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IMPORTANT NOTICE

Texas Instruments Incorporated (T1) reserves the right to make changes to its
products or to discontinue any semiconductor product or service without notice,
and advises its customers to obtain the latest version of relevant information to
verify, before placing orders, that the information being relied on is current.

TI warrants performance of its semiconductor products and related software to
current specifications in accordance with Tl's standard warranty. Testing and
other quality control techniques are utilized to the extent T| deems necessary to
support this warranty. Specific testing of all parameters of each device is not
necessarily performed, except those mandated by govemment requirements.

Please be aware that Tl products are not intended for use in life-support
appliances, devices, or systems. Use of Tl product in such applications requires
the written approval of the appropriate T| officer. Certain applications using
semiconductor devices may involve potential risks of personal injury, property
damage, or loss of life. In order to minimize these risks, adequate design and
operating safeguards should be provided by the customer to minimize inherent
or procedural hazards. Inclusion of T| products in such applications is understood
to be fully at the risk of the customer using Tl devices or systems.

T1 assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does TI warrant or represent that any license, either express or implied, is
granted under any patent right, copyright, mask work right, or other intellectual
property right of T| covering or relating to any combination, machine, or process
in which such semiconductor products or services might be or are used.

Copyright © 1993, Texas Instruments Incorporated



INTRODUCTION

First-In, First-Out (FIFO) memories from Texas Instruments are valuable data path elements for
eliminating bottienecks and regulating flow. Data transfers in and out of a FIFO memory are
independent of one another and allow the device to be the communication medium between two
asynchronous systems. Empty and full status flags that prevent underflow and overflow
condttions are standard with all devices, and many have programmable almost full/almost empty
flags to optimize the control of a particular system.

Each FIFO is constructed with a dual-port SRAM, read and write address incrementing logic, and
flag circuitry. Rising-edge-triggered clocks are featured on all TI FIFOs, with self-timed reads and
writes on memory that allow a large variance of usable pulse widths. The strobed style of FIFO
produced by Tl writes data to memory on each low-to-high transition of the load clock (LDCK)
input and reads data on each rising edge of the unload clock (UNCK) input.

TI's clocked style FIFO can also receive asynchronous clocks for writing and reading data, but
the clock inputs are designed to be continuous, with the rising edge affecting data transfers when
separate enable signals are asserted. This characteristic allows a seamless interface between
the device and other high-speed buses or microprocessors with similar control. The availability
of the free-running clock also provides the means to synchronize the full and empty status flags
for use as reliable control signals and reduce the amount of external support logic. Each Ti
clocked FIFO has its empty flag synchronized to the read clock and its full flag synchronized to
the write clock with at least two flip-flop stages. Clocked FIFOs produced in Advanced CMOS
technology can support clock frequencies up to 67 MHz, and the SN74ABT7819, the first FIFO
produced in Advanced BICMOS technology, is capable of speeds up to 80 MHz. The
SN74ABT7819 is also a bidirectional FIFO, with two independent FIFO memories combined on
one chip to buffer data in opposite directions.

Memory organization of the FIFOs ranges in depth from 16 words to 2048 words and data bit
widths of 4, 5, 8, 9, and 18. To accommodate the need of reducing the package area as data
widths increase, many Tl FIFO memories are offered in shrink surface-mount packages. The
SSOP and SQFP packages, with 25-mil and 0.5-mm lead pitch, respectively, can reduce the
FIFO-dedicated board area by 70% over PLCC packages.

Texas Instruments continues to offer leading-edge solutions to customers’ needs in both
packaging technology and device architecture. This is evidenced by the 120-pin SQFP with
16 mm x 16 mm area used to house the upcoming 32- and 36-bit products. With features such
as synchronous retransmit, mailbox bypass registers, byte swapping, and bus-width matching,
these devices provide a high level of integration in a compact area for applications such as
interfacing a digital signal processor (DSP) to a host processor and matching systems with
different memory organizations.



PRODUCT STAGE STATEMENTS

PRODUCTION DATA information is current as of publication date. Products conform to
specifications per theterms of Texas Instruments standard warmranty. Production processing
does not necessarily include testing of all parameters.

PRODUCT PREVIEW information concerns products in the formative or design phase of
development. Characteristic data and other specifications are design goals. Texas
Instruments reserves the right to change or discontinue these products without notice.

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase
of development. Characteristic data and other specifications are subject to change without
notice.

The next statements must be used in combination:

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information
current as of publication date. Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not necessarily include testing
of all parameters.

If any of the pages contain PRODUCT PREVIEW information, this statement must appear at the
lower left on those pages:

PRODUCT PREVIEW information concerns products in the formative or design phase of

development. Characteristic data and other specifications are design goals. Texas
Instruments reserves the right to change or discontinue these products without notice.

If any of the pages contain ADVANCE INFORMATION, this statement must appear at the lower
left on those pages:

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase
of development. Characteristic data and other specifications are subject to change without
notice.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

introduction

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC
Council ofthe Electronic Industries Association (EIA) for use inthe USA and by the International Electrotechnical
Commission (IEC) for international use.

operating conditions and characteristics (in sequence by letter symbols)

C

Co

'mx

Alec

hn

h

lou

loz

Input capachitance
The internal capacitance at an input of the device.

Output capacitance
The internal capacitance at an output of the device.

Power dissipation capacitance

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages):
PD = de Vcczf + ICC VCC-

Maximum clock frequency

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence
while maintaining stable transitions of logic level at the output with input conditions established that
should cause changes of output logic level in accordance with the specification.

Supply current
The current into* the Vcc supply terminal of an integrated circuit.

Supply current change (ACT devices only)
Theincrease in supply current for each input that is at one of the specified TTL voltage levels rather than
0VorVce.

High-level input current
The current into* an input when a high-level voitage is applied to that input.

Low-level input current
The current into* an input when a low-level voltage is applied to that input.

High-level output current
The current into* an output with input conditions applied that, according to the product specification, will
establish a high level at the output.

Low-level output current
The current into* an output with input conditions applied that, according to the product specification, will
establish a low level at the output.

Off-state (high-impedance-state) output current (of a 3-state output)

The current flowing into* an output having 3-state capability with input conditions established that,
according to the product specification, will establish the high-impedance state at the output.

Access time

The time interval between the application of a <

at an output.

*Current out of a terminal is given as a negative vaiue.

INSTRUMENTS 1-8



GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

operating conditions and characteristics (continued)

tais

th

teHL

tonz

Disable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage waveforms

with the output changing from either of the defined active levels (high or low) to a high-impedance (off)

state.

NOTE: For 3-state outputs, t4is = tpHz or tp z. Open-collector outputs will change only if they are low
at the time of disabling so tg;s = tp_ .

Enable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage waveforms

with the output changing from a high-impedance (off) state to either of the defined active levels (high or

low).

NOTE: In the case of memories, this is the access time from an enable input (e.g., G). For 3-state
outputs, ten, = tpzH Or tpz . Open-collector outputs will change only if they are responding to data
that would cause the output to go low so, for them ty, = tpyy.

Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition

occurs at another specified input terminal.

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the
system in which the digital circuit operates. A minimum value is specified that is the shortest
interval for which correct operation of the digital circuit is guaranteed.

2. The hold time may have a negative value in which case the minimum limit defines the longest
interval (between the release of the signal and the active transition) for which correct operation
of the digital circuit is guaranteed.

Propagation delay time
The time between the specified reference points on the input and output voltage waveforms with the
output changing from one defined level (high or low) to the other defined level. (tog = tpyL OF tpLH).

Propagation delay time, high-to-low level output
The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined high level to the defined low level.

Disable time (of a 3-state output) from high level
The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined high level to a high-impedance (off) state.

Propagation delay time, low-to-high level output
The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined low level to the defined high level.

Disable time (of a 3-state output) from low level

The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined low level to a high-impedance (off) state.

Enable time (of a 3-state output) to high level

The time interval between the specified reference points on the input and output voltage waveforms with
the 3-state output changing from a high-impedance (off) state to the defined high level .

Enable time (of a 3-state output) to low level
Thetime interval between the specified reference points on the input and output voltage waveforms with
the 3-state output changing from a high-impedance (off) state to the defined low level .

‘% Texas
INSTRUMENTS



GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

operating conditions and characteristics (continued)

tau

Vin

Vi

Vou

Vo

V1.

Vo

Setup time

Thetime interval between the application of a signal at a specified input terminal and a subsequent active

transition at another specified input terminal.

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the shortest
interval for which correct operation of the digital circuit is guaranteed.

2. The setup time may have a negative value in which case the minimum limit defines the
longest interval (between the active transition and the application of the other signal) for which
correct operation of the digital circuit is guaranteed.

Pulse duration (width)
The time interval between specified reference points on the leading and trailing edges of the pulse
waveform.

High-level Input voltage

An input voltage within the more positive (less negative) of the two ranges of values used to represent

the binary variables.

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which
operation of the logic element within specification limits is guaranteed.

Low-level Input voltage

An input voltage within the less positive (more negative) of the two ranges of values used to represent

the binary variables.

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which
operation of the logic element within specification limits is guaranteed.

High-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,
will establish a high level at the output.

Low-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,
will establish a low level at the output.

Positive-going threshold level

The voltage level at a transition-operated input that causes operation of the logic element according to
specification as the input voltage rises from a level below the negative-going threshold voltage, V_.

Negative-going threshoid level
The voltage level at a transition-operated input that causes operation of the logic element according to
specification as the input voltage falls from a level above the positive-going threshold voltage, V..

definitions
clocked FIFO

A first-in, first-out memory that allows data to be written to its array and read from its array at independent rates.
The low-to-high transition of a continous (free-running) write clock stores data in memory when write enable
input signals are asserted. The low-to-high and high-to-low transitions of the input ready flag (or full flag) output
are synchronous to the rising edge of the write clock. The low-to-high transition of a continous (free-running)
read clock reads data from memory when read enable input signals are asserted. The low-to-high and
high-to-low transitions of the output ready flag (or empty flag) output are synchronous to the rising edge of the
read clock.

TeExas
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EXPLANATION OF FUNCTION TABLES

function tables
The following symbols are used in function tables on Tl data sheets.

H high level (steady state)

L = low level (steady state)

t = transition from low to high level
)

= transition from high to low level
— = value/level or resulting value/level is routed to indicated destination
e = value/level is re-entered
X = imelevant (any input, including transitions)
4 = off (high-impedance) state of a 3-state output

a.h = the level of steady-state inputs A through H respectively
Qo = level of Q before the indicated steady-state input conditions were established
Qo = complement of Qg or level of Q before the indicated steady-state input
conditions were established
Q, = level of Q before the most recent active transition indicated by | or ¢
= one high-level pulse
L = onelow-level pulse
TOGGLE = each output changes to the complement of its previous level on each active

transition indicated by | or t

If, inthe input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output
persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with ¢ and/or |, this means the output is valid
whenever the input configuration is achieved but the transition(s) must occur following the achievement of the
steady-state levels. If the output is shown as alevel (H, L, Qq, or Qp), it persists so long as the steady-state input
levels and the levels that terminate indicated transitions are maintained. Unless otherwise indicated, input
transitions inthe opposite direction to those shown have no effect at the output. (if the output is shown as a pulse,
JL or"L, the pulse follows the indicated input transition and persists for an interval dependent on the circuit.)

TEXAS
1-6 INSTRUMENTS



EXPLANATION OF FUNCTION TABLES

function tables (continued)

Among the most complex function tables are those of the shift registers. These embody most of the symbols
used in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift
register, e.g., type SN74194.

FUNCTION TABLE
INPUTS OUTPUTS
MODE SERIAL PARALLEL
CLEAR CLOCK Qa Qg Qc Qp
St S0 LEFT RIGHT | A B [+ D

L X X X X X X X X X L L L L
H X X L X X X X X X |Qa Qo Qco Qpo
H H H t X X a b c d a b c d
H L H 1 X H H H H H | H Qa Qs Qcn
H L H t X L L L L L L Qan Qsn Qcn
H H L t H X X X X X 1Qs Qcn Qpn H
H H L t L X X X X X 1Qs Qcn Qpn L
H L L X X X X X X X 1Qa0 Qpo Qco Qpo |

The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four
outputs will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has
no effect.

The second line shows that so long as the clock input remains low (while clear is high), no other input has any
effect and the outputs maintain the levels they assumed before the steady-state combination of clear high and
clock low was established. Since on other lines of the table only the rising transition of the clock is shown to be
active, the second line implicitly shows that no further change in the outputs will occur while the clock remains
high or on the high-to-low transition of the clock.

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are
both high then, without regard to the serial input, the data entered at A will be at output Q,, data entered at B
will be at Qg, and so forth, following a low-to-high clock transition.

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial
input and the shifting of previously entered data one bit; data previously at Q4 is now at Qg, the previous levels
of Qg and Q¢ are now at Qc and Qp, respectively, and the data previously at Qp is no longer in the register.
This entry of serial data and shift takes place on the low-to-high transition of the clock when S1 is low and SO
is high and the levels at inputs A through D have no effect.

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left
serial input and the shifting of previously entered data one bit; data previously at Qg is not at Q,, the previous
levels of Qc and Qp are now at Qg and Qc, respectively, and the data previously at Q, is no longer in the register.
This entry of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO
is low and the levels at inputs A through D have no effect.

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line,
the outputs maintain the ieveis they assumed before the steady-state combination of ciear high and both mode
inputs low was established.

The function table functional tests do not refiect all possible combinations or sequential modes.

EXAS
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

D flip-flop and latch signal conventions

It is normal TI practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic
symbol based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs
are called Q and those producting complementary data are called Q. An input that causes a Q output to go high
or a Q output to go low is called preset (PRE). An input that causes a T output to go high or a Q output to go
low is called clear (CLR). Bars are used over these pin names (PRE and CLR) if they are active-low.

The devices on several data sheets are second-source designs, and the pin name conventions used by the
original manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the
inverting circuits D and Q.

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that
case, all the other inputs and outputs should be renamed as shown below. Also shown are corresponding
changes in the graphical symbols. Arbitrary pin numbers are shown.

1 1
PRE ———Ds 5 IR —NR 5
2 l—— Q 2 pb———— T
c u— c1 c Pa— c1
p ——— L 6 0 ———N1w 6
TR .4—__5‘;( a PRE ._4—5 8 Q
LATCH LATCH
1 1
PRE —2—53 5 o TR T————bn 5 &
cLK 3 > C1 cLK 3—> c1
p ——{w 6 b ——DN11p : 6
om —— g @ mE 4+ N Q
FLIP-FLOP FLIP-FLOP

The figures show that when Q and Q exchange names, the preset and clear pins also exchange names. The
polarity indicators (& ) on PRE and CLR remain, as these inputs are still active-low, but the presence or absence
of the polarity indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or
D); their active levels change together.




THERMAL INFORMATION

thermal information JUNCTION-TO-AMBIENT THERMAL RESISTANCE
vs
In digital system design, consideration must be AIR VELOCITY
given to thermal management of components. 3 130 T 6
The small size of the small-outline package makes ° /— 14-PinD Packa
h . " 120 4 t
this even more critical. Figure 1 shows the thermal \ / 16-Pin D Pac
resistance of these packages for various rates of 110 / t é
air flow. 100 / S/ Izo-m lW P-el:ngc
d 1 |
The thermal resistances in Figure 1 can be used A\ N\ V- 262in0w package
to approximate typical and maximum virtual 9% \
junction temperatures for the EPIC™ ACL family. £ 80
In general, the junction temperature for any device \{ \\
can be calculated using Equation 1. 70 /\
TJ=ReaxPr+Ta V) 3 ® ‘\
where: 50 T
Ty = virtual junction temperature “©
Reua = thermal resistance, junction to free air g
Pr = total power dissipation of the device 2 ¥ © 100 200 300 400 500 600
Ta = free-air temperature = Alr Veloclty — FestMin
The total power consumption can be determined Figure 1
from Equation 2 for an AC device and Equation 3
for an ACT device.
PT = VOC x Icc + (de x Vcc2 x f|) + E(CL x Vc(;2 x fo) (2)
Pr=Vee x flcc + (N x Alcg x do)] + (Cpa x Vee? x ) + Z(CL x Voe? x o) ®
where:

Voc = supply voltage (5 V for typical, 5.5 V for maximum) (see Note 1)
lcc = quiescent supply current (specified on device data sheet)
Cpd = power dissipation capacitance (from the device data sheet)

fi = input frequency

CL = output load capacitance

fo = output frequency

N = number of inputs driven by a TTL device
dc = duty cycle

Algc  =increase in supply cumrent (specified on device data sheet)

NOTE 1: In system applicati Icc can be minimized by keeping input voltage levels less than 1 V for V_and greater than Vc—1 V for V), and
input rise and fall imes less than 15 ns.

EPIC is a trademark of Texas Instr I d
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SN74ACT7801

1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1980-REVISED MAY 1961
S

Member of the Texas instruments
Widebus™ Family

Independent Asynchronous Inputs and
Outputs

1024 Words x 18 Bits

Read and Write Operations Can Be
Synchronized to independent System
Clocks

Programmable Aimost Full/Aimost Empty
Flag

Input Ready, Output Ready, and Half-Full
Flags

Cascadable In Word Width and/or Word
Depth

Fast Access Times of 15 ns With a 50-pF
Load

High Output Drive for Direct Bus Interface
3-State Outputs

Avallable In 68-Pin PLCC (FN) or
Space-Saving 80-Pin Shrink Quad Flat Pack

0

o

I
D14g109
D13{] 11
Di12[] 12
D11

D10 ] 14

Vee[] 16
D8l 17
GND Jm

D7a19
D5[] 21

D3 ]23
D21] 24

Widebus is a trad k of Texas Instn 1ts Incorp: d

PRODUCTION DATA Information ls current as dr‘lﬂm date.
Products conform 1 specificaions per the ferme of Tams inetruments
warranly. Production processing doss not necesserily include

— ¥ Tixas

Copyright © 1991, Texas Instruments Incorporated
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PN PACKAGE
(TOP VIEW)
wOQetsm 2 a~ Qo [a =]

69565566>68080 088533

| S ) G S S ) G ) S ) S SR ) SN | S | SN | SN | S ) S ) SU ) S | S ) S ) S S

@ 807978 777675 7473 7271 70 69 68 67 66 6564 63 62 61
NC 1 e 0
GND ] 2 s0 (]
GND 1 3 se [
Qe ] 4 s [
Qi7fs se [1
vec P @ 55
OrRp 7 s4 [
GND P 8 s3 ]
Vec [l o s2 (]
RESET [ 10 s1 [
OE [ 1 50 ]
RDEN2 [ 12 4
RDEN1 ] 13 4 ]
RDCLK 1 14 o[
GND [] 15 4 ]
D17 [] 16 4 [
D16 E 17 “
D15 [] 18 [
NC [ 1 «
NC ] 20 a [

21 22 23 2425 26 2728 29 30 3132 33 34 35 36 37 38 39 40

e e | o e ¥ e ¥ o ¥ s s ¥ e o ¥ o ¥ o e e ¥ e s ¥ e ¥ ¥ e (i |

-

(_)Q(')Nr-og(_) ESIDQ‘(’)N58|&Z

oo

NC — No intsnal connection

description

A FIFO memory is a storage device that allows data to be written into and read from its array at independent
data rates. The SN74ACT7801 is a 1024- x 18-bit FIFO for high speed and fast access times. It processes data
at rates up to 40 MHz and access times of 15 ns in a bit-parallel format. Data outputs are noninverting with

[alal

Vce
Vce
NC

Q2
GND
Q1

Vce

IR
GND
GND
AF/AE
vee
WRTEN2
WRTEN1
WRTCLK
GND

NC

respect to the data inputs. Expansion is easily accomplished in both word width and word depth.

The SN74ACT7801 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry
adds the ability to synchronize independent read and write (interrupts, requests) to their respective system

clock.
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logic symbolt
[
FIFO 1024 X 18
74ACT7801
1
RESET ”——b RESET
WRTCLK B> WRTCLK 38
30 .
WRTEN1 = M IN RDY » IR
WRTEN2 : RTEN HALF FULL - HF
ADCLK ; S RpcLx  ALMOST FULLEMPTY P AF/AE
RDEN1 a OUTRDY,1 v }————— OR
2
OE ———] EN1 | RDEN
3
RDEN2
27
DAF ——— N> DEF ALMOST FULL
m| rC
26 38
Do ———Jo 0 Qo
25 30
D1 a1
24 ]
D2 Q2
23 42
D3 as
22 “
D4 Q4
21 48
D5 as
20 47
De Qs
19 49
D7 a7
e | 50 ae
bo > | .m .M‘ v 52 o
14 53
D10 ato
13 55
L] an
12 s8
D12 Q12
" s8
D13 a13
10 50
D14 a4
9 61
D15 a1s
8 63
D16 ate
7 [
D17 —— 17 17 Q17

1 This symbeol is in accordance with ANSINEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the FN package.

INSTRUMENTS 26



SN74ACT7801
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991
L

functional block diagram

OE T‘ T
DO-D17 LJ
Location 1
Synchronous
RDCLK Read > Read [ 5 Location 2
RDEN1 Control > Pointer
RDEN2
1024 x 18 RAM
WRTCLK -
WRTEN1 Write i
WRTEN2 Control
4y
Reset B Register Qo-Q17
Logic -~
RESET — »>
Status
Flag S OR
DAF Logic
IR
HF
AF/AE

functional description

Inputs
data In (D0-D17)

Data inputs for 18-bit-wide data to be stored in the memory. Data lines DO-D8 also carry the almost full/almost
empty offset value (X) on a high-to-low transition of the define almost full (DAF) input.

reset (RESET)

A reset is accomplished by taking reset (RESET) low and generating a minimum of four read clock (RDCLK)
and write clock (WRTCLK) cycles. This ensures that the internal read and write pointers are reset and that the
output ready flag (OR), the half-full flag (HF), and the input ready flag (IR) are low; the almost full/aimost empty
flag (AF/AE) is high. The FIFO must be reset upon power up. With the define aimost full (DAF) input at a low
level, a low pulse on RESET defines the AF/AE status flag using the almost full/almost empty offset value (X),
where X is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines the AF/AE
flag using the default value of X = 256.

write enables (WRTEN1, WRTEN2)

The write enables (WRTEN1, WRTEN2) must be high before the rising edge of write clock (WRTCLK) for aword
to be written into memory. The write enables do not affect the storage of the almost full/almost empty offset
value (X).

‘b TeExas
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functional description (continued)

write clock (WRTCLK)
Data is written into memory on a low-to-high transition of the write clock (WRTCLK) if the input ready flag output
(IR) and the write enable control inputs (WRTEN1, WRTEN2) are high. WRTCLK is a free-running clock and
functions as the synchronizing clock for all data transfers into the FIFO. The IR flag output is also driven
synchronously with respect to the WRTCLK signal.

read enables (RDEN1, RDEN2)

Both read enables (RDEN1, RDEN2) must be high before the rising edge of read clock (RDCLK) to read a word
out of memory. The read enables are not used to read the first word stored in memory.

read clock (RDCLK)
Data is read out of memory on a low-to-high transition at the read clock (RDCLK) input if the output ready flag
output (OR) and the output enable (OE) and read enable (RDEN1, RDEN2) control inputs are high. RDCLK is
a free-running clock and functions as the synchronizing clock for all data transfers out of the FIFO. The OR flag
is also driven synchronously with respect to the RDCLK signal.

define almost full (DAF)
The high-to-low transition of the define aimost full (DAF) input stores the binary value of data inputs DO-D8 as
the almost full/aimost empty offset value (X). With DAF held low, a low pulse on the reset (RESET) input defines
the almost full/aimost empty flag (AF/AE) using X.

output enable (OE)
The data out (Q0—-Q17) outputs and the output ready flag (OR) are in the high-impedance state when the output
enable (OE) input is low. OE must be high before the rising edge of read clock (RDCLK) to read a word from
memory.

outnite

outPEs

data out (Q0-Q17)
The first data word to be loaded into the FIFO is moved to the data out (Q0—-Q17) register on the rising edge
ofthe third read clock (RDCLK) pulse to occur after the first valid write. The read enable (RDEN1, RDEN2) inputs
do not affect this operation. Following data is unloaded on the rising edge of RDCLK when RDEN1, RDEN2,
and the output ready flag (OR) are high.

Input ready flag (IR)
The input ready flag (IR) is high when the FIFO is not full and low when the device is full. During reset, the IR
fiag is driven low on the rising edge of the second write clock (WRTCLK) pulse. The IR flag is driven high on
the rising edge of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven
low, IR is driven high on the second WRTCLK pulse after the first valid read.

output ready flag (OR)
The output ready flag (OR) is high when the FIFO is not empty and low when it is empty. During reset, the OR
flag is set low on the rising edge of the third read clock (RDCLK) pulse. The OR flag is set high on the rising edge
of the third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the rising edge
of the first RDCLK pulse after the last word is read.

half-full status flag (HF)

The half-full flag (HF) is high when the FIFO contains 513 or more words and is low when it contains 512 or less
words.

‘@ TeExas
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functional description (continued)

almost full/almost empty status flag (AF/AE)

The almost full/almost empty flag (AF/AE) is defined by the almost full/almost empty offset value (X). The AF/AE
flag is high when the FIFO contains (X + 1) or less words or (1025 — X) or more words. The AF/AE fiag is low
when the FIFO contains between (X + 2) and (1024 — X) words.

programming procedure for AF/AE

The almost full/almost empty flag (AF/AE) is programmed during each reset cycle. The almost full/almost empty
offset value (X) is either a user-defined value or the default value of X = 256. Below are instructions to program
AF/AE using both methods.

user-defined X:

Step 1.  Take DAF from high to low.

Step2. IfRESET is not already low, take RESET low.

Step3.  With DAF held low, take RESET high. This defines the AF/AE flag using X.
Step4. To retain the current offset for the next reset, keep DAF low.

default X:
To redefine the AF/AE flag using the defauit value of X = 256, hold DAF high during the reset cycle.
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timing diagrams
e '. !
PAF  O\\\\\\\\ pon't Care m Il m
wox —_£7_F7]_F7L L UL
NI I H—
I R

|
WRTEN2  \\ Don’t Care \\ |
B 1 1

|
Do-517

RDCLK ¥ ¥ 2 3] 37!

-

RDEN1 Don't Care \\

]
8
7
g
e
]
- / /
—_——-—————

T T
LI Don't Care \QQQQi

S AN

“““

AF/AE  \\ Don't Care

T

RO\ Don't Care\)

Store the value of DO-D8 as X Define the AF/AE flag using the value of X
T X is the binary value of DO-D8 only.

Figure 1. Reget Cycle: Define AF/AE Using the Value of X
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RESET l |
1
|
|

WRTEN2 N ‘Dm‘I‘Cy‘o‘\ [
|
Do-017 \\\\\\\\\\\\\\\\\\\EM%\\\\\\\\\\\\\\\\\\\\\\\
| | | |
RDCLK l 1 lz E) . l g
RDENT  \ Don'tCare  \ |
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RDEN2  \ Don't Care N\ |
] [ | ‘
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| | | ‘
o | | |
Qo-Q17 : | ‘ﬁlnvﬂld
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I

\\\\\
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|
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|
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HF  \ Don'tCare \ -
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|
|
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1

Define the AF/AE flag using

|
|
|
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I
|
]
|
1
|
|
|
|
|
|
|
! the default vaiue of X=256

Figure 2. Reset Cycle: Define AF/AE Using the Default Value
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RESET
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Il
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Figure 3. Write
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RESET

DAF /L Dow o A L

|
WRTEN2 'ﬂl'l |
00-017  Rwaasl /777 /o I T o VA A T o o Vi o A A i
|

o P LU, £, FL, L, FLfL
RDEN1 Jr : i l : } i
RDEN2 | I} } : i T i
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Qo-a17 M w X Fu ‘:; wxulx L wus'x wsu,:::nm-){Xmu-x;r wicae ) vnr
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Arme " ! ] ! |
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Figure 4. Read
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

SUPPlY VORAGE FANGE, Vot « o v vttt ittt et e e -05Vto7V
INPUEVORAEE, V| ..t e i i et e e e e 7V
Voltage applied to a disabled 3-stateoutput ............. ... o i i 55V
Operating free-air temperature range .. .............c.uiuiiutiriniieiirinineneeneennrenenn 0°C to 70°C
Storage temperature TaNQe ... ..............vvuiieennnre et aneenans —65°C to 150°C
1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent dlmoqe to the device. Thm are m:a ratings only, and
fundonll operation of me device at these or any other conditions beyond those indicated under * P g conditions” is not
implied. E toab i ated conditions for extended periods may affect device reliability.

recommended operating conditions

‘ACT7801-15 | 'ACT780118 | 'ACT7OOV-20 |
MIN MAX| MIN MAX| MIN MAX
Voo Supply voltage 45 55| 45 55| 45 55| V
Vi High-evel input voltage 2 2 2 v
Vie Low-level input voltage 08 08 08| V
low High-level output current -8 -8 -8 mA
lop Low-level output current 16 16 16| mA
feiock Clock frequency 40 35 285 MHz
- Data in (D0-D17) high of low 10 12 14
WRTCLK high 7 85 10
WRTCLK low 15 15 15
RDCLK high 7 85 10
tw Pulse duration FOCLK Tow = s T ns
DAF high 10 10 10
WRTEN1, WRTEN2 high or low 10 10 10
OE, RDENT, RDENZ high of low 10 10 10
Data in (DO-D17) before WRTCLK? 5 5 5
WRTEN1, WRTEN2 before WRTCLK? 5 5 5
['OF, RDEN1, RDEN2 before RDCLK 5 5 5
Reset. RESET low before first WRTCLK and 7 ; ;
tsu Setup time RDCLK? ns
Define AF/AE: DO-D8 before DAF | 5 5 5
Define AF/AE: DAF | befors RESET! 7 7 7
Define AF/AE (default): 5 5 5
DAF high before RESET}
Deta in (DO-D17) after WRTCLK? 1 1 1
[ WRTENT, WRTENZ after WRTCLK? 1 1 1
OE, RDENT, RDEN2 after RDCLK 1 1 1
Reset RESET low after fourth WHTCLK and o 5 o
th Hold time RDCLK? ns
Define AF/AE: DO-DS after DAF | 1 1 1
Define AF/AE: DAF low after RESET1 0 0 0
Define AF/AE (defaull): ] ; )
DAF high after RESETt
Ta Operating fres-air temp 070 070 070 °C

EXAS
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT

Vor Voo =45V, lorn = -8mA 24 v

VoL Voc =45V, ToL=16mA 05| Vv

W Voo =55V, V| =Voc of 0 5] pA
oz Voo =55V, Vo Voo or 0 5| WA
lcc1t | Supply current fotock = 25 MHZS 200 230] mA
loca® | Standby current Vit = WRTCLK, Vi = Vit of Vi 20 25| mA
Iccat | Power-down current |V, =Vcc~0.2Voro 400 pA
Ci Vi =0, f=1MHz 2 oF
Co Vo =0, =1 MHz 0 pF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C = 50 pF (see Figures 9 and 10)

FROM TO "ACT7801-15 'ACT7801-18 | 'ACT7801-20
PARAMETER UNIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX
Tmax WRTCLK or RDCLK 40 35 285 MHz
5 12 15 5 18 5 20
_E,_ RDCLK? Any Q ns
tod 105
tpd WRTCLK? IR 4 10 4 12 4 14] ns
tod RDCLK? OR 4 10 4 12 4 14| ns
tod WRTCLK? AF/AE 7 20 7 22 7 24| ns
tod RDCLK? AF/AE 7 20 7 22 7 24| ns
toLH WRTCLK? HE 6 19 6 21 1
[ RDCLK? 6 19 6 21 6 23
AF/AE a 19 4 21 4 23
e FESET, ’ ns
toHL HF 4 21 4 23 4 25
ton 4 1 4 11 4 1
OE Q,0R
; Any 2 14 2 14 2 ]l ™

T All typical values are at Ve = 5 V, Ta = 25°C.
¥ Igc tested with outputs open.
§ For frequencies greater than 25 MHz, Icc = 230 mA + (6 mA x [f — 25 MHz]).
¥ This parameter is measured with C_ = 30 pF (see Figure 5).

2-14
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'pd — Propagation Delay Time - ns

Cpd - Power Dissipation Capacitance — pF

TYPICAL CHARACTERISTICS

TYPICAL PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE

18 T

Vec=5V
17— Ta=25C

R = 500 Q
16 / =

P
15
/ ~
14 7
13
12 /
1 7
10
0 3 350 100 150 200 250 300
C - Load Capacitance - pF
Figure 5§
TYPICAL POWER DISSIPATION CAPACITANCE
vs
SUPPLY VOLTAGE
88T 7
f,= 5 MHz
Ta=25C
o7 |- CL= 80 pF A

/|

L

62
45 46 47 48 49 5 51 52 53 54 55

Ve - Supply Voltage - V

Figure 6
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calculating power dissipation

With Iccr taken from Figure 6, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

Py = Vee x [icer + (N x Algg x de)] + = (Cp x Vg2 x fo)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Py = VCC x [lec + (N X AICC x dc)] + X (de x VCCZ xfi) + Z (CL X VCC2 x fo)

lcc = power-down lgc maximum

N = number of inputs driven by a TTL device

A lcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C\ = output capacitive load

f; = data input frequency

fo = data output frequency

Texas
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expanding the SN74ACT7801

APPLICATION DATA

The SN74ACT7801 is expandable in width and depth. Expanding in word depth offers special timing

considerations:

1. Aferthefirst data word is loaded into the FIFO, the word is unloaded, and the output ready flag output (OR)
goes high after (N x 3) read clock (RDCLK) cycies, where N is the number of devices used in depth

expansion.

2. Afterthe FIFO is filled, the input ready flag output (IR) goes low, the first word is unloaded, and the IR flag
output is driven high after (N x 2) write clock cycles, where N is the number of devices used in depth

expansion.

CLOCK

WRTCLK
WRTEN1
WRTEN2

IR

Do-D17 b

WRTCLK
WRTEN1
WRTEN2

Do-D17

'ACT7801

RDCLK

WRTCLK

OR ‘w[ WRTEN1
WRTEN2

RDEN1
RDEN2 i

Qo-Q17

OE——5V

Figure 7. Word-Depth Expansion: 2048 Words = 18 Bits, N = 2

A DoO-D17

'ACT7801

RDCLK
RDEN1
RDEN2
OR
OE

Qo-Q17

RDCLK
RDEN1

RDEN2
OR

OE

> ao-Q17

WRTCLK

WRTEN

RDCLK

RDEN

DO-D17

N

'ACT7801
WRTCLK RDCLK
WRTEN1 RDEN1
WRTEN2 RDEN2
IR OR
OE
Do-D17 Qo-Qi17

'ACT7801
WRTCLK RDCLK
WRTEN1 RDEN1
WRTEN2 RDEN2
IR OR
OE
Do-D17 Qo-Qi7

Figure 8. Word-Width Expansion: 1024 Words x 36 Bits
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PARAMETER MEASUREMENT INFORMATION

——————— v

From Output Input 1.5V

Under Test | | GND
t

R, =500Q C=50pF . P""’} h“Pd—i__. v
- - ov

LOAD CIRCUIT TOTEM-POLE OUTPUTS

Figure 9. Standard CMOS Outputs (OR, Half Full, AF/AE)
I Vee
s1
From Output R
Under Test ~

T°

Hpo—C
8

VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R c t S1 s2
Closed
ton kvl 500 © 50 pF Open
ez Closed Open
tpHz Open Closed
i 500 Q 50 pF
s oLz P Closed Open
h ort, - 50 pF Open Open

1 Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q, OR)
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¢ Member of the Texas Instruments
Widebus ™ Family

¢ Free-Running Read and Write Clocks May

Be Asynchronous or Coincident

¢ Read and Write Operations Synchronized to

Independent System Clocks

¢ Input-Ready Flag Synchronized to Write
Clock

¢ Output-Ready Flag Synchronized to Read

Clock

¢ Packaged In Shrink Small-Outline 300-mlii
Package (DL) Using 25-mil Center-to-Center

Spacing
* 512 Words by 18 Bits
® Low-Power Advanced CMOS Technology
¢ Halt-Full Flag and Programmable Almost
Full/Almost Empty Flag
¢ Bldirectional Configuration and Width
Expansion Without Additional Logic
® Fast Access Times of 12 ns With a 50-pF
Load and All Data Outputs Switching
Simultaneously
Data Rates From 0 to 67 MHz
Pin Compatible With SN74ACT7805 and
SN74ACT7813

description

The SN74ACT7803 is a 512-word x 18-bit FIFO
suited for buffering asynchronous data paths at
67-MHz clock rates and 12-ns access times. lts
56-pin shrink small-outline package (DL) offers
greatly reduced board space over DIP, PLCC, and
conventional SOIC packages. Two devices may
be configured for bidirectional data buffering
without additional logic. Multiple distributed Vg
and GND pins along with TI's patented Output
Edge Control (OEC™) circut dampen

simultaneous switching noise.

DL PACKAGE
(TOP VIEW)

RESET (] OET
D17 ] Q17
D16 ] Q16

o

=

»

Vo .
O NGB WN -

56
55
54
53
52
51
50
D11 ] 49f] Q13
p1ofle 48[l Q12
Vee 10 47l an
pefln  ssflaio
pslJ1i2 4s5flae
GND [J13  44fl GND
D7[J14 3] as
De [ 15 a2f] Q7
psfJie  41flas
Dafj17  4oflas
pDafl18  39f Ve
p2fJ1e 384
D1 ] 7]l @3
Do (] 36]] @2
HF [l GND
PEN [} Q1
AF/AE ] Qo
WRTCLK RDCLK
WHRTENZ ] RDEN
WRTENT1 ] OE2
IR ] OR

The write clock (WRTCLK) and read clock (RDCLK) should be free-running and may be asynchronous or
coincident. Data is written to memory on the rising edge of WRTCLK when WRTEN1 is high, WRTENZ is low,
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OET, and OE2 are low and
OR is high. The first word written to memory is clocked through to the output butfer regardiess of the RDEN,
OET, and OEZ levels. The OR flag indicates that valid data is present on the output buffer.

The FIFO may be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up.

