CYPRESS SEMICONDUCTOR L5E D BN 254

Avm—

——

.,

— T R
[ O

9bb2 00L0L9Y A

CY7C441
CY7C443

= CYPRESS

—R
e N 4
——
—— -~

SEMICONDUCTOR

Clocked 512x 9, 2K x 9 FIFOs

Features Functional Description ?r the two hClOCkS may béz,rux} indepl‘?ﬂd?nﬂ}'
. or asynchronous read/write applications.
® 512x9 (CY7C441) and 2,048 x 9 The CY7C441 and CY7C443 are high- : .
(CY7C443) FIFO buffer l’nemory speed, low-power, first-in first-out (FIFO) CCelij)tcalfbil'le‘,eQuencues up to 71.4 MHz are ac
e High-speed 70-MHz operation memories with clocked read and write in- ’
. Sug rptes free-runmin pSO% duty cycle  terfaces. Both FIFOs are 9 bits wide. The The CY7C441 and CY7C443 clocked
clock inputs g QU &Y€ CY70441 has a 512 word by 9 bit memory  FIFOs provide twostatus flag pins (F1and
array, while the CY7C443 hasa 2048 word ~ F2)- Theseflagsare decoded to determine
¢ Empty, Almost Empty, and Almost by 9bit memory array. These devices pro-  one of four states: Empty, Almost Empty,
Full status flags vide solutions for a wide variety of data Intermediate, and Almost Full (Zable I).
¢ Fully asynchronous and simultaneous  bufferingneeds, including high-speeddata  Theflagsaresynchronous, .., theychange
read and write operation acquisition, multiprocessor interfaces,and  State relative to either the read clock
o Width expandable communications buffering, %CKR) 01'dﬂ:i write E?IOCk (CKW). The
pins ports that are controlled by separateclock gy g updated exclusively by CKW, The
o Center power and ground pins for and enable signals. The input port is con- synchronous flag architecture guarantees
reduced noise tro'llfadby afree-running clock (CKW) and thattheflagsmaintain theirstatusforsome
o Available in 300-mil 28-pin DIP, awrite enable pin (ENW). WhenENWis | . .o o
PLCC, LCC, and SOJ packages asserted, data is written into the FIFO on
. i the rising edge of the CKW signal. While ~The CY7C441 and the CY7C443 use cen-
¢ Proprietary 0.8/t CMOS technology ENW is held active, data is continually ter power and ground for reduced noise.
e TTL compatible written into the FIFO on each CKW cycle.  Bothconfigurationsarefabricatedusingan
e Low power — Icc=70 mA The output port is controlled in a similar ~advanced 0.8yt N-well CMOS technology.
manner by a free-running read clock Input ESD protection is greater thap
(CKR) and a read enable pin (ENR). The 2001V, and latch-up is prevented by reli-
read (CKR) and write (CKW) clocks may ~ able layout techniques, guard rings, and a
be tied together for single-clock operation ~ substrate bias generator.
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Selection Guide
7C441—-14 7C441-20 7C441-30
7C443-14 7C443—-20 7C443-30
Maximum Frequency (MHz) 71.4 50 33.3
Maximum Access Time (ns) 10 15 20
Minimum Cycle Time (ns) 14 20 30
Minimum Clock HIGH Time (ns) 6.5 9 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 15 20
Maximum Current (mA) Commercial 140 120 100
Military/Industrial 150 130 110
Maximum Ratings
(Above which the useful life may be impaired. Foruser guidelines, Latch-Up Current ................coiienn, > 200 mA
not tested.)
Storage Temperature ................. - 65°Cto +150°C Operating Range
Ambient Temperature with R T Am"‘e‘t‘t v
Power Applied ......oeeriiiriiiien., ~ 55°Cto +125°C ange emperature cc
H o o
Supply Voltage to Ground Potential .. .. ... — 05V to +7.0V Commercial 0°Cto +70°C 5V + 10%
DCIput VOIage «...vvevvverreeieeenns - 3.0Vt + 7.0V Industrial —40°Cto +85°C 5V £10%
Output Current into Outputs (LOW) .............. 20 mA Militaryl!] —55°Cto +125°C 5V +10%
Static Discharge Voltage ..........cccovieviaans > 2001V
(per MIL-STD-883, Method 3015)
Pin Definitions
Signal Name I/0 Description
Dy-3g I Data Inputs: when the FIFO is not full and ENW is active, CKW (rising edge)
writes data (Dg — Dg) into the FIFO’s memory
Qp-8 (0] DataOuiputs: when the FIFOisnotemptyand ENRisactive, CKR (risingedge)
reads data (Qg — Qg) out of the FIFO’s memory
ENW I Enable Write: enables the CKW input
ENR I Enable Read: enables the CKR input
CKW I Write Clock: the rising edge clocks data into the FIFO when ENW is LOW and
updates the Almost Full flag state
CKR 1 Read Clock: the rising edge clocks data out of the FIFO when ENR is LOW and
updates the Almost Empty and Empty flag states
F1 (0] Flag 1: is used in conjunction with Flag 2 to decode which state the FIFO is in
(see Table 1)
2 (6] Flag 2: is used in conjunction with Flag I to decode which state the FIFO is in
(see Table 1)
MR I | Master Reset: resets the device to an empty condition
Note:

