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Features

e 512x 09,1024 x 9, 2048 x 9
FIFO buffer memory

¢ Dual port RAM cell
¢ Asynchronous read/write

o High speed 25 MHz read/write
independent of depth/width

¢ Low operating power
Icc (max.) = 100 mA commercial
Icc (max.) = 120 mA military

¢ Lower standby power
Icc (max,) = 8 mA commercial
Icc (max.) 15 mA military

Automatic power down
Half full flag in standalone
Empty and full flags

Automatic retransmit in
standalone

e Expandable in width and depth

e Parallel Cascade minimizes
bubblethrough
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CY7C412

PRELIMINARY CY7C424/CY7C429

-Cascadeable 512 x 9 FIFO

Cascadeable 1024 x 9 FIFO
Cascadeable 2048 x 9 FIFO

o TTL compatible

® Three-state outputs

o CY7C412 pin compatible and
functional equivalent to MK4501

Functional Description

The CY7C412, CY7C424, and
CY7CA29 are, respectively, 512, 1024,
and 2048 words by 9-bit wide first-in

first-out (FIFO) memories organized

such that the data is read in the same
sequential order that it was written.
Full and Empty flags are provided to
prevent over-run and under-run. Three
additional pins are also provided to fa-
cilitate expansion in width, depth, or
both. The depth expansion technique
steers the control signals from one de-
vice to another in parallel, thus elimi-
nating the serial addition of propaga-
tion delays so that throughput is not
reduced. Data is steered in a similar
manner.

The read and write operations may be

when the Write (W) signal is LOW and
Read is HIGH. Read occurs when
Read (R) goes LOW and Write (W) is
HIGH. The 9 data outputs go to the
high impedance state when R is
HIGH.

A Half-Full (HF) output flag is provid-
ed that is valid in the standalone and
parallel expansion configurations. In
the depth expansion configuration this
pin is used to tell the next FIFO that it
will be receiving data.

In the standalone and parallel expan-
sion configurations a LOW on the Re-
transmit input causes the FIFO’s
to retransmit the data. Read Enable
(R) and Write Enable (W) must both
be HIGH during retransmit.

The CY7C412, CY7C424, and
CY7CA429 are fabricated using an ad-
vanced 1.2 micron N-well CMOS tech-
nology. Input ESD protection is great-
er than 2000V and latchup is prevented
by careful layout, guard rings and a

e 5V +10% suppl i
PPy asynchronous; each can occur at a rate  Substrate bias generator.
of 25 MHz. The write operation occurs
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Selection Guide
7C412-30 7C412-40 7CA412-65
7C424-30 7C424-40 7C424-65
7CA429-30 7CA429-40 7C429-65
Address Access Time (ns) 30 40 65
Maximum Operating Commercial 100 100 100
Current (mA) Military 120 120 120
Maximum Ratings
(Above which the useful life may be impaired)
Storage Temperature ............... —65°Cto +150°C Static Discharge Voltage ..................... >2001V
Ambient Temperature with (per MIL-STD-883 Method 3015. 2)
Power Applied .................... —55°Cto +125°C Latch-upCurrent...........cooviiiiennnna. >200 mA
Supply Voltage to Ground Potential ....—0.5V to +7.0V Operating Range
DC Voltage Applied to Outputs -
inHighZState.............coo.oul —0.5Vto +7.0V Range Ambient
Temperature Vee
DClInput Voltage ................... —3.0Vto +7.0V -
Power Dissipation ..............ccivviiiennnenn, 1.0W Commercial 0Cto +7°C 5V £10%
Output Current, into Outputs ﬂ,ow) ............. 20 mA Military —35°Cto +125°C 5V +10%
Electrical Characteristics Over Operating Range
CY7C412
L CY7Ca24 .
Parameters Description Test Conditions CY7C429 Units
Min. Max
Von Output HIGH Voltgage Vce = Min, Iopg = —2mA 24 v
VoL Output LOW Voltage Vcc = Min, Ior, = 8.0mA 0.4 A\
Vi Input HIGH Voltage 20 Vee v
Vi Input LOW Voltage -3.0 0.8 A\
Irx Input Leakage Current GND < Vi £ Ve -10 +10 RA
Voo = Max., Commercial 100 mA
Icc Operating Current IoutT = OmA
f=25MHz Military 120 mA
= Max. Co cial 8 mA
Is Standby Current Ve = Max, =
Iout = OmA Military 15 mA
Ios Output Short Circuit Currentl1] Veec = Max., Vout = GND —90 mA
Capacitance[2]
Parameters Description Test Conditions Max, Units
CIN Input Capacitance Ta = 25°C,f = 1 MHz 5 oF
Cout Output Capacitance Vee = 4.5V 7
Notes:

