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Features

® 8Kx9,16Kx9,and 32K x 9 FIFO

buffer memory
Asynchronous read/write

High-speed 33.3-MHz read/write

independent of depth/width
Lowoperating power

—Ice (max.) = 160 mA
(commercial)

—Ice (max.) = 165 mA (military)
Programmable Almost Full/Empty
flag

Empty, Almost Empty, Half Full,

Almost Full, and Full status flags

Programmable retransmit
Expandable in width

5V £ 10% supply

TTL compatible
Three-state outputs

Proprietary 0.8-micron CMOS
technology

SEMICONDUCTOR
32K x 9 FIFO with Programmable Flags

PRELIMINARY

CY7C474

Functional Description

The CYC47X FIFOseries consists of high-
speed,low-power, first-in first-out (FIFO)
memories with programmable flags and
retransmit mark. The - CY7C470,
CY7C472,and CY7C474 are 8K, 16K, and
32K words by 9 bits wide, respectively.
They are offered in 600-mil DIP, PLCC,
and LCCpackages. Each FIFO memory is

organizedsuch that the data is read in the -

same sequential order that it was written.
Threestatus pins—Empty/Full (E/E), Pro-
grammable Almost Full/Empty (PAFE),
and Half Full (HF)—are provided to.the
user.’These pins are decoded to determine
one of six states: Empty, Almost Empty;

Less than Half Full, Greater than Half -

Full, Almost Full, and Full,

The read and write operations may be
asynchronous; each can accur at a rate of
33.3 MHz. The write operation occurs

8K x 9 FIFO, 16K x 9 FIFO,

whenthewrite (W)signal goes LOW. Read
occurswhen read (R) goes LOW, The nine
data outputs go into a high-impedance
state when R is HIGH.

The user can store the value of the read
pointerfor retransmit by using the MARK
pin. ALOW on the retransmit (RT) input
causes the FIFO to resend data by reset-

‘ting the read pointer to the value stored in

the mark pointer.

In the standalone and width expansion
configurations,a-LOW on the refransmit
(RT) input causes the EIFO to resend the
data. With the mark feature, retransmit
canstart from any word in the FIFO,

The CYCA7X series is fabricated using a
proprietary 0.8-micron N-well CMOS
techriology. Input ESD protection is great-
erthan 2001V and latch-up is prevented by
thé useofreliablelayout techniques, guard
rings,and asubstrate bias generator.
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wheref= the larger of the write or read operating frequency.
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Selection Guide ] o
7C470~15 7C470-20 7C470-25 7C470-40
7C472~15 7C472-20 - 7C472-25 7C472—-40
7C474-15 7C474-20 TC474=25- 7C474—40
Frequency (MHz) © 333 285 285 20
Maximum Access Time (ns) 15 20 25 40
Maximum Operating Current (mA) | Commercial 160 145 125
Military/Industrial 165 165 145
Maximum Ratings Static Discharge Voltage ......... >2001V
o o (per MIL-STD-883, Method 3015)
Storage TEMPEralure .........ovveense —65°Cto +150°C Latch-UpCurrent .......,..v 0t PPN veesen >200mA
Ambient Temperaturewith
PowerApplied .......cooveiiiiiinae —55°Cto +125°C Operaﬁng Range
Supply Voltage to Ground Potential. ......, - 0.5V o +7.0V — “Ambient
DC Voltage Applied to Outputs Range Temperature v,
D FHigh Z SALD. + e e ~ 0.5V to +7.0V c'omme'f:ial o C::) FEC R +C(1:o
DClInput Voltage ..........ccivvnnen, —3.0Vto +7.0V e - — —~
POWETDISSIPALION -« . eevvvvvvveeseseeseeesnnsnns 1ow | Indusic "‘1‘, —40°Cto +85°C SV 0%
Output Current, into Outputs (LOW) ............. <. 20mA Militaryl!! = 55°Cto+125°C SV £10%
Electrical Characteristics Overthe Operating Range(d 7 . 7 7 o
) - 7C470~15 | 7C470-20 | 7C470-25 | 7C470-40
7C472~15 | 7C472-20 | 7C472=25 | 7C472-40
7C474—15 | TC474-20 | 7C474-25 | 7C474~40
Parameter Description Test Conditions Min, | Max. | Min. | Max. | Min, | Max, Mm. Max. Units
You Output HIGH Vee = Min,, 24 ) 2.4 2.4 24 | v
Voltage Iop = —20mA ) A )
VoL Output LOW Voltage | Vee = Min, Ior, = 8.0 mA - | o4 041 o4} Joal| v
Vi Input HIGH Voltage | Vce = Max,, Com'l 20 | B - 20 2.0 v
_ Tour=0mA  Fypng 32 22| 22|
Vi, Input LOW Voltage ] 08 | 0.8 |08 0.8 v
Iix Input Leakage GND < Vi< Ve -10 | +10 { ~10 | +10 | —-10.{ +10 | =10 | +10 | pA.
Current _ - ) : v
oz Output Leakage R > Viu, ~10} +10 | ~10F +10 | —10 | +10 | 10| +10 | pA
Current GND < Vo < Vcc ) ]
Icc OperatingCurrent Com'[3] 160 1 - . 145 125 | mA
[ Mil¥l/ind B . 165 165 145 -
IsBi Standby Current All Inputs = Com’l 25 25 25 | mA }
Vin Min. Mil/ind ' 30 30 30
Isp2 Power-DownCurrent | All Inputs =  Com’t 20 - 20 20 | mA
Vec =02V Ivifiind ~ %5 5| %5
IosPl OutputShort Circuit | Ve = Max,, =90 —90 -90- -90 | mA
Current Your = GND
Notes. .
Ta is the “instant on" case temperature. 4. Icc (mlhtary) -145 mA + (T - 20) +2.5 mA/MHz for
2. See the last page of this specification for Group A subgroup testing in- 220 MHz