1. T is the “instant on” case temperature.
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Electrical Characteristics Over the Operating Rangel?]

7C441-14 | 7C441-20 | 7C441-30
7C443—14 | 7C443-20 | 7C443-30
Parameter Description Test Conditions Min. | Max, | Min. | Max, | Min, | Max. | Unit
Vou Output HIGH Voltage | Voc = Min., Iog = — 2.0 mA 2.4 2.4 24 \'
VoL Output LOW Voltage { Voo = Min,, Igp. = 8.0 mA 04 0.4 0.4 v
Vi Input HIGH Voltage 22 | Vec | 22 | Vee | 22 | Ve v
Vi Input LOW Voltage -30| 08 |—-30} 08 |—-3.0] 08 v
Iix Input Leakage Ve = Max,, =10 +10 | -10§ +10 | =10 | +10 | pA
Current GND < Vi< Ve
IosBl Output Short Vee = Max., Vouyt = GND - 90 - 90 -90 mA
Circuit Current
Iccil® Operating Current Ve = Max, Iour = 0 mA | Com’l 140 120 100 | mA
Mil/Ind 150 130 110 | mA
Teell Operating Current Ve = Max, Ioyt = 0 mA | Com’l 70 70 70 mA
Mil/Ind 80 80 80 | mA | o
Igplol Standby Current Vee = Max, Ioyt = 0mA | Com’l 30 30 30 | mA E
Mil/Ind 30 30 30 | mA | £
Capacitancel’l
Parameter Deseription Test Conditions Max, Unit
Cin Input Capacitance Ta =25°C, f =1 MHz, 10 pF
Vee =50V
Notes:
2. Seethelastpage of this specification for Group Asubgrouptestingin- 5. Input signals switch from 0V to 3V with a rise/fall time less than 3 ns,
formation. clocks and clock enablesswitch at 20 MHz, while the data inputs switch
3. Testno more than one output at a time and do not test any output for at 10 MHz. Outputs are unloaded.

more than one second.
Input signals switch from 0V to 3V with a rise/fall time of 3 ns or less,

clocks and clock enables switch at maximum frequency (fagax), while
data inputs switch at fy1ax/2. Outputs arc unloaded.

AC Test Loads and Waveform(391

R1500Q
5V 0———e—A—

OUTPUT
CL :I:

INCLUDING ==
JIGAND ~
SCOPE

THEVENIN EQUIVALENT
2000
OUTPUT 0———AM————0 2V

R2
333Q

C441-5
Equivalent fo:

6.
7.

All inputs signals are connected to Ve, All cutputs are unloaded.
Read and write clocks switch at maximum frequency (faax)-

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

ALL INPUT PULSES
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Switching Characteristics Over the Operating Range(2:19]
7C441~-14 7C441-20 7C441-30
7C443-14 7C443-20 7C443-30