Widebus and OEC are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA Infoarmation le current as of publiceion date.
Products conform fo per the terme of
standerd warranty. Production processing does not necessarily include

R W Tixas

Copyright © 1992, Texas Instruments incorporated
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logic symbolt
)
1 FIFO 512 x 18
RESET —— D RESET  SN74ACT7803
25
WRTCLK —————F> WRTCLK
27
WRTENY — & 28
26 WRTEN IN RDY
WRTENZ —— 22
32 HALF-FULL
RDCLK —— > RDCLK 24
56 ALMOST FULL/EMPTY
OFE1 & 20
30 EN1 OUT RDY
=Tl
&
RDEN
31 ;
23
PEN ———b:noem\m ENABLE
21 33
po ——}o 0
20 34
D1
19 36
D2
18 37
D3
17 38
D4 ———
16 40
D5
15 41
Dé
14 42
D7
12 43
D8 ——
1 45
o | 0 “
D10 ————
8 47
D11
7 a8
D12
6 40
D13
5 51
D14
4 53
D15
3 54
D16
2 55
D17 ———{17 17

t This symbol is in accordance with ANSI/|EEE Std 91-1984 and IEC Publication 617-12

HF
AF/AE
OR

Qi
Q2
Q3
Q4
Qs

Q7
Qs

Q1o
Qan

Q12
Qi3
Q14
Q15
Q18
Q17
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SN74ACT7803

512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992
A

functional block diagram

OEi
OE2

DO-D17

RDCLK

WRTCLK
WRTEN1

RESET ——

[ o [T ) anan

Output
Control
L Location 1
4 > Read Location 2
] Jead . Pointer /
512 x 18 RAM
Synchronous > Write
Con“"troln - Pointer Y| Location 511
I Location 512
L4
sy
Reset B sﬁ-:‘g‘
Logic »> Logic

OR

HF
AF/AE
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SN74ACT7803

512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3893, MARCH 1991-REVISED MARCH 1992

Terminal Functions

PIN
o DESCRIPTION
NAME NO.

Almost full/aimost empty flag. Depth offset values may be programmed for this flag, or the defauit

AFJAE 24 o value of 64 may be used for both the aimost empty offset (X) and the almost full offset (Y). AF/AE
is high when memory contains X or less words or (512 minus Y) or more words. AF/AE is high
after reset.

17 21-14,12-11, | 18-bit data input port

Do-D 9-2

HF 22 O | Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset.
Input ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the

IR 28 (o] FIFQis full and writes are disabled. IR is low during reset and goes high on the second low-to-high
transition of WRTCLK after reset.
Output enables. When OET, OE2, and RDEN are low and OR is high, data is read from the FIFO

OET, OE2 56, 30 | on a low-to-high transition of RDCLK. When either OET or OE2 is high, reads are disabled, and
the data outputs are in the high-impedance state.
Output ready fiag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low,

OR 2 o the FIFO is empty and reads are disabled. Ready data is present on Q0—-Q17 when OR is high.
OR is low during resst and goes high on the third low-to-high transition of RDCLK after the first
word is loaded to empty memory.

PEN 23 \ Program enable. Atter reset and before the first word is written to the FIFO, the binary value on
DO-D7 is latched as an AF/AE offsst value when PEN is low and WRTCLK is high.

33-34, 36-38, 18-bit data output port. After the first valid write to empty memory, the first word is output on
Qo-Q17 4043, 4549, [0} QO0-Q17 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate ready
51, 53-55 data. When OR is low, the last word read from the FIFO is present on Q0-Q17.

Read clock. RDCLK is a continuous clock and may be asynchronous or coincident to WRTCLK.

RDCLK 32 | A low-to-high transition of RDCLK reads data from memory when OET, OEZ, and RDEN are low
and OR is high. OR is synchronous to the low-to-high transition of RDCLK.

ROEN a1 | Read enable. When RDEN, OET, and OE2 are low and OR is high, data is read from the FIFO
on the low-to-high transition of RDCLK.

RESET 1 | Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions
of WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high.
Write clock. WRTCLK is a continuous clock and may be asynchronous or coincident to RDCLK.

WRTCLK 25 | A low-to-high transition of WRTCLK writes data to memory when WRTENZ is low, WRTEN1 is
high, and IR is high. IR is synchronous to the low-to-high transition of WRTCLK.

WRTENT, 27,26 | Write enables. When WRTEN is high, WRTENZ is low, and IR is high, data is written to the FIFO

WHRTENZ ' on a low-to-high transition of WRTCLK.
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1892
—

timing diagram
RESET
| T
PEN I |
: |
WRTCLK | 1 2 3 4 | f 1 | 2 f |
| | |
WRTEN1 /.« Don'tcare ‘ !
f f }
| |
whTeNz 7 AL T
| | | |
Do-017 /////a’/
| |
RDCLK KX :z 3 41 :
| |
oEt 7, Bortcare” i
| L] ' l
ADEN < ‘Don'tcare ~ # i
| ! 1
oez Dercare” I
i ! i | !
Qo-Q17 invalld
| ! | | }
oR J, Domtcare | !
| | | |
AF/AE ?’ Don'tcare } : |T
| ! | |
ur 7 Boncare | i ;
1 ‘ T
w7 Doricars | |
0

|
Define the AF/AE flag using
the default value of X = Y = 64.

Figure 1. Reset Cycle
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991—REVISED MARCH 1992
e

timing diagram

D
[~}
[2]
&
[

LA

—_t 4 ——

Qo-Qt7 Invalid

OR

1T X 1T 171 =
g

AF/AE

|

HF

Figure 2. Write

-
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1982
B

timing diagram

RESET o
PEN .
wmcuxmﬂﬁﬂm
|
WRTENT | '
| |
| |
WRTERZ | A 1

| |

Do-017 AWste [ e e i T P A A

Figure 3. Read
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992
———

offset values for AF/AE

The almost full/almost empty flag has two programmable limits, the almost empty offset value (X) and the almost
full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written to
memory. If the offsets are not programmed, the default values of X = Y = 64 are used. The AF/AE flag is high
when the FIFO contains X or less words or (512 minus Y) or more words.

Program enable (PEN) should be held high throughout the reset cycle. PEN may be brought low only when IR
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on DO-D7 is
stored as the almost empty offset value (X) and the almost full offset value (Y). Holding PEN low for another
low-to-high transition of WRTCLK will reprogram Y to the binary value on DO-D7 at the time of the second
WRTCLK low-to-high transition. When the offsets are being programmed, writes to the FIFO memory are
disabled regardiess of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 255 may be
programmed for either X or Y. To use the default values of X = Y = 64, PEN must be held high.

timing diagram

meser |

weewe 3] [l L LT L L
PN | I 7/
s W SO S G,
" B

WRTEN

WRTENZ ?’W

Figure 4. Programming X and Y Separately

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VORAGE range, VG « vt vvvr ettt vhettie et e -05Vto7V
INPUEVORAGE, V| .. i e e e 7V
Voltage applied to a disabled 3-state output ...............ccciiiiiiiiiii i 55V
Operating free-air temperature range ..................coeveiuierarireriineienaraeanains 0°C to 70°C

Storage temperature range . ..............coevuieriininitriiiai i —-65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3893, MARCH 1891-REVISED MARCH 1892
———————————

recommended operating conditions

'ACT7803-15 | 'ACT7803-20 | 'ACT7803-25 | 'ACT7803-40 UNIT
MIN  MAX MIN  MAX MIN MAX| MIN MAX
Voo Supply vohage 45 55| 45 55| 45 55| 45 55 V
Vi High-level input voltage 2 2 2 2 \"
Vi Low-level input voltage 0.8 0.8 0.8 0.8 v
lox High-level output current | Q outputs, flags -8 -8 -8 -8 mA
Qoutputs 16 16 16 16
I Low-level ut t A
oL vel output curren Fiags 5 5 3 3 B
felock Clock frequency 67 50 40 25| MHz
WRTCLK high or low 6 7 8 12
tw Pulse duration RDCLK high or low 6 7 8 12 ns
PEN low 8 9 9 12
Data in (DO-D17)
before WRTCLK? 4 5 5 5
WRTEN1, WRTENZ 4 5 5 5
before WRTCLK?t
OET, OE2
Setun time before RDCLK 5 5 6 6 .
b i FDEN before RDCLK{ 2 5 5 5 s
Reset: RESET low
before first WRTCLK? 5 6 6 6
and RDCLKtt
PEN before
WRTCLK? 5 6 i 6
Data in (DO-D17)
after WRTCLK? 0 0 0 0
WRTEN1, WRTENZ
atter WRTCLK{ ° ° 0 0
OET, OEZ, RDEN
after RDCLKY ° ° ° 0
t Hold time Reset: RESET low ns
after fourth WRTCLK? 2 2 2 2
and RDCLK¢tt
PEN high
ater WRTCLK| 0 ° 0 0
PEN low after
WRTCLK{ 2 2 2 2
Ta Operating free-air temperature 0 70 0 70 0 70 0 70 °C

T To permit the clock pulse to be utilized for reset purposes.
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992
S

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT

Von Voo = 45V, lon = - 8mA 24 %
Flags Voo = 45 V, loL = BmA 0.5

Vour \
Q outputs Voo = 45V, ToL = 16 mA 05

ly Vec =55V, Vi =Vgcor0 15 pA

Toz Voo = 55V, Vo Voo or 0 5] A

Too Vi=Veo-02Vor0 400 | WA

Alec? Ve =5.5V, Oneinputat 3.4V, Other inputs at Voc or GND 1] mA

C V,=0, =1 MHz ) oF

Co Vo =0, =1 MHz ) oF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C, = 50 pF (unless otherwise noted) (see Figures 9 and 10,

PARAMETER FROM TO 'ACT7803-15 'ACT7803-20 | 'ACT7803-25 | 'ACT7803-40 ONIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
WRTCLK or
fmax RDCLK 67 50 40 25 MHz
4 8 12 4 1 4 16 4 20
%1 Rpcikt Any Q 5.5 8 ns
oo 5.5
tod WRTCLK? IR 3 8.5 3 1 3 13 3 15 ns
tod RDCLK? OR 3 8.5 3 " 3 13 3 15 ns
tod WRTCLK? AF/AE 7 16.5 7 19 7 21 7 23| ns
tpd RDCLK} AF/AE 7 17 7 19 7 21 7 23 ns
[ WRTCLK? HE 7 15 7 17 7 19 7 s
[ RDCLK?t 7 15.5 7 18 7 20 7 22
AF/AE 2 9 1 2 13 2 15
i RESET low : 2 ns
tpHL HF 2 10 2 12 2 14 2 16
2 8.5 2 1 2 1"
fon OET, OE2 Any Q n 2 ! ns
Ygis 2 9.5 2 11 2 14 2 14
1 All typical values are at Vo = 5V, T = 25°C.
# This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc.
§ This parameter is measured with a 30 pF load (see Figure 7).
operating characteristics, Voc =5V, Ty = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
[Cog Power dissipation capacitance | Outputs enabled | C = 50 pF, f=5MHz 53 pF
228 INSTRUMENTS



SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992
————

APPLICATION INFORMATION

SN74ACT7803
CLOCKA WRTCLK RDCLK < cLock B
W/RA WRTEN1 [ < W/RB
TSA WRTENZ RDEN| o « TSB
OE2 H
\ 4
v
A 4
|18
Do-D17 Qo-Q17|—> BO-B17
SN74ACT7803
“—> RDCLK WRTCLK:
OE1 WRTEN1
* RDEN WRTEN2
L OE2
18
A0-A17 - <+—{ @o-a17 DO-D17 [~
Figure 5. Bidirectional Configuration
SN74ACT7803
WRTCLK WRTCLK RDCLK — RDCLK
WRTEN1 WRTEN1 RDEN
WRTENZ WRTENZ OBl | oF
IR OR v
v OE2 < OE2
36
DO-D35 > DO-D17 Qo-Q17
vy
D~
e ‘»
SN74ACT7803
A — WRTCLK RDCLK <
WRTEN1 RDEN
WRTEN2 OE1
R OR
OE2|—
36
DO-D17 Qo-Q17 — Qo-Q3s

Figure 6. Word-Width Expansion: 512 x 36 Bit
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SN74ACT7803

512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY
SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

TYPICAL CHARACTERISTICS

tpd - Propagation Delay Time — ns

typ+8

typ+6

typ+4

typ+2

typ-2

Icc - Supply Current— mA

180

160
140

PROPAGATION DELAY TIME

vs

LOAD CAPACITANCE

T
Vee=5V

- Ta=25°C

Ry =500

/

100 150

200 250 300

C_ - Load Capacitance - pF

Figure 7
SUPPLY CURRENT
vs
CLOCK FREQUENCY
T
Ta=75C
l CL=0 pF } | ,
"Vec=55V |/
| /
Vec=5 {I
4 '/ <
/// Vec =45V
v
)z
4//
y/
0 10 20 30 4 50 60 70

feiock — Clock Frequency — MHz

Figure 8
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992
R

calculating power dissipation

With Iccr taken from Figure 8, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

Pt = Vcc x [|CCF + (N x A|cc x dc)] +Z (CL x Vcc2 x fO)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

P' = Vcc x [Icc + (N x A‘cc X dc)] +Z (de X V(x:2 X ﬁ) +Z (CL x V(:(;2 x fO)

Icc = power-down Icc maximum

N = number of inputs driven by a TTL device

A Icc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C_ = output capacitive load

f; = data input frequency

f, = data output frequency

@ Texas
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SN74ACT7803

512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

PARAMETER MEASUREMENT INFORMATION

From Output
Under Test

Ry = 500Q I C_=50pF

LOAD CIRCUIT

Input

|
‘u_ o

——————— v

oV

e ‘PHL_’_L

| —_—- 3V
R
ov

TOTEM-POLE OUTPUTS

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE)

3V

7V Input 1.5V 15V
b R =R1=R2 | T T T T ov

S1 ' '
. —» | —»l [+ toz
R1 ] | : | ~35V
From Output Test Output | 15V | Iy 03V
Under Test Polnt | = __ Vo
o = R2 | oz P Il‘_ )
L= - .
teon i —— Lo
_____ ron
—i Output )‘ 15V \ 0.3 vj
= -0V
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 C ! $1

tozH Open

ten - 500 Q 50 pF -

v tpHz Open

tais o 500 Q 50 pF T

g 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.
Figure 10. 3-State Outputs (Any Q)
EXAS
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SN74ACT7805

256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

Member of the Texas instruments
Widebus ™ Family

Free-Running Read and Write Clocks May
Be Asynchronous or Colncident

Read and Write Operations Synchronized to
Independent System Clocks

Input-Ready Flag Synchronized to Write
Clock

Output-Ready Flag Synchronized to Read
Clock

Packaged in Shrink Small-Outline 300-mll
Package (DL) Using 25-mll Center-to-Center
Spacing

256 Words by 18 Bits

Low-Power Advanced CMOS Technology
Half-Full Flag and Programmable Almost
Full/Almost Empty Flag

Bidirectional Configuration and Width
Expansion Without Additional Logic

Fast Access Times of 12 ns With a 50-pF
Load and All Data Outputs Switching
Simultaneously

Data Rates From 0 to 67 MHz

Pin Compatible With SN74ACT7803 and
SN74ACT7813

description

The SN74ACT7805 is a 256-word x 18-bit clocked
FIFO suited for buffering asynchronous data
paths at 67-MHz clock rates and 12-ns access
times. Its 56-pin shrink small-outline package (DL)
offers greatly reduced board space over DIP,
PLCC, and conventional SOIC packages. Two
devices may be configured for bidirectional data
buffering without additional logic. Multiple
distributed Vcc and GND pins along with Tl's
patented Output Edge Control (OEC™) circuit
dampen simultaneous switching noise.

DL PACKAGE
(TOP VIEW)
rezeT {1 U ss[] OET
p1zl]lz  ssflarr
pisl]s sall Q16
D15E4 s3]l Q15
D14 |5 s2]] GND
D13 [ls s1fl Q14
D12 [ 7 5°]Vcc
p11 s ]l Q13
piolle 4sfai2
vec 10 a7l o
pof[l1r  4sflaio
DBE12 asfl ao
ano[]13  «flanD
p7fj14 a3flas
pel1s a2fla7
pslie 41las
o4 [j17 40%05
paffie  sefvec
p2ll1s  ssflas
D120 a7flas
pofj2r  sefla2
HF 22 ssflanD
FEN (23 4]l
AFAE [J2¢ 33l ao
wrRTCLK [J25s  32f] RocLk
WRTENZ [J26  31|] RDEN
WRTEN1 [J27 o]l oE2
IRO2s 290[lor

The write clock (WRTCLK) and read clock (RDCLK) should be free-running and may be asynchronous or
coincident. Data is written to memory on the rising edge of WRTCLK when WRTEN1 is high, WRTENZ is low,
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OET, and OE2 are low and
ORis high. The first word written to memory is clocked through to the output buffer regardiess of the RDEN,
OET, and OEZ levels. The OR flag indicates that valid data is present on the output buffer.

The FIFO may be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up.

Widebus and OEC are trademarks of Texas Instruments Incorporated.

DATA Is current as of date.

the terme of Teas

Products conform to A
standard warranty. Production processing doss not necessarily include
tosting of all parameters.

Copyright © 1992, Texas Instruments Incorporated
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SN74ACT7805

256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

logic symbolt
)
1 FIFO 256 x 18
RESET — D RESET  SN74ACT7805
WRTCLK b~ WRTCLK
27
WRTEN1 28
26 R WRTEN IN RDY
WRTEN2 22
32 HALF-FULL
RDCLK [> RDCLK 24
56 ALMOST FULL/EMPTY %
OEf & lenm OUT RDY
L
&
RDEN
31 ;
23
PEN ———— D PROGRAM ENABLE
C
21 33
DO ° 0
20 34
D1
19 36
D2
18 37
D3
17 38
D4
16 40
D5
15 41
os —————
14 a2
D7 ————]
12 a3
D8
1 45
9 46
D10
8 a7
D11
7 48
D12 ——
6 49
D13
5 51
D14
4 53
D15
3 54
D16
2 55
D17 17 17

t This symbol is in accordance with ANSI|EEE Std 91-1984 and IEC Publication 617-12

HF
AF/AE
OR

Qo
Qt
Q2
Q3
Q4
Qs
Qe
Q7
Qs

Q10
an
Q12
Qi3
Q14
Q15
Qie
Q7
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SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

functional block diagram

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992
———

OF Output
oEz Control
DO-D17 d
— Location 1
RDCLK SY";N.Y::W' > Read \|  Location 2
] »>- Pointer —
ADEN Control ]
256 x 18 RAM
WRTCLK Synchronous . .
WRTEN1 Write i e —
WRTENZ Control ) ] 1 255
I J Location 256
} 7
' I
| o[]S avan
— Reset - Status
{1 Flag OR
RESET—| Lol > Loglc R
PER HF
AF/AE
INSTRUMENTS



SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992
L

Terminal Functions

PIN
o DESCRIPTION
NAME NO.
Almost full/aimost empty fiag. Depth offset values may be programmed for this flag, or the
AF/AE 24 o defautt value of 32 may be used for both the aimost-empty offset (X) and the almost-full offset
(Y). AF/AE is high when memory contains X or less words or (256 minus Y) or more words.
AF/AE is high after reset.
DO-D17 21-14,12-11,9-2 I 18-bit data input port
Half-full flag. HF is high when the FIFO memory contains 128 or more words. HF is low after
HF 22 o
reset.
Input ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low,
IR 28 O | the FIFO is full and writes are disabled. IR is low during reset and goes high on the second
low-to-high transition of WRTCLK after reset.
Output enables. When OET, OE2, and RDEN are low and OR is high, data is read from the
OET, OE2 56, 30 1 FIFO on a low-to-high transition of RDCLK. When either OET or OE2 is high, reads are
disabled, and the data outputs are in the high-impedance state.
Outputready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low,
OR 2 ° the FIFO is empty and reads are disabled. Ready data is presenton Q0—Q17 when OR s high.
ORis low during reset and goes high on the third low-to-high transition of RDCLK after the first
word is loaded to empty memory.
PEN 23 ) Program enable. After reset and before the first word is written to the FIFO, the binary value
on DO-D6 is latched as an AF/AE offset value when PEN is low and WRTCLK is high.
33-34, 3638, 18-bit data output port. After the first valid write to empty memory, the first word is output on
Qo—Q17 40-43, 4549, 51, o) QO0-Q17 on the third rising edge of RDCLK. OR is also asserted high at this time to indicate
53-55 ready data. When OR is low, the last word read from the FIFO is present on Q0-Q17.
Read clock. RDCLK is a continuous clock and may be asynchronous or coincident to
RDCLK 32 | WRTCLK. A low-to-high transition of RDCLK reads data from memory when OET, OEZ, and
RDEN are low and OR is high. OR is synchronous to the low-to-high transition or RDCLK.
RDEN a1 | Read enable. When RDEN, OET, and OE2 are low and OR s high, data is read from the FIFO
on the low-to-high transition of RDCLK.
Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high
RESET 1 | transitions of WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and
AF/AE high.
Wirite clock. WRTCLK is a continuous clock and may be asynchronous or coincident to
WRTCLK 25 ! RDCLK. A low-to-high transition of WRTCLK writes data to memory when WRTENZ is low,
WRTENH is high, and IR is high. IR is synchronous to the low-to-high transition of WRTCLK.
WRTENT1, 27,26 | Write enables. When WRTEN1 is high, WRTEN2 is low, and IR is high, data is written to the
WRTEN2 ! FIFO on a low-to-high transition of WRTCLK.
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SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, I‘ARCH 1991-REVISED APRIL 1992

timing diagrams

meser l
|
- ;

|

t
|
wrrew ] f—l nREaEaEoEoEoEalE
! | '
w25 777777777, i
] | |
w777 7777777777 |
|

e 5

o-017 LU, @ri'ic"ii’&W/W;
|

I ! T

|
RDCLK |41 :2 "I I‘l:ll Illl ||
|

! !
o 777777 S0
! | ' '
ROER 0000000, e

|
| X

OE2 Don't
' ‘s, OomiCare ]
|
| I | ]
Qo-Q1i7 Invaiid
| ! |
on Z, Dorican

rrrrrrr

i
wr 7 B |
R UL Do T

|
|
|
]
.
|
|
|
|
|
|
|
|

T

|
Define the AF/AE flag using
the default value of X =Y = 32.

Figure 1. Reset Cycle
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256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991 —REVISE APRIL 1992

timing diagrams (continued)

DO-D17 wi

RDCLK

Qo-Q17

OR

AF/AE

HF

Figure 2. Write
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SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992
IR

timing diagrams (continued)
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offset values for AF/AE

The almost full/almost empty flag has two programmabile limits, the almost empty offset value (X) and the almost
full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written to
memory. If the offsets are not programmed, the default values of X = Y = 32 are used. The AF/AE flag is high
when the FIFO contains X or less words or (256 minus Y) or more words.

Program enable (PEN) should be held high throughout the reset cycle. PEN may be brought low only when IR
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on DO-D6 is
stored as the almost empty offset value (X) and the almost full offset value (Y). Holding PEN low for another
low-to-high transition of WRTCLK will reprogram Y to the binary value on DO-D6 at the time of the second
WRTCLK low-to-high transition. When the offsets are being programmed, writes to the FIFO memory are
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 127 may be
programmed for either X or Y. To use the default values of X = Y = 32, PEN must be held high.

timing diagram

meser ]

weew o] [l L LT LT LT LT
PER I WA

S W S SR,
R I

WRTENI

WRTENZ 7W

Figure 4. Programming X and Y Separately

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SuUpPly VORAGE raNGe, VEC .+ .t vt vttt et e ettt e s -05Vto7V
INPUEVORAGE, V| ..o ittt e e e 7V
Voltage applied to a disabled 3-state output ...............cooviiiiiiiii e 55V
Operating free-air temperature range ................oouvvveeriineeeernnernineeneinenn. 0°C to 70°C
Storage temperature FANGE . .............ouererenereneee ettt iini e, —65°Cto 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
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recommended operating conditions

'ACT7805-15 | "ACT7805-20 | 'ACT7805-25 | 'ACT7805-40 UNIT
MIN  MAX MIN MAX| MIN MAX MIN  MAX
Veo Supply voltage 45 55| 45 55| 45 55| 45 55| V
Vi High-level input voltage 2 2 2 2 \
ViL Low-level input voltage 0.8 0.8 0.8 0.8 \
lon High-level output current | Q outputs, flags -8 -8 -8 -8 mA
Q outputs 16 16 16 16
| Low-| | ut t A
oL ow-level output curren Fiags s 'y s s m,
fotock Clock frequency 67 50 40 25| MHz
WRTCLK high or low 6 7 8 12
tw Pulse duration RDCLK high or low 6 7 8 12 ns
S
PEN low 8 9 9 12
Data in (DO-D17)
before WRTCLK? 4 5 5 5
WRTEN1, WRTEN2 A 5 5 5
before WRTCLK?
OET, OE2
before RDCLK? 5 5 6 6
e Setup time RDEN before RDCLK?t 4 5 5 5 ns
Reset: RESET low
before first WRTCLK?t 5 6 6 6
and RDCLKtt
WRTCLK low before
PEN{ [s] [s] 0 [+]
Define AF/AE: PEN
before WRTCLKY 5 6 i 6
Data in (DO-D17)
after WRTCLK} 0 ° ° °
WRTEN1, WRTENZ
after WRTCLK{ 0 ° ° 0
OET, OE2, RDEN o 0 o o
th Hold time after RDCLK?t ns
Reset: RESET low
after fourth WRTCLK?t 2 2 2 2
and RDCLKt'
Define AF/AE: PEN
after WRTCLK? 2 2 2 2
Ta Operating free-air tsmp 0 70 0 70 0 70 0 70| °C

1 To permit the clock pulse to be utilized for reset purposes.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT

Vou Vec =45V, lon = -8 mA 2.4 v
Flags Vec =45V, loL =8 mA 0.5

VoL v
Q outputs Voc =45V, lo = 16 mA 0.5

Iy Vec =55V, Vi =V or 0 =5 nA

loz Vec =55V, Vo =Vcc or 0 5] pA

lec Vi=Vge-02Vor0 400 pA

Alcct Voc =55V, Oneinputat3.4V, Other inputs at Vcc or GND 1] mA

Ci Vi=0, f=1MHz ) pF

Co Vo =0, f=1MHz 8 pF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C; = 50 pF (unless otherwise noted) (see Figures 9 and 10

FROM TO "ACT7805-15 'ACT7805-20 | 'ACT7805-25 | 'ACT7805-40
PARAMETER UNIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
WRTCLK or
fmex RDCLK 67 50 40 25 MHz
4 95 12 4 13 4 15 4 20
""‘5 RDCLK? Any Q ns
——'Eg 85
tod WRTCLK? IR 3 8.5 3 11 3 13 3 15| ns
tog RDCLK? OR 3 8.5 3 1 3 13 3 15] ns
16.5 7
tp Vll:Tﬁ(I:th AFIAE 7 19 7 21 7 al
P RDCLKY 7 17 7 19 7 21 7 23
toLH WRTCLK? HE 7 15 7 17 7 19 - a
S
[ RDCLKt 7 15.5 7 18 7 20 7 22
[ RESET tow AF/AE 2 9 2 11 2 13 2 Kl
toHL HF 2 10 2 12 2 14 2 16
2 8.5 2 1 2 11 2 1
ton OFT, OE2 Any Q ns
i 2 9.5 2 11 2 14 2 14

t All typical values are at Voc = 5V, Ta = 25°C.
+ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc.
§ This parameter is measured at C_ = 30 pF load (see Figure 7).

operating characteristics, Vocc =5V, T = 25°C

PARAMETER TEST CONDITIONS TYP UNIT
[ Cog Power dissipation capacttance per FIFO channel | Outputs enabled | C, = 50 pF, f=5MHz 53 pF
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APPLICATION INFORMATION

SN74ACT7805
CLOCKA WRTCLK RDCLK <] < CLOCK B
W/RA WRTEN1 OET < W/RB
TSA WRTENZ ROEN [ o < TSB
oez|—Y
Y A\ 4
Y
|18
DO-D17 Qo-Q17}—> — BO-B17
SN74ACT7805
“—> RDCLK WRTCLK
OET WRTEN1
O iy WRTENZ
OEZ
18
Ao-Ar7 > +—] Qo-a17 DO-D17 |—
Figure 5. Bidirectional Configuration
SN74ACT7805
WRTCLK WRTCLK RDCLK < < RDCLK
WRTEN1 WRTEN1 RDEN
WRTEN2 WRTEN2 OEl| OF1
IR OR v
¥ oz . oEz
38
Do-D35 A Do-D17 Qo-Q17 1
y
D=
e ‘,
SN74ACT7805
4 —> WRTCLK RDCLK <]
WRTEN1 RDEN
WRTEN2 OE1
IR OR
oea|
36
DO-D17 Qo-Q17 A Q0-Q35

Figure 6. Word-Width Expansion: 256 x 36 Bits
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t pd ~ Propagation Delay Time — ns

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
typ+8 |
Vec=5V P
I Ta=25°C
Ry - 5000 j/
typ+6
typ+4 V4
/
typ+2
typ
-2
we o 50 100 150 200 250 300
C_ - Load Capacitance — pF
Figure 7
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200 T
Tt T
1801 Cy=0 pF Vec=55V |/
160 | /|
< Vee = 5b
E 140
$ 10 <z
3 100 j / /
2> V
g o 4// Vec =45V
a /
[ //
3]
2 e 4
20
o
1] 10 20 30 40 50 60 70

fclock — Clock Frequency — MHz

Figure 8
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calculating power dissipation

With Iccr taken from Figure 8, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

P( = VCC x [ICCF + (N x Alcc X dc)] +Z (CL x VCCZ x fo)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Py = Ve x [lcc + (N x Alge x dc)] +Z (de x VCC2 xfi) + (CL x Vccz x fo)

lcc = power-down lcc maximum

N = number of inputs driven by a TTL device

A lcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C, = output capacitive load

f; = data input frequency

f, = data output frequency
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PARAMETER MEASUREMENT INFORMATION

——————— v
From Output Input 1.5V
Under Test | | ov
e e oy »
A, - 5000 Cy =50 pF toLn | tonL . av
I Output 15v
= ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE)
3V
7V Input 1.5V 15V
SIl> R_=R1=R2 | T T T T T ov
L D — i<— torz
R1 I ) : | -35V
From Output Test Output 15v | 03V
Under Test ) Point } l :::E —— Vo
i |
= R
o ? tozy ¥
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c.t St
tpzH Open
| W <+ W 500 Q 50 pF

ton o P! Closed

teHz Open

is oz 500Q 50 pF Closed

tog 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q)
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® Free-Running Read and Write Clocks May ¢ Input-Ready, Output-Ready, and Half-Full
Be Asynchronous or Coincident Flags

* Read and Write Operations Synchronized to ¢ Cascadable in Word Width and/or Word
Independent System Clocks Depth

® Input-Ready Flag Synchronized to Write ® Fast Access Times of 12 ns With a 50-pF
Clock Load

® Output-Ready Flag Synchronized to Read ¢ Data Rates From 0 to 67 MHz
Clock ¢ 3-State Outputs

¢ 2048 Words by 9 Bits * Avallable In 44-Pin PLCC (FN) or

* Low-Power Advanced CMOS Technology Space-Saving 64-Pin Shrink Quad Flat Pack

* Programmable Almost Full/Almost Empty (PM)
Flag

description

The SN74ACT7807 is a 2048-word by 9-bit FIFO with high speed and fast access times. It processes data at
rates up to 67 MHz and access times of 12 ns in a bit-parallel format. Data outputs are noninverting with respect
to the data inputs. Expansion is easily accomplished in both word width and word depth.

The write clock (WRTCLK) and read clock (RDCLK) inputs should be free-running and may be asynchronous
or coincident. Data is written to memory on the rising edge of WRTCLK when the write-enable (WRTEN1/DP9,
WRTEN?2) inputs are high and the input-ready (IR) flag output is high. Data is read from memory on the rising
edge of RDCLK when the read-enable (RDEN1, RDEN2) and output-enable (OE) inputs are high and the
output-ready (OR) flag output is high. The first word written to memory is clocked through to the output buffer
regardless of the levels on RDEN1, RDEN2, and OE. The OR flag indicates that valid data is present on the
output buffer.

The FIFO may be reset asynchronous to WRTCLK and RDCLK. RESET must be asserted while at least four
WRTCLK and four RDCLK cycles occur to clear the synchronizing registers. Resetting the FIFO initializes the
IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up.

PRODUCTION DATA informetion ls current as of publicaion date. Copyright © 1992, Texas Instruments incorporated
Products conform per the terms of i por
standerd warranty. Production processing doss not necessarily include

teting of all parameters.
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Do
D1
D2
GND
D3
D4
D5
Vee
Dée
D7
D8

[a]
0 O Q Q
-~ nZZ < 0 Z Z~
GFPPLFF653LPEE8E6560

FN PACKAGE
(TOP VIEW)
Yooli, o
Q. L91z|d Q
LD ZGWoowWZg
SuizlBludouzs
P " ] " | SR | S S ) ) ) S - - -
654 3 21 4443424140
7 3] a1
ig 38[] vee
o a7[] Q2
10 3[] a3
11 35[] GND
112 34[] Qs
]13 33[] Vee
114 32[}as
15 31{] Qe
116 30[] GND
117 29[| Q7
18 19 20 21 22 23 24 25 26 27 28
o ¥ o ¥ o ¥ s ¥ e ¥ ¥ e | ¥ o i |
O O AT @Y X O®
0 Z = ZZ J
Gooa ©°5&39°
E =k 00 Q
€z TEC
}1_13
[
2
PM PACKAGE
(TOP VIEW)

[aNa]

]
z

o s W e ¥ s s ¥ v e s s s s s o v § v ¥ §

(" 64 6362 61 60 59 58 57 56 55 54 53 52 51 50 49

NC H 1 48[]NC
Qo g 2 4[] a8
anp [ 3 4 1l Voc
anp [ 4 45 ] vee
celS® 4[] RDCLK
nc 8 43 |] RDEN1
vee 07 42[]NC
Veo [ 8 41 [] RDEN2
RESET ( © “flor
PEN ] 10 ot 14
ano M 38 [] WRTEN2
GND []12 37 |] WRTEN1/DP9
AF/AE []13 36 [] WRTCLK
HF E 14 35 ]GND
Voe [15 34[1GND
Vee [ 16 33 |]NC
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
SN N N N N N N D G SO G A | G
2858228328 88858¢
RO} > >

NC — No internal connection
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logic symbolt

)
FIFO 2048 x 9
SN74ACT7807
1
RESET —D RESET
19
WRTCLK ————— > WRTCLK
WRTENIDPS > = 22
————— R
21 WRTEN INRDY 5
WRTEN2 —————] HALF-FULL |————— HF
26 4
RADCLK — > RDCLK  ALMOST FULL/EMPTY % AF/AE
oe -2 EN1 OUTRDY |[—————— OR
25
RDEN1 &
RDEN
24
RDEN2
2
PEN ———D> PROGRAM ENABLE
=B L
7 40
D0 ——o o————— ao
8 39
Dt ——— ——— a1
° 37
D2 ——— —————— a2
ps U % a3
12 34
os 2 19 ae
13 32
DS as
15 31
De Qe
16 20
D7 —] ———— a7
17 28
pg ——{8 8— Q8

1 This symbol is in accordance with ANSIIEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the FN package.
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Terminal Functions

PIN NAME /o DESCRIPTION
Almost full/aimost empty flag. Depth offset values may be programmed for this flag, or the detault value of 256 may
AF/AE o be used for both the almost-empty offset (X) and the aimost-full offset (Y). AF/AE is high when memory contains
X or less words or (2048 minus Y) or more words. AF/AE is high after reset.
DO-D8 | Nine-bit data input port.
HF [e] Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset.
R Input ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full and
writesare disabled. IR is low during resetand goes high on the second low-to-high transition of WRTCLK after reset.
oE | Outputenable. When OE, RDEN1, RDEN2 and OR are high, data is read from the FIFO on a low-to-high transition
of RDCLK. When OE is low, reads are disabled and the data outputs are in the high-impedance state.
Output ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is empty
OR O | and reads are disabled. Ready data is present on Q0—Q17 when ORis high. OR is low during reset and goes high
on the third low-to-high transition of RDCLK after the first word is loaded to empty memory.
PEN | Program enable. After reset and before the first word is written to the FIFO, the binary value on D0-D8 and DP9
is latched as an AF/AE offset value when PEN is low and WRTCLK is high.
Nine-bit data output port. After the first valid write to empty memory, the first word is output on Q0-Q8 on the third
Qo-Q8 o rising edge of RDCLK. OR is also asserted high at this time to indicate ready data. When OR is low, the last word
read from the FIFO is present on Q0—Q8.
Read clock. RDCLK is a continuous clock and may be asynchronous or coincident to WRTCLK. A low-to-high
RDCLK | transition of RDCLK reads data from memory when RDEN1, RDEN2, OE, and OR are high. OR is synchronous

to the low-to-high transition or RDCLK.

RDEN1, RDEN2

Read enables. When RDEN1, RDEN2, OE, and OR are high, data is read from the FIFO on the low-to-high
transition of RDCLK.

Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must

! occur while RESET is low. This sets HF, IR, and OR low and AF/AE high.
Write clock. WRTCLK is a continuous clock and may be asynchronous or coincident to RDCLK. A low-to-high
WRTCLK | transition of WRTCLK writes data to memory when WRTEN1/DP9, WRTEN2, and IR are high. IR is synchronous
to the low-to-high transition of WRTCLK.
Write enable/data pin 9. When WRTEN1/DP9, WRTEN2, and IR are high, data is written to the FIFO on a
WRTEN1/DP9 | low-to-high transition of WRTCLK. When programming an AF/AE offset value, WRTEN1/DP9 is used as the most
significant data bit.
WRTEN2 | Write enable. When WRTEN1/DP9, WRTEN2, and IR are high, datais written to the FIFO on alow-to-high transition

of WRTCLK.
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functional block diagram

OE

Do-D8

RDCLK
RDEN1
RDEN2

WRTCLK
WRTEN1/DP®
WRTEN2

RESET ——

y

Location 1
> Read Location 2
Control > Polnter
2048 x 9 RAM
ch > ~
Synchronous > Write
Control — Pointer /| Location 2047
' Location 2048
A 4 N
===t
Reset Status
Logic - Flag OR
o Logic IR
HF
AF/AE
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offset values for AF/AE

The almost full/almost empty flag has two programmabile limits, the almost-empty offset value (X) and the
almost-full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written
to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flagis high
when the FIFO contains X or less words or (2048 minus Y) or more words.

