FIFO maintains the
data of the last valid read on its Qg - goutputs even after additional
reads oceur.

Programming

The CY7C451Land CYT7C453 are programmed during a master re-
set cycle. If MR and ENW are LOW, a rising edge on CKW will
write Dy _ y inputs into the programming register. MR must be set
up a minimum of tgmgrp before the program write rising edge and
held tympy after the program write falling edge. The user has the
ability to also perform a program read during the master reset
cycle. Thiswilloccur at the rising edge of CKR when MR and ENR
are asserted. The program read must be performed a minimum of
tprp after a program write, and the program word will be available
tap after the read oceurs. if a program write does not aceur, a pro-
gram read may occur a minimum of tgmrp after MR is asserted.
This will read the default program value.

When free-running clocks are tied to CKW and CKR, program-
ming can still occur during a master reset cycle with the adherence
to a few additional timing parameters. The enable pins must be
set=up tsp:n before the rising edge of CKW or CKR. Hold times of
tiEN must also be met for ENW and ENR.

Data present on Dy _ 5 during a program write will determine the
distance from Empty (Full) that the Almost Empty (Almost Full)
flags will become active, See Tuble 1 for a deseription of the six pos-
sible FIFO states. Pin | refers to the decimal equivalent of the
binary number represented by Dy _ 5. Programming options for
the CY7C451 and CYTC453 arce listed in Tuble 5. Programming
resolution is 16 words for either device.

The programmable PAFE function is only valid when the
CYT7C451/453 are not cascaded. If the user elects not to program
the FIFO's flags, the default (P=1) is as follows: Almost Empty
condition (Almost Full condition) is activated when  the
CY7C451/453 contain 16 or less words (empty locations).

Parity is programmed with the Dy, - g bits. See Table 6 for a sum-
mary of the various parity programming options. Data present on
DDy, — x during a program write will determine whether the FIFO
will generate or check even/odd parity for the data present on
Dy - g thereafter. If the user clects not to program the FIFQ, the
parity function is disabled. Flag operation and parity are described
in greater detail in subsequent sections.

Flag Operation

The CY7C451/453 provide three status pins when not cascaded.
The three pins  PAFE, and HF, allow decoding of six FIFO
states (Tuble 1). P FF is not available when FIFOs are cascaded
for depth expansion. All flags are synchronous, meaning that the
change of states is relative to one of the clocks (CKR or CKW, as
appropriate. SeeFigure 1), The synchronous architecture guaran-
tees some minimum valid time for the flags. The Empty and Al-
most Empty flag states are exclusively updated by cach rising edge
of the read clock (CKR). For example, when the FIFO contains |
word, the next read (rising edge of CKR while ENR=1.0W)
causes the flag pins to output a state that represents Empty. The
Half Full, Almost Full, and Full flag states are updated exclusively
by the write clock (CKW). For example, it the CY7C453 FIFO con-
tains 2047 words (2048 words indicate Full for the CY7C453), the
nextwrite (risingedge of CKW while ENW=LOW) causcs the flag
pins to output a state that is decoded as Full.

Table 1. Flag Truth Tablel*7]

CY7C451 CY7C453
512x9 2Kx 9
Number of Number of
_ - Words in Waords in
E/F | PAFE | HF State FIFO FIFO
0 ( 1 Empty 0 0
oo [ Amest g eepy [1egieer
Empty #(lbeP) LX )
R R bt R RN
Half Full 256 1024
Greater | 5¢4 ¢511 — 10250
! b o | than Half | G o) 2047 = 160 P
1 0 0 Almost  |512 = (16« | 2048 —~ (16
Full P)# 511 Py e 2047
0 [} (0 Full S12 204K
Note:

47 P is the decimal value of the binary number represented by Dy - s .
When programming the CY7C451/53, P can have values from 0 to 15
for the CY7C451 and values from O to 63 for the CY7C453, See Table
S tor Dy — 5 representation, P= 0 signifies Almost Empty state =
Empty state.
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D
CKR—*>

ckw —P

D
CKR—*>

PAF

ckw —»>

HE D Q
Ckw —=>

INTERNAL LOGIC PIN
Figure 1. Flag Logic Diagram

Flag Operation (continucd)