Parameter Description Min. | Max, | Min. { Max. | Min. | Max. | Unit
tCKW Write Clock Cycle 14 20 30 ns
tCKR Read Clock Cycle 14 20 30 ns
tCKH Clock HIGH 6.5 9 12 ns
teKL Clock LOW 6.5 9 12 ns
tallll Data Access Time 10 15 20 ns
ton Previous Output Data Hold After Read HIGH 0 0 ns
tEd Previous Flag Hold After Read/Write HIGH 0 0 ns
tsp Data Set-Up 7 9 12 ns
tip Data Hold 0 0 0 ns
tspN Enable Set-Up 7 9 12 ns
HIEN Enable Hold 0 0 0 ns
trD Flag Delay 10 15 20 ns
tsxkpwill2 | Opposite Clock After Clock 0 0 0 ns
tskewalt?! | 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
tOHMR Data Hold From MR LOW 0 0 0 ns
| Bt Rt Recouery (VI HIGH St Up it 1 " 0 »
tMRF MR HIGH to Flags Valid 14 20 30 ns
fAMR MR HIGH to Data Outputs LOW 14 20 30 ns

Notes:

8. Cp, = 30 pF for all AC parameters.

9. Al AC measurements are referenced to 1.5V

10. 'Iest conditions assume signal transition time of 3 ns or less, timing ref-
erencelevelsof 1.5V, and outputloading asshown inthe ACTest Loads
and Waveforms and capacitance as in note 6, unless otherwise speci-
fied.

11. Access time includes all data outputs switching simultaneously.

12. tskEwi is the minimum time an opposite clock can occur after a clock
andstillbe guaranteed not to be includedin the current clock cycle (for
purposes of flag update). If the opposite clock occurs less than tskpwi1
after the clock, the decision of whether or not to include the opposite

13,

clock in the current clock cycle is arbitrary. Note: The opposite clock
is the signal to which a flag is not synchronized; i.e., CKW is the oppo-
site clock for Empty and Almost Empty flags, CKR is the the opposite
clock for the Almost Full flag. The clock is the signal to which a flag is
synchronized;i.e., CKWisthe clock for the Almost Full flag, CKR isthe
clock for Empty and Almost Empty flags.

tskEw? is the minimum time anopposite clock can occur before aclock
and still be guaranteed to be included in the current clock cycle (for
purposes of flag update). If the opposite clock occurs less than tsgrwa
before the clock, the decision of whether or not to include the opposite
clock in the current clock cycle is abritrary. See Note 12 for definition
of clock and opposite clock.

LSE D MM 2589kb2 0010697 5463 EMCYP
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Smtchmg Waveforms
Write Clock Timing Diagram
tokw
[e— tckn toxe —»
Ckw /] EnasieDwRitE DISABLEDWRITE '\

tsp tho

-+ TRk O T HKKKKIIKK
ezeze U ;ooeﬁ FRIKIKII

ten tseN tHEN
. XXX KXX
- try Ca41-7
tp > D >

Read Clock Timing Diagram

FIFOs

tokr

j—— tokH ok
CKR /] ENASLEDREAD 'R /| DisasleDREAD  \

A
toH
Qo-8 PRIVIOUS WORD XW NEW WORD
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Switching Waveforms (continued)

Read to Empty Timing Diagram(18.20.21]

GCOUNT 3 2 1 Q 1 1 {no changs) 0
LATENT CYCLE
R _ s AaBoN_ Ao | A BN BN
ENABLED ENABLED ENABLED FLAG ENABLED |
READ READ READ URDATE READ
READ
ENR
[~ tskEW! ->| |<- Iskewz »
Y w
kW J TN
WRITE
ENW _LOw
D [ FD < tFp
Fy
Fa LOW
ca41-11
Read to Empty Timing Diagram with Free-Running Clocks(13:19,20]
COUNT 1 1] 1 LATENT CYCLE 0
o KNS N AN SN
ENABLED IGNORED FLAG ENABLED IGNORED
— AEAD READ UPDATE READ READ
tskEwa —>| tskewz READ

|
i

)
i
T

AKX KPR AR KN AARAARAKX

Rl— —'l |<—- iskEw2 —>

CKW Wi w2 W3 w4 W5 W6
ENABLED

C441-10

WRITE
ENW N\ /
[ D <— trD [«— D

Fy

F2  LOW
Notes: .
14. LENW or CKW must be inactive while MR is LOW. 20. CKR is clock and CKW is opposite clock.
15. ENR or CKR must be inactive while MR is LOW. 21. R3updates the flags to the Empty state by bringing F1 LOW, Because

16. Alldataoutputs(Qp - g) go LOW asaresult of the rising edge of MR,

17. In this example, Qp — g will remain valid until topgwg if the first read
shown did not occur or if the read occurred soon enough such that the
valid data was caused by it

18. “Count” is the number of words in the FIFO.