Program enable (PEN) should be held high throughout the reset cycle. PEN may be brought low only when IR
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on DO-D8 and
WRTEN1/DP9 is stored as the almost empty offset value (X) and the almost full offset value (Y). Holding PEN
low for another low-to-high transition of WRTCLK reprograms Y to the binary value on D0-D8 and
WRTEN1/DP9 at the time of the second WRTCLK low-to-high transition. While the offsets are programmed,
data is not written to the FIFO memory regardless of the state of the write enables (WRTEN1/DP9, WRTEN2).

A maximum value of 1023 may be programmed for either X or Y. To use the default values of X = Y = 256, PEN
must be held high.

4
o \ A Y |
\m xanay\ v Xwonmm
. /

WRTEN1/DP9 S8 YuSB

wrrez: MIIIIITIIIINWSWSNNNY

Figure 1. Programming X and Y Separately
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timing diagrams (continued)

meser ————
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I ¢ 5
NP e oo ey r

| | |
WRTEN2 w\m‘wﬁ-k‘i\mw :
| d
AN RN
| | |

|
RDCLK 1 2 3 4| |

|
| l |

RDEN1 \\ml\i\ Don't c%r\-\\\‘\; .
RDENZ i Don't coe R

|
[
[

[ | | :
|
[

1

|

| T T
OE ‘ | | |
| | |

Qo-Qs invalid
] |

OR \;;;;;;;’; Don't Care \E;:E«:‘ij

I
AF/AE < DontCare

HF ‘\g Don\zga‘r{ gl
RS DONTCAN S

|
|
|
| |
I |
| |
| |
| |
I !

|
|
]
|
T
|
|
|
I
|
|

|
Define the AF/AE flag using
the defauit value of X=Y=256.

Figure 2. Reset Cycle: Define AF/AE Using the Default
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timing diagrams (continued)

RESET

PEN

e TLFLFLAL L, L, FL, FL, L

WRTEN1/DP9 -
WRTEN2 __[
SN 20 AN AN 20 N 2 NN T SN T NS

ok FL FLF LS JLﬂﬂ ﬂ

|
] | [ T
! | | I
jl | 1 Il
| | | \
| |

RDEN1

RDEN2 '

|
|
T
T
|
|
OE |
|

|
|
T
L
|
|
|
|
Qo-q8 Invalid X w1
|
OR ]

T
I
|
|
AF/AE 1

HF

Figure 3. Write
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timing diagrams (continued)

RESET 0
PEN .
weew_fLEL L FL FL o F1L FL  FLFL
| |
WRTEN1/ |
DP9 | '
| |
WRTEN2 | :

e FLFLFL o FL FL fL FLEL

L | H | | | |
H | | | | | |
roeer ] | | ' | | | |
| | ' | | | |
| | | n L i .
RDEN2 __| [ | | | | |
| | | | |
| |
! ] ! | ; ] |
T T 1
OE | | | | |
| ! | | ! ! | 0
| | | | |
Qo-Q8 w1 ws w(vn))(v«v.z) vma)( w1020 @@ wmx w2040
| | | | | l
T T L | 1 |
OR | | | | | ]
| | | | |
i | |
AF/AE | | l
| i !
| | 1
w i l
| |
!a__! |
Figure 4. Read
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Supply voltage range, Vcc -05Vto7V
InpuUtvoltage, Vi ... e 7V
Voltage applied to a disabled 3-state output .............. .. ... 55V
Operating free-air temperature range . ..............c.oiiiiiiiiit it eniaennes 0°C to 70°C
Storage temperature raNge . ..............ouiuautornet ettt —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

'ACT7807-15 | "ACT7807-20 | 'ACT7807-25 | 'ACT7807-40 UNIT
MIN  MAX MIN MAX| MIN MAX MIN  MAX
Vee Supply voltage 45 55| 45 55| 45 55| 45 55| V
ViH High-level input voltage 2 2 2 2 \%
ViL Low-level input voltage 0.8 0.8 0.8 0.8 \
lon High-level output current | Q outputs, flags -8 -8 -8 -8| mA
| Low-level output t Q outputs 16 16 16 16 mA
o current
oL o Flags s 8 8 8
felook Clock frequency 67 50 40 25 ] MHz
WRTCLK high or low 6 8 9 13
tw Pulse duration RDCLK high or low 6 8 9 13 ns
e
PEN low 6 9 9 13
Data in (D0-D8)
before WRTCLK} 4 5 5 5
WRTEN1, WRTEN2
before WRTCLK} 4 5 5 5
OE, RDEN1, RDEN2
tsu Setup time before RDCLK? 5 6 6 65 ns
Reset: RESET low
before first WRTCLK? 7 8 8 8
and RDCLK?!
PEN before
WRTCLK? 4 5 5 5
Data in (D0-D8)
after WRTCLK?t 0 0 0 0
WRTEN1, WRTEN2
after WRTCLK1 0 0 ° °
OE, RDEN1, RDEN2
after RDCLKY 0 ° 0 0
t Hold time Reset: RESET low ns
after fourth WRTCLK?t 5 5 5 5
and RDCLK?!
PEN high
after WRTCLK| 0 0 0 0
PEN low after
WRTCLKY 8 3 8 3
Ta Operating free-air temp 0 70 0 70 0 70 0 70] °C

1 To permit the clock pulse to be utilized for reset purposes.

TeExas
266 INSTRUMENTS



SN74ACT7807

2048 X 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS200-D4005, JANUARY 1991-REVISED APRIL 1992
B

electrical characteristics

otherwise noted)

over recommended operating free-air temperature range (unless

PARAMETER TEST CONDITIONS MIN TYP'! MAX| UNIT
Vou Vec =45V, lon = -8 mA 2.4 Vv
Flags Vec =45V, loL =8 mA 05
VoL \
Qoutputs Voc =45V, lo, = 16 mA 0.5
h Vec =55V, V =Vc or 0 5| pA
loz Vec =55V, Vo =Vgc or 0 15 uA
Icc Vec =55V, Vi=Vgc-0.2Vor0 400 | pA
Alect WRTEN1DPO Vec =55V, Oneinputat3.4V, Other inputs at Vcc or GND 2 mA
Other inputs ' 1
Ci Vi=0, f=1MHz 4 oF
Co Vo =0, f=1MHz 8 pF

switching characteristics

over recommended ranges of supply voltage and operating free-air
temperature, C;_ = 50 pF (unless otherwise noted) (see Figures 9 and 10

PARAMETER FROM T0 *ACT7807-15 'ACT7807-20 | "ACT7807-25 | 'ACT7807-40 ONIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
WRTCLK or
fmax RDCLK 67 50 40 25 MHz
3 9 12 3 13 3 18 3 25
pd RDCLK? Any Q ns
todt 8
tod WRTCLK? IR 1 9 1 12 1 14 1 16| ns
tog RDCLK? OR 1 9 2 12 2 14 2 16| ns
o WRTCLK? AF/AE 2 16 2 20 2 25 2 30| ns
tod RDCLK? AF/AE 2 17 2 20 2 25 2 30| ns
[ WRTCLK? HE 2 19 2 21 2 23 2 sl
toHL RDCLK? 2 16 2 18 2 20 2 22
1 1 18 1 22
[ RESET low AF/AE 1 2 1 al
tPHL HF 2 12 2 18 2 22 2 24
10 2 13 2 15 2 18
fon OE Any Q 2 ns
s 1 1 1 13 1 15 1 18
T Al typical values are at Ve = 5 V, Ta = 25°C.
¥ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Ve,
§ This parameter is measured with C,_ = 30 pF (see Figure 7).
operating characteristics, Vec =5V, T = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
| Cog _Powerdi \ cap per FIFO ch || Outputs enabled | C, = 50 pF, f=5MHz 91 pF
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APPLICATION INFORMATION

CLOCK
*ACT7807 *ACT7807
WRTCLK > WRTCLK RDCLK < WRTCLK RDCLK ] RDCLK
WRTEN1 WRTEN1/DP9 OR y ; WRTEN1/DP9 RDEN1 RDEN1
WRTEN2 WRTEN2 RDEN1 -——1 L—— WRTEN2 RDEN2 RDEN2
IR IR RDEN2 o IR OR OR
OE|—5v OE OE
Do-D8 | Do-D8 Qo-Q8 1 Do-D8 Qo-as > Q0-Q8

Figure 5. Word-Depth Expansion: 4096 Words by 9 Bits

'ACT7807
WRTCLK P> WRTCLK RDCLK <] RDCLK
WRTEN WRTEN1/DP9 RDEN1 RDEN
WRTEN2 RDEN2
IR OR
OE T OE
De-D17 > Do-D8 Qo-Q8 > Q9-Q17
*ACT7807
P> WRTCLK RDCLK <]
WRTEN1/DP9 RDEN1
WRTEN2 RDEN2
IR OR
OE —J
Do-D8 > Do-D8 Qo-Q8 > Q0-Q8

Figure 6. Word-Width Expansion: 2048 Words by 18 Bits
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'pd ~ Propagation Delay Time —ns

Icc - Supply Current - mA

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME

Vs

LOAD CAPACITANCE

typ+8 T
Vee=5V

— R, =500

wpes Ta=25°C /

/

v

typ+4

typ+2
/

typ-2
0 50 100 150 200

250 300

C_ - Load Capacitance - pF

Figure 7

SUPPLY CURRENT
vs
CLOCK FREQUENCY
160

. Voo 55V
Ta=75 ,/

140~ c, -0 pF

Vee=5V | /
120 ¢

100 >‘ A /
o // /4‘» =45V
e ////

//

|

] 10 20 30 40 50 e 70 80
Teiock ~ Clock Frequency — MHz

Figure 8
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calculating power dissipation
With Iccr taken from Figure 8, the maximum power dissipation may be calculated using:
Py = Vce x [lccr + (N x Algg x do)] + = (CL x Vgc? x fo)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

P‘ = VCC X [lcc + (N X Alcc x dc)] +Z (de X Vcc2 X ﬁ) +X (CL X VCC2 X fO)

lcc = power-down Icc maximum

N = number of inputs driven by a TTL device

A lcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpd = power dissipation capacitance

C\ = output capacitive load

f; = data input frequency

f, = data output frequency
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PARAMETER MEASUREMENT INFORMATION
——————— 3v

From Output Input
Under Test | | ov

R =5000 C=50pF | +—— 3V
OM__/__—_\E
= = ov

LOAD CIRCUIT TOTEM-POLE OUTPUTS

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE)

————————— 3v
v Input 1.5V 15V
515 R_=R1=R2 | | ov
o —» | [ toiz
R1 — o ~3sv
From Output Tost Output [ S y >V
Under Test Point | —_——- VoL
|
R2
G oy ¥
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 C.t S1
ton tpzn 500 Q 50 pF Open
oz Closed
tais tiz 500 Q 50 pF Open
toLz Closed
tog 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q)
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Member of the Texas Instruments
Widebus™ Family

independent Asynchronous Inputs and
Outputs

Input Ready, Output Ready, and Half-Full
Flags

Cascadable in Word Width and/or Word
Depth

¢ 1024 Words x 18 Bits ¢ Fast Access Times of 15 ns With a 50-pF
* Read and Write Operations Can Be Load
Synchronized to Independent System ¢ High Output Drive for Direct Bus Interface
Clocks * Avallable in 68-Pin PLCC (FN) or
¢ Programmable Aimost Full/Almost Empty Space-Saving 80-Pin Shrink Quad Flat Pack
Flag (PN)
FN PACKAGE
(TOP VIEW)
¥ — N
."-"“—’tggéém% 82 SreQw
0000@xaxxOlr>00300060
L] T | U | SN | S | SR ) S N ) S S ) S ) NS | S ) S ) ) S )
D1af 2 87 6543 2 1 6867666564 6362 61
10 60[ Vee
D13[] 11 so[] Q14
D12[] 12 s8] Q13
D11]]13 57[] GND
D10[] 14 se[] Q12
D9f] 15 s5[] Q11
Veel[l 18 54[] Vec
D8f]17 53[] Q10
GND [} 18 52[] Q9
D70} 19 51[] GND
D6[] 20 so0[] a8
D5} 21 4o} Q7
D4f] 22 48[] Ve
D3] 23 47[] Q6
D217 24 48[} @5
D1} 2s 45[] GND
Doy 26 44[] Q4
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
ooOoaoooamooaoormm o |
LOoX - O Qwaoaocw O -0 N®
BFgEESEs 19855983
EEE
2232
Widebus is a trademark of Texas Instruments Incorporated.
mwl:r: b':;v'-n-;:d date, Copyright © 1992, Texas Instruments Incorporated
standerd warranty. Production do Include
— B Tixas

INSTRUMENTS 2-63



SN74ACT7811
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH 3-STATE OUTPUTS

SCAS151A-D3729, JANUARY 1991-REVISED FEBRUARY 1992
S

PN PACKAGE
(TOP VIEW)
0w OsTm 22 a0~ Qo Q Q oQ
59606565555368659886683
| SN § N S S ) S S ) S ) S S ) S ) S S | S0 ) S5 ) S ) S ) S ) S ) ) —
@® 807978 777675 7473 7271 70 69 68 67 66 6564 63 62 61
Ne P s s0 0 Vcc
GND [0 2 s9 [} Vee
GND [] 3 se [ NC
Qe ] 4 s7 [] Q3
Q17 s s6 [ Q2
vec P € ss [} GND
ORp 7 54 [ Q1
GNDP 8 s3 [ Qo
vec [ o s2 0 Vcc
RESET [ 10 st [ HF
OEP 1 5 IR
RDEN2 I 12 49 [ GND
RDEN1 ] 13 48 [ GND
RDCLK [ 14 47 O AF/AE
GND [ 15 4 [ vce
D17 [0 16 45 [} WRTEN2
Die [] 17 44 [} WRTEN1
D15 [] 18 43 [ WRTCLK
NC[d 19 42 [} GND
NC [ 20 41 I NC
21 22 23 2425 26 2728 29 30 3132 33 34 35 36 37 38 3940
s ¥ o ¥ e ¥ e ¥ s ¥ s ¥ e 1 o s ¥ e o ¥ o ¥ e o ¥ e i s e ¥ e V nn

(6]
z

D14
D13

Nr-rO0® OAOMNOD TON =~ O|LO
055090508000008‘52

NC - No internal connection

description

A FIFO memory is a storage device that allows data to be written into and read from its array at independent
data rates. The SN74ACT7811 is a 1024- x 18-bit FIFO for high speed and fast access times. It processes data
at rates up to 40 MHz and access times of 15 ns in a bit-parallel format. Data outputs are noninverting with
respect to the data inputs. Expansion is easily accomplished in both word width and word depth.

The SN74ACT7811 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry
adds the ability to synchronize independent read and write (interrupts, requests) to their respective system
clock.
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logic symbolt
[ ]
FIFO 1024 x 18
74ACT7811
1
RESET —5-;—5 RESET
WRTCLK ———> WRTCLK 35
30 N
WRTEN1 > % | wrren IN RDY “ IR
WRTEN2 : HALF FULL - HF
RDCLK — [ RDoLK  ALMOST FULL/EMPTY - AF/AE
RDEN1 a OUTRDY —————— OR
2
OE EN1 | RDEN
3
RDEN2
27
DAF ——— N> DEF ALMOST FULL 'J
|
26 38
Do —25 ] o o Qo
D1 a1
24 41
02 23 42 az
D3 — a3
22 44
o4 21 a8 o
s — - as
D6 Qs
19 49
D7 a7
e 17 50 Qs
D9 ——— a9
14 53
D10 Q10
13 55
D11 [*1}]
12 s
D12 Q12
1 58
D13 Q13
10 50
D14 Q4
9 61
D1s Qis
8 63
D16 Qte
7 64
D17 —mM 17 17— Q17

f This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12
Pin numbers shown are for the FN package.
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functional block diagram

OET

DO-D17 d
RDCLK Synchronous zocaton !
Read > Read Location 2
RDEN1 Control o Pointer
RDEN2 g
1024 X 18 RAM
WRTCLK ynch >
Write
WRTEN1 Write Pointer Location 1023
WRTEN2 Control
Location 1024
< 4 U
A 4
L Reset — Register
Loglc >
RESEF—— -
Status
Flag
DAF— Logle

terminal functions

Inputs
data In (D0-D17)

Data inputs for 18-bit-wide data to be stored in the memory. Data lines D0O-D8 also carry the aimost full/almost
empty offset value (X) on a high-to-low transition of the define almost full (DAF) input.

reset (RESET)

A reset is accomplished by taking reset (RESET) low and generating a minimum of four read clock (RDCLK)
and write clock (WRTCLK) cycles. This ensures that the internal read and write pointers are reset and that the
output ready flag (OR), the half-full flag (HF), and the input ready flag (IR) are low; the almost full/almost empty
flag (AF/AE) is high. The FIFO must be reset upon power up. With the define almost full (DAF) input at a low
level, a low pulse on RESET defines the AF/AE status flag using the almost full/almost empty offset value (X),
where X is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines the AF/AE
flag using the default value of X = 256.

write enables (WRTEN1, WRTEN2)

The write enables (WRTEN1, WRTEN2) must be high before the rising edge of write clock (WRTCLK) for aword
to be written into memory. The write enables do not affect the storage of the almost full/almost empty offset

value (X).

Qo-Q17

OR
IR

HF
AF/AE

EXAS
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terminal functions (continued)

write clock (WRTCLK)
Data is written into memory on a low-to-high transition of the write clock (WRTCLK) if the input ready flag output
(IR) and the write enable control inputs (WRTEN1, WRTEN2) are high. WRTCLK is a free-running clock and
functions as the synchronizing clock for all data transfers into the FIFO. The IR flag output is also driven
synchronously with respect to the WRTCLK signal.

read enables (RDEN1, RDEN2)
Both read enables (RDEN1, RDEN2) must high before the rising edge of read clock (RDCLK) to read a word
out of memory. The read enables are not used to read the first word stored in memory.

read clock (RDCLK)

Data is read out of memory on a low-to-high transition at the read clock (RDCLK) input if the output ready flag
output (OR) and the output enable (OE) and read enable (RDEN1, RDEN2) control inputs are high. RDCLK is
a free-running clock and functions as the synchronizing clock for all data transfers out of the FIFO. The OR flag
is also driven synchronously with respect to the RDCLK signal.

define aimost full (DAF)

The high-to-low transition of the define almost full (DAF) input stores the binary value of data inputs D0-D8 as
the almost full/almost empty offset vaiue (X). With DAF held low, alow pulse on the reset (RESET) input defines
the almost full/almost empty flag (AF/AE) using X.

output enable (OE)
The data out (Q0—-Q17) outputs are in the high-impedance state when the output enable (OE) input is low. OE
must be high before the rising edge of read clock (RDCLK) to read a word from memory.

outputs

data out (Q0-Q17)

The first data word to be loaded into the FIFO is moved to the data out (Q0—Q17) register on the rising edge
ofthe third read clock (RDCLK) pulse to occur after the first valid write. The read enable (RDEN1, RDEN2) inputs
do not affect this operation. Following data is unloaded on the rising edge of RDCLK when RDEN1, RDEN2,
and the output ready flag (OR) are high.

Input ready flag (IR)
The input ready flag (IR) is high when the FIFO is not full and low when the device is full. During reset, the IR
flag is driven low on the rising edge of the second write clock (WRTCLK) pulse. The IR flag is driven high on
the rising edge of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR is driven
low, IR is driven high on the second WRTCLK pulse after the first valid read.

output ready flag (OR)
The output ready flag (OR) is high when the FIFO is not empty and low when it is empty. During reset, the OR
flag is set low on the rising edge of the third read clock (RDCLK) pulse. The OR flag is set high on the rising edge
of the third RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the rising edge
of the first RDCLK pulse after the last word is read.

half-full status flag (HF)
The half-full flag (HF) is high when the FIFO contains 513 or more words and is low when it contains 512 or less
words.

almost full/aimost empty status flag (AF/AE)

The almost full/almost empty flag (AF/AE) is defined by the almost full/almost empty offset value (X). The AF/AE
flag is high when the FIFO contains (X + 1) or less words or (1025 — X) or more words. The AF/AE flag is low
when the FIFO contains between (X + 2) and (1024 — X) words.
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terminal functions (continued)

programming procedure for AF/AE

The almost full/aimost empty flag (AF/AE) is programmed during each reset cycle. The almost full/almost empty
offset value (X) is either a user-defined value or the default value of X = 256. Below are instructions to program

AF/AE using both methods .

user-defined X:

Step 1. Take DAF from high to low.

Step2. If RESET is not already low, take RESET low.

Step 3.  With DAF held low, take RESET high. This defines the AF/AE flag using X.
Step 4.  To retain the current offset for the next reset, keep DAF low.

default X:
To redefine the AF/AE flag using the default value of X = 256, hold DAF high during the reset cycle.
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timing diagrams

RESET | !
}

f

DAF \QQQQiQQ: Don't Care x::QQQQQ:; t:::::::t::::Q:
| ! |

WRTCLK | 1 2 3] 4 1 2

. | |
WRTENT - NNN\\\\\\Don't Care .\\\\\\\\\\,\\\‘l [
x | |
WRTEN2 Don't Care N !
I : I X .
00017 NNN\NN\\\N pon't Care NN xt RN RN
| | |
RDCLK ¥ ¥ 2 3] 3] ! I
|
|
RDENT  \ TDon'( Care \\ {
| |
RDEN2 XN\ Dont Care \m !
| H ; | |
OE | | | [ I
| |
I | | !
Qo-Q17 Invali

T
|
L
|
AF/AE  \) Don't Care |
|
I
Il

J*

Define the AF/AE flag using the value of X

|
|
|
HF O Don’tCare \\ !
|

IR \§§§ Don'tCer\§§§§q

Store the value of DO-D8 as X

|

|

|

d

[ I |
OR \QQQQ.\‘QQS Don't Care \‘\‘:\‘g:\‘ﬂ !
I

|

|

|

I

|

|

1

|

1
|
|
!
|
|
|
!
|
|
|
I

1 X is the binary value of DO-D8 only.

Figure 1. Reset Cycle: Define AF/AE Using the Value of X
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RESET | |
I i
L i

- +
DAF Don’t Care I | l
| |
WRTCLK ! 1 2 3 4 1 2
Wm +
WRTEN1 N Don‘tCare \\ l |
| | | [
WRTEN2 N ‘D‘on t c‘lr‘o \ }

Do-017 \\\\\\\\\\\\\\\\vm\\\\\\\\\\\\\\\\
oo T FL LU LA L FLF

|
RDENT  \ _Don't Care  \ |
] | | i
RDENZ  \ Don't Care N |
] | [ I !
OE | ! | | i
| | | | |
| | ] 1
Qo-Q17 Invalid
I | i
OR k Don‘t Care N\
1

\\\\\\

|
AF/AE N Don't Care I
|
|
!

HF  \ Don't Care \Q

RN Don't Care  \

Define the AF/AE flag using
the default value of X=256

—_—t—Fr——4—t—-

Figure 2. Reset Cycle: Define AF/AE Using the Default Value
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RESET

B | B IR

WRTCLK m_‘,_f_p,_f'—l_“_f_hﬂ

WRTEN1

WRTEN2 I
T S
oo T Tw ] Jw] Tl Tw] —Toal Tl Twen] o]

| |
T T T T
I I [ I
! I l I
| I | I
|

RDEN1

RDEN2 '

OE

|
|
|
|
1
|
|
Qc-a17 invalid X w1
|

OR |

T
1
|
I
AF/AE |

HF

Figure 3. Write
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AR T T T 7 e coee T i Ll

WRTEN1 | I

WRTEN2 — 1]
|
00017 Qweasl i/ f o A ////////////// /LSS LSS SV LSS S SIS
RDCLK _ﬁm—\J—Lf__‘,__]f'j_ﬁ,__f_L*,_’f—l_“__f—\_f—L
RDEN1 _]7 : | : | | {
| |
RDEN2 | T i B : 1 !
OE _LH } ; i r 1( !L
Qo-Q17 T >— :: X w2 X st 1[* Wiz W19 R Wsta, w1m—)Xw1ozs—)g wioae X w1lczs
OR ; 1 } |
AF/AE | |

l
|
"
1

HF

T
|
I
|
l
|
1

A

Figure 4. Read
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

Supply VORAGE range, Vo « -« o oo e ittt e e s -05Vto7V
INPUELVORAGE, V| ..o 7V
Voltage applied to a disabled 3-state output .............. ... i 55V
Operating free-air temperature range . .................coiiiiiiiiiiiieiiiiiiiiaa, 0°Cto 70°C
Storage temperature range . ... ..........outetnun it i —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
tfunctional operation of the device at these or any other conditions beyond those indi under * ded operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

MIN  MAX | UNIT
Veo Supply voltage 45 5.5 \
ViH High-level input voltage 2 \4
ViL Low-level input voltage 0.8 v
loH High-level output current -8 mA
lor Low-level output current 16 mA
T, Operating free-air temperature 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT

Vou High-level output voltage Voo =45V, lon = - 8 mA 24 v

Vou Low-level output voltage Vec =45V, loL = 16 MA 0.5 \2

Iy Input current Vec =55V, Vi =VgcoroV x5 pA

loz High-impedance-state output current | Voc =5.5V, Vo =Vgcoro Vv +5 pA

lecs V| =Vec-02Vor 0V 400 pA
Oneinputat3.4V, Other inputs at Ve or GND 1 mA

C Vi=0V,f=1MHz 4 pF

Co Vo=0V,f=1MHz 8 _pF

* All typical values are at Vcc = 5V, Ta = 25°C.
§ Ic tested with outputs open.
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timing requirements

'ACT7811-15 | 'ACT7811-18 | 'ACT7811-20 | 'ACT7811-25 ONIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
folock Clock frequency 40 35 28.5 16.7 MHz
Data In (DO-D17) high or 10 12 14 20
low
WRTCLK high 7 85 10 17
WRTCLK low 10 1 14 23
RDCLK high 7 8.5 10 17
tw Pulse duration RDCLK low 10 1 14 23 ns
DAF high 10 10 10 10
VYRTEN1 , WRTEN2 10 10 10 10
high or low
QE, RDEN1, RDEN2 10 10 10 10
high or low
Data In (D0O-D17) before
WRTCLK? 5 5 5 5
WRTEN1, WRTEN2 high 5 5 5 5
before WRTCLK?t
OE, RDEN1, RDEN2 high
before RDCLKt 5 5 5 5
. Reset: RESET low before
tsu Setup time first WRTCLK and RDCLKt 7 7 7 7 ns
Define AF/AE: DO-D8
before DAF | s 5 5 5
Define AF/AE: DAF| before
RESETY 7 7 7 7
Define AF/AE (default): 5 5 5 5
DAF high before RESET
Data In (DO-D17) after 1 1 Y 1
WRTCLK?t
WRTEN1, WRTEN2 high 1 1 1 1
after WRTCLK?
OE, RDEN1, RDEN2 high 1 1 y 1
after RDCLK?
Reset: RESET low after
th Hold time fourth WRTCLK and 0 0 0 0 ns
RDCLK?
Define AF/AE: DO-D8 after 1 y 1 1
DAF)
Define AF/AE: DAF low
0
after RESET} 0 0 0
Define AF/AE (default): 1 1 1 1
DAF high after RESET t

1 To permit the clock pulse to be utilized for reset purposes.
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switching characteristics over recommended operating free-air temperature range (see Figures 9

and 10)
Vec =45Vt 55V,
C, = 50 pF,
FROM To R, =5000
PARAMETER (NPUT) (OUTPUT) Ta = 0°C to 70°Ct UNIT
'ACT7811-15 'ACT7811-18 | "ACT7811-20 | 'ACT7811-25
MIN TYP MAX| MIN MAX| MIN MAX] MIN MAX
WRTCLK or
fimax RDCLK 40 35 28.5 16.7 MHz
12 4 20 4 25
Jpd RDCLK? Any Q 2 19 i 18 ns
tog? 10.5
tod WRTCLK? IR 2 10 2 12 2 14 2 16 ns
tog RDCLK? OR 2 10 2 12 2 14 2 16 ns
tod WRTCLK? AF/AE 6 20 6 22 6 24 6 26 ns
g RDCLK? AF/AE 6 20 6 22 6 24 6 26 ns
oL WRTCLK? HE 6 19 6 21 6 23 6 25
ns
[ RDCLK? 6 19 6 21 6 23 6 25
AF/AE 3 19 3 1 3 23 3 25
toLH RESET, ! 2 ns
tpHL HF 4 21 4 23 4 25 4 27
2 1 2 1" 2 1 2 1
ton OE Any Q ns
2 14 2 14 2 14 2 14
1 For conditions shown as MIN or MAX, use the appropriate value under recommended operating conditions.
* This parameter is measured with C, = 30 pF (see Figure 5).
operating characteristics, Vec =5V, Ta = 25°C
PARAMETER TEST CONDITIONS TYP
Cpd Power dissipation capacitance per 1K bits C_=50pF f=5MHz 65

EXAS
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TYPICAL CHARACTERISTICS

TYPICAL PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE

T
Vec=5V
17— Ri=5002

Ta=25°C

16 /

15 /

/

‘pd ~ Propagation Delay Time - ns

0 30 50 100 150 200 250

C - Load Capacitance — pF

Figure 5

300
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TYPICAL CHARACTERISTICS

TYPICAL POWER DISSIPATION CAPACITANCE
vs
SUPPLY VOLTAGE

88 T

fi=5MHz
Ta = 25°C /]

87 ¢, =50pF -
d

/|

Cpd - Power Dissipation Capacitance — pF
a

al g

45 46 47 48 49 5 51 52 53 54 55
Vee - Supply Voltage -V
Pir=Vee x [lcc + (N x Alge x de)] + 2 (Cpd x Vee? x fi) + 2 (CL x Vc? x fo)

Icc = power-down Igc maximum

N = number of inputs driven by a TTL device

A lgc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

Cy = output capacitive load

f; = data input frequency

fo = data output frequency

Figure 6
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APPLICATION DATA

expanding the SN74ACT7811

The SN74ACT7811 is expandable in width and depth. Expanding in word depth offers special timing

considerations:

1. Aterthefirst data word is loaded into the FiFO, the word is unloaded, and the output ready flag output (OR)
goes high after (N x 3) read clock (RDCLK) cycles, where N is the number of devices used in depth

expansion.

expansion.

CLOCK

WRTCLK
WRTEN1
WRTEN2

.

Do-D17 j

WRTCLK
WRTEN1
WRTEN2
IR

Do-D17

After the FIFO is filled, the input ready flag output (IR) goes low, the first word is unloaded, and the IR flag
output is driven high after (N x 2) write clock cycles, where N is the number of devices used in depth

'ACT7811 'ACT7811
RDCLK WRTCLK
OR ‘-[ WRTEN1
RDEN1 _j WRTEN2
RDEN2 - IR
OE |—5V
Qo-Q1t7 ] Do-D17

RDCLK
RDEN1
RDEN2
OR
OE

Qo-Qt7

RDCLK
RDEN1
RDEN2
OR
OE

[ Dooan

Figure 7. Word-Depth Expansion: 2048 Words x 18 Bits, N = 2

"ACT7811
WRTCLK WRTCLK RDCLK RDCLK
WRTEN WRTEN1 RDEN1 RDEN
WRTEN2 RDEN2
R OR
OE 4]' OE
D18-D35 :) DO-D17 Qo-Q17 > Q18-Q35
IR —C:[ 1 ) or
'ACT7811
— WRTCLK ADCLK
WRTEN1 RDEN1
WRTEN2 RDEN2
IR OR
oE |
DO-D17 > Do-D17 Qo-Q17 1> Qo-Q17

Figure 8. Word-Width Expansion: 1024 Words x 36 Bits

2-78
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PARAMETER MEASUREMENT INFORMATION

——————— v
From Output Input 1.5V
Under Test | I oV
t t
R =5000 C=50pF a pd—.: “ N—:-———- v
1 /R
= = ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 9. Standard CMOS Outputs
————————— v
v Input 1.5V 1.5V
s b R =R1=R2 I | ov
o -+ e [ toz
R I Loy =35V
From Output ____ Tost Output : 1.5V : r osv
Under Test Point | == __ Vo
L | ot » e %
c. T~ R2 |
oy ¥ e

s tp frav \ ot

VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 Cc.t St
tpzH Open
500 Q 50 pF
fen tpz1 P Closed
tpHz Open
i 500 Q 50 pF
b oLz P Cosed
g 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q)
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® Member of the Texas Instruments DL PACKAGE
Widebus ™ Family (TOP VIEW)
® Free-Running Read and Write Clocks May OJ
Be Asynchronous or Coincident RESET [J1 se[) OET
* Read and Write Operations Synchronized to D17 ff 5 % a7
Independent System Clocks 3:2 E : : ] g::
¢ Input-Ready Flag Synchronized to Write D14 (5 s2[] GND
Clock p13 [le sil Qs
¢ Output-Ready Flag Synchronized to Read piz Iz 50f] Ve
Clock pi1flse  49flai13
* Packaged in Shrink Small-Outline 300-mil piolle  4efaiz
Package (DL) Using 25-mii Center-to-Center Vee [0 a7l an
Spacing pe fJ1v 46 H Q1o
* 64 Words by 18 Bits e [12  4sflae
¢ Low-Power Advanced CMOS Technology GND [[: :: z % g:o
¢ Half-Full Flag and Programmable Aimost g; f+s 4[] a7
Full/Almost Empty Flag s 16 s1flqs
¢ Bidirectional Configuration and Width pa 17 4o]los
Expansion Without Additional Logic p3 []18 30f] Ve
* Fast Access Times of 12 ns With a 50-pF D219 38flas4
Load and All Data Outputs Switching D1 [J2o 370 a3
Simultaneously Do E 21 3sflaz
® Data Rates From 0 to 67 MHz HF 22 3sflanp
* Pin Compatible With SN74ACT7803 and PEN Js a4l an
SN74ACT7805 AFAE [J24  ssflao
wrTCLK []s 2]l RocLk
description WRTERz [J2s  s1]) RDEN
WRTEN1 [Jo7 3of) OF2
The SN74ACT7813 is a 64-word x 18-bit FIFO IR [28 29[ OR

suited for buffering asynchronous data paths at
67-MHz clock rates and 12-ns access times. Its
56-pin shrink small-outline package (DL) offers
greatly reduced board space over DIP, PLCC, and
conventional SOIC packages. Two devices may
be configured for bidirectional data buffering
without additional logic. Multiple distributed V¢
and GND pins along with TI's patented Output
Edge Control (OEC™) circut dampen
simultaneous switching noise.

The write clock (WRTCLK) and read clock (RDCLK) should be free-running and may be asynchronous or
coincident. Data is written to memory on the rising edge of WRTCLK when WRTEN1 is high, WRTENZ is low,
and |Ris high. Data is read from memory on the rising edge of RDCLK when RDEN, OET, and OE2 are low and
OR s high. The first word written to memory is clocked through to the output buffer regardless of the RDEN,
OET, and OEZ levels. The OR flag indicates that valid data is present on the output buffer.

The FIFO may be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up.

Widebus and OEC are trademarks of Texas Instruments Incorporated.

DATA ls current as of date. Copyright © 1992, Texas Instruments Incorporated
Products canform to per the terme of Tams
standard warranty. Production processing doss not necessarily include
esting of all parameters.
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logic symbolt

[
1 FIFO 64 x 18
RESET — D RESET SN74ACT7813
25
WRTCLK ————> WRTCLK
27 —
WRTENt ———{ &
26 : WRTEN IN RDY
WRTEN2
32 p—t HALF-FULL
RDCLK ——————F> RD
56 ALMOST FULL/EMPTY
OEl 5 EN1 OUTRDY
OE2 L
&
RDEN
31 ;
23
PEN ————— PROGRAM ENABLE
| r
21
Do [} 0
20
D1
19
D2
18
D3
17
D4
18
D5
15
Dé
14
D7 ————
12
D8 —
"
Dy —— ‘V
D10 —————
8
D1t ——————
7
D12 ———
6
D13 ————
5
D14 ———
4
D15 ——
3
pig ———
2
D17 ————17 17

1 This symbol is in accordance with ANSIIEEE Std 91-1984 and IEC Publication 617-12

28
22
24

s 28 &|B8|2|8|8|9 (8|88

g18(2(8

HF
AF/AE
OR

[+]]

Q3

Q5
Qé
Q7
Qs

Q1o
an
Q12
Q13
Q14
Qs
Q16
Q17
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functional block diagram

OE1 Output
OE2 Control
DO-D17 l
— o Location 1
RDCLK Y head > Read 5\ 1 tion 2
ROER B Control > Pointer ~
64 x 18 RAM
WRTCLK Sy R —
WRTEN1 Write >
WHTENZ Control  [-— Polntar /| _Location &3
] Location 64
< 4
4y
| e [T} S 0w
| Reset [— *
Flag OR
RESET——{  Ledle > Logic R
PEN HF
AF/AE
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Terminal Functions

PIN
/o DESCRIPTION

NAME NO.
Almost full/aimost empty flag. Depth offset values may be programmed for this flag, or the default

AF/AE 24 o value of 8 may be used for both the almost-empty offset (X) and the aimost-full offset (Y). AF/AE
is high when memory contains X or less words or (64 minus Y) or more words. AF/AE is high after
reset.

DO-D17 21-14, 12-11,9-2 | 18-bit data input port

HF 22 o Half-full flag. HF is high when the FIFO memory contains 32 or more words. HF is low after reset.
Inputready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IRis low, the

IR 28 O | FIFOisfulland writes are disabled. IR is low during resetand goes high on the second low-to-high
transition of WRTCLK after reset.
Output enables. When OE1, OE2, and RDEN are low and OR is high, data is read from the FIFO

OET, OE2 56, 30 1 on a low-to-high transition of RDCLK. When either OET or OE2 is high, reads are disabled, and
the data outputs are in the high-impedance state.
Output ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low,

OR 29 o the FIFO is empty and reads are disabled. Ready data is present on Q0—~Q17 when OR is high.
OR is low during reset and goes high on the third low-to-high transition of RDCLK after the first
word is loaded to empty memory.

PEN 23 | Program enable. After reset and before the first word is written to the FIFO, the binary value on
DO-D4 is latched as an AF/AE offset value when PEN is low and WRTCLK is high.

33-34, 36-38, 18-bit data output port. After the first valid write to empty memory, the first word is output on
Qo-Q17 40-43, 4549, 51, [e] Q0—-Q17 on the third rising edge of RDCLK. OR is also asserted high atthis time to indicate ready
53-55 data. When OR is low, the last word read from the FIFO is present on Q0-Q17.