formation. where f = the larger of the wme or read. operating frequency.

3. Icc (commercnal) =125mA + (f — 20) « 2.5 mA/MHz for 5. Not more than one output should be tested at a time. Duration of the

short circuit should not be more than one second.
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Capacitancels) ) ] ' ) ]
Parameters Description Test Conditions Max. Units
Cin InputCapacitance Ta = 25°C, f = 1 MHg, | 5 pE
Cout OutputCapacitance Voc =45V 7 pF
AC Test Loads and Waveforms - T-46-35

R1500),
5V Or—— A

0UTPUT°—T"
R2

At Sooqy, ALL INPUT PULSES

%w0gf wa o
INC‘}Eg[ﬂmg :—[_ j—_: INCLUDING I 1ca708
SCOPE ~ = 7C4704 SCOPE 7C470-5
(a) (b)
Equivalent to: THEVENIN EQUIVALENT
OUTPUT 0——243\03———0 2v
Switching Characteristics Overthe Operating Rangel”.8]
TC470~15 7C470-20 | 7C470-25 | .7C470-40
7C472-15 | 7C472-=20 7C472-25 7C472-40
7C474-15 TCAT4-20 | 7C474-25 | 7C474—-40
Parameters Description Min. [Max. | Min, [ Max, | Min, | Max. | Min, | Max, |~ Units
tor Cycle Time T30 35 35 | 50 ns
ta Access Time 15 20 | 35 40 ns
tRv Recovery Time 15 5 T [ 10 ) ns
tow Pulse Width 15 20 25 40 “us
tLzr Read LOW to Low Z, 3 3 s
oVl Read HIGH to Data Valid 3 1S
t11zrD) Read HIGH to High Z 15 15 18 2 s
Wz Write HIGH to Low Z 5 s | s 15 ns
tsD Data Set-Up Time 11 12 15 20 s
tHp Data Hold Time 0 0 o | 0 | oS
tEFD E/F Delay ' 15 200 35 T 0 ns
TEFL MR to E/E LOW 30 35 35 50 fs
tHFD HF Delay 30 35 35 . 50 ns
tAFED PAFE Delay 30 35 35 50 Ths
tRAE Effective Read from Write HIGH 15 20 25 40 ns
tWAF Effective Write from Read HIGH 15 20 25 40 ns
Notes:
6. Testedinitially and after any design or processchangesthat mayaffect 8. - Seethelast pageof thisspecification for Group Asubgroup testing in-
these parameters. formation.- :