19. R2 is ignored because the FIFO is empty (count = 0). It is important
tonote that R3 isalso ignored because W3, the first enabled write after
empty, occurs less than tggrw2 before R3. Therefore, the FIFO still
appears empty when R3 occurs. Because W3 occurs greater than
tsgrwa2 before R4, R4 includes W3 in the flag update.

W1 occurs greater than tsggw after R3, R3 does not recognize W1
whenupdating flag status, But because W1 occurs greater than tsgkewz
before R4, R4 includes Wlin the flagupdate and therefore updatesthe
FIFO to the Almost Empty state. It is important to note that R4 isa
latent cycle; i.e., it only updates the flag status, regardless of the state
of ENR. It 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[18.20]

COUNT 17 16 17 18 17

CKR /T\_ R2 _/E\JE\—; A5
/| enastep ENASIED ENABLED
READ READ READ
ENR S/ BN

< tskEwt —> [ tskEwa ——»
CKw _/\Mé@_;m/»?\_/ws we
WRITE WRITE
ENW \ /
Fi ~ HIGH 3
[e— tep < trp [*— trD 79
[T
Fa
Ca4i-12
Read to Almost Empty Timing Diagram with Read Flag Update Cycle and Free-Running Clocks!15.20.22,23]

18 {no change;}
FLAG UPDATE CYGLE

COUNT 17 16

CKR N
- ENABLED
ENR / \

e tskEwi —> fe— tgkEwe —»
aw /_\7 i ' 5 ' ;
WAITH WRITE
ENW \ /
Fy HIGH
j«<— D [*— trD «— D
Fa
Ca41~13
Notes:
22. R4 only updates the flag status. It does not affect the count because
ENRis HIGH.

23. When making the transition from Almost Empty to Intermediate, the
count must increase by two (16 # 18; two enabled writes: W2, W. 3) be-
fore a read (R4) can update flags to the Intermediate state.
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Switching Waveforms (continued)

Write to Almost Full Timing Diagram(18,24:25,26,27)

COUNT 2030 | 2031 2032 201 2030 2032 2033
{494) | {a95] {496} {495] {494} {498) {497]
72081, i 2082
 Fesal s Jage,
Ckw Wi m wa W5
— /| EnsBLED ENABLED ENABLED ENABLED N\_|__
WRITE WAITE WAITE WARITE

ENW  Low . .

- toKEW1 ->| |<—> tekew2
A1 Y R2

CKR /| EnaBiED enABLED N\,
READ READ

ENR LOW
= trp < trp
Fy
F2  HIGH

Ca41-15

Write to Almost Full Timing Diagram with Free-Running Clocks[18:24:25]

COUNT 2031 2032 2031 2030 2031
[495] [498) [495] [494] [495]

CKW w1 w2 w3 [N}
; ENABLED ENABLED
WRITE WRITE
EN __/ \

[ tskewt — [e— toKEwz ——

R1 R2 R3 R4 R5 A6
CKR __/ M%Mv
READ READ

ENR /
[«<— trD le— tFp [<— trD

Fy

Fa HIGH Cast—14
Notes:
24, CKW is clock and CKR is opposite clock. 27. W2updates the flags to the Almost Full state by bringing F1 LOW, Be-
25. Count = 2032 indicates Almost Full for CY7C443 and count = 496 in- cause R1occurs greater than tskgw, after W2, W2 does not recognize

dicates Almost Full for CY7C441, Values for the CY7C441 count are Ri1whenupdatingthe flagstatus. W3 includes R2in the flagupdate be-

cause R2 occurs greater than tgggw2 before W3. Note that W3 does

shown in brackets,
not have to be enabled to update flags.

