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Features

e 512 x 18 (CY 7C445and CY7C455),
1,024 x 18 (CY7C446 and CY7C456),
2,048 x 18 (CY7C447 and CY7C457)
FIFO buffer memory

¢ Expandable in width
e CY7C455, CY7C456, and CY7C457
expandable in depth

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

Supports free-running 50% duty cycle
clock inputs

Empty, Full, Half Full, and program-
mable Almost Empty and Almost Full
status flags

Parity generation/checking

e Fully asynchronous and simultaneous
read and write operation

Output Enable (OE) pin on CY7C455,
CY7CA456, and CY7C457
Independent read and write enable
pins

Center power and ground pins for re-
duced noise

52-pin PLCC and PQFP (CY7C45X)

= CYPRESS
—= > SEMICONDUCTCR

CYPRESS SEMICONDUCTOR

PRELIMINARY

CY7C445/CY7CA455
CY7C446/CY7C456
CY7C447/CYT7C457

T-4u-35-1b

Cascadable Clocked 512 x 18,
1K x 18, and 2K x 18 FIFOs

with Programmable Flags

or 48-pin 600-mil DIP (CY7C44X)
¢ Proprietary 0.8u CMOS technology
o TTL compatible
Functional Description

The CY7CA445, CY7C446, CYTCA47,
CY7CA455, CYTCAS6, and CY7CAST are
high-speed, low-power, first-in first-out
(FIFO) memories with clocked read and
write interfaces. All are 18 bits wide. The
CY7CA45 and CY7C455 have a 512-word
memory array, the CY7C446 and
CY7CA456 have a 1,024-word memory
array, and the CY7C447 and CY7C457
have a 2,048-word memory array. The
CYT7CA455, CYTCAS6, and CYTCAST can
be cascaded to increase FIFO depth. Pro-
grammable features include Almost Full/
Emptyflags and generation/checking of par-
ity. These FIFOs provide solutions for a
wide variety of data buffering needs, in-
cluding high-speed data acquisition, multi-
processor interfaces, and commumications
buffering.

These FIFOs have 18-bit input and output
ports that are controlled by separate clock
and enable signals. The input port is con-

trolled by a free-running clock (CKW) and
a write enable pin (ENW),

When ENW is asserted, data is written
into the FIFO on the e mising edge of the
CKW signal. While ENW is held active,
data is continually written into the FIFO
on each CKW cycle. The output port is
controlled in a similar manner by a free-
running read clock (CKR) and a read en-
able pin . In addition, the
CY7C455, CY7C456, and CY7CAS7 have
an output enable pin (OE). The read
{CKR) and write (CKW) clocks may be
tied together for singleclock operation or
the two clocks may be run independently
for asynchronous read/write applications.
Clock frequencies up to 71.4 MHz are
achievable in the standalone configura-
tion, and up to 50 MHz is achievable when
FIFOs are cascaded for depth expansion.

Depth expansion is possible using the cas-
cade input , cascade ou_t%x;t (gXG), and
First Load ) pms The XO pin is con-
nected to the X1 pin of the next device, and
the XO pin of the last device should be
connected to the X1 pin of the first device.
The FL pin of the first device is tied to Vs,

- . Do - 17 13 -
Logic Block Diagram { } Pin Configurations
INPUT .
REGISTER| 48-Pin DIP
T Top View
AF
CKW ENW
EF
FAFE
FLAG/PARITY Qo
PROGRAM Q
WRITE REGISTER Q
GONTROL I I o,
OTYIT o4
-
FAG | g; Gs
LOGIC Qs
RAM - PAFE/XO Qr
ARRAY a1 PET
) 512x18 f QuPat Vs;
WRITE 1024x 18 READ
POINTER 204818 | POINTER V(S)S
]
T ‘ Qe
‘ a
MR I an
T o tosic 12
Qi3
- —— . o e o e . N/ v Q4
| TRI-STATE Qis
expansion | READ
7= “oae | OUTPUT REQISTER |t conTROL Qs
r i Q47/PG2/PEZ
| cvrcasx onwy 1 | o | ENR
———————— gmsx onLvl c445-1 4452
Qo - 7, Qa/PG1/PET CKR NE

Qg 18, Q17/PG2/PEZ
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CYPRESS SEMICONDUCTOR
Pin Configurations (continued)
LCC/PLCC
Top View =

c445-3

Q8/PGY/PE1 Lz

Functional Description (continued)

The CY7C445, CY7C446, CY7C447, CYTC455, CY7C456, and
CY7C457 provide three status pins. These pins are decoded to deter-
mine one of six states: Empty, Almost Empty, Less than or Equal to
Half Full, Greater than Haif Full, Almost Full, and Fuil (see Table I).
The Almost Empty/Full flag (PAFE) shares the XO pin on the
CY7C455, CY7C456, and CY7C457. This flag is valid in the standa-
lone and width-expansion configurations. In the depth expan-
sion, this pin provides the expansion out {(XO) information that is
used to signal the next FIFO when it will be activated.

The flags are 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

Selection Guide

013
D14

D15

D16

D17

T

TR

CKR

ENR

o
Q17/PG2/FE2
Qs

Q15

45
45
44
43
42
41
40
39
38
37
36
35
34

38805

c445-4

Qa/PG1/PET

exclusively by the CKR. The flags denoting Half Full, Almost Full,
and Full states are updated exclusively by CKW. The synchronous
flag architecture guarantees that the flags maintain their status for
some minimum time. This time is typically equal to approximately
one cycle time.

The CY7C44X and CY7C45X use center power and ground forre-
duced noise. All configurations are fabricated using an advanced
0.8u N-well CMOS technology. Input ESD protection is greater
than 2001V, and latch-upis prevented by the use of guard rings and
a substrate bias generator.

7C4XX-14 7C4XX~20 7C4XX-30

Maximum Frequency (MHz) 71401 50 333
Maximum Cascadeable Frequency N/A 50 (7C45X only) 33.3 (7CA5X only)
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) 5 7 9
Minimum Data or Enable Hold (ns) 1 1 1
Maximum Flag Delay (ns) 10 15 20
Maximum Current (mA) | Commercial 160 140 120

Military/Industrial 180 160 140

CY7C445 CY7C#46 CYIC#47 | CYIC455 CY7C456 CY7C457
Density 512x18 1,024x 18 2,048x 18 512x18 1,024x 18 2,048x 18
OE, Depth Cascadable No No No Yes Yes Yes
Package 48-PinDIP | 48-PnDIP | 48Pin DIP 52‘1;%%‘3@ S2RIAILCG 52‘1’;‘61;{;“,
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1. 71.4-MHz operation is available only in the standalone configuration.

