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Features

¢ 8Kx9, 16K x 9, 32K x 9 FIFO buffer
memory

¢ Asynchronous read/fwrife

High-speed 33.3.MHz read/write inde-
pendent of depth/width

e Low operating power
—Icc (max.) = 160 mA
(commercial)
—I¢c (max.) = 165 mA (military)

Functional Description

The CY7C460, CY7C462, and CY7C464
are respectively, 8K, 16K, and 32K words
by 9-bit wide first-in-first-out (FIFO) me-
mories. Each FIFO memory is organized
such that the data is read in the same

sequential order that it was written. Full.

and Empty flags are provided to prevent
overrun and underrun. Three additional
pins are also provided to facilitate unlimit-
ed expansion inwidth, depth, or both, The
depth expansion technique steers the con-

data outputs go to the high-impedance
state-when R is HIGH.

A Half Full (HF) output flag is: provided
that is valid in the standalone (single de-
vice) and width expansion configurations;
In the depth expansion configuration, this
pin provides the expansion out (XO) infor-

matjon that is used to tell the next FIFO -

that it will be activated.

In the standalone and width expansion
configurations, a LOW on the retransmit
(RT)input causes the FIFOs to retransmit

* HalfFull flag in standalone trol signals from one device to anotherin  the data. Read enable (R) andwrite enable
e Emply and Full flags parallel, thus eliminating the serial addi- (W) mustboth be HIGH during aretrans-
o Retransmit in standalone tion of propagation. delays, 50 that mitcycle, and then R is used to access the
o Expandable in width and depth ghrou'gh};ut is notxfcduced. Dataissteered data, -
o 5V 10% supply I & simfar manner. . The CY7C460, CY7C462, and CY7CA64
e PLCC, LCC, and 600-mil DIP The read and write operations may be  are fabricated using an advanced 0.8-mi-
packaéing ' asynchronots; each can occur atarateof  cronN-well CMOStechnology. Input ESD
. 33.3 MHz. The write operation occurs . protection is greater than 2000V and latch-
¢ TTL compatible when the write (W) signal is LOW, Read yp'is prevented by. careful layout, guard
¢ Three-state outputs occurswhenread (R) gocsLOW. The nine  rings, and a substrate bias generator.
¢ Pin compatible to IDT7205 and
IDT7206
Logic Block Diagram Pin Configurations
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Selection Guide 7
o T7C460-15 7C460-20 |  7C460-25 7C460—40
7C462—15 7€462—20 7C462—25 - 7C462~—40
7C464~15 7C464~20 7C464-25 | . 7Cd64~d0
Frequency (MHz) ) ) 333 285 285} ¢ 20
Maximum Access Time (ns) 15 i 20 -] 25 ] 40
Maximum Operating Commercial 160 [ s 125
Current(mA, Military - B A I R 145
Maximum Ratings - _
(Abovewhich the useful life may be impaired. Foruserguudelmcs Static Discharge Voltage .. ... Veessrrrr e enanes 22001V
nottested.) (per MIL-STD-883, Method 3015)
Storage Temperature .........cvvvven - 65°Cto +150°C Latc}l—U{) Cgrrcnt Pueeserees Trarersarens sevees >200mA
Ambient Temperaturewith Operating Range )
PowerApplied ......cooovviiiiniint, - 55°Cto +125°C T Ambient
Supply Voltage to Ground Potential........ —-0.5Vto +74V Range~ Temperature” Vce
DC Voltage Applied to Outputs Commercial 9 ° 5V 109
0 EHGH Z SMRE 2 evererrereneenennnns —05Vio +7.0V et 0 Com”of —
DCInput VOAge «..vvvevnnarernnennnn -3.0Vio+70v | Industrial __—40°Clo +85°C SV £ 10%
POWerDISSIPALtION v vvveveerenerenenerseranenes row | Militaryll. —55°Cto +125°C | SV =10%
Output Current, into Outputs (LOW) .......c.oovvnee 20mA :
Electrical Characteristics Overthe Operating Rangel? .
) 7C460-15 | 7C460-20 | 7C460-25 |- 7C460-40
7C462-15 | 7C462-20 | 7C462-25 | 7C462-40
7C464-15 | 7C464-20 | 7C464-25 | TC464-40
Parameter Description Test Conditions Min. | Max, | Min. | Max, [ Min. | Max, | Min. | Max. | Units |
Vou Output HIGH Vec=Min,Igg=—-20mA | 24 24. 2.4 2.4 \'%
Voltage i )
VoL Output LOW Voltage | Ve = Min, I, = 8.0mA 04 -t 04 0.4 04 Vv
Vin Input HIGH Voltage Coml [20] |- |~ [20 2.0 TV
Milind |22 122 22
ViL Input LOW Voltage 0.8 0.8 08 | 0.8 \4
Iix Input Leakage GND < Vi< Ve —~10[ +10 [ 10 | +10 [ -10 | +10 [ -10[ +10°} pA
Current )
Ioz Output Leakage R>Viy,GND< Vo< Vec | ~10 | +10 } 10| +10 [ =10 | +10 | =107| 10 HA
Current A I
Icc Operating Current Vce = Max,, Com'[%] 160 ] s 125 mA
Toyr =0mA gl 1 165 11w [ [145]
Isp1 Standby Current All Inputs = V¢ [ Coml 25 25 | 1 25 [ mA
Min. :
Mil/ind ) 30 30 | 30
Isg2 Power-DownCurrent | AllInputs Vee | Com’l ~|-20 ] 20 | 20 | mA
- 02V Mil/ind ,‘ 25 25 1725
Ios Output Short Ve = Max, Voyt = GND 90 =901 -90 -90 | mA
Circuit CurrentlS) :
Notu
Ta is the “instant on” case temperature. 4, Igc(milifary) = | 145mA + [(F—20) * 2.5 mA/\le]
2. See the last page of this specification for Group A subgroup testing in- - for f > 20 MHz
formation. where f = the larger of the write or read operating frequency.
3. Igc(commercial) = 125 mA + [(f 20) * 2.5 mA/MHz] 5. For test purposes, not more than one output at a time should be
forf> 2 shorted, Short circuit test duration should not exceed 30 seconds.