26. The dashed lines show W3 as flag update write rather than an enabled

write because ENW is deasserted. 28. When making the transition from Almost Full to Intermediate, the
count must decrease by two (2032 # 2030; two enabled reads: R2, R3)
before a write (W4) can update flags to Intermediate state.
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Switching Waveforms (continued)

Write to Almost Full Timing Diagram with Write Flag Update Cycle and Free-Running Clock[18:24.25.28]

count 2031 | s032 2031 2030
%] | {4381 f453] fas4]
CKW /N we m
/| enaBien
WAITE

%2340] {no change)

FLAG UPDATE CYCLE

W6
ENABLED
WRITE

W7
ENABLED
WRITE

— igKEW2 —»

N\

CKR a1 Az A3
ENABED ENABLED
RZAD READ

R4 RS R6 R7
ENA /
«— trp [<— trp j«— 1D
Fy
Fa  HIGH Caai—16
Architecture meaning that the change of states is relative to one of the clacks

The CY7C441/443 consist of an array of 512/2048 words of 9 bits
each (implemented by an array of dual-port RAM cells), a read
pointer, a write pointer, control signals (CKR, CKW, ENR, ENW,
MR), and flags (F1, F2).

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
signified by both flags F1 and F2 being LOW. All data outputs
(Qq-8) go LOW at the rising edge of MR. In order for the FIFO
to reset to its default state, a falling edge must occur on MR and
the user must not read or write while MR is LOW (unless ENR
andfor ENW are HIGH). Upon completion of the Master Reset
cycle, all data outputs will go LOW tamp after MR is deasserted.
Fj and F; are guaranteed to be valid tygp after MR is taken
HIGH.

FIFO Operation

When the ENW signal is active (LOW), data on the Dy_g pins is
written into the FIFO on each rising edge 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 each rising edge of CKR while ENR s active. ENR
must set up tggx before CKR for it to be a valid read duration.
ENW must occur tggx; before CKW for it to be a valid write func-
tion.

The FIFO contains overflow circuitry to disallow additional writes
when the FIFO is full, and underflow circuitry to disallow
additional reads when the FIFO is empty. An empty FIFO main-
tains the data of the last valid read on its Qy—g outputs even after
additional reads occur.

Flag Operation

The CY7C441/3 provide twoflags, F1 and F2, which are used to de-
code four FIFO states (see Table 1). All flags are synchronous,

(CKR or CKW, as appropriate; see Figure I). The synchronousar-
chitecture guarantees some minimum valid time for the flags.

The Empty and Almost Empty flag states are exclusively updated
byeachrisingedge of the read clock (CKR). Forexample, whenthe
FIFO contains 1 word, the next read (rising edge of CKR while
ENR=LOW) causesthe F1and F2 pinsto output astate signifying
the Empty condition. The Almost Full flag is updated exclusively
by the write clock(CKW). For example, if the CY7C443 FIFO con-
tains 2031 words (2032 words or greater indicates Almost Full in
the CY7C443), the next write (rising edge of CKW while
ENW=LOW) causes the F1 and F2 pins to output the Almost Full
state.

Since the flags denoting emptiness (Empty, Almost Empty) are
only updated by CKR and the Almost Full flag is only updated by
the CKW, careful attention mustbe given to the flagoperation. The
user must be aware that if a flagboundary (Empty, Almost Empty,
and Almost Full) is crossed due to an operation from a clock that
the flag is not synchronized to (i.e.,CKR does not effect Almost
Full), a flag update is necessary to represent the FIFO’s new state.
Thissignal to which a flag is not synchronized will be referred to as
the opposite clock (CKW is opposite clock for Empty and Almost
Empty flags; CKR is the opposite clock for the Almost Full flag).

Table 1. Flag Truth Table

CY7C441 CY7C443
F1 | F2 State Number of Number of
Words in FIFO | Words in FIFO
0 0 Empty 0 0
Almost _ _

1 0 Empty 1-16 1-16

Intermediate <
1 1 Range 17 — 495 17 — 2031

Almost Full
0 1 or Full 496 - 512 2032 — 2048

FIFOs
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Figure 1. Flag Logic Diagram

Flag Operation (continued)

Until the flag update cycle is executed, the synchronous flags do
not show the true state of the FIFO. For example, if 2,040 writes
are performed to an empty CY7C443 without a single read, F1
and F2 will still exhibit an Empty flag. This is because F2 is exclu-
sively updated by the CKR, therefore, a single read (flag update
cycle) is necessary to update flags to Almost Full state. It should be
noted that this flag update read does not require ENR = LOW, so
a free-running read clock will initiate the flag update cycle.