CYPRESS SEMICONDUCTOR S7E D CYTCAAS/CYTCASS
RESS CY7C446/CY7C456
— N PRELIMINARY CY7C447/CY7C457
=== # SEMICONDUCTOR
Maximum Ratings Static Discharge Voltage ........................ >2001V
{(Above which the useful life may be impaired. For user guidelines, (per MIL-STD-883, Method 3015)
not tested.) Latch-UpCurrent ..........cvviiiiiinniina,. > 200 mA
Storage Temperature ................. - 65°Cto +150°C Operating Range
Ambient Temperature with -

Power Applied ...................... - 55°Cto +125°C Ambient
Supply Voltage to Ground Potential - 05Vto +7.0V Range “emperature Yec
e ge 19 Troting Totential - ‘ ' Commercial 0°Cto +70°C 5V £ 10%
DC Voltage Applied to Outputs -
inHighZ State .....ooiveniiiiennnanans - 05Vt +7.0V Industrial —40°Cto +85°C 5V = 10%
DC Input Voltage ..............c....... -3.0Vto +7.0V | Militaryl?! ~ 55°Cto +125°C 5V = 10%
Qutput Current into Outputs (LOW) .............. 20 mA
Pin Definitions
Signal Name |L/O Description
Do- 17 I |Data Inputs: When the FIFO is not full and ENW is active, CKW (rising edge) writes data (Dy . 17) into the
FIFO’s memory. IfMR is asserted at the rising edge of CKW, data iswritten into the FIFO’s programming regis-
ter. Dg, 17 are ignored if the device is configured for parity generation.
Qo_7 O | Data Outputs: When the FIFO is not empty and ENR is active, CKR (rising edge) reads data (Qg - 7, Qg _ 1¢)
Qo- 16 out of the FIFQ’s memory. If MR is active at the rising edge of CKR, data isread from the programming regis-
ter.
Qg/PG1/PEL | O |Function varies according to mode:
Q17/PG2/PE2 Parity disabled — same function as Qg - 7and Qg - 15
Parity enabled, generation — parity generation bit (PG,)
Parity enabled, check — Parity Error Flag (PE,)
ENW I |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 I | 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 is asserted, CKW writes data into the program register.
CKR I | 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; F is synchronized to CKW.
PAFE/XO O |Dual-Mode Pin:
Not Cascaded — programmabie Almost Fullis synchronized to CKW; Programmable Almost Empty is synchro-
nized to CKR.
Cascaded — expansion out signal, connected to XI of next device.
Xi 1 | Expansion-In Pin:
Not Cascaded ~ X1 is tied to Vgg.
Cascaded — expansion Input, connected to XO of previous device.
FL 1 |First Load Pin: '
Cascaded — the first device in the daisy chain willhave FL tied to Vig; all other devices will have FL tied to Ve
(Figurel).
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 Full/Empty.
Programming Mode: Data present on Dy 3 is written into the programmable register on the rising edge of
CKW. Program register contents appear on Qg _ g after the rising edge of CKR.
OE I | Output Enable for Qp - 7, Qg - 16, Q¢/PG1/PE] and Q17/PG2/PEZ pins.
Notes:

2. Tais the “instant on” case temperature.
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CY7C445/CY7C455
:‘=?= CYPRESS SEMICONDUCTOR 57E D CY7C446/CY7C456
e PRELIMINARY CY7C447/CY7C457
==/ SEMICONDUCTCR
Electrical Characteristics Over the Operating Rangel3]
7C4X~-14 | 7C44X-20 | 7C44X-30
7C45X~-14 | 7C45X~20 | 7C45X-30
Parameter Description Test Conditions Min. | Max. | Min. | Max. | Min. | Max, | Unit
Vou Output HIGH Voltage | Vcc = Min,, Iog = ~ 2.0 mA 2.4 24 2.4 A%
VoL Output LOW Voltage | Vcc = Min, Io; = 8.0 mA 04 0.4 0.4 v
Vil Input HIGH Voltage 22 {Vee| 22 | Vee | 22 [ Vee |l v
vy 4 Input LOW Voltage -30{ 08 |—-30| 08 |-30{ 0.8 v
Irx Input Leakage Vee = Max. -10] +10 | -10| +10 | -10}| +10 | wA
Current
Iosl! Output Short Vee = Max., Voyt = GND -90 - 90 - 90 mA
Circuit Current
IozL Output OFFE, High Z |OE > Vg, Vss < Vo < Vo -10]+10§j-10]|+10|-10}+10| nA
Iozn Current
Icclfl Operating Current Voo = Max,, Ioyt = 0mA | Com’l 160 140 120 | mA
Mil/Ind 180 160 140 | mA
Capacitancel”]
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Ta =25°C,f = 1 MHz, 10 pF
Cout Qutput Capacitance Vee =350V 12 pF

AC Test Loads and Waveforms(8. 9. 10,11, 12]

R1500Q
5V O M
OUTPUT
CL b3 R2
I T 330
INCLUDING == b—
JIGAND ~ -
SCOPE c445-5
Equivalentto:  THEVENIN EQUIVALENT
200Q2
OUTPUT o AMA o 2V
Notes:
2. See the last page of this specification for Group A subgrouptestingin- 6.
formation.

4. The Vyy and Vy specifications apply for all inputs except XIand FI. 8.
The Xi}{)in isnot a TTL input. It is connected to either XO of the pre- ¢
vious device or Vgs. FI. must be connected to either Vs or Ve

5. Testno more than one output at a time for not more than one second.

6. Input signals switch from 0V to 3V with a rise/fall time of less than 3
ns, clocks and clock enables switch at maximum frequency (fmax),
while data inputs switch at fi(4x/2. Outputs are unloaded.

10.
11,
12.

ALL INPUT PULSES

3.0V & 90%
GND 10% 10%
<3ns |<- <3ns

cd45-6

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

Cr = 30 pF for all AC parameters except for toyz.

Ci, = S pF for topz.