Since the flags denoting emptiness (Empty. Almost Empty) are
only updated by CKR and the flags signitying fullness (Half Full,
Almost Full, Full) are exclusively updated by CKW, caretul atten-
tion must be given to the flag operation. The user must be aware
that if a boundary (Empty, Almost Empty, Half Full, Almost Full,
or Full) is crossed due to an operation from a clock that the flag is
not synchronized to (i.c., CKW does not affect Empty or Almost
Empty), a flag update cycle is necessary to represent the FIFO's
new state. The signal to which a flag is not synchronized will be re-
ferred to as the opposite clock (CKW is oppusite clock for Empty
and Almost Empty flags; CKR is the opposite clock for Half Full,
Almost Full, and Full flags). Until a proper flag update cycle is ex-
ccuted, the synchronous flags will not show the new state of the
FIFO.

When updating flags, the CY7C451/453 must make adecision as 1o
whether or not the opposite clock was recognized when i clock up-
dates the flag. For example (when updating the Empty flag), if 4
write veeurs at least tggpw) after a read, the write is guaranteed
not to be included when CKR updates the flag. 1f a write occurs at
least tyipwa betore a read, the write is guaranteed to be included
when CKR updates flag, [fawrite occurs within tgpw/tskpwa af-
ter or before CKR, then the decision of whether or not to include
the write when the flag is updated by CKR is arbitrary.

The update cycle for non-boundary flags (Almost Empty, Half

Full, Almost Full) is different from that used to update the bound-
ary flags (Empty, Full). Both operations are described below,

Boundary and Non-Boundary Flags

Boundary Flags (Empty)

The Empty flag is synchronized to the CKR signal (i.c., the Empty
flag can only be updated by a clock pulse on the CKR pin). An
cmpty FIFO that is written to will be described with an Empty flag
state until arising edge is presented to the CKR pin. When making
the transition from Empty to Almost Empty (or Empty to Less
than or Equal to Half Full), a clock cycle on the CKR is necessary
to update the flags to the current state. Insuch a state (flags show-
ing Empty even though data has been written to the FIFO), two
read cycles are required to read data out of FIFO. The first read
serves only to update the flags to the Almost Empty or Less thanor
Equal to Half Full state, while the second read outputs the data.
This first read cycle is known as the latent or flag update cycle be-
cause it does not affect the data in the FIFO or the count {(number
of words in FIIFO). 1t simply deasserts the Empty flag. The flag is
updatedregardlessof the ENR state. Therefore, the update oceurs
cven when ENR is unasserted (HIGH), so that a valid read is not
necessary to update the flags to correctly describe the FIFO. Inthis
example, the write must oceur at least tgg pwa before the flag up-
date cycle inorder for the FIFO to guarantee that the write will be
included in the count when CKR updates the flags. When a free-
running clock is connected to CKR, the flag is updated cach eycle.
Table 2 shows an example of a sequence of operations that update
the Empty flag.

Boundary Flags (Full)

The Full flag is synchronized to the CKW signal (i.c., the Full tlag
can only be updated by a clock pulse on the CKW pin). A full FIFO
that is rcad will be described with a Full flag until a rising edge is
presented to the CKW pin, When making the transition from Full
to Almost Full (or Full to Greater Than Half Full), a clock cyele on
the CKW is necessary to update the flags to the current state. In
such a state (flags showing Full even through data has been read
from the FIFO), twowrite cycles are required towrite data into the
FIFO. The first write serves only to update the flags to the Almost
Full or Greater Than Half Full state, while the second write inputs
the dati. This first write cycle is known as the latent or flag update
cycle because it does not affect the data in the FIFO or the count
{number of words in the FIFO). It simply deasserts the Full flag.
The flag is updated regardless of the ENW state. Therefore. the
update oceurs even when TNW is deasserted (HIGH), so that a
validwritc is not necessary to update the flags to correctly describe
the FIFO. In this example, the read must occur at least tgggwa be-
fore the flag update cycle in order for the FIFO to guarantee that
the read will be included in the count when CKW updates the flags.
When a frec-running clock is connected to CKW, the flag updates
cach cycle. Full flag operation is similar to the Empty flag opera-
tion described in Table 2.