‘When updating the flags, the CY7C441/443 decide whether or not
the opposite clock was recognized when a clock updates the flag.
For example, if a write occurs at least tsggw after a read when
updating the Empty flag, the write is guaranteed not to be in-
cluded when CKR updates the flag. If a write occurs at least
tskrw2 before a read, the write is guaranteed to be included when
CKR updates the flag. If a write occurs within tsggwi/tskgws 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, Almost
Tull) is different from that used to update the boundary flag
(Empty). Both operations are described below.

Boundary Flag (Empty)

The Empty flag is synchronized to the CKR signal. The Empty
flag can only be updated by a clock pulse on the CKR pin. An
empty FIFO that is written to will be described with an Empty flag
state until a clock pulse is presented on the CKR pin. When mak-
ing the transition from Empty to Almost Empty (or Empty to In-
termediate or Empty to Almost Full), a clock cycle on the CKR is
necessary to update the flags to the current state. Such a state
(flags displaying empty even though data has been written to the
FIFO) would require two read cycles to read data out of FIFO.
The first read serves only to update the flags to the Almost Empty,
Intermediate, or Almost Full state, and the second read outputs
the data. This first read 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 FIFO). It simply deasserts the Empty flag.
The flags are updated regardless of the ENR state. Therefore the
update occurs even when ENR is deasserted (HIGH) so that a val-
id readis not necessary toupdate the flags to correctly describe the
FIFO. With a free-running clock connected to CKR, the flag up-

dates with each cycle. Table 2 shows sample operations that up-
date the Empty flag.

Although a Full flag is not supplied externally on the
CY7C441/CY7C443, a Fullflag exists internally. The operation of
the FIFO at the Full boundary is analogous to its operation at the
Empty boundary. See the text section “Boundary Flags (Full)” in
the CY7C451/CY7C453 datasheet.

Non-Boundary Flags (Almost Empty, Almost Full)

The flag status pins, Fj and Fy, exhibit the Almost Empty status
when both the CY7C441 and the CY7C443 contain 16 words or
less. The Almost Full Flagbecomes active when the FIFO contains
16 or less empty locations. The CY7C441 becomes Almost Full
when it contains 496 words. The CY7C443 becomes Almost Full
when it contains 2032 words. The Almost Empty flag (like the
Empty flag) is synchronous to the CKR signal, whereas the Almost
Full flag is synchronous to the CKW signal. Non-boundary flags
employ flag update cycles similar to the boundary flag latent cycles
in order to update the FIFO state. For example, if the FIFO just
reaches the Almost Empty state (16 words) and then twowords are
written, a read clock (CKR) will be required to update the flags to
the Intermediate state. However, unlike the boundary (Empty)
flag’s update cycle, the state of the enable pin (ENR in this case) af-
fectsthe operation. Therefore, ENR set-up (tsgn) and hold (trren)
times must be met. If ENR is asserted (ENR=LOW) during the
latent cycle, the count and data update in addition to F1 and F2. If
ENR is not active (ENR =1) during the flag update cycle, only the
flag is updated.

The same principles apply for updating the flags when a transition
from the Almost Full to the Intermediate state occurs. If the
CY7C443 just reaches the Almost Full state (2032 words) and then
twowords are read, awrite clock (CKW) will be required toupdate
the flag to the Intermediate state. If ENW is LOW during the flag
update cycle, the count and data update in addition to the flags. If
ENW is HIGH, only the flag is updated. Therefore, ENW set-up
(tsen) and hold (tygN) times must be met. Tibles 3 and 4 show ex-
amples for a sequence of operations that affect the Almost Empty
and Almost Full flags, respectively.

Width Expansion

The CY7C441/3 can be expanded in width to provide word width
greater than 9 in increments of 9. During width expansion mode,
all control inputs are common. When the FIFO isbeing read near
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the Empty 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 condition on all devices.

Checking all sets of flags is critical so that data isnot read from the
FIFOs “staggered” by one clock cyele. This situation could occur
when the first write to an empty FIFO and a read are very close to-
gether. Iftheread occurslessthan tsgp w2 after the first write to two
widthexpanded devices (A and B), device A may go Almost Empty
(read recognized as flag update) while device B stays Empty (read

ignored).The firstwrite occursbecause aread within tsggw; of the
firstwrite isonly guaranteed to be eitherrecognized orignored, but
which of the twoisnot guaranteed. The nextread cycle outputs the
first half of the first word on device A while device B updates its
flags to Almost Empty. Subsequent reads will continue to outpout
“staggered” data assuming more data has been written to the FI-
FOs.