Read clock. RDCLK is a continuous clock and may be asynchronous or coincident to WRTCLK.

RDCLK 32 | A low-to-high transition of RDCLK reads data from memory when OET, OEZ, and RDEN are low
and OR is high. OR is synchronous to the low-to-high transition or RDCLK.

RDEN 31 0 Read enable. When RDEN, OET1, and OE2 are low and OR is high, data is read from the FIFO
on the low-to-high transition of RDCLK.

RESET 1 | Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions
of WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high.
Write clock. WRTCLK is a continuous clock and may be asynchronous or coincident to RDCLK.

WRTCLK 25 [ A low-to-high transition of WRTCLK writes data to memory when WHTENZ is low, WRTEN1 is
high, and IR is high. IR is synchronous to the low-to-high transition of WRTCLK.

WRTEN1, 27 26 | Write enables. When WRTEN is high, WRTENZ is low, and IR is high, data is written to the FIFO

WRTEN2 ! on a low-to-high transition of WRTCLK.
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timing diagram

RESET

PEN

WRTCLK

g |
L
2]
o
N:

|
WRTEN1 ; /¢ Don't E';' !
| | |
WRTENZ “ Don'tCare :
| ! | |
Do-D17 “, Don‘tCare A
| ! | T
|
RDCLK |4 :2 3 4 } :
| |
OE1 Don’t Care :
i e
| | '
I ]
ADEN < ‘Don'tCare |
|
| ' |
OE2 Don’t Care |
¢ £ Py |
| ! | !
Qo-Q17 invalid
| 1 ' | ]|
m |
OR ‘e Don’t Care | |
& tll bk j l
| | |
AF/AE ?7 Don'tCare  * |T | ;
‘ |
| | | :
T "'a |
HF 7 Don'tCare ! | '
1 ’ 1
| —
1R %  DontCare l
T
|
Defline the AF/AE flag using

the default value of X = Y = 8.

Figure 1. Reset Cycle
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timing diagram

WRTCLK w,_fl L L fl

e

WRTENZ |

| |

Qo-Q17 Invalid x wi
l
OR |

AF/AE
|
—— L
HF | :
|
R l

Figure 2. Write
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timing diagram

RESET

PP I

Qo-Q17

Figure 3. Read
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offset values for AF/AE

The almost full/almost empty flag has two programmable limits, the almost empty offset value (X) and the almost
full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written to
memory. Ifthe offsets are not programmed, the default values of X = Y = 8 are used. The AF/AE flag is high when
the FIFO contains X or less words or (64 minus Y) or more words.

Program enable (PEN) should be held high throughout the reset cycle. PEN may be brought low only when IR
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on D0-D4 is
stored as the almost empty offset value (X) and the almost full offset value (Y). Holding PEN low for another
low-to-high transition of WRTCLK will reprogram Y to the binary value on DO-D4 at the time of the second
WRTCLK low-to-high transition. When the offsets are being programmed, writes to the FIFO memory are
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 31 may be
programmed for either X or Y. To use the default values of X = Y = 8, PEN must be held high.

tming diagram

reser |

weow o o] L LT LT LT LI
PEN I vz
A, ) I
" ]

w72

wres 227

Figure 4. Programming X and Y Separately

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo - .o ovvvei i e -05Vto7V
INPUtVORAGE, V| .. e e 7V
Voltage applied to a disabled 3-state output ........... ... i e 55V
Operating free-air temperature range ...............cooiieiriiiiieiirieireeaiaieieaans 0°Cto 70°C
Storage temperature range . ...............uuiuutt ittt e -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

@ TExas
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recommended operating conditions

'ACT7813-15 | 'ACT7813-20 | 'ACT7813-25 | 'ACT7813-40 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Voo Supply voltage 45 5.5 45 55 4.5 5.5 4.5 55 \
Vin High-level input voltage 2 2 2 2 \
Vi Low-level input voltage 0.8 0.8 0.8 0.8 \'4
lon High-level output current | Q outputs, flags -8 -8 -8 -8 mA
Q outputs 16 16 16 16
[ Low-level output t A
oL level output curren Fiags s 3 s 3 m
forock Clock frequency 67 50 40 25) MHz
WRTCLK high or low 6 7 8 12
tw Pulse duration RDCLK high or low 6 7 8 12 ns
|
PEN low 8 9 9 12
Data in (D0-D17)
before WRTCLK? 4 5 5 5
WRTEN1, WRTEN2
before WRTCLKY 4 5 5 5
OET, OE2
. Setuo s before RDCLK? 5 5 6 6
me e ns
u P RDEN before RDCLKT 73 5 5 5
Reset: RESET low
before first WRTCLK? 5 6 6 6
and RDCLKt1
PEN before
WRTCLK} 5 s 6 6
Deta in (D0-D17)
after WRTCLK1 ° 0 ° °
WRTEN1, WRTEN2
after WRTCLK? ° 0 0 0
OE{, OE2, RDEN
after RDCLK? 0 0 0 0
th Hold time Reset: RESET low ns
after fourth WRTCLK? 2 2 2 2
and RDCLK?!
[ FEN high
after WRTCLK| 0 0 0 0
PEN low after
WRTCLK! 2 2 2 2
Ta Operating free-air tamperature 0 70 0 70 0 70 0 70 °C
t To permit the clock pulse to be utilized for reset purposes.
INSTRUMENTS 2-9
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electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
VoH Voc =45V, lon==-8mA 2.4 '
Flags Voo =45V, ToL = BmA 0.5
Vou Qoutputs Voo = 45V, loL= 16 mA os] Y
[ Vec =55V, V) =Vgc or 0 =5 A
loz Vec =55V, Vo =Vcg or 0 +5 pA
lcc Vi=Vcc=-02Vor0 400 pA
Alect Vec =55V, Oneinputat 3.4V, Other inputs at Vcc or GND 1 mA
G V,=0, T=1MHz ) oF
Co Vo=0, f=1MHz 8 oF

switching characteristics

over recommended ranges of supply voltage and operating free-air

temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 9 and 10

PARAMETER FROM T0 'ACT7813-15 *ACT7813-20 | 'ACT7813-25 | 'ACT7813-40 ONIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
WRTCLK or
fmax RDGLK 67 50 40 25 MHz
4 95 12 4 13 4 15 4 20
Yo RDCLK? Any Q ns
tog® 85
to WRTCLK? IR 3 8.5 3 1 3 13 3 15| ns
tod RDCLK? OR 3 8.5 3 1 3 13 3 15| ns
tog WRTCLK? AF/AE 7 16.5 7 19 7 21 7 23] ns
tod RDCLK? AF/AE 7 17 7 19 7 21 7 23] ns
oL WRTCLK? HE 7 15 7 17 7 19 7 2
toHL RDCLK? 7 155 7 18 7 20 7 22
[ RESET low AF/AE 2 9 2 1 2 13 2 15f
toHL HF 2 10 2 12 2 14 2 16
ten — 2 8.5 2 1 2 11 2 1
i ' AnyQ 2 9.5 2 11 2 14 2 ] ™
1 All typical values are at Ve = 5 V, Ta = 25°C.
4 This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc.
§ This parameter is measured with a 30 pF load (see Figure 7).
operating characteristics, Voc =5V, Ty =25°C
PARAMETER TEST CONDITIONS TYP | UNIT
Cpy Power dissipation capacitance ] Outputs enabled | C, = 50 pF, f=5MHz 53 pF
2-%0 INSTRUMENTS
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APPLICATION DATA
SN74ACT7813
CLOCKA > WRTCLK RDCLK < < CLocK B
W/RA WRTEN1 OFT - WRB
TSK WHTENZ ROEN | o < TSB
OEz J
Y
)
L 4
\18
Do-D17 Qo-Q17— +>— BO-B17
SN74ACT7813
—> RDCLK WRTCLK
OET WRTEN1
$—] RDEN WRTENZ
T—{ OE2
18
AO-A17 - <+—{ Q0-Q17 DO-D17 |—<
Figure 5. Bidirectional Configuration
SN74ACT7813
WRTCLK WRTCLK RDCLK <] <+ RDCLK
WRTEN1 WRTEN1 RDEN
WRTENZ WHRTENZ OEl| o oFi
IR OR Y
1 OEz — OE2
36
Do-D35 —\- DO-D17 Q0-Q17
A 4
D=
IR [ 4
SN74ACT7813
4 —F> WRTCLK RDCLK<]
WRTEN1 RDEN
WRTENZ OET
IR OR
OE2}—
38
DO-D17 Qo-Q17 —c Q0-Q3s

Figure 6. Word-Width Expansion: 64 x 36 Bits
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TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
typ+8 T
Vee=5V
I Ta =25°C /’
Ry =5000 Y
2 typ+6
°
E
E
& typ+4
2 e
a /|
(-]
k-]
§ typ +2
&
o
I
:3_ typ
-2
wp-2 g 50 100 150 200 250 300
C, - Load Capacitance — pF
Figure 7
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200 I
| Ta=75°C ] [ .
180 Fc =0 pF "Vec=55V |/
160 | A
< Vec=5 v
E 140
R =
3 100 / / /
= -
g 1// Voc =45V
3 / /
(7]
[ /]
8 L
- a0 /
20
)

o 10 20 30 40 50 60 70
feiock — Clock Frequency — MHz

Figure 8
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calculating power dissipation

With Iccr taken from Figure 8, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

Py = Ve x [ICCF + (N x AlCC x dc)] + 2 (CL x Vc02 x fo)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Py=Vee x [lcc + (N x Alge x dc)] + = (de x V002 x fi) + 2 (Cp x Vcc2 x fo)

lcc = power-down Icc maximum

N = number of inputs driven by a TTL device

A lcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C_ = output capacitive load

f; = data input frequency

f, = data output frequency

Q’TEXAS
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PARAMETER MEASUREMENT INFORMATION

——————— 3v

From Output Input 1.5v
Under Test | I oV

R =500Q Cy =50pF I f——. 3V
SO e

= - oV

LOAD CIRCUIT TOTEM-POLE OUTPUTS

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE)

3V
7V Input 1.5V 15V
s1l> R_=R1=R2 | T T T T T ov
vz | ol [ torz
R1 | | ~35V
' | 03V
From Output p Test Output | 15V | ;‘
Under Test Point | = -__ Ve
o == R2 | iz ¥ *
L T
topy |"_
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 C.t S1
ton tezn 500 Q 50 pF Open
oz Closed
tPHz Open
500 Q 50 pF

Yis iz P 3]

tog 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q)

TEXas
204 INSTRUMENTS



SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 % 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1993

® Read and Write Clocks May Be RJ PACKAGE
Asynchronous or Coincident (TOP VIEW)
e Organization: 3_3IBEBA
— SN74ACT72211L - 512 x9 /Iy
— SN74ACT72221L - 1024 x 9 oifgs ¢ 82 N s dms
- SN74ACT72231L - 2048 x 9 oofje ° 20 (] wenT
— SN74ACT72241L — 4096 x 9 PAFf 7 27f woik
® Write and Read Cycle Times of 15 ns PAE[]s 26 [J WEN2AD
e Bit-Width Expandable GND[]e 5[ Vee
e Empty and Full Flags RENT[J10 24[Jas
e Programmable Almost-Empty and ROLK ] 11 23] 82
Almost-Full Flags With Default Offsets of REN2[] 12 2] ae
Empty4+7 and Full-7, Respectively L L !
e Available in 32-Pin Plastic Leaded Chip :‘T'_O‘T':":':
Carrier (PLCC) L8588 3
TTL-Compatible Inputs
Fully Compatible With the
IDT72211/72221/72231/72241
description

The SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, and SN74ACT72241L are constructed with
CMOS dual-port SRAM and are arranged as 512, 1024, 2048, and 4096 9-bit words, respectively. Internal write
and read address counters provide data throughput on a first-in, first-out (FIFO) basis. The SN74ACT72211L,
—72221L,-72231L, and -72241L support write and read clock frequencies up to 66.7 MHz. Full and empty flags
prevent memory overtlow and underflow, and two programmable flags (almost full and almost empty) are
provided.

The SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, and SN74ACT72241L are clocked FIFOs, which
means the data input port and data output port each employ synchronous control. Write-enable (WENT,
WEN2/LD) signals allow the low-to-high transition of the write clock (WCLK) to store data in memory, and
read-enable (REN1, REN2) signals allow the low-to-high transition of the read clock (RCLK) to read data from
memory. WCLK and RCLK are independent of one another and may operate asynchronously or be tied together
for single-clock operation.

The empty flag (EF) output is synchronized to RCLK and the full flag (FF) output is synchronized to WCLK to
indicate absolute boundary conditions. Write operations are prohibited when FF is low, and read operations are
prohibited when EF is low. Two programmable flags, programmable almost empty (PAE) and programmable
almost full (PAF), can both be programmed to indicate any measure of memory fill. After reset, PAE defaults
to empty+7 and PAF defaults to full-7. Flag offset programming control is similar to a memory write with the use
of the load (WEN2/LD) signal.

These devices are suited for providing a data channel between two buses operating at asynchronous or
synchronous rates. Applications include use as rate buffers for graphics systems and high-speed queues for
communication systems. A 9-bit-wide data path is provided for the transmission of byte data plus a parity bit
or packet-framing information.

PRODUCTION DATA information is current as of publication date. Copyright © 1993, Texas Instruments Incorporated
Products conform to specifications per the erms of Texas Instruments
standard warranty. Production processing does not necesserily include

testing of all parameters. % TEXAS
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functional block diagram

OE

D

D0-D8

RCLK ——3 Synchronous

RENT —p Read
REN2 Control

r

I Input Register

!

WCLK —— Synchronous
WEN1 ——p Write
WEN2 ——p Control

Reset
Logic

P Read N
Pointer
Dual-Port
SRAM
512x9or
» X 1024 x 9 or
T Write »] 2048x90r
— Pointer e 4096 x 9
| Output Register I
<
lp{ Status >
Flag )
al Logic =
—»-
>

Q0-Q8

1512 x 9 for the SN74ACT72211L; 1024 x 9 for the SN74ACT72221 L; 2048 x 9 for the SN74ACT72231L; 4096 x 9 for the SN74ACT 7224 1L
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Terminal Functions

PIN NAME | PIN NO. /o] DESCRIPTION
6-1,
Do-D8 32-30 t Data inputs
Empty-flag output. When memory is empty, the empty-flag output is low, and further data reads are ignored
EF 14 (o) by the device. When EF is high, the memory is not empty, and data reads are allowed. EF is synchronized to
the read clock (RCLK) by one flip-flop.
F 15 o Full-flag output. When memory is full, the full-flag outputis low, and data writes are inhibited. FFis synchronized
to the write clock (WCLK) by one flip-flop.
GND 9 Ground
o 13 | Output-enableinput. The data (Q0 - Q8) outputs are in the high-impedance state when OE is high. The Q0 -Q8
outputs are active when OE is low.
Programmable almost-empty-flag output. PAE is low when the FIFO is almost empty based on the value in its
PAE 8 O |offsetregister. The detault value for the register is empty+7. PAE is synchronized to the read clock (RCLK) by
one flip-flop.
Programmable almost-full-flag output. PAF is low when the FIFO is almost full based on the value in its offset
PAF 7 O | register. The default value for the register is full-7. PAF is synchronized to the write clock (WCLK) by one
flip-flop
Qo-Q8 [} Data outputs
RCLK 1" | Read-clock input. A data read is performed by the low-to-high transition of RCLK when the read enables
(RENT, REN2) are asserted and the empty flag (EF) is high.
REN1 10, Read-enable inputs. Data is read from the FIFO on a low-to-high transition of read clock (RCLK) when REN1
REN2 1" and RENZ are low and the empty flag (EF) is high.
Reset input. When RS is set low, the read and write pointers are initialized to the first RAM location, and the
s 2 ) FIFOis empty. The full flag (FF) and programmable almost-full flag (PAF) are set high, and the empty flag (EF)
and programmable almost-empty flag (PAE) are set low. Each bit in the data output register is set low by a
device reset. The FIFO must be reset after power up before data is written.
Vce Supply voltage
White-clock input. Data is written by the low-to-high transition of WCLK when the write enables are asserted
WCLK 27 | e .
and the full flag (FF) is high.
Wirite-enable 1 input. If the device is configured to have programmable flags, WEN1 is the only write enable
WENT 28 | pin, and data is written on a low-to-high transition of write clock (WCLK) when WENT1 is low and the full flag
(FF)is high. I the FIFO is not configured for programmable flags, data is written on a low-to-high transition of
WCLK when WENT and write enable 2 (WEN2) are asserted and FF is high
Write-enable 2/load input. This is Eﬂual»purpose input. The FIFO may have either two write enables or
- programmable flags. To use WEN2/LD as a write enable (WEN2), WEN2_/_L__D mustbe held high at reset. Then,
WEN2/LD 26 | when WEN2 and write enable 1 (WEN1) are asserted and the tull flag (FF) is high, a low-to-high transition of

write clock (WCLK) writes data. To use WEN2/LD as the load (LD) pin, itmust be held low atreset. In this case,

LD is asserted low to write or read the programmable offset registers.

*5‘ TexaAs
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detailed description

device reset

A reset is performed by taking the reset (RS) input low. This initializes both the write and read pointers to the
first memory location. After a reset, the full flag (FF) and programmable almost-full flag (PAF) are high, and the
empty flag (EF) and programmable almost-empty flag (PAE) are low. Each bit in the data output register
(Q0-Q8) is set low, and the flag offset registers are loaded with the default offset values. A FIFO must be reset
after power up before a write cycle is allowed.

The logic level on the dual-purpose input write enable 2/load (WEN2/LD) during reset determines its function.
If WEN2/LD is high when RS returns high at the end of the reset cycle, the pin  pin operates only as a second write
enable (see FIFO writes and reads below), and the programmable flags (PAF, PAE) may only use the default
values. If WEN2/LD is low when RS returns high at the end of the reset cycle, the pin operates only as the load
(LD) enable for writing and reading flag offset registers (see flag programming below).

FIFO writes and reads

Data is written to memory by a low-to-high transition of write clock (WCLK) when write enable 1 (WENT) is low,
WEN2/LD is high, and FF is high. This stores DO—D8 data in the dual-port SRAM and increments the write
pointer.

It no reads are performed after reset (RS = V| ), FF is set low upon the completion of 512 writes to the
SN74ACT72211, 1024 writes to the SN74ACT72221, 2048 writes to the SN74ACT72231, and 4096 writes to
the SN74ACT72241. Attempted write cycles are ignored when FF is low. FF is set high by the first low-to-high
transition of WCLK after data is read from a full FIFO. FF and PAF are each synchronized to the low-to-high
transition of WCLK by one flip-flop.

If a device is configured to have two write enables (see device reset above), data is read by the low-to-high
transition of read clock (RCLK) when both read enables (RENT, REN2) are low and EF is high. WEN2/LD must
also be high if the device is configured to have programmable flags. A read from the FIFO puts RAM data on
Q0-Q8 and increments the read pointer in the same sequence as the write pointer. New data is not shifted to
the output register while either one or both of the read enables are high.

EF and PAE are each synchronized to the low-to-high transition of RCLK by one flip-flop. When the device is
empty, the write and read pointers are equal, and EF is set low. Attempted read cycles are ignored while EF is
set low. EF is set high by the first low-to-high transition of RCLK after data is written to an empty FIFO.

WCLK and RCLK may be asynchronous or coincident to one another. Writing data to FIFO memory is
independent of reading data from FIFO memory and vice versa.

flag programming

When WEN2/LD is held low during a device reset (RS = V) ), the pin acts only as the load (LD) enable for flag
offset programming. In this configuration, WEN2/LD can be used to access the four 8-bit offset registers
contained in the SN74ACT72211L/-72221L/-72231L/-72241L for writing or reading data.

When the device is configured for programmable flags and both WEN2/LD and WENT are low, the first
low-to-high transition of WCLK writes data from the data inputs to the empty offset least significant bit (LSB)
register. The second, third, and fourth low-to-high transitions of WCLK store data in the empty offset most
significant bit (MSB) register, full offset LSB register, and full offset MSB register, respectively, when WEN2/LD
and WENT are low. The fifth low-to-high transition of WCLK while WEN2/LD and WENT are low writes data to
the empty LSB register again. Figure 1 shows the register sizes and default values for the various device types.

Itis not necessary to write to all the offset registers at one time. A subset of the offset registers may be written;
then, by bringing the WEN2/TD input high, the FIFO is returned to normal read and write operation. The next
time WEN2/LD is brought low, a write operation will store data in the next offset register in sequence.

‘b TeEXAS
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flag programming (continued)

The contents of the offset registers can be read to the data outputs when WEN2/LD is low and both RENT and
REN2 are low. Low-to-high transitions of RCLK read the register contens to the data outputs. Writes and reads
should not be performed simultaneously on the offset registers.

SN74ACT72211L - 512 x 9-Bit SN74ACT72221L - 1024 x 9-Bit
8 7 [} 8 7 0
Q Empty Offset (LSB) Register Q Empty Oftset (LSB) Register
\ Detault Value = 007h \ Default Value = 007h
0 1 0
(MSB) (MSB)
) \ o

\\ Full Otfset (LSB) Register \\ Full Oftset (LSB) Register
N\ N\

\ Default Value = 007h Defauit Value = 007h
N\

W (M:B) W (M;B)
BQQ 7 E.':::‘:I?I'::;:L:;)hﬂe;iswr 0 8\\ : 5:"::‘\:3';:;-(?087)" Register i
\\\\\\\\\ Yor \\\\\\ (uss)
N N

Figure 1. Offset Register Location and Default Values
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detailed description (continued)

DXXXXWRITING THE OFFSET REGISTERS

i WEN1 WCLKt SELECTION
Empty offset (LSB)
R b ey
Full offset (MSB)
0 1 T No operation
1 0 T Write into FIFO
1 1 T No operation

T The same selection sequence applies to reading from
the registers. REN1 and REN2 are enabled and a read
is performed on the low-to-high transition of RCLK

programmable flag (PAE, PAF) operation

Whether the flag offset registers are programmed as described above or the detault values are used, the
programmable almost-empty flag (PAE) and programmable almost-fullflag (PAF) states are determined by their
corresponding offset registers and the difference between the read and write pointers.

The number formed by the empty offset least significant bit register and empty offset most significant bit register
is referred to as n and determines the operation of PAE. PAE is synchronized to the low-to-high transition of
RCLK by one flip-flop and is low when the FIFO contains n or fewer unread words. PAE is set high by the
low-to-high transition of RCLK when the FIFO contains (n+1) or greater unread words.

The number formed by the full offset least significant bit register and full offset most significant bit register is
referredto as mand determines the operation of PAF. PAF is synchronized to the low-to- hightransition of WCLK
by one flip-flop and is set low when the number of unread words in the FIFO is greater then or equal to (512-m)
forthe SN74ACT72211L, (1024-m) forthe SN74ACT72221L, (2048-m) forthe SN74ACT72231L, and (4096-m)
for the SN74ACT72241L. PAF is set high by the low-to-high transition of WCLK when the number of available
memory locations is greater than m.

STATUS FLAG TABLE

NUMBER OF WORDS IN FIFO OUTPUTS
SN74ACT72211L SN74ACT72221L SN74ACT72231L SN74ACT72241L FF PAF PAE FEF
0 0 0 0 H H L L
1tont 1tont 1tont 1tont H H L H
(n+1)to (n+1)to (n+1)to (n+1)to H H H H

[512—(m +1)] [1024 — (m + 1)] [2048 — (m + 1)) [4096 — (m + 1)]

(612-m)Fto 511 | (1024 —m)¥ to 1023 | (2048 —m)t to 2047 | (4096 —m)Fto 4095 | H L H H
512 1024 2048 4096 L L H H

tn = empty offset (default value = 7)
+m = full offset (default value = 7)

b TEXAS

INSTRUMENTS




SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (see Note 1) ... . ... -05Vto7V
Input voltage range, any input, Vy(see Note 1) ... .. ... ... ... .. ... -05Vto7V
Continuous output current, lo ... ... +50 mA
Voltage applied to a disabled three-state output . ... ... ... ... ... ... . L 55V
Storage temperature range underbias . ....... ... oo -55°C to 125°C
Storage temperature range . ............ ... -55°C to 125°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability

NOTE

1: All voltage values are with respect to GND.

recommended operating conditions

MIN NOM MAX | UNIT

Vee Supply voltage 45 5 55 \
ViH High-level input voltage 2 "
ViL Low-level input voltage 08 \
loH High-level output current -2 mA
loL Low-level output current 8 mA
TA Operating free-air temperature 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
VoH  High-level output voltage Veg =45V, loH=-2mA 24 v
VoL  Low-level output voitage Vecc =45V, loL=8mA 04 "
Iy Input current Vec =55V, Vi=VggoroV +1 pA
loz High-impedance output current |Voc =55V, Vo=VggoroV +10 HA
ci¥ Input capacitance Vi=0V, f=1MHz 10 pF
Cot  Output capacitance Vo =0V, f=1MHz, OE > V|4 10| pF

1 Speaified by design but not tested

SNTaACT72221L
s":‘ff?:g"" SN74ACT72231L
PARAMETER TEST CONDITION o Sone SN74ACT72241L | uniT

1a=15,25,50 ns
MIN TYP MAX| MIN TYP MAX

lcc

Active supply current felock = 20 MHz 140§ 1601 mA

§!CC
(CL
1100
L

measurements are made with outputs open (only capacitive loading). Typical Icc =65 + (fclock ® 1.1/MHZ) + (fclock ® CL * 0.03/MHz-pF)mA
= external capacitive load)
measurements are made with outputs open (only capacitive loading). Typical g =80 + (fclock ® 2.1/MHz) + (fejock ® CL *0.03/MHz-pF) mA
= external capacitive load)
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

'ACT72211L-15 "ACT72211L-25 | "ACT72211L-50
'ACT72221L-15 |, 'ACT72221L-25 | 'ACT72221L-50
'ACT72231L-15 | ACTT2211L20 | s erranaiLas | "acT72231L50 | uniT
"ACT72241L-15 "ACT72241L-25 | 'ACT72241L-50
MIN  MAX MIN  MAX MIN  MAX MIN  MAX
felock  Clock frequency, RCLK or WCLK 66.7 50 40 20| MHz
teye Clock cycle time, RCLK or WOLK 15t 20 25 50 ns
tw(CH) Pulse duration, RCLK or WCLK high 6 8 10 20 ns
tw(CL) Pulse duration, RCLK or WCLK low 6 8 10 20 ns
tw(RS) Pulse duration, RS low 15 20 25 50 ns
tsu(D) _ Setup time, DO-D8 before RCLKT 4 5 6 10 ns
Setup time, WENT, WEN21, and LD§ before
tsy(EN) WCLKT; RENT, RENZ, and LDS before 4 5 6 10 ns
RCLKT
Setup time, REN1, REN2, WEN1, and 15 20 25 50 s

'su(RS) WEN2/LD before RS high
thp)  Hold time, D0O-D8 after RCLKT 1 1 1 2 ns
Hold time, WENT, WEN2%, and LDS after

h(EN)  WCLKT; RENT, RENZ, and LDS after RCLKT ! ! ! 2 ns
Hold time, REN1, REN2, WENT, and
th(RS)  WEN2LD after RS high 15 2 ] 50

Skew time between RCLKT and WCLKT to
tsk(1)  allow EF or FF to change logic levels during 6 8 10 15 ns
the current clock cycle

Skew time between RCLKT and WCLKT to

tsk(2) allow PAF or PAE to change logic levels 28 35 40 45 ns
during the current clock cycle

1 Valid for PAE or PAF program values as follows:
< 63 bytes from the respective boundary for the SN74ACT72211L;
< 511 bytes from the respective boundary for the SN74ACT722211/-722311/-72241L;
minimum teyc is 20 ns for program values greater than those indicated above
1 Applicable when the device is configured with two write-enable inputs (WEN2/LD = WEN2)
§ Applicable when the device is configured to have programmable flags (WEN2/LD = LD)
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switching characteristics over recommended ranges of supply voltage and operating free-alr
temperature (unless otherwise noted)

'ACT72211L-15 'ACT72211L-25 | 'ACT72211L-50
'ACT72221L-15 |, 'ACT72221L-25 | 'ACT72221L-50
"ACT72231L-15 | ACTT221IL-20 | p crgo0311-25 | 'ACT72231L-50 | upiT
'ACT72241L-15 'ACT72241L-25 | 'ACT72241L-50
MIN MAX MIN MAX MIN MAX MIN MAX
felock Clock frequency, RCLK or WCLK 66.7 50 40 20 MHz
ta Access time, RCLKT to Q0-Q8 valid 2 10 2 12 3 15 3 25 ns
Propagation delay time, OE low to Q0—-Q8
tpd(OE Q) g 3 8 3 10 3 13 3 28| ns
Propagation delay time, RCLKT to EF low
tpd(R-EF) or high 10 12 15 30 ns
Propagation delay time, WCLKT to FF low
tpd(W-FF) or high 10 12 15 30 ns
Propagation delay time, RCLKT to PAE low
tpd(R-AE) or high 10 12 15 30 ns
Propagation delay time, WCLKT to PAF low
tpd(W-AF) o high 10 12 15 30 ns
Propagation delay time, RS low to FF and
'pd(RS-O) BAF high and EF, PAE, and Q0-Q8 low s 20 % S0 ns
Enable time, OE low to Q0-Q8 at the
ten low-impedance levelt 0 0 0 0 ns
_ Disable time, OE high to Q0-Q8 at the
tdis high-impedance levelt 3 8 3 10 3 13 3 8] ns

1 These values are characterized but not tested
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timing diagrams

| |
[ RS

— /

! }1—— tau(RS)———PM——— lh(nsy—D:

W 70 : X

{ l‘—— ‘su(RS)'—’lh‘—— ‘h(RS)—J!

WENT / : \’\

I 'ﬁ— tsu(RSr—’l‘— lh(RS)——ql

WEN2/LD f ﬂ/! (
(see Note A) / ﬁ

l¢--— tpd(RS- oy~—+‘

wme 7777 7N
"—'pdmsor——ﬂ
o 7777777777
[ 'pd(Rs-o—¥

| See Note B
Q0-Q8 / )5\ —_—

NOTES: A. Holding WEN2/LD high during reset makes the pin act as a second write-enable pin. Holding WEN2/LD low during reset makes the
pin act as a load enable for the programmab[e flag offset reglsters

C The clocks (RCLK, WCLK) can be free-running during reset

Figure 2. Reset Timing
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timing diagrams (continued)

:4 teye =1
{4— 'w(cm—ﬂr——— twic)—
; tsu(D) Ih___“" :F th(D)
oo-os % 7K v KX

< L—l
{t—'su(EN;—P: [o hEN

|
WEN1 i % V/ No Operation %
| f ™
| J
: M ;’l% No Operation /
lp~— tpd(W-FF— f—— 'pd(W-FF)—’{
T \

:1, »l tsk(1) (see Note A)

WEN2
(it applicable)

RCLK

]
|
|
. |
REN{, |
REN2 |

NOTES: A. tgi(1) is the minimum time between a rising RCLK edge and a subsequent rising WCLK edge for FF to change logic levels during the
current clock cycle. If the time between the rising edge of RCLK and the subsequent rising edge of WCLK is less than tsk(1). then FF
may not change its logic level until the next WCLK rising edge.

Figure 3. Write Cycle Timing
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timing diagrams (continued)

P te »l

rl

I
< yc

| 1,

i w(CH)—’}(—— wCL—,

. w
|
‘h(EN) |
t
No Operation | %
|

|
l—
1 EN}(——al
RENT, SZU : 22//
RENZ

— ‘pd(n-sﬂ——’{ :‘— toufF) ——
e - o
o a ———»{ :
Q0-a8 —————[W ﬁ:( Valid Dalta /T
ten—bl |¢— | e dis —

_ |¢— tpqoe-a—»l | T
oF |
|

H tgk(1) (see Note A)

WCLK

NOTES: A. tgi(1) s the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change logic levels during the
current clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than tsi 1, then EF
may not change its logic level until the next RCLK rising edge.

Figure 4. Read Cycle Timing
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timing diagrams (continued)

e _/_\_/_\_/—\_/_\__/_\_
|

h_’{ tsu(D)

|
Do-Ds8 // WO (1st Valid wmeX w1 X w2 X w3 X
|
o tauen)

WEN1 < ; %

|
—
' |
T
|

Il

WEN2
(it applicable) égg?

H tsk(1) (see Note A)
! I I
* tpdR-EFM | |
EF }y [ [
| |
| |
I |
REN1, I I
RENz (Low) | !
T T
e ta !“ ta !

| .
c0cs — @k o X
|

l‘—‘en—.!

oF \t—— tpaOE-Gr——)
E

NOTES: A. tgk(1)is the minimum time between arising WCLK edge and a subsequent rising RCLK edge for EF to change during the current clock
cycle. It the time between the rising edge of WCLK and the rising edge of RCLK s less than tgi(1). then EF may not change state until
the next RCLK edge.

Figure 5. First Data Word Latency Timing
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1993
—

timing diagrams (continued)

Ih_. No Write _JI :4_ No Write _,;
l !
tsk(1 | | | |
(see No?e(A; H t‘_ﬂ tsu(D) I | 1sk(1i"—’| ‘su(Dh
g ’, s Data
D0-D8 7 % Write
| I . . .
|‘pd(W-FFH ﬂ———b: pd(W-FF) p(W-FF[¢- *}
FF 4 \ 4

WEN2
(it applicable)

()

—_— ]

|
|
T
|
|
|
|
|
|
!
!
|

|
otk _\_/_\J_\_/—\_m_\
|

‘@MEN) ‘su(E"f—’r—J[ th(EN)
! \___j

l‘—'a

(Low)

*
Data Read x Next Data Read

NOTES: A. t5k(1) is the minimum time between a rising RCLK edge and a subsequent rising WCLK edge for FF to change logic levels during the
current clock cycle. If the time between the rising edge of RCLK and the subsequent rising edge of WCLK is less than tsk(1), then FF
may not change its logic level until the next WCLK rising edge.

N

><

Q0-Q8  Datain Output Register

Figure 6. Full Flag Timing
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1993

timing diagrams (continued)

|
:"ﬂ tsu(D) }"’l tsu(D)

I

bu(EM": th(EN) isu(EN}'—*r-ﬂ‘ th(EN)
s S B
P ||

| | ' '
wrss 7N 7\

lf‘-‘———ﬂ tsk(1) (see Note A) (&P 15(1) (see Note A)
| |
RCLK
| |
|
thd(R-EF! k———ﬂ &ﬂ 1, .| 1, |
pd(R-EF) ! [ a— | pd(R-EF) pd(R Ed‘—’:
= 4
|
|
|
RENT, }
REN2 l
|
|
|
(Low) |
t
I
Qo-Q8 Data in Output Register X Data Read

NOTES: A. tsk(1) is the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change logic levels during the
current clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than tsk(1). then EF
may not change its logic level until the next RCLK rising edge.

Figure 7. Empty Flag Timing
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1993
——

timing diagrams (continued)

'W(CH)P—H twicL) l See Note D

e W
|

} [
1

WENT : [

|

[ | } [

WEN2 ] | :

(if applicable) | |
tpd(W-AFJ&——»! {

PAF [Full — (m + 1)] words in FIFO L (Full~m) words in FIFO |

|

(see Note B) )‘

|
'lﬂ- lsk(z)—*———ﬂ tpd(W-AF)
ROtk \_/_\__/_\_M__/_

1su(Eur—>|h—4] th(EN)
RENT, I
REN2 |

NOTES: A. PAF offset =m
B. (512—m)words for SN74ACT72211L, (1024 — m) words for SN74ACT72221L, (2048 — m) words for SN74ACT72231L, (4096 —m)
words for SN74ACT72241L
C. tsk(2)is the minimum time between arising RCLK edge and the subsequent rising WCLK edge for PAF to changeits logic level during
that clock cycle. If the time between the rising edge of RCLK and the subsequent rising edge of WCLK is less than tsi(2), then PAF
may not change its logic level until the next WCLK rising edge.
D. If a write is performed on this rising edge of the write clock, there will be [Full - (m — 1)] words in the FIFO when PAF goes low.

(see Note A)

Figure 8. Programmable Almost-Full Flag Timing
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST- IN FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1983
S——

timing dlagrams (continued)
e ple——s!
'w(CH) | | ‘w(CL)

VAN SANIVARNIVARNIVER VA
|

lsu(E | th(EN)

WEN1

WEN2 |
(it applicable) I
: See Note A
PAE nwords in FIFO | f (n + 1) words in FIFO h
|

1
tsk(2) (300 Note B) |4—-¥‘H—HI tpd(R-AE) 'Pg,@,-AEi ¢ "

o 7

NOTES: A. PAE offset = n

B. tsk(2)is the minimum time between a rising WCLK edge and the subsequent ising RCLK edge for PAE to changeits logic level during
that clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than tsk(2), then PAE
may not change its logic level until the next RCLK rising edge.

C. If a write is performed on this rising edge of the write clock, there will be [Empty + (n — 1)] words in the FIFO when PAE goes low.

Figure 9. Programmable Almost-Empty Flag Timing
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1993

timing diagrams (continued)

}4——‘cyc———J

tw(CH) tw(CL)

tsu(El th(EN)

_ |

L° AW AN
'su(ENr—N

weRT X |

+

lsu(Diﬂ—NO—i th(D)

o 777777 K_ KX XX XXX

PAE PAE PAF PAF
Ottset Offset Offset Oftset
(LsSB) (MSB) (LSB) (MSB)

Figure 10. Write Offset Registers Timing

l‘-—-— teye ———“
tw(CH) ﬂ—»h—q wicl)

|
tsu(El | th(EN)
)N

tsu(E
RENY, [
RENZ [

10—l

|
Q0-Q7 Data In Output Register XPAE Offset (LSB) X PAE Offset (MSB) x PAF Oftset (LSB) x

PAF Offset (MSB)

Figure 11. Read Offset Registers Timing
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN FIRST-OUT MEMORIES

SCAS222 - FEBRUARY 1993

'PARAMETER MEASUREMENT INFORMATION

5V

é 1100 Q
From Output

Under Test »

680 Q =< 30pF

(see Note A)
I

Figure 12. Load Circuit
NOTE A: Includes probe and jig capacitance

i ——= 3v
Timing oy 3v H"‘h':;:;’:: 15V 15V
Input 5 | | GND
A GND — 1y—
sy it i th | | -
Data | —— -3 y ] |
Input m Low ";";’e' 15V 15V
GND vise /- — — — GND
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
————— 3v
Input 15V 1.5V
I GND

tpd —— e—»— 15q

|
In-Phase g~ VoH
Output 15V 1.5V
VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

Figure 13. Timing Reference Levels
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L

512x 9, 1024 x 9, 2048 x 9, AND 4096 x 9
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS222 — FEBRUARY 1993
—

width-expansion configuration

APPLICATION INFORMATION

Word width is increased by connecting the corresponding input control signals of multiple devices. Composite
empty and full flags should be created by monitoring all devices in width expansion. Almost-full and
almost-empty status can be obtained from any one device. Figure 14 shows an 18-bit-wide data path formed
by using two SN74ACT72211L/-72221L/-72231L/-72241L units.