1. For test purposes, not more than one output at a time should be
shorted. Short circuit test duration should not exceed 30 seconds.
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2. Tested on a sample basis.
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SEMICONDUCTOR
AC Test Load and Waveform
v R14370 30V o %0%
oUTPUT 3 oND 1oxf tltm
L ’ <6ns <5ns
weF 2 P 0081-5
I ',T‘Sk‘,"?,'"“ | Figure 2. All Input Pulses
T SCOPE T
0081-4
Figure 1
Equivalent to: THEVENIN EQUIVALENT
1679
OUTPUT O———AAMA——0 1.73V
0081-8
Switching Characteristics Over the Operating Rangel1]
7C412-30 7C412-40 7C412-65
7C424-30 7C424-40 7CA24-65
Parameter Description 7C429-30 7C429-40 7C429-65 Units
Min. Max. Min. Max, Min, Max.
trRC Read Cycle Time 40 50 80 ns
tAA Address to Data Valid 30 40 65 ns
tRR Read Recovery Time 10 10 15 ns
tPR Read Pulse Width 30 40 65 ns
tLZR Read LOW to Low Z 5 5 10 ns
tDVR Read HIGH to Data Valid 5 . 5 5 ns
tHZR Read HIGH to High Z 20 25 30 ns
twe Write Cycle Time 40 50 80 ns
tpw Write Pulse Width 30 . 40 65 ns
tLZW Write LOW to Low Z 10 10 15 ns
twR Write Recovery Time 10 10 15 ns
tsD Data Set-Up Time 18 20 30 ns
tHD Data Hold Time 0 0 10 ns
tMRSC MR Cycle Time 40 50 80 ns
tPMR MR Pulse Width 30 40 65 ns
tRMR MR Recovery Time - 10 10 15 ns
tRTC Retransmit Cycle Time 40 50 80 ns
tPRT Retransmit Pulse Width 30 40 65 ns
tRTR Retransmit Recovery Time 10 10 15 ns
tEFL MR to EFLOW 40 50 80 ns
tHFH MR to HF HIGH 40 50 80 ns
tFFH MR to FF HIGH 40 50 80 ns
tREF Read LOW to EF LOW 30 35 60 ns
{REF Read HIGH to FF HIGH 30 35 60 ns
tWEF Write HIGH to EF HIGH 30 35 60 ns
tWFF Write LOW to FF LOW 30 35 60 ns
tWHF Write LOW to HF LOW 40 50 80 ns
tRHF Read HIGH to HF HIGH 40 50 80 ns
5-42
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Switching Characteristics Over the Operating Rangelll (Continued)

- 7C412-65

7C412-30 7C412-40
L 7C424-30 7C424-40 7C424-65

Parameter Descripﬂon 70‘29_30 7C429-40 7C429-68 Units
Effective Read

RAE from Write HIGH 30 3 60 ns
Effective Read Pulse

IRPE Width after EF HIGH 30 40 65 ns

tWAF E‘:;f“n"“’ wl' }"{';‘G’;’{"m 30 35 60 ns
Effective Write Pulse

PWF Width after FF HIGH 30 - 40 65 ns

txoL ‘ mgm O&:clfw 25 35 55 ns

txonl2! ?ﬁ; oq“ﬁm“ 25 35 60 ns
Expansion Out HIGH

tXCH Delay from Clock 35 35 ns

tPXF X1 Pulse Width 30 40 60 ns

tXIR X1 Recovery Time 10 10 ) 15 ns
X1 Set-Up to .

tx1s Write or pClocll: 13 15 25 ns

Notes:
1. Test condition: s time of 5 ns or less, timing

reference levels of 1.5V and output loading of the specified IoL/IoH
and 30 pF load capacitance, as in Figure Ia.