All AC measurements are referenced to 1.5V except tog, torz, and
toHz.

tog and tor 7 are measured at & 100 mV from the steady state.
touz is measured at +500 mV from Vor and ~ 500 mV from Vop.
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CY7C445/CY7C455
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Switching Characteristics Over the Operating Range(? 131
7C44X~14 | 7C44X-20 | 7C44X-30
7C45X~14 | 7C45X-20 | 7C45X-30
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
teKw Write Clock Cycle 14 20 30 ns
tCKR Read Clock Cycle 14 20 30 ns
tCKH Clock HIGH 6.5 9 12 ns
toxL Clock LOW 6.5 9 12 ns
ta Data Access Time 10 15 20 ns
toy Previous Output Data Hold After Read HIGH 0 0 0 ns
trH Previous Flag Hold After Read/Write HIGH 0 0 0 ns
tsp Data Set-Up 5 7 9 ns
tHD Data Hold 1 1 1 ns
tSEN Enable Set-Up 5 7 9 ns
tHEN Enable Hold 1 1 1 ns
toE OE LOW to Output Data Valid 10 15 20 ns
torzl® 14l [ OE LOW to Output Data in Low Z 0 0 0 ns
touz(® 14l | OFE HIGH to Output Data in High Z 10 15 20 | mbs
teg Read HIGH to Parity Generation 10 15 20 ns
tpE Read HIGH to Parity Error Flag 10 15 20 ns
trD Flag Delay 10 15 20 ns
tsgkew1l®] | Opposite Clock After Clock 0 0 0 ns
tskew2l1®! | 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 ns
tOHMR Data Hold From MR LOW ns
tMRR Master Reset Recovery 14 20 30 ns
(MR HIGH Set-Up to First Enabled Write/Read)
tMRF 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
tHMRP Program Mode—MR LOW Hold 10 15 20 ns
tFTP Program Mode—Write HIGH to Read HIGH 14 20 30 ns
tap Program Mode—Data Access Time 14 20 30 ns
toHP Program Mode—Data Hold Time from MR HIGH 0 0 0 ns
Notes:

13. Test conditions assume signal transition time of 3 ns or less, timing ref-
erence levels of 1.5V, and output loading as shown in AC Test Loads
and Waveforms and capacitance as in notes 8 and 9, unless otherwise
specified.

14. At any given temperature and voltage condition, tor 7 is greater than

toyz for any given device.

tskew1 is the minimum time an opposite clock can occur after a clock

and still be guaranteed not to be includedin the current clock cycle (for

purposes of flag update). If the opposite clock occurs less than tsgew)
after the clock, the decision of whether or not to include the opposite
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 opposite

15.

16.

clock for Empty and Almost Empty flags, and CKR is the the opposite
clock for the Almost Full, Half Full, and Full flags. The clock is the sig-
nal to which a flag is synchronized; i.e., CKW is the clock for the Half
Full, Almost Full, and Full flags, and CKR is the clock for Empty and
Almost Empty flags.
tskEw? is the minimum time an opposite clock can occurbefore aclock
and still be guaranteed to be included in the current clock cycle (for
es of fla te). If the opposite clock occurs less than tsgew?
g‘e]fore the cloclgg, e decision of whether ornot to include the opposite
clock in the current clock cycle is arbitrary. See Note 15 for definition
of clock and opposite clock.
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CY7C445/CYT7C455
== (YPRESS SEMICONDUCTOR 57E D CY7C446/CYTC456
— PRELIMINARY CY7C447/CYTC457
—=F SEMICONDUCTOR
Switching Waveforms
Write Clock Timing Diagram o

KW
(—— lckH ——>— lo —>
CKw A enasLEDWRTE T\ /] DISABLEDWRITE ™\
tso tHo
oo- 1 TS K oo KIXXXKXKKX
be—— {SEN tHEN
W STSTS FKXKF ARXXX XXX XX
ey jt— tseN »| then
o SO G, oo Sm—
trp s - s o -1 C445-7
Read Clock Timing Diagram "
KR

pt—— tCKH ok ——
CKR 7/_5:;;mﬁL7 DISABLEDREAD '\

ta -
ton
Qo -17 PREVIOUS WORD NEW WORD
tsen —— tHEN
= i XXX
1
ten

1
le— t5EN tHEN

=P _*xxx*
¢
T ™ te c445-8

tro > D ’I

Master Reset (Default with Free-Running Clocks) Timing Diagraml!7. 18, 19, 20]
- loyg ———————n
MH N

N\ 7/

tscMR e trn
CKwW m FIRST
WRITE

=W | AN

tsemr — turn

toHmRr — tamp —
o o I, st

ft———— typr ——»

e KKK KKK

ft—— tyRF =

w NXAEX XXX XXX X XKF

c445.5
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=7F SEMICONDUCTOR

Switching Waveforms (continued)
Master Reset (Programming Mode) Timing Diagram(! 20]

pog— tSMHP —) e tHMHP ——
/
< tmARA
Y/ rem N
SECOND
WRTE [\ WRITE
ENW 0w f— terp —
tsp tvo
o XX o2 X X
pe———— {gpRp ———— - » thimAp
Y rem N
7 READ \
e {oxH >
toHmR e tap torp [t tamp |
Q ALL DATA
0 -17 VALID DATA PGM WORD QUTPUTS LOW
T

c445-10

Master Reset (Programming Mode with Free-Running Clocks) Timing Diagram(1% 20]

o tsurp ~——> |<—_ tHmpp ———————

1— toxw — P

texkn texe

PGM N N/
DK XK ) 3O, D OO =D =4
— toxn —]
tsmrp (¢— tiMpp ——w{e—— IMRR
VWA £
READ
ok | tekl
tsen then
tamp
toHmr e thp tonp
Qp -17 VALID DATA PGM WORD N Oﬁﬂgnw
c445-11
Notes:
17. To only perform reset (no programming), the following criteria must 19, Alldataoutputs (Qp - 17) g0 LOW as a result of the rising edge of MR
be met: E‘TW or CKV§ must be inactive while MK is LOW. after tamr- gect
18. To only perform reset (no programming), the following criteria must 20, In this example, Qp - 17 will remain valid until toppr if either the first
be met: %NR' or CKR must be inactive while MR is LOW. read shown did not occur or if the read occurred soon enoughsuch that
the valid data was caused by it.
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CY7C445/CY7C455
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== s PRELIMINARY CY7C447/CY7C457
=& SEMICONDUCTOR
Switching Waveforms (continued)
Read to Empty Timing Diagram(21, 24, 25)
COUNT 1 1 (NO CHANGE) 0
LATENT CYCLE
ok AN, AN
U;’g&\gE READ
ENR
o tskew1 —1e— lskEwz —
WRITE
ENW Low

EF - tp q\

*-tFDj ‘—tpoq

c445-13

Read to Empty Timing Diagram with Free-Running Clocks[2!- 22 23, 24]

COUNT 1

R

CKR

RS R6
ENABLED IGNORED
READ READ

ENW
HF HIGH
j«— trp i+ trp fe— trp
EF
PAFE Low
c445-12
Notes:

21

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

22. The FIFOQisassumed tobe programmed withP>0 (i.e., PAFE doesnot

23,

transition at Empty or Full).

R2 is ignored because the FIFO is empty (count = 0). It is important
to note that R3 is also ignored because W3, the first enabled write after
empty, occurs less than tsgrw, before R3. Therefore, the FIFO still
appears empty when R3 occurs. Because W3 occurs greater than
tskewz before R4, R4 includes W3 in the flag update.