In Figure 14, read enable 2 (REN2) is grounded, and read enable 1 (REN1) acts as the only read control. The
write enable 2/load (WEN2/LD) input of only one device is set low at reset to configure the device for
programmable flags and to have the pin act as a load control for reading and writing the programmable flag offset

registers.
SN74ACT72211L/72221L/72231L772241L
RS RS RCLK RCLK
WCLK WCLK REN1 REN1
WENT WEN REN2 J_
o WEN2/LD =
PAF PAF PAE PAE
FF EF
9 9
D0-D8 Q0-Q8
D0-D8 Q0-Q8
FF— i
SN74ACT72211L/72221L/72231L/72241L
RS RCLK
18 R 18
DO — D17 egubemmne WCLK REN1 i Q0 - Q17
WENT RENZ2 —_——l
+5V WEN2/LD =
FF EF
9 9
D0-D8 Q0-Q8 -
D9-D17 Q9-Q17
Figure 14. Word-Width Expansion for 512 x 18/1024 x 18/2048 x 18/4096 x 18 FIFO
:i
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SN74ACT7802

1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

® Member of the Texas Instruments

Widebus ™ Family

Empty, Full, and Half-Full Flags
Fast Access Times of 15 ns With a 50-pF

. 20 ns Typical
High-Output Drive for Direct Bus Interface

Avallable in 68-Pin PLCC (FN) Package

* Independent Asynchronous inputs and Load
Outputs * Fall-Through Time . .
* Low-Power Advanced CMOS Technology ¢ Data Rates From 0 to 50 MHz
® 1024 Words x 18 Bits .
® Programmable Almost Full/Aimost Empty ¢ 3 State Outputs
Flag .
FN PACKAGE
(TOP VIEW)
¥ m [
won~Q O » o018 o~ 0Quw
66653228 831285555
| SN S S ) N § S S ) SN ) D § N SN ) S S G ) O ) — -
9 87 654 3 2 1 68676665 64 636261
Di14f} 10 E Vee
D13[] 11 s9[] Q14
D12[]) 12 s8[] Q13
D11[]13 s7[] GND
D10[] 14 s6[] Q12
D9[] 1s s5] Q11
Vec[l1e 54} Vec
Def] 17 s3] Q10
GND[] 18 52[] Q9
D7[)19 51E GND
D6 [] 20 s50[] @8
D5[] 21 49[] Q7
D4[] 22 wE Vee
D3[] 23 47[] Qe
D2[] 24 48[} Qs
D1f]2s 45[] GND
Do[] 26 411 Q4
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
o ¥ ¥ o ¥ e ¥ e ¥ o ¥ ¥ o ¥ o ¥ e ¥ ¥ e Vo ¥ o Vo ¥ o ¥ o N
LOXO0OQ guwoHL -0 N ®
l55§22>8§551>88°5°°>8
NC—No internal connection
description

A FIFO memory is a storage device that allows data to be written into and read from its array at independent
data rates. The SN74ACT7802 is a 1024- by 18-bit FIFO for high-speed applications. It processes data in a

hl}.nnrnllal format at rates up to 50 MH2> and access timas of 25 ns

ov i< anG aCCess imes G co NS,

Data is written into the FIFO memory on a low-to-high transition on the load clock input (LDCK) and is read out
on a low-to-high transition on the unload clock input (UNCK). The memory is full when the number of words
clocked in exceeds by 1024 the number of words clocked out. When the memory is full, LDCK has no effect on
the data in the memory; when the memory is empty, UNCK has no effect.

Widebus is a trad rk of Texas instr

mwcnouuumhw-«rpm
L]

o specifications per the terms of

H

hdn.dlln-m
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3509, AUGUST 1990-REVISED DECEMBER 1991
L

description (continued)

The FIFO memory status is monitored by the full (FULL), empty (EMPTY), half-full (HF), and almost full/almost
empty (AF/AE) flags. The FULL output is low when the memory is full; the EMPTY output is low when the
memory is empty. The HF output is high when the memory contains 512 or more words and low when it contains
less than 512 words. The level of the AF/AE flag is determined by both the number of words in the FIFO and
a user-definable offset X. AF/AE is high when the FIFO is almost full or almost empty, i.e., when it contains X
or less words or (1024 — X) or more words. The almost full/almost empty offset value is either user-defined or
the default value of 256; it is programmed during each reset cycle as follows:

user-defined X:

Step 1.  Take DAF from high to low.

Step2. If RESET is not already low, take RESET low.

Step 3.  With DAF held low, take RESET high. This defines the AF/AE flag using X.

default X:

To redefine the AF/AE flag using the default value of X = 256, hold DAF high during the reset cycle.
A low level on the reset (RESET) input resets the FIFO internal clock stack pointers and sets FULL high, AF/AE
high, HF low, and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be reset
upon power up.
The Q outputs are noninverting and are in the high-impedance state when the output-enable (OE) input is low.

When writing to the FIFO after a reset pulse or when the FIFO is empty, the first active transition on LDCK drives
EMPTY high and causes the first word written to the FIFO to appear on the Q outputs. Therefore, an active
transition on UNCK is not required to read the first word written to the FIFO. Each subsequent read from the
FIFO requires an active transition on UNCK.

The SN74ACT7802 can be cascaded in the word-width direction but not in the word-depth direction.

TeExas
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SN74ACT7802

1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991
N

logic symbolt

LDCK
UNCK
OE

D1
D2
D3

DS

D7
(]

D10
D11

D12
D13
D14
D15
D18

HF
AF/AE

Qi
Q2
Q3

Qs

Q7

Qio
Qa1

Q12
Qi3
Q14
Q15
Qtée

@
FIFO 1024 x 18
SN74ACT7802
FESET —— N pEseT
ki > Lbck FULLP——— FOLL
5 > UNCK HALF-FULL
2 ENt ALMOST FULL/EMPTY |———
oaF 22 b perawmost FULL EMPTY
| I
26 38
25 0 o 39
24 4
23 a2
22 44
21 48
20 a7
19 a9
17 50
14 53
13 55
12 56
" 58
10 50
[ 61
63
64

D17

17 17

t This symbol is in accordance with ANSI\EEE Std 91-1984 and IEC Publication 617-12

Q17
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SN74ACT7802

1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

functional block diagram

OE
DO-D17 |
LDCK Write v Read Locati
Control > Pointer Location 2
]
> Write 1024 x 18 RAM
Read hd Pointer
UNCK Control
Location 1023
A Y ‘\/' Location 1024
- bll\z} ao-ar
RESET Reset [
Logic
Status
Flag EMPTY
Logle FULL
DAF HF
AF/AE
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SN74ACT7802

1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

95T JO ONjeA }|nvjep o1 oq 0} 8000 Uo wap eyi Bupn
00 enjeA 10840 Jv/4V 04 euyeq 00 sntea 10840 Jv/dV 8 suyeq

| |
|

[§ nng

L
|
_

M _
|

[ |

(]

[

_

1

_ _

| |
| | ]
L1V g—;- X-$20 ;—n ISM CISM T A M - x\

W — 123 —

]
m m _ _ |
T T T T T —
T

weiBeyp Bujwp

37

Texas
NSTRUMENTS

e



SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991
L

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply voltage range, Vg ..o oov v v -05Vto7V
INPULVORAGE, V| .. .ot e e e e e e e 7V
Voltage applied to a disabled 3-state output .............. ... i i 55V
Operating free-air temperature range ............. ...t 0°Cto 70°C
Storage temperature range .................eiuuniit ittt -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under ded operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

'ACT7802-20 | 'ACT7802-30 | 'ACT7802-40 | 'ACT7802-80 UNIT
MIN MAX| MIN MAX MIN MAX| MIN MAX
Vee Supply voltage 4.5 5.5 45 55 45 55 45 5.5 \
Vi High-level input voltage 2 2 2 2 \
ViL Low-level input voltage 0.8 0.8 0.8 08| V
lon High-evel output current -8 -8 -8 -8 mA
loy Low-level output current 16 16 16 16 mA
faock  Clock frequency 50 33 25 16.7 MHz
[ LDCK high 8 10 14 20
LDCK low 8 10 14 20
4 Pulse duration UNCK high 8 10 14 20 ns
UNCK low 8 10 14 20
DAF high 10 10 10 10
RESET low 20 20 25 25
[ Data in (D0-D7) before LDCK? 4 4 5 5
EECSE: inactive (high) before 5 5 5 5
Define AF/AE: DO-D8 before 5 5 5 5
tsu Setup time DAF| ns
Define AF/AE: DAF | before 7 7 7 7
RESET?t
Define AF/AE (default): 5 5 5 s
DAF high before RESETt
Data in (DO-D7) after LDCK?t 1 1 2 2
aﬂFT AF/AE: DO-D8 after o 0 0 0
t Hold time Define AF/AE: DAF low after ns
RESET} 0 0 0 (4]
Define AF/AE (default): ° ° ° 0
DAF high after RESETt
T Operating free-air temperature 0 70 0 70 0 70 0 70 *C

Q TEXAas
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SN74ACT7802

1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991
IR

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
Vor Vec =45V, lon = — 8 MA 24 vV
Vou Vcc =45V, loL =16 mA 0.5 \

I Vec =55V, V) =Vcc or 0 5] uA
loz Voc =55V, Vo =Vog of 0 5| pA
lect Vi=Vec-0.2Vor0 a0 | pA
Alect Vecc =55V, Oneinputat3.4V, Other inputs at Ve or GND 1 mA
C Vi =0, f=1MHz 4 pF
Co Vo=0. f=1MHz ) oF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C|_ = 50 pF (see Figures 4 and 5)

PARAMETER FROM To *ACT7802-20 'ACT7802-30 | 'ACT780240 | 'ACT780260 |
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
[, LDCK or UNCK 50 33 25 16.7 MHz
tp LDCK? Any Q 8 25 8 30 8 35 8 45| ns
T
— T o T ——#wsE—
e ! EMPTY ns
oL UNCK1 2 16 2 18 2 20 2 22
[ RESET) EMPTY 2 16 2 18 2 20 2 22| ns
toHL LDCKt FOLL 4 16 4 18 4 20 4 22 ns
UNCK1 4 15 4 17 4 19 4 21
FULL
bk RESET 2 15 2 17 Z 19 2z 21|
LDCK? 2 18 2 20 FE 2 24
t AF
ed UNCKY /AE 2 8] 2 20] 2 2| 2 2]
[ RESET) AF/AE 2 15 2 17 2 19 2 21| ns
[ LDCK? HALF FULL 2 16 2 18 2 20 2 2| ns
UNCK{ 2 16 2 18 2 20 2 22
HALF FULL
oL RESET 2 15 2 17 2 19 2 21|
ton OE Any Q 2 10 2 12 2 14 2 18] ns
i OE Any Q 2 12 2 14 2 16 2 18] ns
T All typical values are at Ve = 5V, T = 25°C.
# |oc tested with outputs open.
§ This parameter is measured with C,_ = 30 pF (see Figure 1).
operating characteristics, Vec =5V, T = 25°C
PARAMETER TEST CONDITIONS TP | uNIT
Cpd Power dissipation capacitancer per channel CL = 50 pF, f=5MHz 65 pF
INSTRUMENTS so



SN74ACT7802

1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS167-D3599, AUGUST 1990-REVISED DECEMBER 1991
TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME

‘pd ~ Propagation Delay Time — ns

typ+8

typ+6

typ+4

typ+2

typ

typ-2

vs

LOAD CAPACITANCE

- R -=5000

Vec=5V

4

Ta=25°C

//

v

/

/

[\]

50 100 150

200 250

C_ - Load Capacitance - pF

Figure 1

300
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1890-REVISED DECEMBER 1991

TYPICAL POWER DISSIPATION CAPACITANCE

vs
SUPPLY VOLTAGE
typ+3 T
f,= 5 MHz

w typ+2 e e
- //
]
a typ+1 /
$ typ
S /
= typ-1
[3
X w2
o /

typ-3

45 4.6 4.7 4.8 4.9 5 51 52 53 54 5.5

Vec - Supply Voltage -V
Figure 2

calculating power dissipation

With Iccr taken from Figure 2, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

P' = VCC x [lCCF + (N x Alcc x dc)] +Z (CL X Vcc2 x fO)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Pt=Vee x [lec + (N x Alge x dc)] + Z (Cpqg x Vee? x fi) + X (C x Vg2 x fo)

lcc = power-down Icc maximum

N = number of inputs driven by a TTL device

A lgc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C_ = output capacitive load

f; = data input frequency

f, = data output frequency

“? Texas
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3509, AUGUST 1990-REVISED DECEMBER 1991
e

APPLICATION DATA
SN74ACT7802
LDCK LDCK UNCK UNCK
FULL ENMPTY
e —( - swem
OE T OE
D18-D35 M po-b17 Qo-Q17 ™ ate-as
v .
SN74ACT7802
Lbck UNCK
EMPTY
FOLL
oe |
Do-D17 ‘) Do-D17 Qo-q17 A) Qo-Q17

Figure 3. Word-Width Expansion: 1024-Word by 36-Bit
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

PARAMETER MEASUREMENT INFORMATION

——————— 3v
From Output Input 1.5V
Under Test | | GND
e tpa—»i 1t
R =500Q C=50pF b | pd_:———- v
- R
= = ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 4. Standard CMOS Outputs (FULL, HF, AF/AE, EMPTY)
Input
lvcc
St Output
R
From Output
Under Test
IR
Output
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R C.t S1 S2
tozn Open Closed
ton — 500 Q 50 pF rp
) tpHz Open Closed
tuis s 500 Q 50 pF Soesd
tgory - 50 pF Open Open

1 Includes probe and test fixture capacitance.

Figure 5. 3-State Outputs (Any Q)
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

Member of the Texas Instruments
Widebus ™ Family

Load Clock and Unload Clock May Be
Asynchronous or Coincident

DL PACKAGE
(TOP VIEW)

FEESE'TE Uss]UE

1

* Packaged In Shrink Small-Outline 300-mil ol o % o
Package (DL) Using 25-mil Center-to-Center D15 2 :;] Q1s

Spacing D14 |5 52]] GND

® 512 Words by 18 Bits D13 [J6 s1f} Q14
* Low-Power Advanced CMOS Technology D12 [}7 sof] Vcc
* Full, Empty, and Half-Full Flags D11 [ls  4of] Q13
* Programmable Aimost Full/Aimost Empty D10 o ssfl Q12
Flag Vee 1o a7l an

* Fast Access Times of 15 ns With a 50-pF gi :12 :: % g;o

Load and All Data Outputs Switching
Simultaneously

Data Rates From 0 to 50 MHz
3-State Outputs

Pin Compatible With SN74ACT7806 and
SN74ACT7814

description

A FIFO memory is a storage device that allows
data to be written into and read from its array at
independent data rates. The SN74ACT7804 is a
512-word by 18-bit FIFO for high speed and fast
access times. It processes data at rates up to
50 MHz and access times of 15 ns in a bit-parallel
format.

Data is written into memory on a low-to-high
transition at the load clock (LDCK) input and is
read out on a low-to-high transition at the unload
clock (UNCK) input. The memory is full when the
number of words clocked in exceeds the number
of words clocked out by 512. When the memory is
full, LDCK signals have no effect on the data
residing in memory. When the memory is empty,
UNCK signals have no effect.

GND [J13  44[JGND
D7 [J14 a3fjCs
D6 [J1s  42f) Q7
D5 [J1e 41fJCe
D4 [l17  4ofj Q5
D3 [J1ie  39f) Ve
D2 [J1e  38f] Q4
D1 20 37[) Q3
Do [la1  ssf) Q2
HF [ 3s5[) GND
PEN [J2s s4fj Q1

AF/AE [J2+  33]J Qo

LDCK [J2s  32[] UNCK
NC[j2s 31[JNC
NC [J27  30[JNC

FULTL [J28 29[] EMPTY

Status ofthe FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and almost fulljalmost -
empty (AF/AE) flags. The FULL output is low when the memory is full and high when the memory is not full. The
EMPTY output is low when the memory is empty and high when it is not empty. The HF output is high when the
FIFO contains 256 or more words and is low when it contains 255 or less words. The AF/AE status flag is a
programmable flag. The first one or two low-to-high transitions of LDCK after reset are used to program the
almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) is low. The AF/AE
flag is high when the FIFO contains X or less words or (512 minus Y) or more words. The AF/AE flag is low when
the FIFO contains between (X plus 1) and (511 minus Y) words.

Widebus is a trademark of Texas Instruments Incorporated.

PWODUCHM DATA information s uuum - of date, Copyright © 1992, Texas Instruments Incorporated
unent & )‘Mm Pyrg! po
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992
A

description (continued)

A low level on the reset (RESET) input resets the intemal stack pointers and sets FULL high, AF/AE high, HF
low, and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon
power up.

The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs.

It is important to note that the first word does not have to be unloaded. The data outputs are noninverting with
respect to the data inputs and are in the high-impedance state when the output-enable (OE) input is high.

logic symbolt
®
FIFO 512 x 18
SN74ACT7804
1
RESET ———— | RESET
2 . 28
LbcKk ——— > LbCK FULL 5
32 1 | <
UNCK ——— > UNCK HALF-FULL 2 F
56 ALMOST FULL/EMPTY |————  AF/AE
oF —NEM § 29
23 EMPTY EMPTY
PEN ————— PROGRAM ENABLE
rC
21 33
po ——Jo [ Qo
20 34
D1 at
19 38
D2 Q2
18 k14
D3 Q3
17 38
D4 Qa4
16 40
D5 Qs
15 41
Dé Qe
14 42
D7 a7
12 43
pg — — ————— a8
1" 45
o v o
D10 Q10 '
8 47
D11 Qn
7 48
D12 Q12
6 49
D13 a1s
5 51
D14 Q14
4 53
D15 Q15
3 54
D18 Q16
2 55
D17 —mM{ 17 17p— Q17

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992
S

functional block diagram

OE
DO-D17 d
Location 1
Read J‘> Location 2
UNCK Pointer >
"——T 512 x 18 SRAM
Write >
LDCK
Pointer | | Location 511
Location 512
* > ) eo-ai7
b
R
RESET —— Do > Sttus FOLT
] s
HF
PEN
AF/AE

*p TEXAs
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

Terminal Functions

PIN
/o DESCRIPTION
NAME NO.

Aimoast full/almost empty flag. Depth offset values may be programmed for this fiag, or the default value

AF/AE 24 O ] ot 64 may be used for both the almost empty offset (X) and the almost full offset (Y). AF/AE is high when
memory contains X or less words or (512 minus Y) or more words. AF/AE is high after reset.

DO-D17 21-14,12-11, | 18-bit data input port

9-2

EMPTY 29 O | Empty flag. EMPTY is low when the FIFO is empty. A FIFO reset also causes EMPTY to go low.

FOLL 28 O | Fullflag. FOLL is low when the FIFO is full. A FIFO reset causes FULL tfo go high.

HF 22 o Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset.

LDCK 25 | Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high.

OE 56 | Output enable. When OE is high, the data outputs are in the high-impedance state.

PEN 2 | Program enable. After reset and before the first word is written to the FIFO, the binary value on D0-D7
is latched as an AF/AE offset value when PEN is low and LDCK is high.

33-34, 3638, 18-bit data output port
Q0-Q17 4043, 4549, o}
51,53-55

RESET 4 | Reset. A low level on this input resets the FIFO and drives AF/AE and FULL high and HF and EMPTY
low.

UNCK 32 | | Unioad clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high.

18 INSTRUMENTS




SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1982
S

offset values for AF/AE

The almost full/almost empty flag has two programmabile limits, the aimost empty offset value (X) and the almost
full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written to
memory. The AF/AE flag is high when the FIFO contains X or less words or (512 minus Y) or more words.

To program the offset values, PEN may be brought low after reset only when LDCK is low. On the following
low-to-high transition of LDCK, the binary value on DO-D7 is stored as the almost-empty offset value (X) and
the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK will reprogram Y to
the binary value on DO-D7 at the time of the second LDCK low-to-high transition. Writes to the FIFO memory
are disabled while the offsets are programmed.

A maximum value of 255 may be programmed for either X or Y. To use the default values of X = Y = 64, PEN
must be held high.

RESET —\——/

- e
PR \ L) e/

W oo \OK_ ey X v X

BTy E E E E E t \ /

Figure 1. Programming X and Y Separately
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SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

SN74ACT7804

‘A PUB X JO ON[BA JNBJOP Ot
Bujsn ey Jv/4v ewp euyeq

N

| F<  avav

|
|
|
| b 4w
[
|
|
|

1

|

I
4

|

|

)
|
|
{
|
|
{
|
|
m
gﬂuﬂUﬂ@ﬂUﬂ_ > e
LM €10y 0c-z19 . @*N [
|
|
1
|
|
L
|
|

J

|

|

| T

I .

_r _ _ | mm ALdw3
| [

| |

M

|
|
|
|

L
AU 018D 3,u00 f?fxﬁfﬁffffﬁxfffées \

weabejp Bujwy

"9 Texas
INSTRUMENTS

3-20



SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992
B

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply VoG raNGE, VoG .« vttt e e -05Vto7V
INPUEVORAEE, V| .ot e i e e e 7V
Voltage applied to a disabled 3-state output .......... ... ... ... i 55V
Operating free-air temperature range . .................ouevuvrereniennineeneneenureenins 0°Cto 70°C
Storage temperature range ... ..........c.ouuritin ittt e -65°C to 150°C
1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of 1he device at these or any other conditions beyond those indi under “r ded operating conditions” is not
implied. E e to ab i ated conditions for extended periods may affect device reliability.

recommended operating conditions

'ACT7804-20 | "ACT7804-25 | 'ACT7804-40 UNIT
MIN MAX| MIN MAX| MIN MAX
Vee Supply voitage 4.5 55 4.5 55 4.5 55 \'4
Vin High-level input voltage 2 2 2 v
ViL Low-level input voltage 0.8 0.8 0.8 \4
lon High-level output current Q outputs, Flags -8 -8 -8 mA
loL Low-level output current Q outputs 18 18 18 mA
Flags 8 8 8
felock Clock frequency 50 40 25| MHz
LDCK high or low 7 8 12
4 Pulse duration UNCK high or low 7 8 12 ns
Em 7 8 12
RESET low 10 10 12
Data in (DO-D17) before LDCK ¢t 5 5 5
teu Setup time [PEN before LDCK! 5 5 5 ns
LDCK inactive betore RESET high 5 6 6
Data in (DO-D17) after LDCKt 0 0 0
LDCK inactive after RESET high 5 6 6
h Hold time PEN low after LDCK1 3 3 3 ns
[BEN high after LDCK] 0 0 0
Ta Operating free-air perature 0 70 0 70 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt MAX]| uniIT

Vou Vec =45V, lon = —8 mA 24 v
Flags Vec=4.5V, loL =8 mA 0.5

Vo v
Qoutputs | Vo =45V, loL =16 mA 0.5

I Vec =55V, V) =Vec or 0 5] pA

loz Vec =55V, Vo =Vecor 0 +5 pA

lec Vec =55V, Vi=Vec=0.2Vor0 400] wA

Algc’ Ve = 5.5V, Oneinputat3.4V, Other inputs at Ve or GND 1| mA

Ci V) =0, f=1MHz 4 pF

C, Vo =0, f=1MHz 8 pF

# All typical values are at Voc = 5V, Ta = 25°C.
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather O V or V.

Texas
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SN74ACT7804

512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C, = 50 pF (unless otherwise noted) (see Figures 5 and 6)

PARAMETER FROM TO 'ACT7804-20 'ACT7804-25 | ACT7804-40 UNIT
(INPUT) (OUTPUT) MIN TYP! MAX| MIN MAX]| MIN MAX
fmax LDCK or UNCK 50 40 25 MHz
tod LDCK?t 9 20 9 22 24
tod UNCK? Any Q 6 115 15 6 18 6 20 ns
tod" UNCK? 10.5
toLn LDCK? 6 15 6 17 6 19
oL UNCK? EMPTY 6 15 6 17 6 19| ns
toHL RESET low 4 16 4 18 4 20
torL LDCK? 6 15 6 17 6 19
toLH UNCK? FULL 6 15 6 17 6 19 ns
[ RESET low 4 18 4 20 4 22
tod LDCK?t 7 18 7 20 7 22
tod UNCK? AF/AE 7 18 7 20 7 22 ns
toH RESET low 2 10 2 12 2 14
toLH LDCK?t 5 18 5 20 5 22
toHL UNCK? HF 7 18 7 20 7 22| ns
toHL RESET low 3 12 3 14 3 16
ton oF Any Q 2 9 2 10 2 il
tyis 2 10 2 11 2 12
t All typical values are at Vo = 5V, Tp = 25°C.
* This parameter is measured at C_ = 30 pF (see Figure 3).
operating characteristics, Vcc =5V, Tp = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
LCEE Power dissipation capacitance per FIFO channel jmmuts enabled | C; =50 pF, f=5MHz 53 pF
TeExas
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SCAS204-D4025, JUNE 1891-REVISED APRIL 1992
R

APPLICATION INFORMATION

"ACT7804
LDCK > Lbck UNCK UNCK
FULL EWPTY
(] B
OE T OE
D18-D35 > DO-D17 Qo-a17 ) Qa1e-Qss
"ACT7804
L& Lbek UNCK <]
FULL EMPTY
OE |
Do-D17 ) DO-D17 Qo-Q17 > Qo-Q17

Figure 2. Word-Width Expansion: 512 Words by 36 Bits
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o ——————————————

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME
vs

LOAD CAPACITANCE
typ+8 |
Vee =5V
- Ta=25°C //
R =500Q /
2 typee
:
£
s typ+4
: yd
32
§ typ+2
& /
§
4 typ
typ-2

o 50 100 150 200 250 300

C_ - Load Capacitance - pF

Figure 3
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200
180 |- TA= Ls-c .
CL=0 pF Vec=55V |/
160 s /
oc =
EI 140
E 120 v Sz
£
3 100 yalyd
4
i 7/ Voc =45V
a % e
- /
[$]
° A/
%0
20
[\]

1] 10 20 30 40 50 60 70
teiock — Clock Frequency — MHz

Figure 4
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calculating power dissipation

With Iccr taken from Figure 4, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

Py= Ve x [lecr + (N x Alge x do)] + Z (G x Vee? x fo)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Pt = VCC x ['CC + (N x AICC x dc)] +Z (de x Vcc2 xfi) +Z2 (CL x VCC2 x fo)

lcc = power-down lgc maximum

N = number of inputs driven by a TTL device

A Icc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpa = power dissipation capacitance

C_ = output capacitive load

f; = data input frequency

f, = data output frequency

Texas
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PARAMETER MEASUREMENT INFORMATION

From Output Input . 1.5V
Under Test

CL=50pF ‘“‘tPI.H"" e o

| +——
oms____F N

LOAD CIRCUIT TOTEM-POLE OUTPUTS

Ry =500Q

Figure 5. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE)

7V Input 1.5V 15V

b g -ri-nR2 | T ov
s1

From Output Test
Under Test Point
c, T~ R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 C t S1
ton lezu 500 © 50 pF Open
tpzL Closed
tais feonz 500 © 50 pF Open
oLz Closed
tog 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 6. 3-State Outputs (Any Q)

v

oV

3v

oV
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SN74ACT7806
256 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS208-D4024, JUNE 1991-REVISED APRIL 1992

* Member of the Texas Instruments DL PACKAGE
Widebus ™ Family (TOP VIEW)
* Load Clock and Unload Clock May Be J
Asynchronous or Coincident RESET % 1 56 gE
* Packaged In Shrink Small-Outine 300-mil oels  wlbow
Package (DL) Using 25-mil Center-to-Center D15 (4 s3] ais
Spacing
D14 [|s s2[] GND
® 256 Words by 18 Bits p13 s s1]] Q14
® Low-Power Advanced CMOS Technology D12 [}7 s0f] Vee
* Full, Empty, and Half-Full Flags D11 fls  soflana
* Programmable Aimost Full/Almost Empty pofls  4sflar2
Flag Vee o a7 % an
® Fast Access Times of 15 ns With a 50-pF 82’[:::12 ﬁug;o
Load and All Data Outputs Switching i i
Simuitaneously G’;D i 1B i g:D
7{j1a a3
® Data Rates From 0 to 50 MHz oeflis  42fla7
* 3.State Outputs ps[Jie 41flae
® Pin Compatible With SN74ACT7804 and p4[]17  4aflas
SN74ACT7814 D3 [J1s  39[] Ve
D2 [J19e  3sfQ4
description D1fjo arflas
A FIFO memory is a storage device that allows 3’0: [ 2 :: gZD
data to be written into and read from its array at PEN (123 [l a1
o Yo ) s nellu sl
access times. It processes data at rates up to LDSE E = :2 % zSCK
50 MHz and access times of 15 ns in a bit-paralle! ot !
format. NCc [lzz 3ofINC
FULL [J28 29[l EMPTY

Data is written into memory on a low-to-high
transition at the load clock (LDCK) input and is
read out on a low-to-high transition at the unload
clock (UNCK) input. The memory is full when the
number of words clocked in exceeds the number
of words clocked out by 256. When the memory is
full, LDCK signals have no effect on the data
residing in memory. When the memory is empty,
UNCK signals have no effect.

Status ofthe FIFO memaory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and aimost full/almost
empty (AF/AE) flags. The FULL output is low when the memory is full and high when the memory is not full. The
EMPTY output is low when the memory is empty and high when it is not empty. The HF output is high when the
FIFO contains 128 or more words and is low when it contains 127 or less words. The AF/AE status flag is a
programmable flag. The first one or two low-to-high transitions of LDCK after reset are used to program the
almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) is low. The AF/AE
flag is high when the FIFO contains X or less words or (256 minus Y) or more words. The AF/AE flag is low when
the FIFO contains between (X plus 1) and (255 minus Y) words.

Alow level onthe reset (RESET) input resets the internal stack pointers and sets FULL high, HF low, and EMPTY
low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power up.

Widebus is a trademark of Texas Ir Incorporated.

PRODUCTION DATA Information ls current as of publicetion date. Copyright © 1992, Texas Instruments Incorporated
Products confor o specifications per e terme of

standard warranty. Production processing doss not necessarily include

esting of all parametera.
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256 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS208-D4024, JUNE 1991-REVISED APRIL 1992
e

description (continued)

The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs.
It is important to note that the first word does not have to be unioaded. The data outputs are noninverting with
respect to the data inputs and are in the high-impedance state when the output-enable (OE) input is high.

logic symbolt
[ 4
FIFO 256 x 18
SN74ACT7808
1
RESET — RESET
25 X 28
LDCK —————— > LDCK FULL 2 FOLL
32 | 2
UNCK ————1}> UNCK HALF-FULL 2 HF
s6 ALMOST FULL/EMPTY |————— AF/AE
OF ——NEN 29
23 EMPTY P———— ENPTY
PEN ——— PROGRAM ENABLE
m | C
21 33
D0 ——o0 ° Qo
20 34
D1 at
19 36
D2 Q2
18 a7
D3 Q3
17 38
D4 Q4
16 0
DS as
15 a1
Dé Qs
14 a2
D7 a7
12 a3
08 ————— ———— as
1" as
os 9 € o
D10 a10
8 a7
D11 an
7 48
D12 a2
6 a9
D13 Q13
5 51
D14 Q14
4 53
D15 ats
3 54
D16 ate
2 55
D17 ———J17 17— a17

T This symbol is in accordance with ANSINEEE Std 91-1984 and IEC Publication 617-12.
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SCAS208-D4024, JUNE 1991-REVISED APRIL 1982
I

functional block diagram

3
Do-D17 d
Location 1
Read > Locat
{1
UNcK Polnter
L 256 x 18 SRAM
Write >
LDCK
Polrter Location 255
Location 256
J i Z ) Qo-Q17
EMPTY
RESET ——  [oset . Status FOLL
> o
PER Logic HF
AF/AE
EXAS
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SN74ACT7806
256 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS208-D4024, JUNE 1991-REVISED APRIL 1992

Terminal Functions

PIN
Vo DESCRIPTION
NAME NO.

Almost full/aimost empty flag. Depth offset values may be programmed for this fiag, or the default value

AF/AE 24 (e] of 32 may be used for both the almost empty offset (X) and the almost full offset (Y). AF/AE is high when
memory contains X or less words or (2566 minus Y) or more words. AF/AE is high after reset.

DO-D17 21-14,12-11, | 18-bit data input port

9-2

Empty flag. EMPTY is high when the FIFO memory is not empty; EMPTY is low when the FIFO memory

EMPTY 29 o I "
is empty or upon assertion of RESET.
Full flag. FULL is high when the FIFO memory is not full or upon assertion of RESET. FULL is low when

FULL 28 o} X
the FIFO memory is full.

HF 22 (¢] Half-full flag. HF is high when the FIFO memory contains 128 or more words. HF is low after reset.

LDCK 25 | Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high.

OE 56 | Output enable. When OE is high, the data outputs are in the high-impedance state.

PEN 23 | Program enable. After reset and before the first word is written to the FIFO, the binary value on DO-D6
is latched as an AF/AE offset value when PEN is low and WRTCLK is high.

33-34, 36-38, 18-bit data output port
QO0—Q17 40-43,45-49, o
51, 53-55
RESET 1 | Reset. A low level on this input resets the FIFO and drives FULL high and HF and EMPTY low.
UNCK 32 | Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high.
i INSTRUMENTS
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SCAS208-D4024, JUNE 1881-REVISED APRIL 1882
e ]

offset values for AF/AE

The almostfull/almost empty flag has two programmable limits, the almost empty offset value (X) and the almost
full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written to
memory. The AF/AE flag will be high when the FIFO contains X or less words or (256 minus Y) or more words.

To program the offset values, PEN may be brought low after reset only when LDCK is low. On the following
low-to-high transition of LDCK, the binary value on DO-D6 is stored as the almost-empty offset value (X) and
the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK will reprogram Y to
the binary value on D0-D6 at the time of the second LDCK low-to-high transition. Writes to the FIFO memory
are disabled while the offsets are programmed.

A maximum value of 127 may be programmed for either X or Y. To use the default values of X = Y = 32, PEN
must be held high.