where = the larger of the wme or read operating frequency. 6. Testedinitially and aftec any design or process changes that may affect
these parameters. )
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Parameters Description Test Conditions L Max. Unifs
Ci TnputCapacitance Ty =25°C, £ = L Mz, 5 pF
Court OutputCapacitance Vee =50V ) 7. pE
AC Test Loads and Waveforms
o o Th02 oA ALLINPUT PULSES
OUTPUT QUTRUT 30v = 1
30 pF g:?:!ﬂ 5pF 2\%“ GND
INCLUDINS INCLgEL[:g j
— —_ {{ — —
‘ns%gbée - = Cdeg-4 Jscor’e - C460-5
(@) (b)
Equivalent to: THEVENIN EQUIVALENT
20002

QUTPUT Or———AA——— 0 2V

Switching Characteristics Over the Operating Rangel27]

7C460~15 | 7C460-~20 | 7C460—25 | 7C460-40

7C462-15 | 7C462-20 | 7C462-25 | 7Cd62—40

TCA64-15 - | 7C464-20 | 7C464-25 | 7Cd64-40

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

tre Read Cycle Time 30 0 | [ [ [ %0 T o
ta Access Time 15 20 25 ) 40 ns
tRR Read Recovery Time 15 15 10 i 10 ) ns.
PR Read Pulse Width 15 20 | 25 40 ns
tzR Read LOW to Low Z T 3 ' 3 ns
tpvrS! Read HIGH to Data Valid 3 ns
l1zr® Read HIGH to High Z 15 5 | | 18 25 1
twe Write Cycle Time 30 0 | 35 50 s
tow Write Pulse Width 15 20 | 25 40 s
tHwZ Write HIGH to Low Z 5 5 5 5 ns
tWR Write Recovery Time 5| 15 10 10 ns
D Data Set-Up Time i1 12 T 15 20 s
tup Data Hold Time 0 0 | 0 Tns
tMRSC MR Cycle Time 30 30 35 50 V ns
tPMR MR Pulse Width 15 T 20 %5 40 ns
IRMR MR Recovery Time 15 15 = 10 10 ns
trpW Read HIGH to MR HIGH 5| 20 2 40 1S
Twew Write HIGH to MR HIGH 15 20 | 2 40 s
tRTC Retansmit Cycle Time 30 35 135 50 ns
tPRT Retransmit Pulse Width 15 20 | | 2 40 1s
tRTR Retransmit Recovery Time 15 15 10 10 ) ns
tEFL MR to EF LOW 30 33 | 35 50 as
e MR to HE HIGH T30 | 3 || 35 50 ns
trFH MR to FF HIGH 30 35 3 50 | o
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Switching Characteristics Over the Operating Range(2l (continued) T-46~35
7C460-15 7C460—20 7C460-25 7C460-40
7C462—-15 | 7C462-20 | 7C462-25 | 7C462-40
7C464-15 | 7C464-<20 7C464-25 TC464~40 )
Parameters Description Min. | Max. | Mim. | Max. | Min. | Max. | Min, | Max. | Units
{REF Read LOW to EF LOW 15 20 25 40 ns
IREF Read HIGH to FF HIGH 5 20 25 40 | us
TWEF Write HIGH to BF HIGH 15 30 73 A0 | ns
twEr Write LOW to FF LOW 15 20 25 40 ns.
tWHF Write LOW fo LiE LOW 30 35 35 50 | us
tRHF Read HIGH to HF HIGH 30 35 35 . 50 ns
tRAE Effective Read from Write HIGE 15 20 25 T30 | ns
IRPE Effective Read Pulse Width After EFHIGH | 15 ] 20 25 - 40 ns
twAF Effective Write from Read HIGH 15 20 25 | 40 ns
twer Effective Write Pulse Width After FEHIGH | 15 20 . 25 ) 40 i ns
tXOL Expansion Out LOW Delay from Clock 15 20 | 25 30 | ns
tXOH Expansion Out HIGH Delay from Clock 30 35 35 50 | ns
Switching Waveforms[®l
Asynchronous Read and Write
tac tpR
_ tA AR >
R—
|
* tovR