24. CKR is clock and CKW is opposite clock.
25. R3 updates the flag to the Empty state by asserting E/E Because W1

occurs greater than tggrw; after R3, R3 does not recognize W1 when
updating flag status. But because W1 occurs tsgews before R4, R4 in-
cludes W1 in the flag update and, therefore, updates FIFO to Almost
Empty state. It isimportant to note that R4 is a latent cycle; i.e., itonly
updates the flag status regardless of the state of 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[?1- 24, 26]

COUNT 17 16 17 18 17

R R2 A3 R4
CKR _7®/_\/\_] EnaBLED
READ READ
ENR
/ AN

e tokEW) —> —— tokewz ——
CKW
WRITE WRITE
ENW \ /
HF HIGH
EF HIGH

fe— trp l— trp r— trp
FAFE

Read to Almost Empty Timing Diagram with Read Flag Update Cycle with Free-Running Clocks(21> 24, 26,27, 28]

c445-15

18 (no change)

COUNT 17 | 18 17 18 FLAG UPDATE GYCLE
CKR
Ve R
READ READ
o— tokewt — p— tokEwz —™
CKwW
—/ T\——7/EN®.__][EN®_/ wa ws M
WAITE WRITE
ENW \ /
HE HGH
E/F HIGH
[+— trp [<— trp — trp
FAFE
c445-14

Notes:

26. The FIFO in this example is assumed tobe programmed to its default  28. When making the transition from Almost Empty to Intermediate, the
flag values. Almost Empty is 16 words from Empty; Almost Full is 16 count must increase by two (16 #18; two enabled writes: W2, W3) be-
locations from Full. fore a read (R4) can update flags to the Less Than Half Full state.

27. R4 only updates the flag status. It does not affect the count because

is HIGH.
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Switching Waveforms (continued)

Write to Half Full Timing Diagram with Free-Running Clocks(2!, 29, 30, 31]

1025 1024 1023 1024
COUNT 512 513 512 511 512]
257 256) 255 256

oW o\ LN\ N A\
——edle e
=W / AN

- tokEwt — —— tokEwe —>

o /TN Az Aoz
Rt R2 R3 A4 RS R
ENABLED ENABLED 6
READ READ

E/F HIGH

PAFE HIGH

C445-16

Write to Half Full Timing Diagram with Write Flag Update Cycle with Free-Running Clocks(21. 29- 30,31, 32, 33]

1023 {511]
{255] (no change)
1024 | 1025 1024 FLAG UPDATE CYCLE

COUNT [2;2} [513 [gég

oW /xm

ENABLED
WRITE
ENW
o tskEw1 —»
CKR_/:\_? ENABLED

READ

\
. -—koil

EF HGH
PAFE  iGH c445-17

Notes:
29. CKW is clock and CKR is opposite clock. 32. The HF writeflagupdate chle doesnotaffect the count because ENW
30. Count = 1,025 indicates Half Full for the CY7C446 and CY7CA56. is HIGH. It only updates HIF to HIGH.

Count = 513 indicates Half Full for the CY7C447 and CY7C457.  33. When making the transition from Half Fullto Less Than Half Full, the

Count = 257 indicates Half Full for the CY7C448 and CY7C458. count must decrease by two (i.e., 1,025 #1023; two enabled reads: R2
31. Whenthe FIFO contains 1,024 [512][256] words, the rising edge of the and R3) before a write (W4) can update flags to less than Half Full.

next enabled write causes the HF to be true (LOW).

10
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Switching Waveforms (continued)

Write to Almost Full Timing Diagram(?1 26, 29, 34, 35]

2032 2031
COUNT fote) pon ot
[496] 48] L “2007 (1017] 1
%9
CKW /m /T\_]
ENABLED ENABLED
WRITE WAITE
ENW  wow | - ..
= torEw! -'I ‘-—’ tskewz
At / Rz )
CKR 74@_} EnamLEol N\
READ READ
ENR Low
ja— trp trp < trp j<— trp 4-'
.. \
HF  Low
EF  HeH

c445-19

Write to Almost Full Timing Diagram with Free-Running Clocks[??, 26; 29]

2031 2032 2031 2030 2031
COUNT [1017] [1018] {1017] {1016] [1017]
1495} 1496] [495] (494} (495}

cKkw AN\ m_ /N%
ENABLED ENABLED
WRITE WRITE

ENW
/ \

et~ toEw — e— tgxEws —»

CKR M%w R_4\_/ RS R
/ ENABLED ENABLED
READ READ

HF Low
E/F HIGH
+— trp re— trp *— trp
PAFE
c445-18

Notes:
34. W2 updates the flag to the Almost Full state by asserting PAFE. Be-  35. Thedashedlinesshow W3 asaflagupdate write rather than an enabled

cause R1 occurs greater than tsgpw after W2, W2 doesnot recognize write because ENW is HIGH.

R1 when updating flag status. W3 includes R2 in the flag update be-
cause R2 occurs greater than tggpw2 before W3. Note that W3 does
not have to be enabled to update flags.

11
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Switching Waveforms (continued)
Write to Almost Full Timing Diagram with Write Flag Update Cycle and Free-Running Clocks{21- 26, 29]

2030 [1018)

[494] (no change)}
2031 2032 2031 2030 FLAG UPDATE CYCLE
COUNT [1017}] [1018] [1017} [1016]
[495] [495] {494)

w7
ENABLED
WRITE

[496]
SR

ba— tokEW! —™ tskEw2

CKR A1 R2 3 R4 RS R6 R7
ENABLED ENABLED
AEAD READ
LOW

v

/
HF
EF HIGH
fe— trp fe— trp «— trp
PAFE
c445-20
Write to Full Flag Timing Diagram with Free-Running Clocks(21- 29, 36]
2047 2048 2048 LATENT CYCLE 2048 2048
COUNT [1023] [1024] [1024) {1024} (1024}
1511] 512 (512) (512] (512]
CKW W1 w2 %M
ENABLED IGNORED FLAG ENABLED IGNORED
WRITE WRITE YPDATE WRITE WRITE

= /XXX | /XXX

R N

HF Low
fe— 1p <— trp r*— trp
EF
PAFE Low
©445-21
Notes:
36. W2 is ignored because the FIFO is full (count = 2,048 [1,024] [512})). the FIFO still fullwhen W3 occurs. Because R3 occurs greater
It is important to note that W3 is also ignored because R3, the first en- than tsgkrw2 before W4, W4 includes R3 in the flag update.

abled read after full, occurs less than tsgxpwo before W3, Therefore,

12



SPE D WE 2589kLbLZ 00090kb 73] EECYP

IL.‘Q‘.‘N..)- W-I\JIIUG{:':V\;K:)M Uy lw‘r ’