Non-Boundary Flags (Almost Empty, Half Full, Almost Full)

The CY7C451/453 feature programmable Almost Empty and Al-
most Full flugs. Each flag can be programmed a specific distance
from the corresponding boundary flags (Empty or Full). The flags
can be programmed to be activated at the Empty or Full boundary,
or at a distance of up to 1008 words/locations for the CY7C453
(240 words/locations for the CY7C451) from the Empty/Full
boundary. The programming resolution is 16 words/locations.
When the FIFO contains the number of words or fewer for which
the flags have been programmed, the PAFE flag will be asserted
signifying that the FIFO is Almost Empty, When the FIFOQ iy with-
in that same number of empty locations from being Full, the PAFE
will also be asserted signifying that the FIFO is Almost Full. The
HF flag is decoded to distinguish the states.

5-153



; CYPRESS

CY7C451
CY7C453

Table 2. Empty Flag (Boundary Flag) Operation Example

Status Before Operation Status After Operation
Current Number Number
State of | __ |of Words NextState | | [ __ [ ofwords
FIFO E/F | AFE | HF | in FIFO | Operation of FIFO | E/F [AFE | HF | in FIFO Comments

Empty 0 I 1 0 Write Empty 0 0 1 1 Write
(ENW =)

Empty 0 U 1 1 Write Empty 0 0 1 2 Write
(ENW = ()

Empty 0 0 ! 2 Read AL 1 0 1 2 Flag Update
(ENR = X)

AL | 1] 1 2 Read AE 1 0 1 1 Read
(ENR = 1))

AE [ [0 1 1 Read Empty 0 0 1 0 Read (transitionfrom Al-
(ENR =) most Empty to Empty)

Empty i} I} 1 0 Write Empty 0 0 1 1 Write
{ENR = ()

Empty | 0 1 1 Read Al 1 0 1 | Flag Update
(ENR = X)

AE 1 I} 1 1 Read Empty 0 0 1 0 Reuad (transitiontrom Al
(ENR = 0) most Empty to Empty)

P/\FI hunmu active 1o the hnund‘uv (B mply I u]I) is 16 \Mmlv‘
locations. The Almost Full and Almost Empty flags can be pro-
grammed so that they are only active at Full and Empty bound-
aries. However, the operation will remain consistent with the
nan-boundary flag operation that is discussed below.

Almost Empty is only updated by CKR while Half Full and Almost
Fullare updated by CKW. Non-boundary flags employ flag update
cycles similar to the boundary flag Lutent eycles in order (o update
the FIFO status. For example, if the FIFO just reaches the Greater
than Half Full state, and then two words are read from the FIFQ),
awrite clock (CKW) willbe required to update the flags 1o the Less
than Half Full state. However. unlike the boundary flag latent
ceycle, the state of the enable pin (ENW in this case) affects the op-
cration. Therefore, set-up and hold times for the enable pins must
be met (tg:n and typn). §f the enable pinis active during the flag
update cycle, the count and data are updated in addition 1o PAFE
and HE I the enable pin is not asserted during the flag update
cycle, only the flags are updated. Tables 3 and 4 show an example of
a sequence of operations that update the Almost Empty and Al-
most Full flags.

Programmable Parity

The CY7C451/453 also features even or odd parity checking and
generation. Dy, — y are used during a program write to describe the
parity option desired. Tuble 6 gives a summary of programmahle
parity options. If the user clects not to program the device, then
parity is disabled. Parity information is provided on ane multi-
mode output pin (Q8/PG/PE). The three possible modes are de-
scribed in the following paragraphs. Regardless of the mode se-
lected, the OF pin retains tri-state control of all 9 Oy, . g bits,

Parity Disabled (Q8 mode)

When parity is disubled (or user does not program parity option)
the CY7C451:453 stores all 9 bits present on Dy _ i inputs inter-
nally and will output all 9 bits on Q) - x.