In the width expansion configuration, any of the devices’ flags may
be monitored for the composite Almost Full status.

Table 2. Empty Flag Operation Example [2%]

Status Before Operation Status After Operation
Number of Number of
Current State Words Next State Words in
of FIFO F1 | F2 | inFIFO Operation of FIFO F1 } F2 FIFO Comments
Empty 0 0 0 Write Empty 0 0 1 Write
(ENW = LOW)
Empty 0 0 1 Write Empty 0 0 2 Write
(ENW = LOW) Py
Empty 0 0 2 Read AE 1 0 2 Flag Update (o]
(ENR = HIGH) L
TN
AE 1 [1] 2 Read AE 1 0 1 Read
(ENR = LOW)
AE 1 0 1 Read Empty 0 0 0 Read (Tiansition for
(ENR = LOW) Almost Empty to Empty)
Empty 0 0 0 Write Empty 0 0 1 Write
(ENW = LOW)
Empty 0 0 1 Read AE 1 0 1 Flag Update
(ENR = X)
AE 1 0 1 Read Empty 0 0 [} Read (Transition from Al-
(ENR = LOW) most Empty to Empty)
Table 3. Almost Empty Flag Operation Example{2%]
Status Before Operation Status After Operation
Number of Number of
Current State Words Next State ‘Words in
of FIFO F1 | F2 in FIFO Operation of FIFO F1 | F2 FIFO Comments
AE 1 0 16 Write AE 1 0 17 Write
(ENW = LOW)
AE 1 4] 17 Write AE 1 0 18 Write
(ENW = LOW)
AE 1 0 18 Read Intermediate | 1 1 17 Flag Update
(ENR = LOW) and Read
Intermediate | 1 1 17 Read AE 1 0 16 Read (Transition
(ENR = LOW) from Intermediate
to Almost Empty)
AE 1 0 16 Read AE 1 0 16 Ignored Read
(ENR = HIGH)
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Table 4. Almost Full Flag Operation Examplel30:31]
Status Before Operation Status After Operation
Number of | Number of Number of | Number of
Current Words in | Words in Wordsin | Words in
State of FIFO FIFO Next State FIFO FIFO
FIFO F1 [F2 | CY7C441 | CY7C443 Operation of FIFO | F1 |F2 | CY7C441 | CY7C443 | Comments
AF 0]1 496 2032 Read AF 0]1 495 2031 Read
(ENR=LOW)
AF 0]1 495 2031 Read AF 0}1 494 2030 Read
(ENR=LOW)
AF 01 494 2030 Write Intermediate | 1 | 1 494 2030 Flag
(ENW=HIGH) Update
Intermediate | 1 | 1 494 2030 Write Intermediate [ 1 | 1 495 2031 Write
(ENW=LOW)
Intermediate | 1 § 1 495 2031 Write AF 0]1 496 2032 Write
(ENW=LOW) (Transition
from Inter-
mediate
to Almost
Full)
Notes:
29, Applies to both the CY7C441 and CY7C443 operations.
30. The CY7C441 Almost Full state is represented by 496 or more words.
31. The CY7C443 Almost Fullstate is represented by 2032 or more words.
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Typical DC and AC Characteristics
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Ordering Information

S(pnesc)d Ordering Code P;«;l;?lge Package Type Oll,{e;l?g:g

14 CY7C441~14PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C441-141C J65 32-Lead Plastic Leaded Chip Carrier
CY7C441-14VC V21 28-Lead (300-Mil) Molded SOJ
CY7C441-14DC D22 28-Lead (300-Mil) CerDIP
CY7C441-14P1 P21 28-Lead (300-Mil) Molded DIP Industrial
CY7C441-1411 165 32-Lead Plastic Leaded Chip Carrier
CY7C441-14DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C441—-14LMB L55 32-Pin Rectangular Leadless Chip Carrier
CY7C441-14KMB K74 28-Lead Rectangular Cerpack