Revision: Wednesday, December 16, 1992 R CY7C445/CY7C455
__._:Z CYPRESS SEMICONDUC CY7C446/CY7C456
. PRELIMINARY CY7C447/CY7C457

—= & SEMICONDUCTCR

Switching Waveforms (continued)
Even Parity Generation Timing Diagram{37- 381

CKR * ENABLEDREAD W\ //  ODISABLEDREAD N\
trg |
-P-E1 ’ (P-Ea) r *

Qo-7 PREVIOUS WORD: NEW WORD:
Qg - 16) EVEN NUMBER OF 13 ODD NUMBER OF 1s
LOON AXX XX XXX XXX
C445-22

Even Parity Generation Timing Diagram[>7- 39}

CKR 7‘ ENABLEDREAD N\ / DsABLEDREAD N\

FE1 ’ (P-EZ) tea i

Qo-7 PREVIOUS WORD: NEW WORD:
Qg - 18) ODD NUMBER OF 1s EVEN NUMBER OF 15
= N AXXKXXX NXX XXX
c445-23

Notes:
37. In this example, the FIFO is assumed to be programmed to generate  38. If Qp—7 “new word” also has an even number of 1s, then PG1 stays
even parity. The Qg-7word is shown. The example is similar for the LOW.
39. IfQq-7 “newword” also has odd number of 1s, then PG1 stays HIGH.

Q9_16 word.

13
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Switching Waveforms (continued)
Even Parity Checking!‘0!
o W
WRITE M WRITE M+1 WRITE M+2 .

ENW IF

18

o N ANV
READ M READ M+1 READ M+2

/8
- 7 /

o tpg e tpg
c
*p-E1 77
(PE2)
a v v Vv
o807 XX XXX XX X XXX XK asnér XX X0 o &
9-16 ./
c445-24
Output Enable Timing(41- 42]
CKR / READ M+1 \
ENR LOW
N
OE N
tonz toe '
o-17 aeT R
toiz c445-25
Notes:
40. In this cxam%?, the FIFO is assumed to be programmed to check for  42. IfENR wasHIGH around the rising edge of CKR (i.e., read disabled),
even parity. The Qp—7 word is shown. the valid data at the far right would once again be word M instead of
41. This example assumes that the time from the CKR rising edge to valid word M+1.

word M+1 > ta. The Qp— 7 word is shown.

14
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Architecture rising edge and held tymrp after the program write falling edge.

The CY7C44X and CY7C45X consist of an array of 512, 1024, or
2048 words of 18 bits each (implemented by a dual-port array of
SRAM cells), aread pointer, a write pointer, control signals (CKR,
CKW, ENR, ENW, and MR), and flags (HE, E/F, PAFE). The
CY7CA45X also includes the control signals OE, FL, XTI, and XO for
depth expansion.

Resetting the FIFO

Upon power-up, the FIFO must be reset with a Master Reset

R) cycle. This causes the FIFO to enter the Empty condition
signified by E/F and PAFE being LOW and HF being HIGH. All
data outputs (Qp - 17) 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 and/or ENW are HIGH or unless the device is being pro-
grammed). Uponcompletion of the masterresetcycle, alldataout-
puts will go LOW ta g after MR is deasserted. All flags are guar-
anteed to be valid tyry after MR is taken HIGH.

FIFO Operation

When the ENW signal s active (LOW), data presentonthe Dy _ 17
pins is written into the FIFO on each rising edge of the CKW sig-
nal, Similarly, when the ENR signal is active, data in the FIFO
memory will be presented on the Qg - 17 outputs. New data will be
presented on each rising edge of CKR while ENR is active. ENR
must set up tspn before CKR for it to be a valid read function.
must occur tsen before CKW for it to be a valid write func-
tion.
An output enable (OF) pin is provided on the CY7C45X to three-
state the Qg - 7 outputs when OE is asserted. When OE isenabled
(low), data in the output register will be available to the Qg - 17
outputs after tog. If devices are cascaded, the OE function will
only output data on the FIFO that is read enabled.

The FIFO contains overflow circuitry to disallow additional writes
when the FIFOisfull, and underflow circuitry to disallow addition-
al reads when the FIFO is empty. An empty FIFO maintains the
data of the last valid read onits Qg — 17 outputs even after addition-
al reads occur.

Programming

The CY7C44X and CY7CAS5X are programmed during a master
reset cycle. If MR and ENW are LOW, a rising edge on CKW will
write the Dy - g 10 or 11 inputs into the programming register(43l,
MR must be set up a minimum of tsprp before the program write

The user has the ability to also perform a program read during the
master reset cycle. This will occur at the rising edge of CKR when
MR and ENR are asserted. The program read must be performed
a minimum of tgp after a program write, and the program word
will be available top after the read occurs. If a program write does
not occut, a program read may occur a minimum of tgyvgp after
MR is asserted. This will read the default program value.

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

Data present on Dg — 9, 10 or 11 during a program write will deter-
mine the distance from Empty (Full) that the Almost Empty (Al-
most Full) flags will become active. See Table I for adescription of
the six possible FIFO states. P in Table I refers to the decimal
equivalent of the binary number represented by Dy - 9. 10 or 11.
Programming options for the CY7C44X and CY7C45X are listed
in Table 1.

The programmable PAFE function on the CY7C45X is only valid
when not cascaded. If the user elects not to program the FIFO’s
flags, the default is as follows: the Almost Empty condition (Al-
most Full condition) is activated when the FIFO contains 16 orless
words {empty locations).

Parity is programmed with the D15 _ 17 bits. See Table 5 for a sum-
mary of the various parity programming options. Data present on
D15 - 17 during a program write will determine whether the FIFO
will generate or check even/odd parity for the data presenton Dg_7
and Dg...16 thereafter. If the user elects not to program the FIFQ,
the parity function is disabled. Flag operation and parity are de-
scribed in greater detail in subsequent sections.

Flag Operation

The CY7C44X and CY7CA5X provide three status pins when not
cascaded. The three pins, E/F, ,and HF, allow decoding of six
FIFOstates (Table 1). PAFE isnot available when the CY7C45X is
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).l*] The Empty and Almost Empty flag
states are exclusively updated by each rising edge of the read clock
(CKR). For example, when the FIFO contains 1 word, the next
read (rising edge of CKR while ENR=LOW) 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

Table 1. Flag Truth Tablel45]

__ 7C445, 7C455 7C446, 7C456 7CAM47, 7C457

E PAFE | HF State Words in FIFO Words in FIFO Words in FIFO
0 0 1 Empty 0 0 0
1 0 1 Almost Empty i»P 1eP 18P
1 1 1| LessthanorBoualto | p 4356 P+ 18512 P+ 181024
1 1 0 | Greater than Half Full | 257 # 511 — P SI381023-P 1025 2047 — P
1 0 0 Almost Full 512 -P# 511 1024 — P » 1023 2048 — P » 2047
0 0 0 Full 512 1024 2048

Notes: 45. P isthe decimal value of the binary number represented by Dy — ¢ for

43. For the CY7C44S and CY7C455 the CKW will write to Dg_g, for the
CY7C446 and CY7C456 it will write to Dy_ 10, and for the CY7C447
and CY7C457 it will write to Dy—1;.