- \___/
- S\
P \ L msss /11
e TR IX v X v X

Figure 1. Programming X and Y Separately
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply voltage range, Vce
Inputvoltage, V| ................. ..ol
Voltage applied to a disabled 3-state output
Operating free-air temperature range ...................oviiiiiieiiiiiiiiiiiieiiiann
Storage temperature range ... ...........o.iuiuuuunteen ittt

1 Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
tunctional operation of the device at these or any other conditions beyond those indicated under * ded operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

'ACT7806-20 | "ACT7806-25 | 'ACT7808-40 UNIT
MIN MAX| MIN MAX]| MIN MAX
Ve Supply voltage 45 55| 45 65| 45 55| V
Vi High-level input voltage 2 2 2 v
Vi Low-level input voltage 0.8 0.8 0.8 \2
loH High-level output current Q outputs, flags -8 -8 -8 mA
oL Low-level output current (::::WB 1: 1: ’: mA
foiock Clock frequency 50 40 25] MHz
LDCK high or low 7 8 12
| UNCK high or low 7 8 12
tw Pulse duration R Tow = s 2 ns
[RESET low 10 10 12
Data in (D0-D17) before LDCKt 5 5 5
tou Setup time 'PEN before LDCKT 5 5 5 ns
LDCK inactive before RESET high 5 6 6
Data in (D0-D17) after LDCK ¢ [}) 0 0
! LDCK inactive after RESET high 5 6 6
b Hold tme [PEN low after LDCKY 3 3 3 ne
[PEN high after LDCK| 0 0 0
Ta Operating free-air tsmp 070 0 70 0 70] °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
Von Voo = 45V, lor = -8 mA 2.4 V
v Flags Voo =45V, ToL = 8MA o5,

% TQouputs |Voc=45V, loL = 16 mA 05
T Vec =55V, Vi =Voc of 0 5| WA
Toz Voo =55V, Vo =Veg or 0 5| WA
oo Ve =55V, Vi=Voc—-0.2Vor 0 400 pA
Ao’ Voo =55V, Oneinputat34V, Other inputs at Vg of GND 1] mA
Ci Vi =0, f=1MHz ] pF
Co Vo =0, t=1MHz 8 oF

# Al typical values are at Voe = 5V, Ty = 25°C.
§ This is the supply current for each input that is at one of the specified TTL voltage leves rather 0 V or Vc.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C_ = 50 pF (unless otherwise noted) (see Figures 5 and 6)

FROM TO 'ACT7806-20 'ACT7806-25 | 'ACT7806-40
PARAMETER (INPUT) (OUTPUT) MIN TYP! MAX| MIN MAX| MIN MAX UNIT
fmax LDCK or UNCK 50 40 25 MHz
tod LDCK? 9 20 22 9 24
tod UNCK? Any Q 6 115 15 6 18 6 20| ns
tog? UNCK?t 10.5
toLH LDCK? 6 15 6 17 6 19
toHL UNCK? EMPTY 6 15 6 17 6 19 ns
[ RESET low 4 16 4 18 4 20
[ LDCK? 6 15 6 17 6 19
toLH UNCK? FOLL 6 15 6 17 6 19] ns
[ RESET low 4 18 4 20 4 22
tod LDCK? 7 18 7 20 7 22
to UNCK? AF/AE 7 18 7 20 7 22| ns
torr RESET low 2 10 2 12 2 14
toLH LDCK? 5 18 5 20 5 22
toHL UNCK? HF 7 18 7 20 7 22| ns
torn RESET low 3 12 3 14 3 16
ton oF Ay Q 2 9 2 10 2 "l
s 2 10 2 11 2 12
1 All typical values are at Vo = 5V, Ty = 25°C.
+ This parameter is measured at C{_= 30 pF (see Figure 3).
operating characteristics, Voc =5V, Ty = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
.EEE Power dissipation capacitance psrﬁEO channel | Outputs enabled Cy =50 pF, f=5MHz 53 pF
Texas
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APPLICATION INFORMATION

"ACT7808
LDCK > LbCck UNCK] UNCK
FULL ENPTY
OFE I OF
D18-D35 > Do-D17 Qo0-Q17 > Q18-Q3s
"ACT7808
—> LDCK UNCK <
FULL ERNPTY
OE |
Do-D17 J> Do-D17 Qo-Q17 > Qo-Q17

Figure 2. Word-Width Expansion: 256 Words by 36 Bits
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TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
P8 e Jsv
R 7

e types| - /
o

H
g
E yp+s
a //

(3
3

g typ+2
a

1

3 typ

/
typ-2

[ 50 100 150 200 250 300
C - Load Capacitance - pF

Figure 3
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200
e I 3
CL=0 pF "Vee =55V
160 | /
3 Vee=5V
= 140
£ pe
120
£ e
13 100 /7//
i // Ve =45V
5 80 e
9 /]
o @ /7
[$]
- 40 /
20
0

o 10 20 30 40 50 60 70
fciock — Clock Frequency — MHz

Figure 4
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calculating power dissipation

With Iccr taken from Figure 4, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

Pt = VCC X [ICCF + (N x A'cc x dC)] +2Z (CL x Vcc2 x fO)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Py=Vee x [lce + (N x Algg x de)] + 2 (de x Vg2 x fi) + £ (Cp x Vc? x fo)

lcc = power-down Icc maximum

N = number of inputs driven by a TTL device

A lcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpd = power dissipation capacitance

C, = output capacitive load

f; = data input frequency

f, = data output frequency

EXAS
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From Output
Under Test

R =500Q

PARAMETER MEASUREMENT INFORMATION

LOAD CIRCUIT

Figure 5. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE)

Input 1.5V
|
O teL—¥ e t,H,_-—:_
| _
Y
TOTEM-POLE OUTPUTS

3v

ov

3v

oV

7V
b R =R1=R2
S$1
R1 | |
From Output __ _ Test Output i 15V | | ;— 03V
Under Test Point | —_——— Vo
_ |
¢, = R2
- toy
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c ! S1
tpzH Open
500 Q 50 pF

o tpzL P Closed
trHz Open

tais g 500Q SopF 5

g 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.
Figure 6. 3-State Outputs (Any Q)
¥ Tixas
338 INSTRUMENTS



SN74ACT7808
2048 X 9 FIRST-IN, FIRST-OUT MEMORY

SCAS205~-D4026, FEBRUARY 1991-REVISED APRIL 1892

Load Clocks and Unload Clocks May Be
Asynchronous or Coincident

2048 Words by 9 Bits

Expansion Logic for Depth Cascading
Empty, Full, and Half-Full Flags
Fall-Through Time of 20 ns Typ

Low-Power Advanced CMOS Technology ¢ Data Rates From 0 to 50 MHz
Fast Access Times of 15 ns With a 50-pF * 3.State Outputs
Load * Avallable In 44-Pin PLCC (FN) or
¢ Programmable Almost Full/Almost Empty Space-Saving 64-Pin Shrink Quad Flat
Flag Pack (PM)
description

A FIFO memory is a storage device that allows data to be written into and read from its array at independent
data rates. The SN74ACT7808 is a 2048-word by 9-bit FIFO designed for high speed and fast access times.
It processes data at rates up to 50 MHz and access times of 15 ns in a bit-parallel format.

Data is written into memory on a low-to-high transition at the load clock (LDCK) input and is read out on a
low-to-high transition at the unload clock (UNCK) input. The memory is full when the number of words clocked
in exceeds the number of words clocked out by 2048. When the memory is full, LDCK signals have no effect
on the data residing in memory. When the memory is empty, UNCK signals have no effect.

Status ofthe FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and almost full/almost
empty (AF/AE) flags. The FULL output is low when the memory is full and high when the memory is not full. The
EMPTY output is low when the memory is empty and high when itis not empty. The HF output is high whenever
the FIFO contains 1024 or more words and is low when it contains 1023 or less words. The AF/AE status flag
is a programmable flag. The first one or two low-to-high transitions of LDCK after reset may be used to program
the almost empty offset value (X) and the almost full offset value (Y) if program enable (PEN) is low. The AF/AE
flag is high when the FIFO contains X or less words or (2048 minus Y) or more words. The AF/AE flag is low
when the FIFO contains between (X + 1) and (2047 minus Y) words.

A low level on the reset (RESET) input resets the internal stack pointers and sets FULL high, AF/AE high, HF
low, and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power
up.

The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs.
Itis important to note that the first word does not have to be unloaded. Data outputs are noninverting with respect
to the data inputs and are in the high-impedance state when the output-enable (OE) input is low. OE does not
affect the output flags.

Cascading is easily accomplished in the word-width and word-depth directions. When not using the FIFO in
depth expansion, cascade enable (CASEN) must be tied high.

PRODUCTION urA Information ls current as of publication dete. Copyright © 1992, Texas Instruments Incorporated
Products por the terme of
whandard 'M P«adn Mummm
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INSTRUMENTS 3-39




SN74ACT7808
2048 X 9 FIRST-IN, FIRST-OUT MEMORY

SCAS205-D4026, FEBRUARY 1991-REVISED APRIL 1992
R

FN PACKAGE
(TOP VIEW)
Q <0 Q 2
T EEREE
6 5 4 3 2 1 4443424140
pof]7 3s[] o1
D1[Js 38[] Ve
D2[]e 37[] @2
GND[J 10 3[] Q3
D3[n 35[] GND
D4:]12 u1llqQa
Ds[]13 33E Vee
Vec [J14 32} as
D6 []15 31E Q6
D7[] 16 30[jGND
D8 []17 20[]Q7
18 19 20 21 22 23 24 25 26 27 28
TR 3 A
] = [SRsKe)
g5 &E E%9

PM PACKAGE
(TOP VIEW)
[alia]
QO Q Q
- NnZZ< 0 ~ O
GPPFTFEEILCLE86E562
B e e s ¥ o s 1 e o ¥ o o ¥ s ¥ o e W e i Vo W |
{6483626160595857565554535251 50 49
N (e 48
Qo [ 2 47
ano 3 6
ano [ 4 45
oe (]® 4“4
X0 [ 6 43
Vee 7 42
VCC 8 41
RESET [} © 40
PEN []1° %
GND E 1 38
aND 72 37
AF/AE []13 36
HF []14 35
Vee [J18 34
Vee [J18 33
17 18 19 2021 22 23 24 25 26 27 28 29 30 31 32
‘UUUTEJL_H_ILJ!_H_W_ILJI_H_J\_ILJLJ
- <
28582283 00008000
66

NC - No internal connection
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logic symbolt
)
FIFO 2048 x 9
SN74ACT7808
1
22
RESET 3———5 RESET AL S LT
LDCK 2 > LDCK HALF-FULL — HF
6
UNCK ——————+> UNCK  ALMOST FULL/EMPTY % AF/AE
o ¥ lem evPTYS——— = EWPTY
2
PEN —— I PROGRAM ENABLE
24 a3
FL ——— FIRST LOAD EXPANSION OUT |—————— X0
25
CASEN — I CASCADE ENABLE
21
X ————— EXPANSION IN
20
DP9 — | DATAPIN ®
m C
7 40
po —Jo ° Qo
8 39
D1 a1
[ 37
p2 —— Q2
ps 1 ® s
12 34
os 22| 19 a4
13 32
D5 as
15 31
D6 Qe
16 20
D7 —— — a7
17 28
ps ———18 sl———— a8

t This symbol is in accordance with ANSINEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the FN package.
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functional block diagram

OE
B J
Location 1
Read Location 2
UNCK Polnter —
1;—] 2048 x 9 RAM
LDCK Write
Pointer Location 2047
I Location 2048
DP9
\4 1)
RESET | Resst [
Logic > =
and
PEN Status
Flag
FL Logic
CASEN
X1

Qo-Q8

HF
AF/AE
X0
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Terminal Functions

PINNAME | I/O DESCRIPTION
Almost full/almost empty flag. Depth offset values may be programmed for this flag, or the default value of 256 may be
AF/AE o used for both the aimost empty offset (X) and the almost full offset (Y). AF/AE is high when memory contains X or less
words or (2048 minus Y) or more words. AF/AE is high after reset.
CASEN | Cascade enable. When multiple 'ACT7808 devices are depth cascaded, every device must have its CASEN input tied
low. CASEN must be tied high when a device is not usad in depth expansion.
Do-D8 I 9-bit data input port
DP9 | DP9 is used as the most significant bit when programming the AF/AE offset values.
EMPTY O | Empty flag. EMPTY is low when the FIFO memory is empty. A FIFO reset also causes EMPTY to go low.
FOt ) When multiple 'ACT7808 devices are depth cascaded, the first device in the chain must have fts FT input tied low, and
all other devices must have their FL inputs tied high.
FOCL O | Full flag. FUCL is low when the FIFQ is tull. A FIFO reset causes FULL to go high.
HF (o] Half-full fiag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset.
LDCK | Load clock. Data is written to the FIFO on the rising edge of LDCK when FOLL is high.
OE | Output enable. When OE is low, the data outputs are in the high-impedance state.
PEN | Program enable. After reset and before the first word is written to the FIFO, the binary value on DO-D8 and DP9 is latched
as an AF/AE offset value when PEN is low and LDCK is high.
Qo-Q8 o] 9-bit data output port
RESET [ Reset. A low level on this input resets the FIFO and drives FULL and AF/AE high and HF and EMPTY low.
UNCK | Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high.
xIt | Expansion input (XI) and expansion output (XO). When multiple 'ACT7808 devices are depth cascaded, the XO of one
device must be connected to the XI of the next device in the chain. The XO of the last device in the chain is connected
X0t O | tothe Xi of the first device in the chain.

t See Figures 2 and 3 for application information on FIFO word-width and depth expansions, respectively.
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offset values for AF/AE

The almost fulyalmost empty flag has two programmable limits, the almost-empty offset value (X) and the
almost-full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written
to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flag is high
when the FIFO contains X or less words or (2048 minus Y) or more words.

To program the offset values, PEN may be brought low after reset only when LDCK is low. On the following
low-to-high transition of LDCK, the binary value on DO-D8 and DP9 is stored as the almost-empty offset value
(X) and the almost-full offset value (). Holding PEN low for another low-to-high transition of LDCK reprograms
Y to the binary value on D0-D8 and DP9 at the time of the second LDCK low-to-high transition. Writes to the
FIFO memory are disabled while the offsets are programmed.

A maximum value of 1023 may be programmed for either X or Y. To use the defautt values of X = Y = 256, PEN
must be held high.

e\
- S
Pex \ [ 5777
woo 778 XK xmar X v X

e I ¢
wwn 772

Figure 1. Timing Diagram to Program X and Y Separately
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vcc -05Vto7V
Inputvoltage, Vi ... e TV
Voltage applied to a disabled 3-state output 55V
Operating free-air temperature range ..............coouiuiiinii i 0°C to 70°C
Storage temperature range ................o.iuuiiiiititii i -65°Cto 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

'ACT7808-20 | 'ACT7808-25 | 'ACT7808-30 | ACT7808-40 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Vee Supply voltage 4.5 5.5 45 5.5 4.5 5.5 45 55 \
Vin High-level input vottage )‘; e 3-3: 3-8: 3.8: 3-92 v
Vi Low-level input voltage 0.8 0.8 0.8 0.8 \
lon High-level output current -8 -8 -8 -8 mA
Q outputs 16 16 16 16
loL Low-level output current mA
Flags 8 8 8 8
foiock Clock frequency 50 40 333 25| MHz
LDCK high or low 8 9 1" 13
. Pulse duration UNCK high or low 8 9 1" 13 ns
PEN low 9 9 16 13
[RESET low 10 13 16 19
Data in (DO-D8, DP9
before L(DCKT ) 5 5 5 5
tsu Setup time LDCK inactive 5 5 5 5 ns
before RESET high
[FEN before LDCK? 5 5 5 5
Data in
after LD((l:)lg;Da' 0P 0 ° 0 0
LDCK inactive after
th Hold time RESET high 5 5 5 s ns
E low after LDCKt 4 4 4 4
rjﬂ high after LDCK 0 o o 0
Ta Operating free-air temperature 0 70 0 70 [¢] 70 0 70 °C

TExas
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electrical characteristics over recommended operating free-air temperature range (uniess

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Vor Voo =45V, lor = —8 mA 24 v
" Flags Voo =45V, oL = BmA o5

o Qoutputs | Vec =45V, loL = 16 mA 05
I Voo =55V, Vi Voo or 0 5| pA
Toz Ve =55V, Vo =Vog or 0 5| WA
oo Vec=55V, Vi=Vcc—-02Vor0 400| pA
Alcct Vec=5.5V, Oneinputat34V, Other inputs at Vo or GND 1] mA
G V=0, T=1MHz 4 pF
Co Vo=0 f=1MHz 8 oF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 6 and 7)

PARAMETER FROM T0 'ACT7808-20 "ACT7808-25 | 'ACT7808-30 | 'ACT7808-40 ONIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
frmax LDCK or UNCK 50 40 33.3 25 MHz
tog LDCKt 5 20 5 22 5 25 5 28
toa UNCK? Any Q 4.5 11 15| 45 18| 45 20] 45 22] ns
tod 10
oLH LDCK? 4 15 4 17 4 19 4 21
tPHL UNCK? ENMPTY 2 15 2 17 2 19 2 21] ns
[ RESET low 2 16 2 18 2 2 2 22
[ LDCKt 4 15 4 17 4 19 4 21
toL UNCK? FULL 4 14 4 16 4 18 4 20| ns
[ RESET low 2 18 2 20 2 22 2 24
tog LDCK? 2 16 2 18 2 20 2 22
tog UNCK?t AF/AE 2 16 2 18 2 20 2 22| ns
torn RESET low 0 10 0 12 0 14 0 16
[ LDCK? 2 19 2 21 2 23 2 25
toHL UNCK? HF 2 16 2 18 2 20 2 22| ns
tPHL RESET low 2 12 2 14 2 16 2 18
[ UNCK? 2 1 2 13 2 15 2 17
X0 ns
toHL LDCKt 2 1 2 13 2 15 2 17
ton oF Ay Q 1 10 1 12 1 14 1 el
tais 1 9 1 11 1 13 1 15
ten XI hilgh Ay Q 3 13 3 15 3 17 3 iEl
tais XO high 4 4 4 4
t All typical values are at Vo = 5 V, Ty = 25°C.
¥ This is the increase in supply current for each input, excluding X, that is at one of the specified TTL voitage levels rather 0 V or Vcc.
§ This parameter is measured with C_ = 30 pF (see Figure 4).
operating characteristics, Vcc = 5V, Ta = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
E.RL Power dissipation capacitance per FIFO channel l Outputs enabled | C, = 50 pF, f=5 MHz 91 pF
‘V TExas
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APPLICATION INFORMATION

UNCK

'ACTY!
LDCK > LDCK UNCK
rore. —( i FULL ENPTY
OE I
D9-D17 > Do-D8 Qo-Q8
CASEN
H
'ACT7808
> LDCK UNCK
ENPTY
FULL
oE |
Qo-Qs
Do-D8 > Do-D8 CASEN
T

Figure 2. Word-Width Expansion: 2048 Words by 18 Bits
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depth cascading

The SN74ACT7808 provides expansion logic necessary for cascading an unlimited number of the FIFOs in
depth. TASEN must be low on all FIFOs used in depth expansion. FL must be tied low on the first FIFO in the
chain; all others must have FL tied high. The expansion out (XO) output of a FIFO must be tied to the expansion
in (XI) input of the next FIFO in the chain. The XO output of the last FIFO is tied to the Xl input of the first FIFO
to complete the loop. Data buses are common to each FIFO in the chain. A composite EMPTY and FULL signal
must be generated to indicate boundary conditions.

RESET
3
[v v o L
FL CTASEN FL TASEN FL TASEN
'ACT7808 *ACT7808 'ACT7808
x X0 x X0 X xo
RESET OE RESET OE | — RESET OE
D0-D8 QO-Q! Do-Ds Qo-q8 D0-D8 Q0-Q8
_Lwex | fwex 4 Liock |
UNCK UNCK UNCK
FULL EMPTY FULL EWPTY FULL ENPTY
Do-D8
\ N\ N oo
UNCK
LDCK
oz —(_
=D

Figure 3. Depth Cascading to Form a 6K x 9 FIFO
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TYPICAL CHARACTERISTICS

typ+8

tpd— Propagation Delay Time —ns

typ-2

Icc - Supply Current —mA

typ +6

typ +4

typ+2

PROPAGATION DELAY TIME

vs

LOAD CAPACITANCE

- R =5000Q

T
Vec=5V

Ta = 25°C

pd

/

160

140

120

50 100

150

200 250 300

C__ - Load Capacitance - pF

Figure 4

SUPPLY CURRENT

vs

CLOCK FREQUENCY

—CL=0 pF

77l

vc‘.: 55V

Vec =5V

/

)44

V

Y

/]
//
/

10 20 30 40 50 60 70 80

feiock — Clock Frequency — MHz

Figure 5
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calculating power dissipation

With Iccr taken from Figure 5, the maximum power dissipation may be calculated using:
Py=Vee x [lcer + (N x Alge x de)] + 2 (C x Vg2 x fo)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Py=Vee x [lcc + (N x Alge x dc)] + (de x VCC2 xfi) + Z (Cp x Vccz x fo)

lcc = power-down Igc maximum

N = number of inputs driven by a TTL device

A lcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C_ = output capacitive load

f; = data input frequency

f, = data output frequency
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PARAMETER MEASUREMENT INFORMATION

From Output
Under Test

R =500Q ICL=50pF

LOAD CIRCUIT

Input

TOTEM-POLE OUTPUTS

Figure 6. Standard CMOS Outputs (XO, EMPTY, FULL, AF/AE, HF)

7V
b R =R1=R2
Ss1
R1
From Output Test
Under Test Point
L T~ R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c.t S1

ton tezy 5000 50 pF Open
tezL Closed

tais etz 500 Q 50 pF Open
toLz Closed

(& 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 7. 3-State Outputs (Any Q)

3v

oV

3V

oV
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Member of the Texas Instruments DL PACKAGE

Widebus ™ Famlly (TOP VIEW)

¢ Load Clock and Unioad Clock May Be

Asynchronous or Colincident

Packaged In Shrink Small-Outline 300-mil

Package (DL) Using 25-mil Center-to-Center

Spacing

64 Words by 18 Bits

® Low-Power Advanced CMOS Technology

® Full, Empty, and Half-Full Flags

* Programmable Almost Full/Almost Empty
Flag

* Fast Access Times of 15 ns With a 50-pF
Load and Ail Data Outputs Switching
Simultaneously

¢ Data Rates From 0 to 50 MHz

¢ 3-State Outputs

Pin Compatible With SN74ACT7804 and

SN74ACT7806

L]
© ®NO D W -

description

A FIFO memory is a storage device that allows
data to be written into and read from its array at
independent data rates. The SN74ACT7814 is a
64-word by 18-bit FIFO for high speed and fast
access times. It processes data at rates up to
50 MHz and access times of 15 ns in a bit-paraliel
format.

Data is written into memory on a low-to-high
transition at the load clock (LDCK) input and is
read out on a low-to-high transition at the unload
clock (UNCK) input. The memory is full when the
number of words clocked in exceeds the number
of words clocked out by 64. When the memory is
full, LDCK signals have no effect on the data
residing in memory. When the memory is empty,
UNCK signals have no effect.

Status ofthe FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and almost full/almost
empty (AF/AE) flags. The FULL output is low when the memory is full and high when the memory is not full. The
EMPTY output is low when the memory is empty and high when it is not empty. The HF output is high when the
FIFO contains 32 or more words and is low when it contains 31 or less words. The AF/AE status flag is a
programmable flag. The first one or two low-to-high transitions of LDCK after reset are used to program the
almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) is low. The AF/AE
flag is high when the FIFO contains X or less words or (64 minus Y) or more words. The AF/AE flag is low when
the FIFO contains between (X plus 1) and (63 minus Y) words.

Alow level onthe reset (RESET) input resets the internal stack pointers and sets FULL high, HF low, and EMPTY
low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power up.

Widebus is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA ivformetion I current as of date. Copyright © 1992, Texas Instruments I led
TA . “-;‘M pyrigl xas Ins ncorporat
standard warranty. Production processing does not necessarily include
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992
E———

description (continued)

The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs.
It is important to note that the first word does not have to be unloaded. The data outputs are noninverting with
respect to the data inputs and are in the high-impedance state when the output-enable (OE) input is high.

logic symbolt
L]
FIFO 84 x 18
SN74ACT7814
1
RESET ——] RESET
25 28
LDCK ————— > LDCK FULL % FULC
32 X <
UNCK > UNCK HALF-FULL 24 HF
56 ALMOST FULL/EMPTY |——————— AF/AE
OF — D EM 29
23 EMPTY B——— ENPTY
PEN —— D PROGRAM ENABLE I'J
21 33
po ————{o0 [ Qo
20 3
D1 (1]
19 38
D2 Qz
18 37
D3 Q3
17 38
D4 Q4
16 40
D5 as
15 41
Dé Qs
14 42
D7 a7
12 a3
pg ——— L * Qe
1 45
o L [om>1v| | % o
9 a8
pto ——— —— at0
s 47
b1 ——————— an
7 4
D12 Q12
6 49
D13 o13
5 51
D14 Q14
4 53
D15 a1s
3 54
D16 ate
2 55
D17 ————17 17— a17

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

'@ TeEXas
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64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1982
]

functional block diagram

OE
DO-D17 l
Location 1
Read D Location 2
UNCK Pointer >
64 x 18 SRAM
N
LDCK Write V]
Pointer | | Location 63
Location 64
il * Z ) Qo-Q17
EMPTY
RESET ———| (Reset [
Loglc > Status FULL
Flag
PEN Logic HF
AF/AE
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64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992

Terminal Functions

PIN

o DESCRIPTION
NAME NO.
Almost full/almost empty flag. Depth offset values may be programmed for this flag, or the defautt value
AF/AE 24 O | of 8 may be used for both the aimost empty offset (X) and the almost full offset (Y). AF/AE is high when
memory contains X or less words or (64 minus Y) or more words. AF/AE is high after reset.
Do-p17 2 1271L 1y 146 kit data input port
9-2
Empty flag. EMPTY is high when the FIFO memory is notempty; EMPTY is low when the FIFO memory
EMPTY 29 o |. N
is empty or upon assertion of RESET.
Full fiag. FULL is high when the FIFO memory is not full or upon assertion of RESET; FULL is low when
FULC 28 (o] ;
the FIFO memory is full.
HF 22 O | Half-full flag. HF is high when the FIFO memory contains 32 or more words. HF is low after reset.
LDCK 25 | Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high.
OE 56 | Output enable. When OE is high, the data outputs are in the high-impedance state.
PEN 23 \ Program enable. After reset and before the first word is written to the FIFO, the binary value on DO-D4
is latched as an AF/AE offset value when PEN is low and WRTCLK is high.
33-34, 3638,
Q0-Q17  40-43,45-49, O | 18-bit data output port
51, 53-55
RESET 1 | | Reset. A low level on this input resets the FIFO and drives FULL high and HF and EMPTY low.
UNCK 32 | Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high.
3-56 INSTRUMENTS
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64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992
S

offset values for AF/AE

The almost full/aimost empty flag has two programmable limits, the almost empty offset value (X) and the almost
full offset value (Y). They may be programmed after the FIFO is reset and before the first word is written to
memory. The AF/AE fiag will be high when the FIFO contains X or less words or (64 minus Y) or more words.

To program the offset values, PEN may be brought low after reset only when LDCK is low. On the following
low-to-high transition of LDCK, the binary value on DO-D4 is stored as the almost-empty offset value (X) and
the almost-full offset value (Y). Holding PEN low for another low-to-high transition of LDCK will reprogram Y to
the binary value on DO-D4 at the time of the second LDCK low-to-high transition. Writes to the FIFO memory
are disabled while the offsets are programmed.

A maximum value of 31 may be programmed for either X or Y. To use the default values of X = Y = 8, PEN must
be held high.

-\___/
- M\
P \_ LT, w11,
mooe \\ Porreas \\K_ xemv X v X

e \5&5&\ /

Figure 1. Programming X and Y Separately
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS208-D4023, SEPTEMBER 1991-REVISED APRIL 1992
B

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply voltage range, V¢c
Inputvoltage, V; ............... ..ol
Voltage applied to a disabled 3-state output

55V

Operating free-air temperature range .... 0°Cto 70°C

Storage temperature range .. ..............c.euuerien e e —65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

functional operation of the device at these or any other conditions beyond those indi d under “ ded operating conditions” is not
implied. Exp to absol i ated conditions for extended periods may affect device reliability.

recommended operating conditions

'ACT7814-20 | "'ACT7814-25 | 'ACT7814-40 UNIT
MIN MAX| MIN MAX|] MIN MAX
Vee Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 \4
ViH High-level input voltage 2 2 2 v
ViL Low-level input voltage 0.8 0.8 0.8 v
lon High-level output current Q outputs, flags -8 -8 -8 mA
loL Low-level output current FQ:’:;:puis ! : 12 1: mA
feiock Clock fraquency 50 40 25| MHz
LDCK high or low 7 8 12
tw Pulse duration F%K high or low ! 8 12 ns
PEN low 7 8 12
[RESET tow 10 10 2
Data in (D0~D17) before LDCK? 5 5 5
to Setup time [PEN before LDCK? 5 5 5 ns
| LDCK inactive before RESET high 5 6 6
Data in (D0O-D17) after LDCK?t 0 0 0
N Hold time [LOCK inactive after RESET high 5 6 6 s
PEN low after LDCK? 3 3 3
[PEN high after LDCK 0 0 0
Th Operating free-air temperature 0 70 0 70 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT

Von Voc = 4.5V, lor =~ 8 mA 2.4 vV
Flags Voo =45V, loL =8 mA 05

VoL Vv
Qoutputs | Vg = 4.5V, loL = 16 mA 05

T Voo =55V, V, Vg or 0 5| pA

loz Vec=55V, Vo =Vgc or 0 +5 pA

oo Vi=Voo-0.2V or 0 400 | A

Alcc? Vcc =5.5V, Oneinputat3.4V, Other inputs at Vo or GND 1 mA

) Vv, =0, T=1MHz ) oF

Co Vo =0, f=1MHz 8 ~pF

¥ All typical values are at Vo = 5V, T = 25°C.
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or V.

Texas
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SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1982
e

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C_ = 50 pF (unless otherwise noted) (see Figures 5 and 6)

FROM TO 'ACT7814-20 'ACT7814-25 | 'ACT7814-40
PARAMETER (INPUT) (OUTPUT) MIN TYP! MAX| MIN MAX| MIN MAX UNIT
fmax LDCK or UNCK 50 40 25 MHz
.'25 LDCK? 9 20 9 22 9 24
toa UNCK? Any Q 6 115 15 6 18 6 20| ns
[%; UNCK{ 105
[ LDCK? 6 15 6 17 6 19
torL UNCK? EMPTY 6 15 6 17 6 19] ns
oL RESET low 4 16 4 18 4 20
tPHL LDCK? 6 15 6 17 6 19
[ UNCK? FULL 6 15 6 17 6 19) ns
[ RESET low 4 18 4 20 4 22
tpo LDCK} 7 18 7 2 7 22
E UNCK? AF/AE 7 18 7 20 7 22 ns
toLH RESET low 2 10 2 12 2 14
toLn LDCK? 5 18 5 20 5 22
teHL UNCK?t HF 7 18 7 20 7 22 ns
toHL RESET low 3 12 3 14 3 16
ten 2 9 2 10 2 1
&,s OE Any Q 2 10 2 11 2 12 ns
t All typical values are at Ve = 5 V, Ta = 25°C.
# This parameter is measured at C, = 30 pF (see Figure 3).
operating characteristics, Vcc =5 V, Ty = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
| Cog Power dissipation capacitance per FIFO channel ] Outputs enabled ] C, = 50 pF, f=5MHz 53 pF

W Texas
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— ]

APPLICATION INFORMATION

> LbCK

(™

D18-D35

'ACT7814

UNCKS]

EMPTY
OE

> Do-D17 Qo-Q17
—+> LDCK UNCK ]
FULL ENPTY

oF |
> Do-D17 Qo-Q17

Figure 2. Word-Width Expansion: 64 Words by 36 Bits

¥ Texas
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SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
8 T
we Vee=5V
- Ta=25°C //
R =5000 j
2 typ+6
e
E
s
s typ+4 4
[3
e /
o
k-]
§ typ+2
¢
o
1
;g_ typ
typ-2
[} 50 100 150 200 250 300
Ci - Load Capacitance — pF
Figure 3
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200
| Ta=75C l [ .
180T c =0 pF Vec=55V |/
160 i /
< Vec=5 {I
E ja0
§ 120 v
3 100 / //
2‘ =
§ 80 // / Vec=45V
@ V.
[ //
Q 7
L /|
40
20
]

] 10 20 30 40 50 80 70
fclock — Clock Frequency — MHz

Figure 4

"u'P TExas
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calculating power dissipation

With Iccr taken from Figure 4, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

P‘ = VCC X ['CCF + (N x A|cc x dc)] + 2 (CL x Vcc2 x fO)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Py=Vee x [lec + (N x Alge x dc)] + £ (de x Vcc2 x fi) + Z (Cp x Vcc2 x fo)

lcc = power-down lcc maximum

N = number of inputs driven by a TTL device

A lcc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C\ = output capacitive load

f; = data input frequency

f, = data output frequency

{? Texas
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PARAMETER MEASUREMENT INFORMATION

——————— 3v
N
oV

From Output
Under Test | |
et
R =5000 C=50pF PL"_’: h-tpm'_’.i___.. v
[ - SR
z - ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 5. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE)
3v
7V input 1.5V 15V
s1 b R_=R1=R2 (. T T T T T ov
ta > e e
Rt =\ { | -asv
v
From Output Test Output 15V | 03
UnderTest | Polnt : l :::E —— Vo
== | iz N *
c. = R2 )
oz
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c ! St
tpzH Open
500 Q 50 pF

o oz P Closed
) terz Open

tais - 500 © 50 pF e
‘Bt 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 6. 3-State Outputs (Any Q)
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SN74ALS229B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 1992

¢ Independent Asychronous Inputs and DW OR N PACKAGE
Outputs (TOP VIEW)
L ]
: 16 Words by 5 Bits Each oefl+ U 20f] Veo
Data Rates From 0 to 40 MHz FOLL=2 ] 2 1o[] EMPTY2
* Fall-Through Time ... 14 ns Typ FULL[}s  18f] UNCK
¢ 3.State Outputs LDCK[l4  17]JEMPTY
* Package Options Include Plastic Dofls  1efl 00
Small-Outline Packages, Plastic Chip Difle  1spa1
Carriers, and Standard Plastic 300-mii DIPs p2ff7 142
D3f] s 13f] @3
description Daflo 12f] Q4
pt GND[}10o  u[JRST

This 80-bit memory uses Advanced Low-Power
Schottky technology and features high speed and

fast fall-through times. Itis organized as 16 words P Ew)
by 5 bits. ~
A FIFO memory is a storage device that allows oV é
data to be written into and read from its array at ’j 3 w 9
independent data rates. This FIFO is designed to 22 6 PG

process data at rates from 0 to 4O0MHz in a

bit-parallel format, word by word. tock [142 2 ' 2 ¥e] unck
Data is written into memory on a low-to-high Do f]s 17[] EMPTY
transition at the load clock input (LDCK) and is D1 e 16} Qo
read out on a low-to-high transition at the unioad D2 |7 15[} Q1
clock (UNCK). The memory is full when the D3|js 9 10 11 12 154[ Q2
number of words clocked in exceeds by 16 the

number of words clocked out. When the memory 29 IE 383

is full, LDCK signals have no effect. When the 5l

memory is empty, UNCK signals have no effect.

Status of the FIFO memory is monitored by the FOLL, EMPTY, FULL-2, and FULL+2 output flags. The FULL
output is low when the memory is full and high when it is not full. The FULL=2 output is low when the memory
contains 14 data words. The EMPTY output is low when the memory is empty and high when it is not empty.
The EMPTY+2 output is low when two words remain in memory.

Alow level onthe reset input (RST) resets the internal stack control pointers and also sets EMPTY low and sets
FULL, FULL=2, and EMPTY+2 high. The Q outputs are not reset to any specific logic level. The first low-to-high
transition on LDCK after either a RST pulse or from an empty condition causes EMPTY to go high and the data
to appear on the Q outputs. It is important to note that the first word does not have to be unloaded. Data outputs
are noninverting with respect to the data inputs and are at high impedance when the output-enable input (OE)
is low. OE does not affect the output flags. Cascading is easily accomplished in the word-width direction but is
not possible in the word-depth direction.

The SN74ALS229B is characterized for operation from 0°C to 70°C.

mommnmmmhm-uwm Copyright © 1992, Texas instruments incorporated
“dvmnmmu-mmm #

oaling of all parameters.
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D3486, MARCH 1990-REVISED JUNE 1992

logic symbolt
FIFO 16 x5
CTR
1 3
RST ————NcT=0 (c1=1«)<;1;2 FULL
s CT=14 l———-—-ﬁ- FUL2
OCK —o———P> T+/C2) cT=2 5—7 EMPTV:2
UNCK ————> 3 €T=0G3 P——— EWMPTY
L
OE EN4
5 1 in 16
Do 2D 4v|——— Qo0
6 15
D1 a1
7 14
D2 Q2
8 13
D3 Q3
9 12
D4 ———— - a4

¥ This symbol is in accordance with ANSI/IEEE Standard 91-1984 and |EC Publication 617-12. The symbol is functionally accurate but does not
show the details of implementation; for these, see the logic diagram. The symbol represents the memory asif itwere controlled by a single counter
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0.

Pin numbers shown are for DW and N packages.

TeExas
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16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 19982
]

logic diagram (positive logic)

°E1——>

RING
COUNTER! N
I__ CTR :2, N
1D DIiVie M N\
4 5
C1 N
LDCK : —_—
>+ 8 N
write 0 N
Address N
1
12\
13\
14\
rdcT=1 15—
18 [
RING 16
COUNTER 1
18 ] CTR 2 —
UNCK pivie 3 N
1D N
[ 5[~
L 6 —\
7
8 —
+ 9 —
Read 10
1" Address 11 ,__\\
AST 121 RAM 16 x 5
18 -
14 L_-\ —— EN
qCT=1 15 16 .
16 M11A%
15 ol
16
3P>C3
1 I
Do : 1A, 3D u-%oo
D1 7 T Qt
025 s 2
D3 ° ——T"‘—QS
D4 —— Q4
101, 1o|i COMP.
P=
P [ 17
ENPTY
Q P=Q+2 s
P-0-2 FULL
2
FULL2
19
EMPTY32

Pin numbers shown are for DW and N packages.
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D3486, MARCH 1990-REVISED JUNE 1992
o

timing diagram

rer—

o _J_flﬂ_rl_____fl{upg_rm{L___

]
] ( | 1
| I ‘ | I
Initialize Load Unioad EMPTY EMPTY +2 FULL-2 FULL
Pointers W1 w2

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

SUPPIY VORBGE, Vot vttt ettt ettt e e e s 7V
INPUEVORAGE, V| .ot e s 7V
Voltage applied to a disabled 3-state output ..............ooiuitiiiiiiiiii i 55V
Operating free-air temperature range ... .............ovviirerrerenennnnereiaeiinaeenen. 0°C to 70°C
Storage temperature FANGE .. ..........ovverrerneretinttein et —-65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at thase or any other conditions beyond those indicated under ‘recommended operating conditions” is not
implied. E to absolute d conditions for extended periods may affect device reliability.

Texas
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16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1980-REVISED JUNE 1892

recommended operating conditions (see Note 1)

MIN NOM MAX | UNIT
Vee Supply voltage 45 5 5.5 \4
Vin High-evel input voltage 2 v
Vi Low-level input voltage 0.8 Y
lon High-level output current Q outputs L8 A
Status flags —0.4
loL Low-level output current Q outputs 2 mA
Status flags 8
felock Clock frequency EZ?:KK g 3 MHz
RST low 18
LDCK low 15
tw Pulse duration LDCK high 10 ns
UNCK low 15
UNCK high 10
Data before LDCK? 8
tou Setup time [RST (inactive) before LDCK? 5 ns
LDCK (inactive) before RSTt 5
th Hold time Data after LDCK?t 5 ns
Ta Operating free-air tsmp 0 70] °c

NOTE 1: Toensure proper operation of this high-speed FIFO device, itis necessary to provide a clean signal to the LDCK and UNCK clock inputs.
Any excessive noise or glitching on the clock inputs that violates the V., V)4, or minimum pulse duration limits can cause a faise clock
or improper operation of the internal read and write pointers.