Architecture

The CY7C412/24/29 FIFOs consist of an array of
512/1024/2048 words of 9-bits each (implemented by a
dual port RAM cell), a read pointer, a write pointer, con-
trol signals (W, R, XTI, XO, RT, MR) and Full, Half
Full, and Empty flags.

Dual Port RAM

The dual port RAM architecture refers to the basic memo-
ry cell used in the RAM. The cell itself enables the read
and write operations to be independent of each other,
which is necessary to achieve truly asynchronous operation
of the inputs and outputs. A second benefit is that the time
required to increment the read and write pointers is much
less than the time that would be required for data to propa-
gate through the memory, which would be the case if the
memory were implemented using the conventional register
array architecture.

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 (EF) being LOW,
and both the Half-Full (HF) and Full flag (FF) resetting to
HIGH. Read (R) and Write (W) must be HIGH trpw
before and tRMR after the rising edge of MR for a valid
reset cycle.

This Materi al
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2.~txogi.s guaranteed to be greater than or equal to txor under all
conditions.

Writing Data to the FIFO.

The availability of an empty location is indicated by the
HIGH state of the Full Flag (FF). A falling edge of Write
(W) initiates a write cycle. Data appearing at the inputs
(DO0-D8) tps before and tpy after the rising edge of W
will be stored sequentially in the FIFO. )

The Empty flag (EF) LOW to HIGH transition occurs
twep after the first write into an empty FIFO. The Half-
Full flag (HF) will go LOW on the falling edge of the write
operation following the occurrence of half full. HF will
remain LOW while the difference between the values of the
read and write pointers is less than one half of the total
memory of this device. The LOW to HIGH transition of
the HF flag occurs on the rising edge of Read (R). HF is
available in Single Device Mode only. The Full flag (FF)
goes low on the falling edge of W after the last available
location in the FIFO is written, prohibiting overflow. FF
goes HIGH trFr after the completion of a valid read.

Reading Data from the FIFO

The falling edge of Read (R) initiates a read cycle if the
Empty flag is not LOW. Data outputs (Q0-Q8) are in
a high impedance condition between read operations
HIGH), when the FIFO is empty, or when the FIFO is in
the Depth Expansion Mode but is not the active device.
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Architecture (Continued)

The falling edge of the last read before empty triggers a
HIGH to LOW transition of EF, prohibiting any further
read operations until twgr after a valid write.

Retransmit

The Retransmit (RT) input is active in the Single Device
Mode only. A LOW pulse on RT resets the internal read
pointer to the first physical location of the FIFO. The write
pointer is unaffected. R and W must both be HIGH during
a retransmit cycle.

Single Device/Width Expansion Modes

Single Device and Width Expansion Modes are entered by
ggundin X1 during a MR cycle. During these modes the

and features are available. FIFOs can be expanded
in width to provide word widths greater than 9 in incre-
ments of 9. During Width Expansion Mode all control line
inputs are common to all devices and flag outputs from any
device can be monitored.

Switching Waveforms
Asynchronous Read and Write Timing Diagram

{

Depth Expansion Mode

Depth Expansion Mode is entered when, during a MR cy-
cle, Expansion Out (XO) of one device is connected to
Expansion In (XI) of the next device, with XO of the last
device connected to X1 of the first device. In the Depth
Expansion Mode the First Load (FL) input, when ground-
ed, indicates that this part is the first to be loaded. All
other devices must have this pin HIGH. To enable the
correct FIFO, XO is pulsed LOW when the last physical
location of a FIFO is written to and is pulsed LOW again
when the last physical l6cation is read. Only one FIFO is
enabled for read and one is enabled for write at any given
time, all other devices aré disabled. '