44. The synchronous architecture guarantees the flags valid for approxi-
mately one cycle of the clock they are synchronized to.

the CY7C445 and CY7CASS, Dy _ g for the CY7C446 and CY7C456,
and Dy _ 1; for the CY7C447 and CY7C457. P = O signifies that the
Almost Empty state = Empty state.



1 LY. MU iUy, \JLIUOL U, 15T

Revision: Wednesday, December 16, 1992

——

I

57E D WM 2589Lb2 0009069 440 EECYP

CY7€445/CYT7CA55
CvPRESS SEMICONDUCTOR CY7C446/CYTC456
PRELIMINARY CY7C447/CY7C457

PRESS
SEMICONDUCTOR

-
-

————
——

Flag Operation (continued)

(CKW). For example, if the CY7CA57 contains 2047 words (2048
words indicate Full for the CY7C457), the next write (rising edge
of CKW while ENW=LOW) causes the flag pins to output a state
that is decoded as Full.

Since the flags denoting emptiness (Empty, Almost Empty) are
only updated by CKR and the flags signifying fullness (Half Full,
Almost Full, Full) are exclusively updated by CKW, careful 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.e., CKW does not affect Empty or Almost
Empty), a flag update cycle is necessary to represent the FIFQ’s
new state. The signal to which a flag is not synchronized will be re-
ferred to as the opposite clock (CKW is opposite 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-
ecuted, the synchronous flags will not show the new state of the
FIFO.

When updating flags, the FIFO must make adecision astowhether
or not the opposite clock was recognized when a clock updates the
flag. For example (when updating the Empty flag), if a write occurs
at least tsgrpwq after a read, the write is guaranteed not to be in-
cluded when CKR updates the flag. If a write occurs at least
tskew? before aread, the write is guaranteed to be included when
CKR updates flag. If a write occurs within tgxew after or tsgrw?
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.e., 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 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 CKR is necessary to
update the flags to the current state. In such a state (flags showing
Empty even though data has been written to the FIFQ), two read
clock cycles are required to read data out of the FIFO. The first
read serves only to update the flags to the Almost Empty or Less
than or 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
because it does not affect the data in the FIFO or the count (num-
ber of words in FIFQ). It simply deasserts the Empty flag. The flag
is updated regardless of the ENR state. Therefore, the update oc-
curs even when ENR is deasserted (HIGH), so that a valid read is
not necessary to update the flags to correctly describe the FIFO. In
this example, the write must occur at least tsgrwy before the flag
update cycle in order for the FIFO to guarantee that the write will
beincluded in the countwhen CKR updates the flags. When a free-
running clock is connected to CKR, the flag is updated each cycle.
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.e., the Full flag
can only be updated by a clock pulse on the CKW pin). A full FIFO
that is read will be described with a Full flag until a rising edge is
presented to the CKW pin. When making the transition from Full

16

to Almost Full (or Full to Greater Than Half Full), a clock cycle on
CKW is necessary to update the flags to the currentstate. Insuch a
state (flags showing Full even through data has been read from the
FIFO), two write cycles are required to write 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
data. Thisfirst write cycle isknown as the latent or flag update cycle
because it does not affect the data in the FIFO or the count (num-
ber of words in the FIFO). It simply deasserts the Full flag. The flag
is updated regardless of the ENW state. Therefore, the update oc-
curs evenwhen ENW is deasserted (HIGH), so that a valid write is
notnecessary to update the flags to correctly describe the FIFQO. In
this example, the read must occur at least tsgpw, before the flag
update cycle in order for the FIFQ to guarantee that the read will
be included in the count when CKW updates the flags. When a
free-running clock is connected to CKW, the flag updates each
cycle. Full flag operation is similar to the Empty flag operation de-
scribed in Table 2.

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

The CY7C44X and CY7C45X feature programmable Almost
Empty and Almost Full flags. Each flag can be programmed a spe-
cific distance from the corresponding boundary flags (Empty or
Full). The flags canbe programmed tobe activated at the Empty or
Full boundary, or at any distance from the Empty/Full boundary.
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 FIFQ is with-
in that same number of empty locations from being Full, the PAFE
will also be asserted signifying that the FIFQ is Almost Full. The
HF flag is decoded to distinguish the states.

The default distance from where PAFE becomes active to the
boundary (Empty, Full) is 16 words/locations. The Almost Full and
Almost Empty flags can be programmed so that they are only ac-
tive at Full and Empty boundaries. However, the operation will re-
main consistent with the non-boundary flag operation that is dis-
cussed below.

Almost Empty is only updated by CKR while Half Full and Almost
Full are updated by CKW. Non-boundary flags employ flag update
cycles similar to the boundary flag latent cycles in order to 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 FIFO,
awrite clock (CKW) will be required to update the flags to the Less
than Half Full state. However, unlike the boundary flag latent
cycle, the state of the enable pin (ENW in this case) affects the op-
eration. Therefore, set-up and hold times for the enable pins must
be met (tsen and tyen). If the enable pin is active during the fl
update cycle, the count and data are updated in addition to ﬁ
and HF. If 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.

The CY7C44X and CY7C45X also feature even or odd parity
checking and generation. D15 _ y7are used during a program write
todescribe the parity optiondesired. Table 5 summarizes program-
mable parity options. If the user elects not to program the device,
then parityisdisabled. Parity information is provided on two multi-
mode output pins (Qg/PG1/PElL and Q17/PG2/PE2). The three
possible modes are described in the following paragraphs.
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Table 2. Empty Flag (Boundary Flag) Operation Example
Status Before Operation Status After Operation
Current Number Number
Stateof |_ —. | of Words Next State | _ —__ | of words
FIFO EF |AFE | HF | inFIFO | Operation of FIFO | E/F |AFE | HF | in FIFO Comments
Empty 0 0 1 0 Write Empty 0 0 1 1 Write
(ENW =0)
Empty 0 0 1 1 Write Empty 0 0 1 2 Write
(ENW =0)
Empty 0 0 1 2 Read AE 1 0 1 2 Flag Update
AE 1 0 1 2 Read AE 1 0 1 1 Read
(ENR =0)
AE 1 0 1 1 Read Empty 0 i} 1 0 Read(transitionfrom Al-
(ENR =0) most Empty to Empty)
Empty 0 0 1 0 Write Empty 0 0 1 1 Write
(ENR = 0)
Empty 1 0 1 1 Read AE 1 0 1 1 Flag Update
(ENR =X)
AE 1 0 1 1 Read Empty 0 0 1 0 Read (transitionfrom Al-
{ENR = 0) most Empty to Empty)
Programmable Parity Empty (read recognized asflagupdate )while device Bstays Empty
(read ignored). This occurs because a read can be either recog-
Parity Disabled (Qs/Q17 mode) nized or ignored if it occurs within tggpwy of a write. The next read

When parity is disabled (or the user does not program parity op-
tion) the FIFQstores all 18 bits presenton Dy - 17 inputs internally
and will output all 18 bits on Qg - 17.