tzp =
DATA VALID

DATA VALID

twe -
fpw ‘ twr . . .
w N Y A ’
tsp —>— tup )
Do—Dg DATA VALID . DATA VALID
- C460-7
Master Reset e typscl!t
tevA
MR —
R A
R W 77 CIILL LI SLI SIS N N / )
fpw
. f«— terL
EF ;I WPW ety '
D
HF
AR
FF ] C460-9

Notes:

7. Testconditions fon time of 5 ns or less, timing 9. A HIGH-to-LOW transition of either the write or read strobe causes

nal tr:
reference levels of 1. 5V and output loading of the specified IOIJIQH
and 30 pF load capacitance, as in part (a) of AC Test Load, unless
otherwisespecified.

tyzr and tpyg use capacitance loading as in part (b) of AC Test Load.

10.
11
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a HIGH-to-LOW transition of the responding flag, Correspondingly,
a low-to-high strobe transition causes aLOW-to-HIGH flag transi-
tion, -

WandR = Vu{ around the rising edge of MR.

tMRSC = tPMR + tRMR.
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Switching Waveforms T-46-35
Half Full Flag .
HALF FULL HALF FULL +1 | HALF FULL
W : i
~ __/
- tAHE e
R I
<= twHr
- PR
v
ci609
Last Write to First Read Full Flag
ADDITIONAL )
& LAST WRITE FIRST READ READS FIRST WRITE |
3 - B 0
A o
\__7 2
W — - L.
X/ \__/
twer —>{'rFF -
K
C460-10
Last READ to First WRITE Empty Flag
ADDITIONAL
W LAST READ FIRST WRITE WRITES FIRST READ
1 N/ |
—>tReF —>twer -
ﬁ { #r—' | 7
ta - E :
\/ \/ \/ \/ o
DATA OUT ~ QIXVAUR XX KRVALR YO
) R C450-11
Retransmit(12:13]

tare

tPRT

g
f=
3

( N

. C460-12
Notes:
12, trTC = tpRT * tRTR.

[~ tgrR ——™

13. EE HF and FF may change state during retransmit as a result of the
offset of the read and write pointers, but flags will be valid at trc.
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Switching Waveforms (continued) T~ 46-*35-

Empty Flag and Read Bubble-Through Mode

DATAIN k
! n_____ £

[« tpaE > .
AAANANEARARRRRRTRRANY _j‘_—\______
EF —
DATA OUT )
ClE0-1
Full Flag and Write Bubble-Through Mode
R _5( ¥ |
[+ twar twee
LANVARERRRRRRRATANNNS A
[ twrr —
[« taer -
" k ;l
—» tHo
DATA IN = ~ DATAVALID
e— 1 7 e tsp —>]
DATA OUT DATA VALID
C460-14
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Switching Waveforms (continued)

T-46-35

Expansion Timing Diagrams

W V -
—» txoL o
X0y (Xig)l14) NRS/
t tHD ' o ,
g ° . ) Sp —>
Do-Ds VO'0"'0'0'0"7‘7‘70707"“ DATA VALID QX‘X’X‘X‘X‘X’X‘X’XQ . DATAVALID % :
V 7 C460-15

)
O
w
™

o

RO (R 114

Qp—Qg

Notes:
14. Expansion out of device 1 (XOy) is connected to expansion in of device 2 (XT).
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Architecture Retransmit

Resetting the FIFO The retransmit feature is beneficial when transferring packets of

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 (EF) being LOW, and both the Half Full (HF),
and Full flags (FF) being HIGH. Read (R) and write (W) must be
HIGH tgpwitwpw before and tryg after the rising edge of MR
for avalid reset cycle. If reading from the FIFO after a reset cycle
isattempted, the outputs will all be in the high-impedance state.