Parity Generate (PG mode)

This made is used Lo generate either even or odd parity (as pro-
grammed) from Dy, - 7. Dyinputisignored. The parity bitis stored
internatly as Dy and during a subsequent read will be available on

the PG pinalong with the dita word from which the parity was gen-
crated (Qq - 7). Forexample. it parity generate is set to ODD and
the Dy - 7inputs have an EVEN number of Is, PG will be HIGH.
Parity Check (PE mode)

If the CY7C451/453 is programmed for parity checking, the FIFO
will compare the parity of 1 _ x with the program register. 1f the
expected parity is present, Dg wili be set HIGH internally. When
thiswordis later read, PE willbe HIGH. Ifa parity error occurs, Dy
will be set LOW internally, When thisword is later read, PE will be
LOW. For example. if parity check is set to odd and Dy _ x have an

even number of Ts, a parity error occurs. When that word is later
read, PE will be asserted (LOW).

Width Expansion Modes

During width expansion all flags (programmable and nonpro-
grammable) are available. The CY7C451/453 can be expanded in
width to provide word width greater than 9 in increments of 9.
During width expansion mode all control line inputs are common.
When the FIFQ is being read near the Empty (Full) boundary, it
is important to note that both sets of flags should be checked to
see if they have been updated to the Not Empty (Not Full) condi-
tion to insure that the next read (write) will perform the same op-
cration on all devices.

Checking all sets of flags is critical so that data is not read from the
FIFOs “staggered™ by one clock cycle. This situation could aceur
when the first write to an empty FIFO and a read are very close to-
gether. H the read oceurs less than tggawo after the first write to
two width-expanded devices, A and B, device A may go Almost
Empty (read recognized as flag update ) while deviee Bstays Empty
(read ignored). This occurs because a read can be cither recog-
nized orignoredif it occurs within tg:we of awrite, The next read
cycle outputs the first halfof the firstword on device A while device
Bupdates its flags to Almost Empty. Subsequent reads will contin-
ue tooutput “staggered " data assuming more data hasbeenwritten
to FIFOs,

Depth Expansion Mode

The CYT7C451453 can operate up to SU MHz when cascaded.
Depth expansion is accomplished by connecting expansion out
(XO)otthe first dululnupnnslonm(XI)nItlu next device, with
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X0 of the last device connected to XT of the first device. The first
device has its first load pin (FL) tied to Vsg while all other devices
must have this pin tied to Ve, The first device will be the first tobe
write and read enabled after a master reset.

Proper operation also requires that all cascaded devices have com-
mon CKW, CKR, ENW, ENR, Dy - g, Qp - 3 and MR pins. When
cascaded, one device at a time will be read enabled so as to avoid
bus contention. By asserting XO when appropriate, the currently
enabled FIFO alerts the next FIFO that it should be enabled. The
nextrising edge on CKR puts Qg _ g outputs of the first device into
a high-impedance state. This occurs regardless of the state of ENR
or the next FIFO's Empty flag. Therefore, if the next FIFO is
empty or undergoing a latent cycle, the Q) - gy buswillbe in a high-

CKwW
ENW

impedance state until the next device receives its first read, which
brings its data to the Qg _ g bus.

Program Write/Read of Cascaded Devices

Programming of cascaded FIFOs is the same as for asingle device.
Because the controls of the FIFOs are in parallel when cascaded,
they all get programmed the same. During program mode, only
parity is programmed since Almost Full and Almost Empty flags
are not available when CY7C451/453 are cascaded. Only the “first
device” (FIFO with FL=LOW) will output its program register
contents on Qg _ g during a program read. Qy - g of all other de-
viceswillremain in a high-impedance state toavoid buscontention.