Parity Generate (PG mode)

This mode is used to generate either even or odd parity (as pro-
grammed) from Dg _ 7and Dg _ 14. Dgand D17 inputs are ignored.
The parity bits are stored internally as Dg and D47, and during a
subsequent read will be available on the PG1 and PG2 pins along
with the data words from which the parity was generated (Qg — 7
and Qg _ 16). For example, if parity generate isset to ODD and the
Dy - 7 inputs have an EVEN number of 1s, PG1 will be HIGH.

Parity Check (PE mode)

If the FIFO is programmed for parity checking, it will compare the
parity of Dy _ g and Dg _ ;7 with the program register. For exam-
ple, Dg and Dj7 will be set according to the result of the parity
check on each word. When these words are later read, PE; and
PE, will reflect the result of the parity check. If a parity error oc-
curs in Dy _ g, Dg will be set LOW mternally. When this word is
later read, PET will be LOW.

Width Expansion Modes

Duringwidth expansionall flags (programmable and nonprogram-
mable) are available. These FIFOs can be expanded in width to
provide word width greater than 18 in increments of 18. During
width expansion mode all control line inputs are common. When
the FIFQ isbeing read near the Empty (Full) boundary, it is impor-
tant to note that both sets of flags should be checked to see if they
have been updated to the Not Empty (Not Full) condition to insure
that the next read (write) will perform the same operation 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 occur
when the first write to an empty FIFO and a read are very close to-
gether. If the read occurs less than tggrw, after the first write to
two width-expanded devices, A and B, device A may go Almost

17

cycle outputs the first half of the firstword on device A while device
Bupdatesits flags to Almost Empty. Subsequent reads will contin-
ue tooutput “staggered” data assuming more data hasbeenwritten
to FIFOs.

Depth Expansion Mode

The CY7CASX can operate up to 50 MHz when cascaded. Depth
expansion is accomplished by connecting expansion out (XO) of
the first device to expansion in (XT) of the next device, with XO of
the last device connected to XT of the first device. The first device
has its first load pin (FL) tied to Vg while all other devices must
have this pintied to Vicc. 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 - 17, Qp - 17, 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 cur-
rently enabled FIFQ alerts the next FIFO that it should be en-
abled. The next rising edge on CKR puts Qy — 17 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 Qg _ 17 buswill be
in a high-impedance state until the next device receives its first
read, which brings its data to the Qg - 17 bus.

Program Write/Read of Cascaded Devices

Programming of cascaded FIFOs is the same as for a single device.
Because the controls of the FIFQOs are in paralle]l 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 CY7C45X is cascaded. Only the “first de-
vice” (FIFO with FL=LOW)will output its program register con-
tents on Qg - 17 during a program read. Qg - 17 of all other devices
will remain in a high-impedance state to avoid bus contention.
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Y
f\ X1
/ Do - 17 Qo - 17
CKW CKR
CY7C455,6,7
ENW ENR
TA IN MR HF DATA QUT
DA’ oF F
Do-17 T Qo-17
PAFEXD | | D
MR \
58
> ’_ -
:> Do-17 Qo-17
| CKW CKR |
CY7CA455,6,7
ENW ENR
MR HF
EFIS FULL EMPTY
BE cc
ParERD |
Figure 1. Depth Expansion with CY7C45X
Table 3. Almost Empty Flag (Non-Boundary Flag) Operation Examplel46]
Status Before Operation Status After Operation
Number Number
Current State | _ __ | of Words Next State _ | ofwords
of FIFO |EF HF | in FIFO | Operation | of FIFO |EF |PAFE | HF | in FIFO Comments
AE 1 1 32 Write AE 1 0 1 33 Write
(ENW =0)
AE 1 1 33 Write AE 1 0 1 34 Write
(ENW = 0)
AE 1 1 34 Read <HF 1 1 1 33 Flag Update and Read
(ENR = 0)
<HF 1 1 33 Read <HF 1 1 1 33 Ignored Read
(ENR=1) (ENR = 1)
<HF 1 1 33 Read AE 1 0 1 32 Read (transition from
(ENR = 0) <HF 10 AE)
Notes:

46. Appliestoboth CY7C44X and CY7CA5X operations whendevices are
programmed so that Almost Empty becomes active when the FIFO

contains 32 or fewer words.

18
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Table 4. Almost Full Flag Operation Examplel47]
Status Before Operation
Number of Number of Number of
Current State Words in FIFO | Words in FIFO | Words in FIFO
of FIFO _ . 7C45 7C446 7C447
E/F AFE HF Operation
AF 1 0 0 496 1008 2032 Read
= 0)
AF 1 ¢ 0 495 1007 2031 Read
(EVE 0)
AF 1 0 0 494 1006 2030
(EN’W 1
>HF 1 1 0 494 1006 2030 Wiite
(ENW =0)
>HF 1 1 0 495 1007 2031 Write
(ENW =0)
Status After Operation
Number of Number of Number of
Next State of Words in FIFO | Words in FIFO | Words in FIFO
FIFO 7C445 7C446 7C447
BT PAFE HF Comments
AF 1 0 0 495 1007 2031 Read
AF 1 0 0 494 1006 2030 Read
>HF 1 1 0 494 1006 2030 Flag Update
>HF 1 0 495 1007 2031 Write
AF 1 0 496 1008 2032 Wiite (transition from
>HF to AF)
Table 5. Programmable Parity Options
D17 D16 D15 Condition
0 X X Parity disabled.
1 i} 0 Generate even parity on PG output pin.
1 0 1 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:

47. Default condition or programmed so that Almost Full becomes active
when the FIFO contains 16 or less empty locations.