FIFOs can also be expanded simultaneously in depth and
width to provide word widths greater than 9 in increments
of 9. Consequently, any depth or width FIFO can be creat-
ed. When expanding in depth, a composite FF must be
created by OR-ing the FFs t%;ther. Likewise, a composite
EF is created by OR-ing the EFs together. HF and
functions are not available in Depth Expansion Mode.
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Master Reset Timing Diagram
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Notes:
1. tMRSC = tPMR T IRMR-

2. Wand R = meupdthcﬁsingedgeofm.
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Switching Waveforms (Continued)
Half-Full Flag Timing Diagram

HALF~FULL HALF=FULL + 1 | HALF=FULL
W y . —
trur
ﬁ L
twhr
HF
0081-9
Last WRITE to First READ Full Flag Timing Diagram
ADDITIONAL
LAST WRITE FIRST READ READS FIRST WRITE
R \_f \_/
—-— — \ F—
! ‘—I
twF| tReF
FF
0081-10
Last READ to First WRITE Empty Flag Timing Diagram
ADDITIONAL
LAST READ FIRST WRITE WRITES FIRST READ
v \_)l’ n__/
N 4 J \__/
—=trer twer ‘
EF ]F_
taa
v, v, 7 v,
DATA OUT = QOKvaLDX X XXvALoX X)
0081-11
Retransmit Timing Diagram
| teRT
FL/RT * 7
R, W j—/———
l—tgrr
0081-12
Notes:

L trTC = tRT t tRTR.
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2. EF, 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 tRTC.
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Switching Waveforms (Continued)
Empty Flag and Read Bubble-Through Mode Timing Diagram
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Full Flag and Write Bubble-Through Mode Timing Diagram
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Expansion-Out Timing Diagram
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0081-15
Expansion-In Timing Diagram
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Ordering Information
S‘f(:)" Ordering Code P"‘w‘:“ °;‘:$“ s(‘;';" Ordering Code P‘lf;:ge 0;'::8

30 | cyrcaz-30pc P15 Commercial 30 | cyrcas-30pc P15 Commercial
CY7C412-30 JC 165 CY7C424-30 JC 165
CY7C412-30 DC D16 CY7C424-30 DC D16
CY7C412-30 LC LS5 CY7C424-30 LC L55
CY7C412-30 DMB L16 Military CY7C424-30DMB | D16 Military
CY7C412-30 LMB L55 CY7C424-30 LMB L55

40 | Ccy7C412-40 PC P15 Commercial 40 | cyicas-40PC P15 Commercial
CY7C412-40JC 365 CY7C424-40 JC 365
CY7C412-40 DC D16 CY7C424-40 DC D16
CY7C412-40 LC L55 CY7C424-40 LC L55
CY7C412-40 DMB D16 Military CY7C424-40 DMB D16 Military
CY7C412-40 LMB Ls5 CY7C424-40 LMB L55

65 | CY7C412-65PC P15 Commercial 65 | CY7C424-65PC P15 Commercial
CY7C412-65 IC 365 CY7C424-65 JC 365
CY7C412-65 DC D16 CY7C424-65 DC D16
CY7C412-65 LC L55 CY7C424.65 LC LS5
CY7C412-65 DMB D16 Military CYTC424-65DMB | D16 Military
CY7C412-65 LMB L55 CY7C424-65 LMB Ls5

S(l;:d Ordering Code P“Tf;‘;ge omﬁ:g

30 | cyrcae-30pPC P15 Commercial
CY7C429-30 JC 165
CY7C429-30 DC D16
CY7C429-30 LC LS5
CY7C429-30 DMB D16 Military
CY7C429-30 LMB L55

40 | cyicazsaorc P15 Commercial
CY7C429-40 JC 365
CY7C429-40 DC D16
CY7C429-40 LC L55
CY7C429-40 DMB D16 Military
CY7C429-40 LMB L55

65 | cY7C429-65 PC P15 Commercial
CY7C429-65 JC 365
CY7C429-65 DC D16
CY7C429-65 LC L55
CY7C429-65 DMB D16 Military
CY7C429-65 LMB LSS
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