CKR

Do-s

NS

CKwW

MR

DATA IN

OE
Do-3

Y
X1

CY7C4a51/3
ENR

PAFE/XO

Q-
CKR

HF
EF

M

DATA QUT

Qo-8

Vss

CKwW
ENW

MA

OE

Xi
>Do—s Qo-8

CY7Ca51/3

pArEXD FL I

CKR
ENR

EF FULL  EWPTY

Figure 2, Depth Expansion with CY7C451/3
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Table 3. Aimost Empty Flag (Non-Boundary Flag) Operation Examplel*t|
Status Before Operation Status After Operation
Number Number
Current State | _ | of Words Next State | __ | of words
of FIFO E/F | AFE | HF | in FIFO | Operation of FIFO | E/F | PAFE | HF | in FIFO Comments
AE 1 0 1 32 Write AE 1 0 1 13 Write
(ERW = 0)
AE 1 0 1 33 Write AE 1 0 1 34 Write
(ENW =)
AE 1 0 1 34 Read <HF 1 1 1 3 Flag Update and Read
(ENR =0)
<HF 1 1 1 33 Read <HF 1 1 1 33 Ignored Read
(ENR = 1) (ENR = 1)
<HF 1 1 1 33 Read AE 1 0 1 32 Read (Transition from
(ENR = 0) <HF to AE)
Table 4. Almost Full Flag Operation Examplel*’]
Status Before Operation Status After Operation
Number | Number Number | Number
Current of Words | of Words Next of Words | of Words
Stateof | | inFIFO | in FIFO State | ___| in FIFO | in FIFO
FIFO |E/F | AFE | HF | CY7C451 | CY7C453 | Operation | of FIFO | E/F | PAFE | HF | CY7C451 | CY7C453 | Comments
AF | 0 0 496 2032 Read AF | 0 0 495 2031 Read
(ENR = 0)
AF i 0 0 495 2031 Read AF | 0 0 494 2030 Read
(ENR = 0)
AF 1 0 0 494 2030 Write >HF 1 1 0 494 2030 Flag Update
(ENW = 1)
>HF 1 1 0 494 2030 Write >HF | 1 0 495 2031 Write
(ENW =0)
>HF 1 1 0 495 2031 Write AF I 0 0 496 2032 Write (Tran-
(ENW =0) sition from
>HF to AF)
Notes:

48. Applies to both CY7C451 and CY7C453 operations when devices are
programmed so that Almost Empty becomes active when the FIFO
contains 32 or fewer words.

49, Programmed so that Almost Full becomes active when the FIFO con-
tains 16 or less empty locations.
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Table §. Programmable Almost Full/Almost Empty Options — CY7C451/CY7C453(50]
D5 D4 D3 D2 D1 DO PAFE Active when CY7C451/453 is: pPis1]
0 0 0 0 0 0 | Completely Full and Empty. 0
0 0 0 0 0 1 16 or less locations from Empty/Full (default) 1
0 0 0 0 1 (|32 or less locations from Empty/Full 2
0 0 0 0 1 1 48 or less locations from Empty/Full 3
0 0 1 1 I 0 224 or less locations from Empty/Full 14
0 0 1 1 1 i 240 or less locations from Empty/Full 15
1 1 1 1 1 0] 992 or less locations from Empty/Full 62
1 1 l 1 1 1 1008 or less locations from Empty/Full 63
Table 6. Programmable Parity Options
D8 D7 D6 Condition
[t} X X Parity disabled.
1 0 0 Generate even parity on PG output pin.
1 0 | Generate odd parity on PG output pin.
1 1 0 Check for even parity. Indicate error on PE output pin.
1 1 1 Check for odd parity. Indicate error on PE output pin.
Notes:

50. D4 and DS are don't care for CY7C451.

51. Reterenced in Table 1.
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Typical DC and AC Characteristics

NORMALIZED l¢

NORMALIZED ta

CY7C451
CY7C453

NORMALIZED SUPPLY CURRENT
vs. SUPPLY VOLTAGE

NORMALIZED SUPPLY CURRENT
vs. AMBIENT TEMPERATURE
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Ordering Information