19
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CY7C445/CY7CA455
? CYPRESS SEMICONDUCTOR CY7C446/CY7C456
= PRELIMINARY CY7C447/CYTC457
=F SEMICONDUCTCR
Ordering Information
Speed Package | Operating Speed Package Operating
(ns) Ordering Code Type Range (ns) Ordering Code Type Range
14 CY7C445-14DC D26 Commercial 14 CY7C446-14DC D26 Commercial
CY7C445-14PC P25 CY7C446—14PC P25
CY7C445~14P1 P25 Industrial CY7C446~14P1 P25 Industrial
CY7C445-14DMB D26 Military CY7C446—~14DMB D26 Military
20 CY7C445~-20DC D26 Commercial 20 CY7C446-20DC D26 Commercial
CY7C445-20PC P25 CY7C446-20PC P25
CY7C445-20P1 P25 Industrial CY7C446—-20P1 P25 Industrial
CY7C445—-20DMB D26 Military CY7C446-20DMB D26 Military
30 CY7C445-30DC D26 Commercial 30 CY7C446~-30DC D26 Commercial
CY7C445~30PC P25 CY7C446-30PC P25
CY7C445-30P1 P25 Industrial CY7C446—~30P1 P25 Industrial
CY7C445-30DMB D26 Military CY7C446—-30DMB D26 Military
Speed Package | Operating
(ns) Ordering Code Type Range
14 CY7C447-14DC D26 Commercial
CY7C447—-14PC P25
CY7C447—-14P1 P25 Industrial
CY7C447—-14DMB D26 Military
20 CY7C447-20DC D26 Commercial
CY7C447-20PC P25
CY7C447-20P1 P25 Industrial
CY7C447-20DMB D26 Military
30 CY7C447-30DC D26 Commercial
CY7C447-30PC P25
CY7C447-30P1 P25 Industrial
CY7C447-30DMB D26 Military
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CY7C445/CY7C455
% CYPRESS SEMICONDUCTOR TY7C446/CY7C456
%“5 CYPRESS PRELIMINARY CY7C447/CY7C457
==F SEMICONDUCTOR
Ordering Information (continued)
Speed Package | Operating Speed Package | Operating
{ns) Ordering Caode Type Range (ns) Ordering Code Type Range
14 CY7C455-14JC J69 Commercial 14 CY7C456-141C J69 Commercial
CY7C455-14NC N52 CY7C456—14NC N52
CY7C455-14]11 J69 Industrial CY7C456—-1411 J69 Industrial
CY7C455—14NI N52 CY7C456—14NI NS2
CY7C455—-14L.MB L69 Military CYT7C456~14LMB L&9 Military
20 CY7C455-20JC J69 Commercial 20 CY7C456-20JC J69 Commercial
CY7C455—20NC N52 CY7C456—-20NC NS52
CY7C455-20J1 J69 Industrial CY7C456-2011 J69 Industrial
CY7C455—20NI N52 CY7C456—20NI N52
CY7C455-20LMB L&9 Military CY7C456-20L.MB L69 Military
30 CY7C455-301C J69 Commercial 30 CY7C456-30IC J69 Commercial
CY7C455-30NC N52 CY7C456—30NC N52
CY7C455-30J1 J69 Industrial CY7C456—30J1 J69 Industrial
CY7C455—30NI N52 CY7C456—30NI N52
CY7C455-30LMB L69 Military CY7C456—30LMB L6S Military
Speed Package | Operating
(ns) Ordering Code Type Range
14 CY7C457-14JC J69 Commercial
CY7C457-14LC L69
CY7C457-14J1 J69 Industrial
CY7C457-14N1 N52
CY7C457—14LMB L69 Military
20 CY7C457—-20]C J69 Commercial
CY7C457-20NC N52
CY7C457-20J1 J69 Industrial
CY7C457—-20NI N52
CY7C457-20LMB L69 Military
30 CY7C457-30JC J69 Commercial
CY7C457-30NC N52
CY7C457-30J1 J69 Industrial
CY7C457~30NI N52
CY7C457-30LMB L69 Military
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=___.=_%m PRELIMINARY CY7C447/CY7C457
— & SEMICONDUCTOR
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics
Parameters Subgroups
Vou ,2,3
VoL 1,2,3
Vi 1,2,3
viL 1,2,3
Ix 1,2,3
Icc 1,2,3
Ios 1,2,3 °
Ioz 1,2,3
Switching Characteristics
Parameters Subgroups
torw 9,10, 11
tCKR 9,10, 11
tcku 9,10,11
texL 9,10, 11
ta 9,10, 11
tou 9,10, 11
try 9,10, 11
tsp 9,10,11
tHD 9,10, 11
tSEN 9,10, 11
tHEN 9,10, 11
tOF 9,10, 11
tpg 9,10, 11
tpe 9,10, 11
tFD 9,10, 11
tSKEW1 9,10, 11
tSKEW2 9,10, 11
tpPMR 9,10, 11
tSCMR 9,10,11
tOHMR 9,10,11
tMRR 9,10, 11
tMRF 9,10, 11
tAMR 9,10, 11
tSMRP 9,10, 11
tHMRP 9,10, 11
tFTP 9,10, 11
tap 9,10, 11
toHp 9,10, 11

Document #: 38-00211
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| L UCToR CY7C445/CY7C455

CYPRESS SEMICON CY7C446/CY7C456

%": ? PRELIMINARY CY7C447/CY7C457
SEMICONDUCTOR

Package Diagrams
48-Lead (600-Mil) Sidebraze DIP D26

DIMENSIONS IN INCHES
MIN,
MAX,

T T

620

52-Lead Plastic Leaded Chip Carrier J69

DIMENSIONS IN INCHES MIN,
MAX.

0785
0.795 0690
0,730

0750
0.75¢

g
q
s
0
G
q
q
o
q
g
4
[i
q

e

’ 0.020 MIN.
0730
0.756 L ] 0090
0.130
0.795 ~ Q&3

4 e OO OOUgU O
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CY7C445/CYTC455

CY7C446/CY7C456
CY7C447/CY7C457

55 Clrmese PRELIMINARY
=75 SEMICONDUCTOR

Package Diagrams (continued)

52-Square Leadless Chip Carrier 1L69

DIMENSIONS IN INCHES
IN.

MAX.

f
|'o
fel
{0}

o
(=1

o =
~
n

T
|

=
0
@

~J
[o )
—]

~
>
o

Y

~
@

48-Lead (600-Mil) Molded DIP P25

PIN 1
Ay A;\ﬁﬁ/

1|

v vy "\F‘v“lf'v':r

.. 0.065
0.085

’L EXT 1‘ SEATING_PLANE
i i

I DIMENSIONS IN INCHES MIN,
MAX.

0.110 Soon

'
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0.570
0.625

0165 0150

0.210 o170
ols ! 2002 .J 3 MIN.
0160 %%%,% !

0045 ’
0.090 0.055 _“_ 0015 L— %%‘3‘3 _‘l
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