WWriting Data to the FIFQ

The availability of at least one empty location is indicated by a
HIGHFE. The falling edge of W initiates a write cycle. Data ap-
pearingat the inputs (D — Dg) tsp before and typ after the rising
edge of W will be stored sequentially in the FIFO.

The EF LOW-to-HIGH transition occurs twgr after the first
LOW-to-HIGH transition of W for an empty FIFO. HF goes
LOW twyrafter the falling edLofW fol[owmg the FIFO actual[y
being half full. Therefore, the HF is active once the FIFO is filled
to half its capacity plus one word. HF will remain LOW while less
than one half of total memory is available for wrmng The
LOW-to-HIGH transition of HF occurs tryr after the nsmg edge
of R when the FIFO goes from half full +1 to half full. HF is avail-
able in standalone and width expansion modes. FF goes LOW
tw after the falling edge of W, during the cycle in which the last
available location is filled. Internal logic prevents overrunning a
full FIFO. Writes to a full FIFO are ignored and the write pointer
is not incremented. FF goes HIGH tgrpr after a read from a full
FIFO.

Reading Data from the FIFO

The falling edge of R initiates a read cycle if the EF is not LOW:
Data outputs (Qp — Qg) are in a high-impedance condition be-
tween read operations (R HIGH), when the FIFO is empty, or
when the FIFO is not the active device in the depth expansion
mode.

When one word is in the FIFQ, the falling edge of R initiates a
HIGH-to-LOW transition of EE. When the FIFO is empty, the
outputs are in a high-impedance state. Reads to an empty FIFO
are ignored and do not increment the read pointer. From the
empty condition, the FIFO can be read twgr after a valid write,

data. It enables the receipt of data to be acknowledged by the re-

ceiverand retransmitted if necessary. The tefransmit (RT) input is
active in the standalone and width expansion modes. The retrans-

mit. feature is intended for use when a number of writes
equal-to-or-less-thanthe depth of the FIFQ have occurred since
the last MR cycle, A LOW pulse on RT resets the internal read
pointer to the first physical location of the FIFO. R and W must

bothbe HIGH while and tgyrafterretransmitisLOW. Withevery
read cycle afterretransmit, previouslyaccessed dataisreadand the

read pointer mcremented until:equal to the write pointer. Full,
HalfFull, and Empty flags are governed by the relative locations of
the read and write pointers and are updated during a retransmit
cycle. Pata written to the FIFO after activation of RT are trans-
mitted also.

The full depth of the FIFO can be repeatedly retransmitted.
Standalone/Width Expansion Modes

Standalone and width evpansmn modes are:set by grounding ex-
pansion in (XT) and tying first load (FL) to Vigc prior to a MR
cycle. FIFOs can be expanded in width fo provide word widths
gteater than nine in increments.of nine. During width expansion
mode, all control. line inputs are cominon to-all devices, and flag
outputs from any device can be monitored. )

Depth Expansion Mode (see Figure 1)

Depthexpansion madeisentered when, duringa MR  cycle, expan- -
sion out (XO) of one device. is connected to expaunsion in (XT) of
the next device, with XO-of the last device connected to X1 of the
firstdevice, In the depth expansion mode, the firstload (FL) input,
when grounded, indicates that this is the first part tobe loaded. All
other devices. must have this pin HIGH. To enable the correct
FIFO, XO is pulsed LOW when the last physical location of the:
previousFIFOQ is written to and is pulsed LOW again when the last
physical location is read. Only one FIFO is-enabled for read and
one is enabled for write at any given time. All other devices are in
standby.