CY7C451
CY7C453

S(I:lese]d Ordering Code l’;caklﬂge Package Type ()%e;:;:’ng
14 CY7C451-14DC D32 32-Lead (300-Mil) CerDIP Commercial
CY7C451-14JC J65s 32-Lead Plastic Leaded Chip Carrier
CY7C451-1401 Jo5 32-Lead Plastic Leaded Chip Carrier [ndustrial
CY7C451-14DMB D32 32-Lead (300-Mil) CerDIP Military
CY7C451-14LMB LS5 32-Pin Rectangular Leadless Chip Carrier
20 CY7C451-20DC D32 32-Lead (300-Mil) CerDIP Commercial
CY7C451-201C 165 32-Lead Plastic Leaded Chip Carrier
CY7C451-2001 J65 32-Lead Plastic Leaded Chip Carrier Industrial
CY7C451-20DMB D32 32-Lead (300-Mil} CerDIP Military
CY7C451-20LMB LS5 32-Pin Rectangular Leadless Chip Carrier
30 CY7C451-30DC D32 32-Lead (300-Mil) CerDIP Commercial
CY7C451-30JC JoS 32-Lead Plastic Leaded Chip Carrier
CY7C451 3001 D32 32-Lead (300-Mil) CerDIP Industrial
CY7C451-30DMB D32 32-Lead (300-Mil) CerDIP Military
CY7C451-30LMB LSS 32-Pin Rectangular Leadless Chip Carrier
Speed Package Package Operating
{ns) Ordering Code Name Type Range
14 CY7C453-14DC D32 32-Lead (300-Mil) CerDIP Commercial
CY7C453-14JC J6s 32-Lead Plastic Leaded Chip Carrier
CY7C453-14]1 J6S 32-Lead Plastic Leaded Chip Carrier Industrial
CY7C453~-14DMB D32 32-Lead (300-Mil) CerDIP Military
CY7C453~14L.MB L55 32-Pin Rectangular Leadless Chip Carrier
20 CY7C453-20DC D32 32-Lead (300-Mil) CerDIP Commercial
CY7C453-20JC 165 32-Lead Plastic Leaded Chip Carrier
CY7C453-20)1 165 32-Lead Plastic Leaded Chip Carricr Industrial
CY7C453-20DMB D32 32-Lead (300)-Mil) CerDIP Military
CY7C453-20LMB L55 32-Pin Rectangular Leadless Chip Carrier
30 CY7C453-30DC D32 32-Lead (300-Mil) CerDIP Commercial
CY7C453-30JC J65 32-Lead Plastic Leaded Chip Carrier
CY7C453-30J1 J6s 32-Lead Plastic Leaded Chip Carrier Industrial
CY7C453-30DMB D32 32-Lead (300-Mil) CerDIP Military
CY7C453~30LMB LSS 32-Pin Rectangular Leadless Chip Carrier
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E
WP/ Cvpress CY7C453

MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Vou 1,2,3
VoL 1,23
Vit 1.2,3
Vi 1,23
I)x 1,23
Ieo) 1.2.3
Ieen 1.2.3
Isp 1,2.3
loy 1.2,3
loyz 1,2,3
Switching Characteristics
Parameter Subgroups
teRw 9,10, 11
LCKR 9,10, 11
teKH 9,10, 11
tCKLL Y, 10, 11
ta EAIIARD
tOH 9, 1L L
trH 9,10, 11
SN 9,10, 11
tn 9,10, 11
tyI:N 9,10, 11
LN 9,10, 11
Lo1: 9,10, 11
lpg; 9. 10,11
lpg: 9. 10, 1]
D 9, 10,11
tSKEW! 9,10, 11
IGKEW? 9, 10, 11
{PMR 9,10, 11
tSOMR 9,10, 11
tOHMR Y, 10, 11
tMRR 9, 10, 11
tMRE 9, 10, 11
TAMR [N
tSMRP 9, HL 11
tHMRP 9,10, 11
terp 9 10, 11
tap 9. 10, 11
toHp 9, 10,11
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