20 CY7C441-20PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C441-201C J65 32-Lead Plastic Leaded Chip Carrier
CY7C441-20VC V21 28-Lead (300-Mil) Molded SOJ
CY7C441-20DC D22 28-Lead (300-Mil) CexDIP
CY7C441—20P1 P21 28-Lead (300-Mil) Molded DIP Industrial
CY7C441-20]1 J65 32-Lead Plastic Leaded Chip Carrier
CY7C441-20DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C441-20LMB L55 32-Pin Rectangular Leadless Chip Carrier
CY7C441—-20KMB K74 28-Lead Rectangular Cerpack

30 CY7C441-30PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C441-30JC J65 32-Lead Plastic Leaded Chip Carrier
CY7C441-30VC V21 28-Lead (300-Mil) Molded SOJ
CY7C441-30DC D22 28-Lead (300-Mil) CerDIP
CY7C441-30P1 P21 28-Lead (300-Mil) Molded DIP Industrial
CY7C441-30]1 J65 32-Lead Plastic Leaded Chip Carrier
CY7C441-30DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C441-30LMB LS5 32-Pin Rectangular Leadless Chip Carrier
CY7C441-30KMB K74 28-Lead Rectangular Cerpack
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Ordering Information (continued)
Sg]es(;d Ordering Code P;;kn?ge Package Type Oll){e;:geng

14 CY7C443-14PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C443-14JC J6s 32-Lead Plastic Leaded Chip Carrier
CY7C443-14VC V21 28-Lead (300-Mil) Molded SOT
CY7C443-14DC D22 28-Lead (300-Mil) CerDIP
CY7C443-14P1 P21 28-Lead (300-Mil) Molded DIP Industrial
CY7C443-14J1 J65 32-Lead Plastic Leaded Chip Carrier
CY7C443-14DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C443—14L.MB LS55 32-Pin Rectangular Leadless Chip Carrier
CY7C443—14KMB K74 28-Lead Rectangular Cerpack

20 CY7C443-20PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C443-201C J65 32-Lead Plastic Leaded Chip Carrier
CY7C443-20VC V21 28-Lead (300-Mil) Molded SOJ 8
CY7C443-20DC D22 28-Lead (300-Mil) CerDIP .
CY7C443—-20P1 P21 28-Lead (300-Mil) Molded DIP Industrial w
CY7C443-2011 J65 32-Lead Plastic Leaded Chip Carrier
CY7C443-20DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C443~20LMB LS55 32-Pin Rectangular Leadless Chip Carrier
CY7C443~20KMB K74 28-Lead Rectangular Cerpack

30 CY7C443-30PC P21 28-Lead (300-Mil) Molded DIP Commercial
CY7C443-30JC J65 32-Lead Plastic Leaded Chip Carrier
CY7C443-30VC V21 28-Lead (300-Mil) Molded SOJ
CY7C443—-30DC D22 28-Lead (300-Mil) CerDIP
CY7C443-30PI P21 28-Lead (300-Mil) Molded DIP Industrial
CY7C443-3011 J65 32-Lead Plastic Leaded Chip Carrier
CY7C443-30DMB D22 28-Lead (300-Mily CerDIP Military
CY7C443-30LMB L55 32-Pin Rectangular Leadless Chip Carrier
CY7C443—-30KMB K74 28-Lead Rectangular Cerpack
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MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics
Parameter Subgroups
Vou 1,23
VoL 1,2,3
Vin 1,23
ViL 1,2,3
Iix 1,23
Icar 1,2,3
Icc 1,2,3
Isp 1,2,3
Ios 1,2,3
Switching Characteristics
Parameter Subgroups
tcKR 9,10, 11
ICKwW 9,10,11
tCcKH 9,10,11
tCKL 9,10, 11
ta 9,10,11
ton 9,10, 11
try 9,10, 11
tsp 9,10, 11
tup 9,10, 11
tSEN 9,10, 11
tHEN 9,10, i1
tHENR 9,10, 11
trD 9,10, 11
tSKEWL 9,10, 11
tSKEW2 9,10, 11
tPMR 9,10,11
tSCMR 9,10,11
tOHMR 9,10,11
tMRR 910,11
tMRF 9,10, 11
tAMR 9,10, 11
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