7. Testconditions assume signal transmission time of 5 ns or less, timing 9.
reference levels of 1.5V and output loading of the specified Io/Tog
and 30 pF load capacitance, as in part (a) of AC Test Load and Wave-
forms, unless otherwise specified.
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trzr and tpyg use capacitance. loading as in part (b) of AC Test
Loads. tyzg transition is measured at +500 mV from Vorand — 500
mV from Vog, tpyg transition is measured at the 1,5V level. tHwz
and t; zg transition is measured at 100 mV from the steady state,
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Switching Waveforms
Asynchronous Read and Write

v tew >
fe——— g — tRy —»fe—

R — s

etz tovr e— tyzr —
Qo-Qg i DATA VALID DATA VALID XX)..____

toy

tew ~ try ——»

W \ ) -
—5( 7 \—_—_—/__—

tsp —*— typ
Do-Dg DATA VALID DATA- VALID —
7C470-7

Master Reset (No Write to Programmable Flag Register)

toy
tpw — Ry >
MR —————— ;F
Ry N . -

PAFE
[«— taFe0

7C470-8
Master Reset (Write to Programmable Flag Register){10}
. fav
MR
‘pw b ¢ o Zmmad tCY
W) 1/
tso tHD
Do-Dg VALID —~ -
(Qo-Qsg) -
7C470-9

Note:
10. Waveform labels in parentheses pertain to writing the progrtammable
flag register from the output port (Qp ~ Qg).
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§$:’itching Waveforms (continued) ' . T-46-35 '
E/F Flag (Last Writc to First Read Full Flag) ) T - :
@ FuLL1 FULL : L  FULL~1

o]

l’ terp S e terp .
EF
T | .
: 7 - 7C470-10

mElow N
. 0
E/F Flag (Last Read to First Write Empty Flag) E
] Ty
F —EMPTY +1 ' EMPTY . - EMPTY +1
w —
l‘ terp — teep
EF : ' ”
AF HIGH
- 7C470-11
Half Full Flag
W HALF-FULL l HALF-FULL +1 _ HALF-FULL
" N\
" tHrD *’ e thep
7C47012
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Switching Waveforms (continued) : '
PAFE Flag (Almost Full)

! —’lx___/
R y -
l* tarep —>| = tageD
PAFE

T-46-35

e LOW
7C47043
PAFE Flag (Almost Empty)
W - . . _
’1 tareD - ] tareD
PAFE - - SR,
) T (|
HF HIGH
7C470-14.
Retransmit
tey - toy =
R ——-\_—_-7 / < — ] z——.——
AT — ’ |
N / ja— ta ——I
le- tpy »le—— tpyy ol fﬁv L r tizn
—— toy ) e -
Qo-Qa S X’X‘ DATA VALID:
' 7C470-15
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Switching Waveforms (continued) :
' T-46-35
Mark 7 !
e oy ety
. ] 1
|

f- gy “ pw ———d1e- tpy - . i
[
O
7C470-16 L.
- - - - - T
Empty Flag and Empty Boundary
DATA IN ¥ ' 7 7 _
thAE e . . V , 7
AR 7\
EFF
DATA OUT
7047017
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CY7C470

TheCY7C470,CY7CA472,and CY7C474 FIFOsconsist of an array
0£8,192, 16,384, and 32,768 words of 9 bits each, respectively. The
control consists of a read pointer, a write pointer, a refransmit
pointer, control signals (i.c., write, read, mark, retransmit, and
master reset), and flags (i.e., Empty/Full, Half Full, and Program-
mable Almost Ful/Empty).

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 the Empty flag (E/F) being LOW, and both the Programmable
Almost Full/Empty flag (PAFE) and Half Full flag (HF) being
HIGH. The read pointer, write pointer, and retransmit pointer are
reset to zero. For a valid reset, read (R) and write (W) must be
HIGH trpw/twpw before the falling edge and tryg after the ris-
ing edge of MR.

Writing Data to the FIFO

Data can be written to the FIFO when it is not FULLIU, A falling
edge of W initiates a write cycle. Data appearing at the inputs
(Dg—Ds) tsp before and typ after the rising edge of W will be
storedsequentially in the FIFO.

Reading Data from the FIFOQ

Data can be read from the FIFO when it is not emptyl 12}, A falling
edge of R initiates a read cycle. Data outputs (Qgp—Qg) are in a
high-impedance condition when the FIFO is empty and between
read operations (R HIGH). The falling edge of R during the last
readcycle before the empty condition triggers a high-to-low transi-
tion of E/F, prohibiting any further read operations until tpppafter
avalid write.