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| uNIT
Vik Voo =45V, l=—18mA 2] Vv
v Q outputs Voo =45V, loL = - 2.6 mA 24 32 v
OH  IStatusflags |Voc =45Vt 55V, loL = —0.4 mA Voo-2
Qouputs Voo =45V, loL = 12mA 025 04
Vo, Voo =45V, oL = 24 mA 0% 05]
Voo =45V, loL = 4mA 025 04
Status flags
Voo =45V, loL=8mA 035 05
lozn Voo =55V, Vo=27V 20| wA
oz Voo =55V, Vo=04V 20| uA
N Voo =55V, Vi=7V 01] mA
™ Voo =55V, Vi=27V 20| wA
T Voo =55V, V=04V 02| mA
Io¥ Vec =55V, Vo=225V -30 -112| mA
loc Voo =55V 85 140] mA

1 All typical values are at Voc = 5V, Ta = 25°C.
1 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.

Texas
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16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 1992

switching characteristics

Vec=45Vto55V,

C_ = 50 pF,
FROM T0 R1=5002,
PARAMETER (NPUT) (OUTPUT) R2=5002, N
Ta= 0°C o 70°C
MIN___ MAX
— TOCK, UNCK 40 MHz
LDCKY 6 30
toa ONCKY e G w]
o TDOKT 5 25
EMPTY
oy UNCK? S ar] ™
v RST, EMPTY 5 26 ns
TDoKT JU— 7 33
tod UNCKY ) 9 5]
o RST| EMPTY+2 9 33 ns
TOCKT 7 33
tod UNCK{ Fou-2 9 5] ™
o FeT) FULL-2 S 33] ns
oL LDCK? FOULL 6 27] ns
ONCKT 5 25
tou =T ot 5 s "
- OET Q 2 15 ns
E‘i OF} Q 1 15 ns
370 INSTRUMENTS




SN74ALS232B
164 ASYCNHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDIS010A — D3247, FEBRUARY 1989

® Independent Asynchronous Inputs and DW OR N PACKAGE
Outputs (TOP VIEW)
® Package Options Include Plastic oe (I Uis[] vee
Small-Outline Packages, Plastic Chip FULL[J2  1s[J UNCK
Carrlers, and Standard Plastic 300-mil DIPs LDCK 3 14 ) EMPTY
® 16 Words by 4 Bits Each DOLjs 13} QO
o Data Rates From 0 to 40 MHz g; EZ :f % g;
® Fall-Through Time . .. 14 ns Type p3[ds 0[] a3
o 3-State Outputs GND[]s  o[]RST
FN PACKAGE
description (TOP VIEW)

This 64-bit memory uses Advanced Low-Power
Schottky technology and features high speed
and fast fall-through times. It is organized as 16
words by 4 bits each.

A FIFO memory is a storage device that allows LDCK EMPTY
data to be written into and read from its array DO Qo
at independent data rates. This FIFO is designed NC NC
to process data at rates from O to 40 MHz in a D1 01
bit-parallel format, word by word. D2 Q2

10 11 12 13

Data is written into memory on a low-to-high
transition at the load clock input (LDCK) and is
read out on a low-to-high transition at the unload
clock input (UNCK). The memory is full when the
number of words clocked in exceeds by 16 the
number of words clocked out. When the memory
is full, LDCK signals have no effect on the data
residing in memory. When the memory is empty,
UNCK signals have no effect.

D3

0058
52l

NC—No internal connection

Status of the FIFO memory is monitored by the FULL and EMPTY output flags. The FULL output will be
low when the memory is full, and high when the memory is not full. The EMPTY output will be low when
the memory is empty, and high when it is not empty.

A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low
and sets FULL high. The outputs are not reset to any specific logic levels. The first low-to-high transition
on LDCK, either after a RST pulse or from an empty condition, will cause EMPTY to go high and the data
to appear on the Q outputs. It is important to note that the first word does not have to be unioaded. Data
outputs are noninverting with respect to the data inputs and are at high impedance when the output-enable
input (OE) is low. OE does not affect either the FULL or EMPTY output flags. Cascading is easily
accomplished in the word-width direction, but is not possible in the word-depth direction.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.

Texas
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SDIS010A — D3247, FEBRUARY 1988

logic symbolt

FIFO 16X4
CTR
ast 2 ot ero
toek 2B Tuiea et -1e161 P2l FOLT
unek LB 50 cr-o63 L Epry
oe ENa
o Lzln py) BAE
JONIT! a2 o
07 18 [RETIp
a2 | 19 o3

 This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0.

logic diagram (positive logic)
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Pin numbers shown are for DW and N packages.
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SN74ALS232B
16x4 ASYCNHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDIS010A - D3247, FEBRUARY 1989

timing diagram
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)

Supply VOItage, VO - - - - - o ot 7V
INpUt VORAGE . . . . o e 7V
Voltage applied to a disabled 3-state output . . . . ... ... ... ... ... 55V
Operating free-air temperature range . . . .. ... .ottt it e 0°C to 70°C
Storage temperature range . .. ... ... ...ttt -65°C to 150°C

recommended operating conditions (see Note 1)

MIN NOM MAX | UNIT
Vce  Supply voltage 4.5 5 5.5 \%
ViH High-level input voltage 2 v
Vi Low-level input voltage 0.8 \'
IoOH High-level output current Q outputs -26 mA
FULL, EMPTY -0.4
Q outputs 24
oL Low-level output current FOLL, EMPTY 8 mA
1 LDCK 0 40
fclock ' Clock frequency UNCK 3 20 MHz
RST low 18
LDCK low 15
tw Pulse duration LDCK high 10 ns
UNCK low 15
UNCK high 10
teu Setup time Data before LDCK1 8 ns
LDCK inactive before RST? 5
t Hold time Data after LDCK1 5 ns
LDCK inactive after RSTt 5
TA Operating free-air temperature 0 70 °C

tThe maximum possible clock frequency is 40 MHz. The maximum clock frequency when using a 50% duty cycle is 33.3 MHz.

NOTE 1: To ensure proper operation, it is necessary to provide a clean signal to the LDCK and UNCK clock inputs. Any excessive noise
or glitching on the clock inputs that violates limits for maximum V|, minimum V|y, or minimum pulse duration can cause a false
clock or improper operation of the internal read and write pointers.
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SN74ALS232B

16x 4 ASYCNHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDIS010A - D3247, FEBRUARY 1989

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViK Vee = 45V, | = —18mA —12 | v
v FULL, EMPTY Vecec = 45V105.5V, Igy = -0.4 mA Vee-2 v
OH  ["Q outputs Vee = 45V, loH = —2.6 mA 24 3.2
Vee = 45V, loL = 12 mA .25 0.4
Q outputs cc oL 0.2
v Vee = 45V, loL = 24 mA 0.35 0.5 v
oL S — Vee - 45V, IoH = 4 mA 025 0.4
’ Vee = 4.5V, loL = 8 mA 0.35 0.5
lozH Vee = 5.5V, Vo = 2.7V 20 »A
lozL Vee = 5.5V, Vo = 04V -20 wA
I Vece =55V, Vi=7V 0.1 mA
IH Vee = 6.5V, Vi =27V 20 A
i Vee = 6.5V, V=04V -0.2 mA
1ot Vee = 5.5V, Vg = 225V -30 -112 mA
Icc Vee = 5.5V 80 125 mA

t All typical values are at Vec = 5V, Ta = 25°C.

tThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output curre

switching characteristics

nt, 10s.

Vee=5V. Vec=45Vto55V,
CL =50 pF, Cp =50 pF,
PARAMETER FROM TO R1=500 Q, R1=500 Q, UNIT
(INPUT) (OUTPUT) R2=500 Q, R2=500 Q,
TA=256°C TA=0°C to 70°C
MIN TYP MAX MIN MAX
fm LDCK 50 40 MHz
ax UNCK 50 40
tpd. LDCK? Any Q 14 23 6 30 ns
tpd UNCK? Any Q 15 23 6 30 ns
tPLH LDCK? EMPTY 13 20 5 25 ns
tPHL UNCK? EMPTY 15 22 6 27 ns
tPHL RST! EMPTY 15 21 5 26 ns
tPHL LDCK? FOLL 15 22 6 27 ns
tpLH UNCK' FULL 13 20 5 25 ns
tPLH RST!. FULL 16 23 7 28 ns
ten OEt Q 5 12 1 14 | ns
tdis OE!| Q 5 12 1 16 ns
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SN74ALS233B

16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1990-REVISED JUNE 1992

® o o o

Independent Asychronous Inputs and
Outputs

16 Words by 5 Bits Each

Data Rates From 0 to 40 MHz
Fall-Through Time . .. 14 ns Typ
3-State Outputs

Package Options Include Plastic
Small-Outline Packages, Plastic Chip
Carriers, and Standard Plastic 300-mii DIPs

description

This 80-bit memory uses Advanced Low-Power
Schottky technology and features high speed and
afastfall-throughtime. Itis organized as 16 words
by 5 bits.

A FIFO memory is a storage device that allows
data to be written into and read from its array at
independent data rates. This FIFO is designed to
process data at rates from 0 to 40 MHz in a
bit-parallel format, word by word.

Data is written into memory on a low-to-high
transition at the load clock input (LDCK) and is
read out on a low-to-high transition at the unioad
clock input (UNCK). The memory is full when the
number of words clocked in exceeds by 16 the
number of words clocked out. When the memory
is full, LDCK signals have no effect. When the
memory is empty, UNCK signals have no effect.

DW OR N PACKAGE

(TOP VIEW)

OE(]4 ™ 20 Ve
FOLL[J2  19]) EMPTY+
FULL[}s  18[) UNCK
LDCK [} 4 17]) EMPTY
Dof]s 16]] Q0
Diflse 151
D2[]7 14]] Q2
D3[] e 13f] @3
D4(] 9 12f] Q4
GND[j10  w[JRST

2 1 2019
18[]

LDCK [] 4
Do s 170
D1 [ 16[]
D2 []7 15[]
D3 []s 14[]

10 11 12 13

D4

- <t M
%Ecc
5

Status of the FIFO memory is monitored by the FULL, EMPTY, FULL—T, and FOLL+1 output flags. The FULL
output is low when the memory is full and high when it is not full. The FULL=T output is low when the memory
contains 15 data words. The EMPTY output is low when the memory is empty and high when it is not empty.
The EMPTY+1 output is low when two words remain in memory.

A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low and sets
FULL, FULL-T, and EMPTY+T high. The Q outputs are not reset to any specific logic level. The first low-to-high
transition on LDCK, after either a RST pulse or from an empty condition, causes EMPTY to go high and the data
to appear on the Q outputs. It is important to note that the first word does not have to be unloaded. Data outputs
are noninverting with respect to the data inputs and are at high impedance when the output-enable input (OE)
is low. OE does not affect the output flags. Cascading is easily accomplished in the word-width direction but is

not possible in the word-depth direction.

The SN74ALS233B is characterized for operation from 0°C to 70°C.

mu{:non DATA information le current as of
standard warranty. Production processing does not necessartly include
{esting of all parameters.

date.

conform to "M.‘lﬂ]i-lhm

Copyright © 1992, Texas Instruments Incorporated
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SN74ALS233B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1990-REVISED JUNE 1992
s

logic symbolt
FIFO 16 x5
CTR

1 3

RST ———— NeT-0 (CT =16) G1 5—2 FULL
. CT=15 P———00 FULLT

LcK —o > T(+/C2) CT=1 L—-—"— EWPTYVH
UNCK >3- (CT=0)G3 P——— EWPTY

1

OE EN4
5 1 L 16

Do 20 avy}—— o
6 15

D1 al
7 14

D2 Q2
8 13

D3 Q3
9 12

04 ———— Qs

¥ This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but does not
show the details ofimplementation; for these, see the logic diagram. The symbol represents the memory as ifitwere controlled by a single counter
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0.

Pin numbers shown are for DW and N packages.
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SN74ALS233B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

03487, MARCH 1990-REVISED JUNE 1992
R

logic diagram (positive logic)

RING
‘ COUNTER! N
CTR 2 N
Lm DIV 16 : N
4 c1 s\
LDCK : N
>+ : N
Write o N
Address N
1
12 N\
13
rqcr=1 :; _\\
16 [\
RING 18}
18 COUNTER ! I~ 1
Cc2 CTR 2 ]
UNCK 2 DIV 16 :_\
G: s
r b Hm\
7
8 -
§n d 10N
oad 10 f—
1" Address 11 —
RST 12 1 RAM 16x 5
13 - e
14 —
der=1 5N
181 NUSE Py
16
18 foal
16
¢>C3
5 1 L 16
Do — 14,30 2A}—— o
01— vl
D2 s s Q2
D35 = °°
D4 Q4
16 “t
’d coMP,_
P - 17
:D> EWPTY
Q P=Q+1 3
peat ) POz
2
J1><% FOLLS
19
j'>ﬁ EMPTY+

Pin numbers shown are for DW and N packages.
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SN74ALS233B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1990-REVISED JUNE 1992
O

timing diagram
m—’[—
oL AAfR AR

| !

||
oo-0s AW ¥ ., v 227 A A=AV kB?ZV///////////A
+

e O G SR 6,
| |
|

UNcK —]

4

.

i

FOL
| .
Initialize Load Unload EMPTY EMPTY +1 FULL-1 FULL
Pointers W1 w2

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

SUPPIY VORAGE, VO e o v vttt ettt e e e s 7V
INPUEVORAGE, V| . e e 7V
Voltage applied to adisabled 3-state output . ....... ... ... ... e 55V
Operating free-air temperature range ...............ccoiuiniuiiriniiitireineieiir ., 0°Cto 70°C
Storage temperature ranNQe . ............c.oreeoriiieaneenin et —~65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “‘recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
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SN74ALS233B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1890-REVISED JUNE 1892
R

recommended operating conditions (see Note 1)

MIN NOM MAX | UNIT
Voo Supply voltage 45 5 5.5 \
Viy High-level input voltage 2 \'
ViL Low-level input voltage 0.8 \
low High-level output current Q outputs -6 mA
Status flags -0.4
loL Low-level output current Qoutputs 2 mA
Status flags 8
felock Clock frequency ::Cc'; g z MHz
RST low 18
LDCK low 15
tw Pulse duration LDCK high 10 ns
UNCK low 15
UNCK high 10
Data before LDCK? 8
toy Setup time RST (inactive) betors LDCK?t 5 ns
LDCK (inactive) before RST?t 5
th Hold time Data after LDCK?t 5 ns
Ta Operating free-air temp. ire 0 70 °C

NOTE 1: Toensure proper operation of this high-speed FIFO device, itis necessary to provide a clean signal to the LDCK and UNCK clock inputs.
Any excessive noise or glitching on the clock inputs that violates the Vi, V|, or minimum pulse duration limits can cause a false clock
or improper operation of the internal read and write pointers.

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
Vik Vec =45V, li=—18mA -1.2 v
Von Q outputs Voc =45V, loH = ~ 2.6 mA 24 32 v
Status flags Vec=45Vt055V, lon =-0.4 mA Veec—-2
O ouputs Voe =45V, loL = 12 mA 025 0.4
Vou Vec =45V, loL = 24 mA 0.35 0.5 v
Voo =45V, loL = 4 mA 025 04
Status flags
Voo =45V, loL = 8mA 035 0.5
lozn Voo =55V, Vo=27V 20| pA
lozL Vec =55V, Vo=04V -20] pA
W Voo =55V, V=7V 01] mA
[ Vec =55V, V=27V 20| pA
e Vec =55V, V, =04V 02| mA
Io* Vec =55V, Vo = 2.25V 30 -112] mA
Icc Vcc =5.5V 88 133] mA

t Al typical values are at Vo = 5V, Ta = 25°C.
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.

QP Texas
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SN74ALS233B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1990-REVISED JUNE 1992
e

switching characteristics

Voc=45V1055Y,
Ci = 50 pF,
FROM To R1=5000Q,
PARAMETER
(NPUT) (ouTPUT) R2 = 5000, unm
Ta=0°C to 70°C
WIN MAX
T TDCK, UNCK 2 Mz
— LDCKY 6 32
AnyQ
bl UNCK{ k4 s 2| ™
toLH LDCK?t 5 25
Py UNCKY B 5 7] ™
o T, ENPTY 5 B[
LDOK} 7 3
o e EMPTY:T = =1 ™
toLH RAST) EMPTY+1 8 3 ns
TDOKY 3 ER
b GNGKT o= 5 %] ™
tpLH RST} FOLL-1 1 32| ns
toHL LDCK}? FOLL 6 27 ns
UNCK{ 5 2
INC FOLT
i S B 2] ™
ton OEt Q 2 15 ns
™ OE} Q 3 5] ns
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SN74ALS2232A

64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988-REVISED MARCH 1990

* Independent Asynchronous Inputs and NT PACKAGE
Outputs (TOP VIEW)

* 64 Words by 8 Bits Each msTl] “ aafoE

® Data Rates From O to 40 MHz pof]2 23]} @0

* Fall-Through Time . . . 20 ns Typical g;E 2 @ % @

¢ 3-State Outputs o3l]s 20f] Q3

veolle 19[] GND
description T, I P
This 512-bit memory uses Advanced Low-Power DsE 8 ”a 8:
Schottky IMPACT-X ™ technology and features ng " ::J -
high speed and fast fall-through times. It is EVMPTY
organized as 64 words by 8 bits FOLL( 11 uf
: LDCK(] 12 13[] UNCK

A FIFO memory is a storage device that allows
data to be written into and read from its array at
independent data rates. The function is used as a H&;:“:’IKEAV‘V’)E

buffer to couple two buses operating at different
clock rates. This FIFO is designed to process data

F
58129485

at rates from 0 to 40 MHz in a bit-parallel format,

word by word. oolls 4 32 1 2827 2625[ Q2
Data is written into memory on a low-to-high p3fle 24} a3
transition of the load clock (LDCK) input and is Vecll7 23} GND
read out on a low-to-high transition of the unload NCl 8 22E NC
clock (UNCK) input. The memory is full when the g; :’o :;E :
number of words clocked in exceed by 64 the ol 11 ol e
number of words clocked out. When the memory 12 13 14 1516 17 18

is full, LDCK signals have no effect on the data

NEEEE E 5
residing in memory. When the the memory is 'E 8<%¢ g
empty, UNCK signals have no effect. ]

Status of the FIFO memory is monitored by the
FULL and EMPTY output flags. The FULL output
will be low when the memory is full, and high when
the memory is not full. The EMPTY output will be
low when the memory is empty, and high when it
is not empty.

NC~No internal connection

Alow level on the reset (RST) input resets the internal stack control pointers and also sets EMPTY low and FOLL
high. The outputs are not reset to any specific logic levels. The first low-to-high transition on LDCK, either after
a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the Q outputs.
The first word does not have to be unloaded. Data outputs are noninverting with respect to the data inputs and
are at a high-impedance state when the output-enable (OE) input is low. The OE input does not effect either
the FULL or EMPTY output flags. Cascading is easily accomplished in the word-width direction, but is not
possible in the word-depth direction.

The SN74ALS2232A is characterized for operation from 0°C to 70°C.

IMPACT-X is a trademark of Texas Instruments Incorporated.

Copyright © 1980, Texas Instruments incorporated

PRODUCTION DATA information le current as of publicsion date.
Products ® forme of

10080 of o paraineiers. ¢ T
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SN74ALS2232A
64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988—-REVISED MARCH 1990
R —

logic symbolt

FIFO 64 x 8
1 1
RST ———NcT=0 (CT=84)Gi P————— FOLT
12 _
LDCK ———————> T(+/C2)
13 14
UNCK —— b3 €T=0G3P——— EWMPTY
24
OE ——— EN4
2 1 L 23
Do 2D 49— ao
3 22
o1 — p at
D2 Q2
5 20
D3 Q3
7 18
D4 Q4
8 17
D5 Qs
9 16
g —— —— Q8
10 15
D7 — ——— a7

t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but does not
show the details ofimplementation; for these, see the logic diagram. The symbol represents the memory asifitwere controlled by a single counter
whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0.

Pin numbers shown are for the NT package.
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SN74ALS2232A
64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988-REVISED MARCH 1990
]

logic diagram (positive logic)

et >

1)
_CJ: — WEOE
DECODE
12 10 —— LATCH
LDCK c1
1PL
PxPLﬁﬂP"_P_
c1
1PH
DECODE
RAM
LATCH _JE" 64 x8
3
unck 1 c2 oL “Liave
20 @=aL+8QH| @ | a4 24104
1 c1 L Lo
10H
AsT -1 f
Do —3 1A, 30 nv%m
D1 — 12— a1
02 —4 121 g2
D3 — - 120 o3
D4 e J—’-—(u
ps & HI - o5
|16
D& 5 Qs
D7 = HS - o7
8
P=Q
—
R
—dqR CTase 1
s FULL
comP OH
PH PH s —ﬁ R_
PH=QH-1 R CT=8
oH PH=QH 41 Q % 1 _D————L‘— EMPTY

Pin numbers shown are for the NT package.
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SN74ALS2232A
64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

03091, FEBRUARY 1988-REVISED MARCH 1990
o

timing diagram
R.ST I ar
|
wex | 1§14 A,
|

ANNNWENENENNNCEANNWEN B

] Wi W2 W3

I
mx || 1A . F1 f1f1
I 7 | T |
m' | | " .
Q0-Q7 \\ Invalid I Word 1 XWordZXWord ;. Word 1 X"i°"’ 2><Wovd a)(wma
|

|

| I }
I W |'

' |

Do-D7

|
EMPTY |

|
|
|
|
L } } 4
FOLL |
| ' | | —
. 1 [ [ .
Initialize Load Unload Empty Full
Pointers W1 w2

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply voltage, Voc (SEENOte 1) ..o e 7V
INPUEVORAGE . ... e e 7V
Voltage applied to adisabled 3-stateoutput . ........... ... i 55V
Operating free-air temperature range ....................... 0°C to 70°C
Storage temperature range . ..............vuuttietiinie it —65°Cto 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions beyond those indi d in the “r ded operating conditions” section
of this specification is not implied. Exp e to absolut d rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND.

EXAS
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SN74ALS2232A
64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988—REVISED MARCH 1980
A

recommended operating conditions

MIN NOM MAX | UNIT

Vee Supply voltage 4.75 5 5.5 '
Vin High-level input voltage 2 \
Vi Low-level input voltage 0.8 \
lon High-level output current )—-—g;[lg?usm :sj mA
loL Low-level output current :;E‘g’u‘s 2: mA
teiock Clock frequency LDCK, UNCK 0 401 MHz

RST low 25

LDCK low 13
tw Pulse duration LDCK high 12 ns

UNCK low 13

UNCK high 12
tsut Setup time, data before LDCK? 5 ns
tsw2 Setup time, AST high (inactive) before LDCKt 5 ns
t Hold time, data after LDCK? 5 ns
Ta Operating free-air temperature 0 70] °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
Vi Voo =45V, h=—18mA “12| Vv
Q outputs Voo =45V, lon = -26mA 24 3.2
v Sl e v
o1 [FOLL, EMPTY [ Voc = MINto MAX, lon = 0.4 mA Veo-2
G oupuns Vec =45V, loL= 12 mA 025 04
Vo, Voo =45V, loL = 24 mA 035__os|
o [ES— (Y loL = 4 mA 025 04
" Voo =45V, ToL= 8mA 035 05
lozn Vec =55V, Vo=27V 20| uA
loz. Voo =55V, Vo=04V 20| A
s Voo =55V, Vi=7V 01| mA
I Voo =55V, Vi=27V 20| A
CLKS 0.2
| Vec =55V, V=04V A
L Others cc ! o] ™
Q outputs -20 -1
Io* FE?I‘:‘[‘pEMPW Ve =55V, Vo=225V — _:Z mA
o Voo =55V 175 270] mA

1 All typical values are at Voo = 5V, Ta = 25°C.
¥ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios.
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SN74ALS2232A
64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988-REVISED MARCH 1990

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

Vee =5V, Vec=45Vto55V,
C_ =50 pF, C_ =50pF,
FROM TO R1=5002, R1 =500Q,
P, ER UNIT
ARAMET! (NPUT) (ouUTPUT) R2-5000, R2- 5002,
Ta = 25°C Ta=0°Cto 70°C
MIN TYP MAX MIN MAX
T [DCK, UNCK 40 %0 MHz
LDCK? 18 26 30
Any Q
toa UNCK? ny 18 24 27 ns
LDCK 12 16 18
toLH t EMPTY ns
oL UNCK{ 12 17 20
toHL RST) EMPTY 12 17 20 ns
oL LDCKt FOLL 16 21 22| ns
UNCK? 10 15 18
JNC FOLL
e RS, 3 19 =3
ton OEf Q 1 15 17| ns
tﬁ OE| Q 11 17 19 ns
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SN74ALS2233A
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988—REVISED MARCH 1990

® Independent Asynchronous Inputs and N PACKAGE
Outputs (TOP VIEW)
® 64 Words By 9 Bits reT [J' Uasl] o€
® Data Rates From 0 to 40 MHz oo 2 2711 Qo
p1[s 280 a1
® Fall-Through Time . . . 20 ns Typical p2[s 2s{Ja2
@ 3-State Outputs 03 (s 2[]as
vee s 230 GnD
description pall7  22[Jas
ps(Js 21as
This 576-bit memory uses Advanced Low-Power p6 [Jo 20[] Q6
Schottky IMPACT — X™ technology and features p7[Jwo  19[Ja7
high speed and fast fall-through times. It is ps (] 18[Jas
organized as 64 words by 9 bits. ALMOST FULL/EMPTY [(J12 17[] HALF FULL
A FIFO memory is a storage device that allows FULL (3 '6[JEMPTY
data to be written into and read from its array Lock [14 15]JUNCK

at independent data rates. The function is used
as a buffer to couple two buses operating at
different clock rates. This FIFO is designed to
process data at rates from O to 40 MHz in a bit-
parallel format, word by word.

FN PACKAGE
(TOP VIEW)

Data is written into memory on a low-to-high

transition of the load clock input (LDCK) and is D35 25E Q2
read out on a low-to-high transition of the unload vee s 24(]Q3
clock input (UNCK). The memory is full when the D4 % 7 23[]GND
number of words clocked in exceeds by 64 the D51i8 22(Ja4
number of words clocked out. When the memory D6f)9 21{Jas
is full, LDCK signals have no effect on the data D710 205 Qe
residing in memory. When the memory is empty, pgpn 19jaz
UNCK signals have no effect.

N
@
=
&
>
3
)

D

Lock P
D

HALF FULL ]

Status of the FIFO memory is monitored by the
FULL, EMPTY, ALMOST FULL/EMPTY, and
HALF FULL output flags. The FULL output will
be low when the memory is full and high when
the memory is not full. The EMPTY output will
be low when the memory is empty and high
when it is not empty. The ALMOST
FULL/EMPTY flag is high when the FIFO contains
eight or less words or fifty-six or more words.
The ALMOST FULL/EMPTY flag is low when the
FIFO contains between nine and fifty-five words.
The HALF FULL flag is high when the FIFO
contains thirty-two or more words, and is low
when the FIFO contains thirty-one words or less.

asfl

unck P

FULL

EMPTY

ALMOST FULL/EMPTY [J

IMPACT — X is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information opyright © 1990, Texas Instruments Incorporated
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard wumnt]. Production processing does not
necessarily include testing of all parameters.
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990

description (continued)

A low level on the reset input (RST) resets the internal stack control pointers and also sets EMPTY low
and FULL high. The outputs are not reset to any specific logic levels. The first low-to-high transition on
LDCK, either after a RST pulse or from an empty condition, causes EMPTY to go high and the data to
appear on the Q outputs. The first word does not have to be unloaded. Data outputs are noninverting with
respect to the data inputs and are at a high-impedance state when the output-enable input (OE) is low.
The OE input does not affect either the FULL or EMPTY output flags. Cascading is easily accomplished
in the word-width direction, but is not possible in the word-depth direction.

The SN74ALS2233A is characterized for operation from 0°C to 70°C.

logic symbolt

FIFO 64 % 9
CTR

ast L_Jer-o ct=32 }—17 narr Fun
ek 2B T+/c2)  cr = 8T = 56 —12L ALMOST FULLEEMPTY
unck 183 T = 64 61— Foi

ict = 0) 63p~—"6L ewery

0e 22 lena

oo 121 = o 27 g0

o1 3 28 g,

2 4 @51 o,

b3 18! 28

pa 7 22 o

o5 {8 @21 o

b6 19 1200 oo

by 101 RTINS

DgL —(18)—08

tThis symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but
does not show the details of implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled
by a single counter whose content is the number of words stored at the time. Output data is invalid when the counter content (CT) is 0.

Pin numbers shown are for the N package.
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64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY
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logic diagram (positive logic)
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1aL
cT=1 84
onck 18 o 1A 1764
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o - CHEL_VE PSSP
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SN74ALS2233A

64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988—REVISED MARCH 1990

absolute maximum ratings over operating free-air temperature range

Supply voltage, VcC
Input voltage
Voltage applied to a disabled 3-state output
Operating free-air temperature range
Storage temperature range

recommended operating conditions

MIN NOM MAX | UNIT
Vce  Supply voltage 4.5 5 5.5 \
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
. Q outputs ~2.6
1OH High-level output current mA
Flag outputs -0.4
Q outputs 24
loL Low-level output current mA
Flag outputs 8
felock Clock frequency LDCK, UNCK 0 40 | MHz
RST low 25
LDCK low 13
tw Pusle duration LDCK high 12 ns
UNCK low 13
UNCK high 12
tsy1  Setup time, data before LDCK? 5 ns
tsu2  Setup time, RST high (inactive) before LDCK? 5 ns
th Hold time, data after LDCKt 5 ns
TA Operating free-air temperature [0] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
PARAMETER TEST CONDTIONS MIN TYP! MaAX UNIT
ViK Vee = 4.5V, | = -18 mA 1.2 v
VoH Eg outputs Vee = MIN TO MAX, gy = 0.4 mA Vee -2 v
0 Q outputs Vee - 45V, OH = ~2.6 mA 24 32
 Outout oL = 12 mA 025 0.4
uts
v e Ver - 45y loL = 24 mA 035 05|
oL e ovtout ce =" oL = 4 mA 025 0.4
S
g outpu oL = 8 mA 035 05
lozH Vce = 5.5V, Vo = 2.7V 20 [ A
lozL Vece = 5.5V, Vo = 0.4V -20 A
Iy Vee = 5.5V, V=7V 0.1 mA
I Vce = 5.5V, V=27V 20| uA
CLKs -0.2
| Vi =55V, Vy =04V A
it Others cC ! -0.1 m
Q outputs -20 -130
10} Vee = 5.5V, Vo = 2.25V mA
o Flag outputs cc o -20 -112
Icc Vee = 5.5V 175 280 mA

T All typical values are at Voe = 5V, T = 25°C.
1 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, I0s.

¥ Texas
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SN74ALS2233A

64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988 —REVISED MARCH 1990

switching characteristics

Vegc =5V, Vee =45V 1055V
PARAMETER FROM o ::. - :gop;' :1l . :3:;' UNIT
(INPUT) (OUTPUT) RZ = §00 0, R2 = 500 0,
Ta = 26°C TA = 0°C to 70°C
MIN TYP MAX| MIN MAX
; LDCK 40 MHe
max UNCK 40
tpd LDCK? Any Q 18 26 30 ns
tod UNCK1 Any Q 18 24 27 ns
tpLH LDCK? EMPTY 12 16 18 ns
tPHL UNCK? EMPTY 12 17 20 ns
tPHL RST! EMPTY 12 17 20 ns
tPHL LDCK? FOLL 16 21 22| ns
tPLH UNCKT FULL 10 15 18 ns
tpLH RSTL FOLL 13 19 23 ns
tPLH LoCK? ALMOST 22 27 ECH .
tPHL FULL/EMPTY 19 25 28
tpLH UNCK? ALMOST 22 27 30 o
tPHL FULL/EMPTY 17 23 26
tpLH RST. ALMOST 12 16 18
FULL/EMPTY
tpLH LDCK? HALF FULL 22 27 30 | ns
tPHL RSTL HALF FULL 28 32 35 | ns
tPHL UNCK? HALF FULL 16 22 25 | ns
ten OE? Q 1 15 17 ns
tdis OE! Q 1 17 19| ns
TeExas
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 x 9,512 9, AND 1K x 9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1983

® Reads and Writes May Be Asynchronous or DV OR NP PACKAGE
Colincident (TOP VIEW)
e Organization: W U v
~ SN74ACT7200L - 256 x 9 Del[f .2 a g
— SN74ACT7201LA -512x9 oafls 26l Ds
— SN74ACT7202LA - 1K x 9 p2fl4 250 D6
® Fast Data Access Times of 15 ns p1lls 24f) 07
e Read and Write Frequencies up to 40 MHz pofle 23 g FLAT
e Bit-Width and Word-Depth Expansion _7_7[ 7 22
e Fully Compatible With the IDT7200/7201/ FFlfle  21lEF
Qo fjo 20l XO/HF
7202 a7
¢ Retransmit Capability 1 a6
e Empty, Full, and Half-Full Flags ] Qs
e TTL-Compatible Inputs ] Q4
1R
description
The SN74ACT7200L, SN74ACT7201LA, and RJ PACKAGE
SN74ACT7202LA are constructed with dual-port (TOP VIEW)
SRAM and have internal write and read address <
counters to provide data throughput on a first-in, 88k 2 s ° [sYa
first-out (FIFO) basis. Write and read operations T 5 5 350
are independent and may be asynchronous or D2 ° 2[1D6
coincident. Empty and full status flags prevent D1 28] 07
underflow and overflow of memory, and depth Do 27fine
expansion logic allows combining the storage Xi [ FLART
cells of two or more devices into one FIFO. =3 »[”s
Word-width expansion is aiso possible. Qo 2[]EF
Data is loaded into memory by the write enable Qi ZSE XOMF
(W) input and unloaded by the read enable (R) NC 22[}Q7
input. Read and write cycle times of 25 ns Q2 21[JQe
(40 MHz) are possible with data access times ot 14 15 16 17 18 19 20
15 ns. FEERELEE

Czz
These devices are particularly suited for providing o
a data channel between two buses operating at NC - No intemal connection

asynchronous rates. Applications include use as

rate buffers from analog-to-digital converters in

data acquisition systems, temporary storage

elements between buses and magnetic or optical

memories, and queues for communication systems. A 9-bit-wide data path is provided for the transmission of
byte data plus a parity bit or packet-framing information. The read pointer can be reset independently of the write
pointer for retransmitting previously read data when a device is not used in depth expansion.

PRODUCTION DATA information is current as of publication dele. Copyright © 1983, Texas Instruments Incorj
Products conform o specifications per the terms of pyng! porated

nnd'g' "Trllly. Pmducm processing doss not m-m
™ {}‘ TeExAs
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 x 9,512 x 9, AND 1K x 9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1983

SN74ACT7200L logic symbolt

FIFO 256 x 9
@
SN74ACT7200L
22
RS 1———hz,wt=o(nsn .
w [> 6 (WR PNTR) g(CT =255) G6 FF
> 6C1 #CT =255)Gé
G2 (CT = 256) G6
7
Xi ——— D (EXPAND) 21
23 ( ) (CT=0)Gs ————— EF
FURT ——E': (1ST LOAD)
20 ____
2,4 (REXMIT) (EXPAND) YORE

R [> 5 (RD PNTR) CT>128
SEN3
G4

(CT = WR PNTR - RD PNTR)

[ L] ]

Do 10 3vpb——m——— @
5 10

D1 Qt
4 1

D2 — Q2
3 12

D3 ————— Q3
27 16

D4 Q4
26 17

DS Qs
25 18

D6 Qs
24 19

D7 —— — — —— Q7
2 13

D8 ——— —————— Qs

1 This symbol is in accordance with ANSI/IEEE Sid 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the DV and NP packages.
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA

256 x 9,512 x 9, AND 1K x 9

FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1993
———

SN74ACT7201LA logic symbolt

Q1
Q2
Q3
Q4
Qs

Q7

FIFO512x9
)
SN74ACT7201LA
22
RS 1————5 2,4CT =0(RST) .
w [> 8 (WR PNTR) ?(CT =511)G6
b 6C1 4CT =511) G6
G2 (CT =512) G6
_ 7
XI ——N (EXPAND) 21
23 (CT=0)Gs p———
FURT —tg (1ST LOAD)
20
s 2,4 (REXMIT) (EXPAND)
R P> 5 (RD PNTR) CT > 256 ij
SEN3
G4
(CT = WR PNTR - RD PNTR)
6 1 C 9
b0 —— 1D 3v
b1 = 10
2 4 ] 1
p3 = 12
Da 22 16
ps 22 17
ps -2 18
D7 2 19
ps 2 13

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the DV and NP packages.

Qs
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 x 9,512 x9, AND 1K x 9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1993

SN74ACT7202LA logic symbolt

Do
D1
D2
D3
D4
DS
Dé
D7
D8

FIFO 1024 x 9
@
SN74ACT7202LA
22
—1———-‘3 2,4 CT = 0 (RST) .
[> 6 (WR PNTR) 2(CT = 1023) Ge
> 6C1 3(CT = 1023) G6
G2 (CT = 1024) G6
7
———— N (EXPAND, 21
23 ¢ ) (CT=0)G5 pP—-—
—E‘: (1ST LOAD)
20
2,4 (REXMIT) (EXPAND)
15 _ Lr——-
> 5 (RD PNTR) cT>s12fp—
5EN3
Ga
(CT = WR PNTR — RD PNTR) H
6 1 0
—— 1D v lb—o
S ] 10
4 1"
3] 12
27 16
26 pre
25 18
24 PP
2 13

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the DV and NP packages.

al

Q3
Q4
Q5

Q7
Q8
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 x 9,512 x 9, AND 1K x 9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1993
4_

functional block diagram

D0-D8 - L ion 1
Location 2
256 x 9 or
> Write a1 Write ~ §12x9or o Read
w Control "1 Pointer g 1024 x: v Pointer
r'y RAM Iz
.
. Qo-Q8
RS > Reset p
FLURT Logic
1 Status a FE
4 »{ Flsg g
Logic - EF
i Read l
R Control e P
-
< E Pooie > XOHF
Xi - >
1256 x 9 for SN74ACT7200L; 512 x 9 for SN74ACT7201LA; 1024 x 9 for SN74ACT7202LA
RESET AND RETRANSMIT FUNCTION TABLE
(Single Device Depth; Single or Multiple Device Width)
INPUTS INTERNAL TO DEVICE OUTPUTS
e = — — — FUNCTION
S FURT Xi READ POINTER WRITE POINTER EF FF  XOMF
L X L Location zero Location zero L H H Reset device
H L L Location zero Unchanged X X X Retransmit
H H L | increment it EF high | Increment it FF high | X X X Read/write
RESET AND FIRST-LOAD FUNCTION TABLE
(Multiple Device Depth; Single or Multipie Device Width)
INPUTS INTERNAL TO DEVICE OUTPUTS
— — — FUNCTION
RS FURT X READ POINTER | WRITE POINTER EF FF
L L ¥ Location zero Location zero L H Reset first device
L H ¥ Location zero Location zero L H Reset all other devices
H X ¥ X X X X Read/write
Xl is connected to XO/HF of the previous device in the daisy chain (see Figure 16).

‘b Texas
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 x9,512x 9, AND 1K x 9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1993

Terminal Functions

PIN NAME

Vo

DESCRIPTION

Do-D8

Data inputs

EF

Empty flag output. The empty flag outputis low when the read pointer is equal to the write pointer, inhibiting any operation
initiated by a read cycle. When the FIFO is empty, a data word can be read automatically at the data (QO—OBLoulputs
by holding the read enable (R) input low when loading the data word with a low-level pulse on the write enable (W) input.