FIFOs can also be expanded simultancously in depth and width.
Consequently,any depth or width FIFO can be created with word
widthsinincrements of nine. When expanding in depth, acompos-
ite FF iscreated by ORing the FFstogetlier. Likewise, acompostie
EFiscreated by ORing EFs touether,HF and RT functionsare not
availablein depth expansion mode.
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Figure 1. Depth Expansion
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Ordering Information :
Speed Package Operating Sp_eéd i T Package Operating
(ns) Ordering Code Type Range (ns) Ordering Code Type Range
15 CY7C460-1SDC Di6 Comniercial 15 CY7C462-15DC D16 C_oinmerciral
CYTCH60-150C 165 CY7C4615IC | 165
CY7C460-15LC L55 CY7C462-15LC L35
CY7C460-15PC P15 CY7C462-155C TPI5
CY7CA60-150T 165 [ Industrial CY7C462-1511 T165 | Industrial
CY7C460-15P1 P15 CY7C462-15P1 Pis
20 | CY7C460-20DMB DI6 | Military 30 | CY7C462-20DMB. D16 | Military
CY7Ca60-20LMB 155 CYTCi62-20LMB 55
25 CY7C460-25DC D167 Commercial 25 CY7C462-25DC i DiG Commercial
CY7C460-251C 165 CYTCi62-351C 165
CYIC460-25LC L55 CY7Ca62-25LC 155
CYICi60-25PC P15 CY7CA62-25PC P15
CY7C460-25]1 165 Industrial CY7C462-ZSJf J65. Industrial
CY7CA60-25P1 P15 "CY7CA62-25P1 P15 -
CY7C460—25DMB D16 | Miiitary CY7C462-25DMB. DI6 | Military
CYICd60—25LMB Lss CY7C462—25LMB 55 :
40 | CY7C460-40DC D16 | Commercial 40 | CY7C462-40DC - D16 | Commercial |
CY7C460-401C 165 CY7C462-401C. 165
CY7C460-40LC L55 CY7C462-40LC L53
CY7CA60-40PC P15 CY7CA62-40PC P15 -
CYTCa60-4011 765 | Industrial CY7CH62-4001 765 | Industrial
CY7C460-40PT Pis CY 7C462-40PL P15
CY7CA460-40DMB D16 | Military CY7CA62-40DMB D16 - | Military
CY7C460-40LMB 55 [ CY7C462-40LMB T L55 :
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Ordering Information (continued)

Speed Package Operating T_46—35

(ns) Ordering Code Type Range

15 CY7C464-15DC D16 Commiercial
CY7C464-151C J65
CY7C464-15LC LSS
CY7C464-15PC P15
CY7C464-15J1 J65 Industrial
CY7C464-15P1 P15

20 CY7C464-20DMB Di6 Military
CY7C464-20LMB LSS

25 CY7C464-25DC Di6 Commercial
CY7C464-25JC J65 o
CY7Ca64-25LC 155 Q
CY7C464-25PC P15 ™
CY7C464-2531 - J65 Industrial )
CY7C464-25P1 P15 . -
CY7C464-25DMB D16 Military
CY7C464—-25LMB L35

40 CY7C464-40DC D16 Commercial
CY7C464-40]JC 165
CY7C464-40LC LS55
CY7C464-40PC P15
CY7C464-4011 65 Industrial
CY7C464-40P1 P15
CY7C464-40DMB D16 Military
CY7C464-40LMB Ls5
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MILITARY SPECIFICATIONS T~46-35
Group A Subgroup Testing '
DC Characteristics Switching Characteristics
Parameters Subgroups ! Parameters Subgroups
VYout 1,2,3 tRe - ]910,1F
VoL 1,23 ta 9,10,11
Vin 1,2,3 tRR ) 9,10, 11
Vi Max. 1,2,3 tpr 19,1011
Iix 1,2,3 tzr . | 910,11
Icc 1,2,3 tDVR 9,10, 11
Isg1 1,2,3 tHZR 9,10, 11
Isp2 ,2,3 twe ) . 9,10, 11
Ios 1,2,3 tpw 9,10; 11
tHwWZ 9,10, 11
twr 9,10, 11
[ - |910,11
tup 910,11
tMRSC 1 9,10,11
tPMR 9,10, t1
tRMR. S 9,10, 11
trReW 9,10, 11
twpw 9, 10, 11
tatc 9,10,11
tprT 9, 10,: 11
tRTR 19,1011
tRFL 9,10,11.
tHFH 9,10,11 .
tFFU 9,10,11
tREF - 9,10, 11
tRFE ) 9, 10, il
twEF 9,10, 11
tWER 9,10, 11
twHE 9,10, 11
tRHE 9,10, 11
IRAE 9,10, 11
trRPE 9,10,11
WAF 9,10, 11
twer . - |910,11
tXOL 9,10,11
tXOH 9,10,11
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