=== S CY7C472
==t PRELIMINARY CY7C474
CYPRESS SEMICONDUCTOR H45E D EB 2589LL2 0007291 5 CYp
Switching Waveforms (continued) : T-46-35
Full Flag and Full Boundary -
R
X /i
[ twar tew
N AN NN 1
j«—— terD
«— lgpp ———»|
EF y
tsp > tHo
DATAIN
ta
DATA OUT =
7C470-18
Architecture Retransmit

The retransmit feature is beneficial when transferring packets of
data. It enables the receipt.of data to be acknowledged. by the re-
ceiver and resent if necessary, Retransmission can start from any-
where in the FIFO and be repeated without limitation,

The retransmit methodology is as follows: matk the current value
of the readpoiriter, afteranerrorinsubsequent read operationsre-
turnto that location and resume reading. This effectively resends
allof the data from the mark point, When MARK is LOW, the cur-
rent value-of the read pointer is stored. This operation marks the
beginning of the packet to be resent, When RT is LOW, the read
pointeristupdated with the mark location. Durinigeach subsequent
readcycle, data-is read and the read pointer incremented.

Care must be taken when using the retransmit feature, Use the
mark function such that the write pointer does not pass the mark
pointer,because further write operations will overwrite data,

Programmable Almost Ful/Empty Flag

The CY7C470/2/4 offer avariable offset for the AlmostEmptyand
the Almost Full condition. The offset is loaded into the program- -
mableflag register (PFR) during a master reset cycle. While MR is
LOW, the PFR can be loaded from Qg—Qqg by, pulsing R LOW or
from Dg—Dyg by pulsing W LOW, The offset options are listed in
Table 2. See Tuble I fora description of the six FIFO states, If the
PFR is not loaded during master reset (R and W HIGH) the de-
fault offset will be 256 words from Full and' Empty. -

Notes:

11. When the FIFO is less than half full, the flags make a LOW-to-HIGH
transition on the rising edge of W and make the HIGH-to-LOW tran-
sition on the falling edge of R. If the FIFO is more than half full, the
flags make the LOW-to-HIGH transition on the rising edge of R and
HIGH-to-LOW transition on the falling edge of W,

12. Full and empty states can be decoded from: the Half-Full (FF) and
Empty/Full (E/F) flags,
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Table. 1, Flag Truth Tablel13] T-46-35
CY77C470 T CY7ICaT2 ~CY77CaT4
(8Kx9) (16K x 9). (32Kx 9)

. I Number of Words in Number of Words in Number of Words in

HF L/F | PAFE State FIFO FIFO FIFO

1 0 0 | Empty o ' 0 0

1 [ 0 | AlmostEmpty 15P T 15P 1>P

1 1 1| Lessthan Half Full P+ 14096 P+1-8193 P+ 1 16384

0 1 1 Greater than Half Full 4097 - 8190 ~ P 8193 — 16382 = P 16385 — 32766 — P

0 1 0 | AlmostFull 8191 — P — 8191 16383 - P — 16383 | 32767 — P — 32767

0 |0 [ 0 | Fu 8192 16384 S

Thble 2. Programmable Almost Ful/Empty Empty Options(14] 8

D3 D2 D1 D0 | PAFE Active when: T - P’ & :

0 0 0 0 256 or less locations from Empty/Full (defauls) ) 1 256

0 0 0 1 16 or less locations from Empty/Full 7 ) ) 6
0 0 1 0 32 or less locations from Empty/Fult ) ) - 32
0 0 1 1 64 or less locations from Empty/Full - ' 64
0 1 0 0 128 or less [ocations from Empty/Full ) ) 128
0 1 0 1 256 or less locations from Empty/Full (defaulty i ) 256
0 1 1 0 | S1Zorlesslocations from Empty/Full ' - 512
0 1 1 1 1024 or less locations from Empty/Full N 1024
1 0 0 0 2048 or less locations from Erﬁpty/FuIl ) - 7 2048
1 0 0 1 4098 or less locations from Empty/Fufl[15] - - 4098
L 0 1 0| 81920rless locations from Empty/Fullte] e ] 8192

Notes:

13. See Table 2 for P values. 15. Only for CY7C472 and CY7C474,

14, Almost flags default to 256 locations from Empty/Full. 16. Only for CY7C470.
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Ordering Information T-46-35 -

Speed ) Package | Operating S‘peedr- : Pac’kége dberatihg

(ns) Ordering Code Type Range (ns) Ordering Code Type Range

15 CY77C470-15DC D16 | Commercial 15 | CY77C472-15DC DI6 | Commercial
CY77CAT0-151C 765 “CYT7CAT2-151C 165
CY77C470-15LC 55 CY77CATo-15LC £55
CY77C470-15PC P15 CY77C412-15PC P15 :
CY77C470-15DI D16 | Industrial CY77CA72-15D1 " D16 | Industrial
CY77C470-1511 165 CY77CAT2-1511 165 - |
CY77C470-15P1 PI5 CY77C472-15P1 P15

20 | CY77C470-20DMB Di6 | Military 20 | CY7IC472-20DMB D16 - | Military
CY77C470-20LMB Ls5 CY77C472-20LMB L55

25 | CY77C47025DC D16 | Commercial 25 | CY71C472-25DC Di6 | Commercial
CY77C#70-251C 165 T CY71CA72-251C 165
CY7IC410-25LC Lss CY77C472-25LC 155
CY77C470-25PC P15 CYT7IC472-25PC IS
CY77C470-25D1 Di6 | Industrial CY77C472-25D1 "DI6 | Industrial
CY77C470-25]1 165 - CY77C4T2-25]1 165
CY77C470-25P1 P15 "~ CY7IC472-25P1 | PI5
CY77C470-25DMB DI6 | Military CY77C412-25DMB Di6 | Military
CY77C470-25LMB L55 CY7IC472-25L.MB L35

40 CY77C470-40DC D16 | Commercial 40 CY77C472-40DC D16 | Commercial
CY77C470-40iC 165 CYTICATZ-40IC 165 .
CY77CA70-40LC LS5 - CYTIC472-40LC £55
CY77C470-40PC P15 CY77CaT2-40PC P15
CY77C470-40D1 D16 Industrial - CY77C472-40DI D16 Industrial
CY77C470-4001 165 CY7icaT-40n - F 165 :
CY77C470-40P1 P15 CY77Ca72-40PL PI5
CY77C470-40DMB DI6 | Military CY77C472-0DMB D16 | Militaty
CY77C470-40LMB 55 CY71C472-40LMB 55
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Ordering Information (continued) MILITARY SPECIFICATIONS
S(pe&;d Ordesing Co P:’llg,l;nge O%crnting Group A Subgroup Testing
ns rdering Code e unge . .
15 | CY77CaT4-15DC DI6 | Commercial] DC Characteristics __T-46-35
CY77C47a-151C 165 Parameters Subgroups
CY77C474-15L.C L5 _Vou L2
CY77C474-15PC P15 Vo, 12,3
CY77C474-15D1 D16 Industrial Viu 1,23
CY77Ca7a-15J1 163 ViLMax. 1,2,3
CY77CAT4-15P1 PI5 T 123
20 | CY7/C474-20DMB D16 | Military Tos 133
CY77C474-20LMB 155 oo - 773
75 | CY77C474-25DC D16 | Commercial : - o
CY77C474-251C 165 : o
CYIICHa-BIC 135 Switching Characteristics '-E'-
CY77C474-25PC P15 Parameters Subgroups
CY77C474-25D1 D16 | industrial tcy 9,10, 11
CY77C474-251 165 s 9, 10,11
CY77Ca74-25P1 Pi5 Re 9,10,11
CY77C474-25DMB DI6 | Military tow 5,10, 11
CY77C474-25LMB 55 o — 510,11
40 CY77C474-40DC Die6 Commercial - — 9,10, 11
CY77CA74-401C 765 . . AT
CY77Ca74-40LC 155 HZR i
CY77C474-405C 15 tHwz 510,11
CY77C474-40D1 DI6 | Industrial ) o slom - ;
CY77C474-4001 165 tHp ] 9,10, 11 '
CY77C474-40P1 P15 tEFD 9, 10,11
CY77C474-40DMB D16 | Military —— 9,10, 11
CY77C474-30LMB L55 TAFED 9,10, 11
tRAE " 9,10,11
twaF 1 910,11
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