Full flag output. The fuli flag output is low when the write pointer is one location less than the read pointer, indicating the
device is full and inhibiting any operation initiated by a write cycle. FF goes low when the number of writes after reset
exceeds the number of reads by 256 for the SN74ACT7200L, 512 for the SN74ACT7201LA, and 1024 for the
SN74ACT7202LA. When the FIFQis full, a data word can be written automatically into memory by holding the write enable
(W) input low while reading out another data word with a low-level pulse on the read enable (R) input

First load/retransmit input. This input performs two separate functions. When cascading two or more devices for
word-depth expansion, the FL/RT input is tied to ground on the first device in the daisy chain to indicate that it is the first
device loaded and unloaded; it is tied high on all other devices in the depth expansion chain.

A deviceis not used in depth expansion when its expansion (XI) inputis tied to ground, in which case the FL/RT input acts
as a retransmit enable. A retransmit operation is initiated when FU/RT is pulsed low. This sets the internal read pointer
to the first location and does not affect the write pointer. The read enable (R) and write enable (W) inputs must be at a
high logic level during the low-level FU/RT retransmit pulse. Retransmit should be used only when less than 256/512/1024
writes are performed between resets, otherwise an attempt to retransmit may cause the loss of unread data. The
retransmit function can affect the expansion-out/half-full flag output (HF) depending on the relative locations of the read
and write pointers.

GND

Ground

Q0-Q8

Data outputs. These outputs are in the high-impedance state when the read enable (R) inputis high or the FIFQ is empty.

ol

Read enable input. A read cycle begins on the falling edge of the read enable input if the empty flag (EF) output is high

This activates the data (Q0—~Q8) outputs and shifts the next data value to this bus. The data outputs return to the
high-impedance state as R goes high. As the last stored word is read by the falling edge of R, the empty flag (EF) output
transitions low, butthe Q0 —Q8 outputs remain active until Rreturns high. When the FIFOis empty, the internal read pointer
is unchanged by a pulse on R.

Reset input. Areset is performed by taking the reset input low. This initializes the internal read and write pointers to the
first location and sets the empty flag (EF) output low, the full flag (FF) output high, and the half-full flag (HF) output high
Both the read enable (R) and write enable (W) inputs must be held high for a reset during the window shown in Figure 7.
A reset is required after power up before a write operation can take place.

Vee

Supply voltage

=l

Write enable input. A write cycle begins on the falling edge of the write enable input f the full flag (FF) outputis high. The
value on the data (DO~ D8) inputs is stored in memory as W returns high. When the FIFO is full, FF is low, inhibiting the
write enable (W) input from performing any operation on the device.

Expansion in input. This input performs two functions. Xl is tied to ground to indicate that the device is not used in depth
expansion. When the device is used in depth expansion, its XI inputis connected to the expansion out (XO) output of the
previous device in the depth-expansion chain.

|

3l
3

Expansion-out/half-full-flag output. This output performs two functions. When the device is not used in depth expansion
(i.e., when its XI input is tied to ground), this output indicates when half the memory locations are filled. After half of the
memory is filled, the falling edge on the write enable (W) input for the next write operation drives XO/HF low. XO/HF
remains low until a rising edge of the read enable (R) input reduces the number of words stored to exactly half of the total
memory.

When the device is used in de_pth expansion, its XO/HF output is connected to the expansion-in (XI) input of the next
device in the daisy chain. The XO/HF outputdrives the daisy chain by sending a pulse to the next device when the previous
device reaches the last memory location.

@ TEXAS
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 % 9,512 x9, AND 1K x 9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vo (see Note 1) ... ... -05Vto7V
Input voltage range (any input), V| .. ... . -05Vto7V
Continuous output current, lo ... ... .. 50 mA
Voltage applied to a disabled three-stateoutput .......... ... ... ... ... ...l 55V
Storage temperature range . .................... . -55°C to 125°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damags to the device. These are stress ratings only and
functional operation of the davice at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: All voltage values are with respect to GND

recommended operating conditions

MIN NOM MAX | UNIT
Vce Supply voltage 4.5 5 55 \
ViH High-level input voltage X - 28 \
Other inputs 2
ViL Low-level input voltage 08 v
IoH High-level output current -2 mA
loL Low-level output current 8 mA
T Operating free-air temperature 0 70 °C
electrical characteristics over recommended operating free-air temperature range, Voc =5.5 V
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  MAX | UNIT
VOH Vee =45V, loH =—-2mA 24 \"
VoL Veg =45V, loL =8 mA 04 \"
lozH Vo=Vcc. R2 V|4 0] pA
lozL Vo =04V, Rz2Viy +10 HA
Iy VI=0to55V -1 1 HA
cit V=0, Ta = 25°C, f=1MHz 8| pF
Cot Vo =0, Ta = 25°C, f=1MHz 8| pF
1 This parameter is sampled and not 100% tested.
PARAMETER TEST CONDITIONS la-15and25ne ln=20ns UNIT
MIN  TYP MAX| MIN TYP MAX
Icc1§  Supply current 1259 50 80| mA
Icc2§  Standby current R, W, RS, and FURT at V| 15 5 8| mA
Iccad Power-down current | V= Vg 0.2V 0.5 05| mA
§ lcc measurements are made with outputs open (only capacitive loading).
1 Tested at fcjock = 20 MHz
i
‘V TEXAS
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA

256 < 9,512 x9, AND 1K x 9

FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1983
T

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

"ACT7200L15 'ACT7200125 'ACT7200L.50
’ACT7201LA15 | 'ACT7201LA25 | 'ACT7201LAS0
FIGURE | -acT7202LA15 | 'ACT7202LA25 | 'AcT7202LA50 | UNIT
MIN MAX MIN MAX MIN MAX
felock Clock frequency, R or W 40 285 15| MHz
te(R) Cycle time, read 1(a) 25 35 65 ns
to(W) Cycle time, write 1(b) 25 35 65 ns
te(RS) Cycle time, reset 7 25 35 65 ns
te(RT) Cycle time, retransmit 4 25 35 65 ns
tw(RL) Pulse duration, R low 1(a) 15 25 50 ns
tw(WL) Pulse duration, W low 1(b) 15 25 50 ns
tw(RH) Pulse duration, R high 1(a) 10 10 15 ns
tw(WH) _ Pulse duration, W high 1(b) 10 10 15 ns
tw(RT) Pulse duration, FL/RT low 4 15 25 50 ns
tw(RS) Pulse duration, RS low 7 15 25 50 ns
tw(XIL) Pulse duration, XI low 10 15 25 50 ns
tw(XIH)  Pulse duration, XI high 10 10 10 10 ns
tsu(D) Setup time, data before W1 1(b), 6 11 15 30 ns
tsu(RT) _ Setup time, R and W high before FURTTY 4 15 25 50 ns
tsu(RS)  Setup time, R and W high before RSTt 7 15 25 50 ns
tsu(xI-R) Setup time, XI low before R{ 10 10 10 15 ns
tsu(x1-W) Setup time, XI low before Wi 10 10 10 15 ns
th(D) Hold time, data after WT 1(b), 6 0 0 5 ns
th(E-R)  Hold time, R low after EFT 5, 11 15 25 50 ns
th(F-w)  Hold time, W low after FFT 6,12 15 25 50 ns
h(RT) Hold time, R and W high after FURTT 4 10 10 15 ns
th(RS) _ Hold time, R and W high after RST 7 10 10 15 ns

T These values are characterized but not currently tested.
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA

256 x9,512x 9, AND 1K x 9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1993

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature
*ACT7200L15 'ACT7200L25 'ACT7200L50
'ACT7201LA15 'ACT7201LA25 *ACT7201LAS50
FIGURE | -acT72021A15 | 'ACT7202LA25 | "ACT7202LA50 | UNIT
MIN MAX MIN MAX MIN MAX
fmax Clock frequency, R or W 40 285 15 MHz
ta Access time, Rl or EFT to data out valid 1(a). 3.5 15 25 50| ns
W(RH) Valid time, data out valid after RT 1(a) 5 5 5 ns
Enable time, R{ to Q outputs at low
ten(R-QX) impedancet 1(a) 5 5 10 ns
Enable time, WT to Q outputs at low
lon(W-QX) impedancett 5 5 5 15 ns
] Disable time, RT to Q outputs at high
tdis(R) impodancet 1(a) 15 18 30 ns
Pulse duration, FF high in automatic write
W(FH)  mode 6 15 25 45| ns
Pulse duration, EF high in automatic read
tw(EH) mode 5 15 25 45 ns
tp(W-F) _ Propagation delay time, W to FF low 2 15 25 45| ns
p(R-F) _ Propagation delay time, RT to FF high 2,6,12 15 25 45| ns
to(RS-F) Propagation delay time, RS{ to FF high 7 25 35 65 ns
tp(RS-HF) Propagation delay time, RS{ to XO/HF high 7 25 35 65| ns
to(W-E)  Propagation delay time, WT to EF high 3,511 15 25 45 ns
b(RE)  Propagation delay time, R to EF low 3 15 25 45| ns
tp(RS-E)  Propagation delay time, RS! to EF low 7 25 35 65| ns
to(W HF) Propagation delay time, W1 to XO/HF low 8 25 35 65| ns
th(R-HF) Propagation delay time, RT to XO/HF high 8 25 35 65| ns
tp(R-XOL) Propagation delay time, R to XO/HF low 9 15 25 50| ns
tp(W-XOL) Propagation delay time, W{ to XO/HF low 9 15 25 50| ns
to(R-XOH) Propagation delay time, RT to XO/HF high 9 15 25 50| ns
tp(W-XOH) Propagation delay time, W1 to XO/HF high 9 15 25 50| ns
Propagation delay time, FURT/ to HF, EF,
p(RT-FL) FF valid 4 25 35 65 ns
1 These values are characterized but not currently tested.
1 Only applies when data is automatically read (see Figure 5)
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 x 9, 512x9 AND 1K x 9
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PARAMETER MEASUREMENT INFORMATION
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Figure 1. Asynchronous Waveforms
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Figure 2. Full Flag Waveforms
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PARAMETER MEASUREMENT INFORMATION
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Figure 3. Empty Flag Waveforms
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Figure 4. Retransmit Waveforms (see Note 2)
NOTE 2: The EF, FF, and XO/HF status flags will be valid after completion of the retransmit cycle.
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PARAMETER MEASUREMENT INFORMATION
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Figure 5. Automatic Read Waveforms
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Figure 6. Automatic Write Waveforms
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PARAMETER MEASUREMENT INFORMATION
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Figure 7. Master Reset Waveforms
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Figure 8. Half-Full Flag Waveforms

{’f TEXAS
INSTRUMENTS 3-105



SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA
256 x 9,512 x 9, AND 1K %9
FIRST-IN, FIRST-OUT MEMORIES

SCAS221 - FEBRUARY 1993
E—

PARAMETER MEASUREMENT INFORMATION
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R | Physical Location
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Figure 9. Expansion-Out Waveforms
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Figure 10. Expansion-In Waveforms
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Figure 11. Minimum Timing for an Empty Flag Coincident Read Pulse
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PARAMETER MEASUREMENT INFORMATION

R ——\ /
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,k w—mﬁ'

M e . T A

Figure 12. Minimum Timing for a Fuli Flag Coincident Write Puise

5V

1100 Q
From Output
Under Test
[ 30 pF
(see Note 3)

Figure 13. Load Circuit
NOTE 3: includes probe and jig capacitance
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PARAMETER MEASUREMENT INFORMATION
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Timing oV 3v H'gh':,':;g 1.5V 15V
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" GND I‘ tw .l
toy 1€ —»!
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Input m Potae 15V 15V
GND —— —— GND
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
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—————— 3v
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| | GND
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In-Phase g~ VoH
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Figure 14. Timing Reference Levels
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APPLICATION INFORMATION

Combining two or more devices to create one FIFO with a greater number of memory bits is accomplished in two
different ways. Width expansion increases the number of bits in each word by connecting FIFOs with the same depth
in parallel. Depth expansion uses the built-in expansion logic to daisy-chain two or more devices for applications
requiring more than 256, 512, or 1024 words of storage. Width expansion and depth expansion can be used together.

width expansion

Word-width expansion is achieved by connecting the corresponding input control to multiple devices with the
same depth. Status flags (EF, FF, and HF) can be monitored from any one device. Figure 15 shows two FIFOs
in a width-expansion configuration. Note that both devices have their expansion in (XI) inputs tied to ground.
This disables the depth-expansion function of the device, allowing the first load/retransmit (FL/RT) input to
function as a retransmit (RT) input and the expansion out/half-full (XO/HF) output to function as a half-full (HF)
flag.

depth expansion

The SN74ACT7200L/7201LA/7202LA is easily expanded in depth. Figure 16 shows the connections used to
depth expand three SN74ACT7200L/7201LA/7202LA devices. Any depth can be attained by adding additional
devices to the chain. The SN74ACT7200L/7201LA/7202LA operates in depth expansion under the following
conditions (see Figure 16):

The first device in the chain is designated by tying the first load (FL) input to ground.
Al other devices must have their FL inputs at a high logic level.

The expansion out (XO) output of each device must be tied to the expansion in (XI) input of the next
device.

4. External logic is needed to generate a composite full flag (FF) and empty flag (EF) (all FF outputs must
be ORed together, and all EF outputs must be ORed together).

5. The retransmit (RT) and half-full (HF) functions are not available in the depth-expanded configuration.
combined depth and width expansion

Both expansion techniques can be used together to increase depth and width. This is done by first creating
depth-expanded units and then connecting them in a width-expanded configuration (see Figure 17).
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APPLICATION INFORMATION

SN74ACT7200L/7201LA/7202LA

18 DO -Ds Q0 -Q8 18
DOo-D18 . D0-D8 Q0-Q8 9 Q0-Q18

w w
R R EF EF
RT FLAT FF FF
(-3 S XO/HF HF

1

SN74ACT7200L/7201LA/7202LA
D9 -D18 Q9 -Qi8
Do-D8 Qo-Q8
[] . 9

» w
> R EF BF
> FLRT FF FF
> [ XOAF| — AF

I

Figure 15. Word-Width Expansion: 256/512/1024-Word By 18-Bit
R 1,
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APPLICATION INFORMATION

SN74ACT7200L/7201LA/7202LA

9

7

9

-D8 Q0-Q8

s g

XO/HF

3

FE

=33 =

7

4

SN74ACT7200L/7201LA/7202LA

9

»
>

Vee

7

w
R XO/HF
RS EF
FURT  FF
Xi
v
<
SN74ACT7200L/7201LA/7202LA
»—2 |po-ps ao-as} .2
R XO/HF|
RS EF
TA FURT FF}—
= Xi

*

Figure 16. Word-Depth Expansion: 768 x 9/1536 x 9/3072 x 9 FIFO Memory
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APPLICATION INFORMATION

Q0-Q26 >

Q0-Q8 Q0-Q17
Qo0-Q8 Q-7 Q18-Q26
'ACT7200L or 'ACT7200L or ’ACT7200L or
'ACT7201LA or "ACT7201LA or "ACT7201LA or
= 'ACT7202LA ACT7202LA 'ACT7202LA
R, RS ’ Depth- Depth- Depth-
Expansion Expansion Expansion
Block Block Block

ﬁm-oﬂ

D18-D26

Figure 17. Word-Depth Plus Word-Width Expansion
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SN74ACT7203L, SN74ACT7204L
2048 x 9 AND 4096 x 9
FIRST-IN, FIRST-OUT MEMORIES

FEBRUARY 1933

e Reads and Writes May Be Asynchronous or NP PACKAGE
Coincident (TOP VIEW)
e Organization: o U
Wi 28]} Vi
- SN74ACT7203L - 2048 x 9 08 E 2 o % Da.
— SN74ACT7204L - 4096 x 9 p3[|s 26f) D5
e Fast Data Access Times of 15 ns D24 25l o6
e Read and Write Frequencies up to 40 MHz D15 24flD7
e  Bit-Width and Word-Depth Expansion Dofle 23f] FURT
e Fully Compatible With the IDT7203/7204 ?X‘FIE S % =
o Retransmit Capability aoflle 20[] XOAF
e Empty, Full, and Half-Full Flags aiffo  19fla7
e TTL-Compatible inputs ozE 1" 18 % Q6
Q3fji2 17l os
description o] | RERENNRT:) | KoY
The SN74ACT7203L and SN74ACT7204L are GNDfjrs  sfIR
constructed with dual-pot SRAM and have
internal write and read address counters to RJ PACKAGE
provide data throughput on a first-in, first-out (TOP VIEW)
(FIFO) basis. Write and read operations are o O 9w
independent and may be asynchronous or 88rzS348
coincident. Empty and full status flags prevent W
underfiow and overflow of memory, and depth D2 ’]5 ° 2[]Ds
expansion logic allows combining the storage DifJe 2[]o7
cells of two or more devices into one FIFO. Dof]7 27[JNC
Word-width expansion is also possible. Xi[]s »[JFUART
Data is loaded into memory by the write enable FFlo 25[JRS
(W) input and unloaded by the read enable (R) Qofjto a[JEF
input. Read and write cycle times of 25 ns Qifjn 23[] XOHF
(40 MHz) are possible with data access times of NC[] 12 aE Q7
15 ns. Q2[] 13 21[]Qs6
) ) . . 14 15 16 17 18 19 20
These devices are particularly suited for providing :";“2'3"‘"‘":
a data channel between two buses operating at 3223 S
asynchronous rates. Applications include use as o
rate buffers from analog-to-digital converters in NC — No internal connection
data acquisition systems, temporary storage
elements between buses and magnetic or optical
memories, and queues for communication systems. A 9-bit-wide data path is provided for the transmission of
byte data plus a parity bit or packet-framing information. The read pointer can be reset independently of the write
pointer for retransmitting previously read data when a device is not used in depth expansion.
PRODUCTION DATA information is current as of publication date. Copyright © 1983, Texas Instruments incorporated

Products conform to epecifications per the terms of Texss Instruments
sendard warranty, Prmdon processing does not necesearily include

Shp— ‘V TeEXAS
INSTRUMENTS 3-113



SN74ACT7203L, SN74ACT7204L

2048 x 9 AND 4096 x 9

FIRST-IN, FIRST-OUT MEMORIES
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SN74ACT7203L logic symbolt

s 3

pul
3 x

3l
-
m

6
Do

5
D1

4
D2

3
D3

27
D4

26
DS

25
D6

24
D7

2
D8

FIFO 2048 x 9
(]
SN74ACT7203L

2,4CT=0(RST)

L~ 6 (WR PNTR) 2(CT = 2047) G6
L. 6c1 4(CT = 2047) G6
@2 (CT =2048) G6
EXPAND

( ) (CT=0)G5
(1ST LOAD)

2,4 (REXMIT) (EXPAND)
b> 5 (RD PNTR) CT>1024

5EN3

Ga

(CT = WR PNTR - RD PNTR)
-

1D 3v

10

12

16

18

19

13

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Pin numbers shown are for the NP package

Qo
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Qs
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SN74ACT7204L logic symbolt

FIFO 4096 x 9
)
SN74ACT7204L
22
RS -1————5 2,4CT=0(RST) .
W —> 6 (WR PNTR) 2(CT = 4095) G6 FF
b 6C1 4(CT = 4095) G6 [>—
G2 (CT = 4096) G6
7
Xi ————D (EXPAND) 21
. 23 (CT=0)G5 p——— EF
FURT —EE (1ST LOAD)
20 ____
15 2.4 (REXMIT) (EXPAND) XOMHF
R > 5 (RD PNTR) CT >2048 p>—
5EN3
Ga
(CT = WR PNTR - RD PNTR)
6 | r 9
D0 —— 1D 3V b—-—— Qo0
5 10
D1 at
4 1
D2 — —— —| Q2
3 12
D3 ————] - Q3
2 16
D4 F———— 4
26 17
D5 b as
ps 2 8 e
24 19
07 Q7
2 13
D8 as

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

Pin numbers shown are for the NP package
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SN74ACT7203L, SN74ACT7204L
2048 x 9 AND 4096 x 9
FIRST-IN, FIRST-OUT MEMORIES

FEBRUARY 1933

functional block diagram

Do-D8 ¥ Location 1
Location 2
" . 2048 x 9 or
W Wit ) Write » 4096x9 |e Read
Control Pointer Pointer
RAM T
4 3
.
. Qo-Qs
RS - Reset <
FLART — Logic
A »1 Status > FF
—» Flag =
Logic >—EF
> Read
R Control i
<« Expen: > XORF
. Logic
Xi —— >
12048 x 9 for SN74ACT7203L; 4096 x 9 for SN74ACT7204L
RESET AND RETRANSMIT FUNCTION TABLE
(Single Device Depth; Single or Multiple Device Width)
INPUTS INTERNAL TO DEVICE OUTPUTS
T —— FUNCTION
RS FURT Xi READ POINTER WRITE POINTER EF FF  XOHF
L X L Location zero Location zero L H H Reset device
H L L Location zero Unchanged X X X Retransmit
H H L | Increment if EF high | Incrementif FF high | X X X Read/write
RESET AND FIRST-LOAD FUNCTION TABLE
(Multiple Device Depth; Single or Multiple Device Width)
INPUTS INTERNAL TO DEVICE OUTPUTS
—_— — — FUNCTION
RS FLURT X READ POINTER WRITE POINTER EF FF
L L ¥ Location zero Location zero L H Reset first device
L H t Location zero Location zero L H Reset all other devices
H X t X X X X Read/write
Xiis connected to XO/HF of the previous device in the daisy chain (see Figure 16).
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SN74ACT7203L, SN74ACT7204L
2048 < 9 AND 4096 x 9
FIRST-IN, FIRST-OUT MEMORIES

FEBRUARY 1993

Terminal Functions

PIN NAME

vo

DESCRIPTION

Do-D8

Data inputs

EF

Empty flag output. The empty flag outputis low when the read pointer is equal to the write pointer, inhibiting any operation
initiated by a read cycle. When the FIFO is empty, a data word can be read automatically at the data (QO—QB)_Dutpuls
by holding the read enable (R) input low when loading the data word with a low-level pulse on the write enable (W) input.

Full iag output. The full flag output is low when the write pointer is one location less than the read pointer, indicating the
device is full and inhibiting any operation initiated by a write cycle. FF goes low when the number of writes after reset
exceeds the number of reads by 2048 for the SN74ACT7203L and 4096 for the SN74ACT7204L. When the FIFQ s full,
a data word can be written automatically into memory by holding the write enable (W) input low while reading out another
data word with a low-level pulse on the read enable (R) input

&
c
&

word-depth expansion, the FL/RT input is tied to ground on the first device in the daisy chain to indicate that it is the first
device loaded and unloaded, it is tied high on all other devices in the depth expansion chain

A device s not used in depth expansion when its expansion (XI) inputis tied to ground, in which case the FL/RT input acts
as a retransmit enable. A retransmit operation is initiated when FL/RT is pulsed low. This sets the internal read pointer
to the first location and does not affect the write pointer. The read enable (R) and write enable (W) inputs must be at a
high logic level during the low-level FL/RT retransmit pulse. Retransmit should be used only when less than 2048/4096
writes are performed between resets, otherwise an attempt to retransmit may cause the loss of unread data. The
retransmit function can affect the expansion-ouvhalf-full flag output (HF) depending on the relative locations of the read
and write pointers.

GND

Ground

Q0-Q8

Data outputs. These outputs are in the high-impedance state when the read enable (R) input is high or the FIFO is empty.

psl]

Read enable input. A read cycle begins on the falling edge of the read enable input if the empty flag (EF) output s high.
This activates the data (Q0—Q8) outputs and shifts the next data value to this bus. The data outputs return to the
high-impedance state as R goes high. As the last stored word is read by the falling edge of R, the empty flag (EF) output
transitions low, butthe Q0 Q8 outputs remain active until R returns high. When the FIFOis empty, the internal read pointer
is unchanged by a pulse on R.

Reset input. A reset is performed by taking the reset input low. This initializes the internal read and write pointers to the
first location and sets the empty fiag (EF) output low, the full fiag (FF) output high, and the halt-full flag (HF) output high.
Both the read enable (R) and write enable (W) inputs must be held high for a reset during the window shown in Figure 7
A reset is required after power up before a write operation can take place.

~Vee

Supply voltage

=l

Write enable input. A write cycle begins on the falling edge _of the write enable input if the full flag (_i_‘) output is high. The

value on the data (DO-D8) inputs is stored in memory as W returns high. When the FIFO is full, FF is low, inhibiting the
write enable (W) input from performing any operation on the device.

Expansion in input. This input performs two functions. X is tied to ground to indicate that the device is not used in depth
expansion. When the device is used in depth expansion, its Xl inputis connected to the expansion out (XO) output of the
previous device in the depth-expansion chain.

Expansion-out/half-full-flag output. This output pertorms two functions. When the device is not used in depth expansion
{i.e., when its Xl input is tied to ground), this output indicates when half the memory locations are filled. Atter half of the
memory is filled, the falling edge on the write enable (W) input for the next write operation drives XO/HF low. XO/HF
remains low until a rising edge of the read enable (R) input reduces the number of words stored to exactly half of the total
memory.

When the device is used in depth expansion, its XO/HF output is connected to the expansion-in (X) input of the next
device in the daisy chain. The XO/HF outputdrives the daisy chain by sending a pulse to the next device when the previous
device reaches the last memory location.
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SN74ACT7203L, SN74ACT7204L
2048 < 9 AND 4096 x 9
FIRST-IN, FIRST-OUT MEMORIES

FEBRUARY 1993

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo (see Note 1) ... -05Vto7V
Input voltage range {any input), V| ........ .. ... -05Vto7V
Continuous output current, lo . ....... ... 50 mA
Voltage applied to a disabled three-state output ......... ... ... ... ... ... ... 55V
Storage temperature range ... -55°C to 125°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may aftect device reliability.
NOTE 1: All voltage values are with respect to GND.

recommended operating conditions

MIN NOM MAX | UNIT

Vee Supply voltage 45 5 55 \

VIH High-level input voltage X 26 v

Other inputs 2

ViL Low-level input voltage 0.8 \Y

loH High-level output current -2 mA

loL Low-level output current 8| mA

TA Operating free-air temperature 0 70 °C

electrical characteristics over recommended operating free-air temperature range, Voc =55V
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
VoH Vcc =45V, loH=-2mA 24 \
VoL Vec=45V, loL =8 mA 04 \
lozH Vo=Vcc. R2 V|4 10| pA
lozL Vo=04YV, R2ViH +10 pA
Iy V=0t 55V -1 1 pA
Icc1d | fclock = 20 MHz 120 mA
lcc28 R, W, RS, and FURT at V|4 12| mA
lcca$ V)=Vgc-02V 21 mA
ci# V| =0, Ta = 25°C, f=1MHz 10| pF
Cot Vo =0, Tp = 25°C, f=1MHz 10| pF

4 This parameter is sampled and not 100% tested.

§ Icc1 = supply current; Igca = standby current; Iccg = power-down current. lgc measurements are made with outputs open (only capacitive

loading).
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

'ACT7203L25 "ACT7203L50
FIGURE 'ACT7204L25 ’ACT7204L50 UNIT
MIN MAX MIN MAX
felock Clock frequency, R or W 28.5 15| MHz
e(R) Cycle time, read 1(a) 35 65 ns
to(w) Cycle time, write 1(b) 35 65 ns
I¢(RS) Cycle time, reset 7 35 65 ns
te RT) Cycle time, retransmit 4 35 65 ns
'w(RL) Pulse duration, R low 1(a) 25 50 ns
tw(WL) Pulse duration, W low 1(b) 25 50 ns
tw(RH) Pulse duration, R high 1(a) 10 15 ns
tw(WH) Pulse duration, W high 1(b) 10 15 ns
tw(RT) Pulse duration, FL/RT low 4 25 50 ns
tw(RS) Pulse duration, RS low 7 25 50 ns
tw(xIL) Pulse duration, XI low 10 25 50 ns
tw(xiH) __Pulse duration, XI high 10 10 10 ns
tsu(D) Setup time, data before W1 1(b), 6 15 30 ns
tsu(RT) _ Setup time, R and W high before FURT Tt 4 25 50 ns
tsu(RS)  Setup time, R and W high before RSTt 7 25 50 ns
tsu(xI-R) _Setup time, Xi low before Rl 10 10 15 ns
tsu(xl-w)  Setup time, Xi low before Wl 10 10 15 ns
th(D) Hold time, data after W1 1(b), 6 0 5 ns
th(E-R) _ Hold time, R low after EFT 51 25 50 ns
th(e-w)  Hold time, W low after FFT 6,12 25 50 ns
th(RT) Hold time, R and W high after FLURTT 4 10 15 ns
th(RS) __ Hold time, R and W high after RST 7 10 15 ns

T These values are characterized but not currently tested.
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2048 x 9 AND 4096 x 9
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature

"ACT7203L25 | ACT7203L50
FIGURE | 'ACT7204L25 | °ACT7204L50 | uNiT

MIN MAX MIN MAX

fmax Clock frequency, R or W 285 15 MHz
la  Access time, RL or EFT to data out valid 1), 3,5 25 50| ns
tyRH) Valid time, data out valid after RT 1(a) 5 5 ns
ton(R-QX) Enable time, RL to Q outputs at low impedancet 1(a) 5 10 ns
tan(w-Qx) Enable time, WT to Q outputs at low impedancet? 5 5 15 ns
| tdis(R) Disable time, RT to Q outputs at high impedancet 1(a) 18 30| ns
tw(FH) Pulse duration, FF high in automatic write mode 6 25 45 ns
tw(EH) Pulse duration, EF high in automatic read mode 5 25 45 ns
to(W-F) _ Propagation delay time, Wi to FF low 2 25 45| ns
to(R-F)  Propagation delay time, RT to FF high 2,6, 12 25 45| ns
to(RS-F) Propagation delay time, RS to FF high 7 35 65| ns
| to(RS-HF) Propagation delay time, RS! to XO/HF high 7 35 65| ns
to(W-E) _ Propagation delay time, W1 to EF high 3,5, 11 25 45| ns
to(R-E)  Propagation delay time, Rl to EF low 3 25 45| ns
| t(RS-E) _Propagation delay time, RS\ to EF low 7 35 65| ns
 to(W-HF) _Propagation delay time, W. to XO/HF low 8 35 65] ns
to(R-HF) _Propagation delay time, RT to XO/HF high 8 35 65| ns
to(R-XOL) Propagation delay time, Ri to XO/HF low 9 25 50| ns
to(W-XOL) Propagation delay time, Wi to XO/HF low 9 25 50| ns
| to(R-XOH) Propagation delay time, RT to XO/HF high 9 25 50| ns
to(W-XOH) Propagation delay time, W1 to XO/HF high 9 25 50| ns
|tp(RT-FL) Propagation delay time, F/RT! to HF, EF, FF valid 4 35 65| ns

1 These values are characterized but not currently tested.
4 Only applies when data is automatically read (see Figure 5)
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PARAMETER MEASUREMENT INFORMATION
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Figure 1. Asynchronous Waveforms
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Figure 2. Full Flag Waveforms
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PARAMETER MEASUREMENT INFORMATION
| | |
Last Read { '9;:;:" : First Write { Additional Writes
| N A \ /
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Figure 3. Empty Flag Waveforms

— lc(rm——*‘l
’ﬁ— lw(ﬂﬂ——-«»'

[
! |
I
l

|
+

n

l

|
X

i * 1 ‘

— tsurT—P— lh(m)—’|

ﬂ‘“ 'p(RT- FL)-——H

Figure 4. Retransmit Waveforms (see Note 2)
NOTE 2: The EF, FF, and XO/HF status flags will be valid after completion of the retransmit cycle.
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PARAMETER MEASUREMENT INFORMATION
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Figure 5. Automatic Read Waveforms
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Figure 6. Automatic Write Waveforms

{? Texas
INSTRUMENTS

3-123



SN74ACT7203L, SN74ACT7204L
2048 x 9 AND 4096 x 9
FIRST-IN, FIRST-OUT MEMORIES

FEBRUARY 1983

PARAMETER MEASUREMENT INFORMATION
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Figure 7. Master Reset Waveforms

Half Full or Lesa More Than Half Full

Figure 8. Half-Full Flag Waveforms
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PARAMETER MEASUREMENT INFORMATION
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Figure 9. Expansion-Out Waveforms
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Figure 10. Expansion-in Waveforms
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Figure 11. Minimum Timing for an Empty Flag Coincident Read Pulse
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PARAMETER MEASUREMENT INFORMATION

— /
f YA

|h”hF

I

Figure 12. Minimum Timing for a Full Flag Coincident Write Pulse

5V

1100 Q

From Output
Under Test

680 Q 30 pF
(see Note 3)

Figure 13. Load Circuit
NOTE 3: Includes probe and jig capacitance
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PARAMETER MEASUREMENT INFORMATION
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GND uise ~——— GND
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————— 3v
input 1.5V 1.5V
| GND
e W
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Output 15V 15V
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Figure 14. Timing Reference Levels
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APPLICATION INFORMATION

Combining two or more devices to create one FIFO with a greater number of memory bits is accomplished in two
different ways. Width expansion increases the number of bits in each word by connecting FIFOs with the same depth
in parallel. Depth expansion uses the built-in expansion logic to daisy-chain two or more devices for applications
requiring more than 2048 or 4096 words of storage. Width expansion and depth expansion can be used together.

width expansion

dept

Word-width expansion is achieved by connecting the corresponding input control to multiple devices with the
same depth. Status flags (EF, FF, and HF) can be monitored from any one device. Figure 15 shows two FIFOs
in a width-expansion configuration. Note that both devices have their expansion in (Xi) inputs > tied to ground.
This disables the depth-expansion function of the device, allowing the first load/retransmit (FL/RT) input to
function as a retransmit (RT) input and the expansion out/half-full (XO/HF) output to function as a half-full (HF)
flag.

h expansion

The SN74ACT7203L/7204L is easily expanded in depth. Figure 16 shows the connections used to depth
expand three SN74ACT7203L/7204L devices. Any depth can be attained by adding additional devices to the
chain. The SN74ACT7203L/7204L operates in depth expansion under the following conditions (see Figure 16):

1. The first device in the chain is designated by tying the first load (FL) input to ground.
2. All other devices must have their FL inputs at a high logic level.

3. The expansion out (XO) output of each device must be tied to the expansion in (XI) input of the next
device.

4. External logic is needed to generate a composite full flag (FF) and empty flag (EF) (all FF outputs must
be ORed together, and all EF outputs must be ORed together).

5. The retransmit (RT) and half-full (HF) functions are not available in the depth-expanded configuration.

combined depth and width expansion

Both expansion techniques can be used together to increase depth and width. This is done by first creating
depth-expanded units and then connecting them in a width-expanded configuration (see Figure 17).

3-128
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APPLICATION INFORMATION

SN74ACT7203L/7204L
18 DO - D8 Qo -Qs 18
DO-D18 - 7 19 D0-D8 Q0-Q8 7% 7 Qo-Q18

W w
L} ] EF EF
RT FURT FF FF
RS RS XO/HF HF

r—

SN74ACT7203L/7204L
D9 -D18 Q8 -Q18
v D0-D8  Qo-Q8 A
9 9

> w
> R EF EF
> FLAT FF EE
> RS XOHF| HF

I

Figure 15. Word-Width Expansion: 2048/4096-Word By 18-Bit
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Vee

APPLICATION INFORMATION

SN74ACT7203L/7204L

|
=

Do-D8 Qo0-Q8

XO/HF

za =~
39

3

SN74ACT7203L/7204L

\ 4

v

'3

Figure 16. Word-Depth Expansion: 6144 x 9/12288 x 9 FIFO Memory
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APPLICATION INFORMATION

Q0-Q8 Q0-Q17 oo-ozs>
Q0-Q8 ‘ ‘09—017 LQ1B—Q26
'ACT7203L ’ACT7203L 'ACT7203L
or or or

W B BE "ACT7204L "ACT7204L "ACT7204L
W.R.Rs > Depth- Depth - d Depth-

Expansion Expansion Expansion
Block Block Block

D0-D8 T}DS-D17 D18-D26
D0-D26 D9-D26 __Di8-D26

Figure 17. Word-Depth Plus Word-Width Expansion
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512 X 18 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1992-REVISED AUGUST 1892

* Member of the Texas Instruments * Programmable Aimost Full/Almost Empty
Widebus ™ Family Flags

¢ Free-Running CLKA and CLKB May be ® Fast Access Times of 9 ns With a 50-pF
Asynchronous or Coincident Load and Simuitaneous Switching Data

* Read and Write Operations Synchronized Outputs
to Independent System Clocks ® Data Rates up to 80 MHz

* Two Separate 512 x 18 Clocked FIFOs * Advanced BICMOS Technology
Buffering Data in Oppostte Directions * Avaliable In 80-pin Quad Flatpack (PH) and

* IRA and ORA Synchronized to CLKA Space-Saving 80-pin Shrink Quad

* IRB and ORB Synchronized to CLKB Flatpack (PN)

Microprocessor Interface Control Logic

PH OR PN PACKAGE
(TOP VIEW)

1
2
3
4
5
6
7
8

2526 27 28 2930 3132 33 34 35 36 37 38 39 40

Widebus is a trad k of Texas | Incorp d
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description

A FIFO memory is a storage device that allows data to be read from its array in the same order it is written. The
SN74ABT7819 is a high-speed, low-power BICMOS bidirectional clocked FIFO memory. Two independent
512 x 18 dual-port SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to
indicate empty and full conditions, a half-full flag, and a programmable almost full/aimost empty fiag.

The SN74ABT7819 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses with synchronous control.

The state of the AO—A17 outputs is controlled by CSA and W/RA. When both TSA and W/RA are low, the outputs
are active. The AO—A17 outputs are in the high-impedance state when either CSA or W/RA is high. Data is
written to FIFOA-B from port A on the low-to-high transition of CLKA when TSA is low, W/RA is high, WENA
is high, and the IRA flag is high. Data is read from FIFOB-A to the AO—A17 outputs on the low-to-high transition
of CLKA when TSA is low, W/RA is low, RENA is high, and the ORA fiag is high.
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description (continued)

The state of the BO—B17 outputs is controlled by CSB and W/RB. When both TSB and W/RB are low, the outputs
are active. The BO—B17 outputs are in the high-impedance state when either CSB or W/RB is high. Data is
written to FIFOB-A from port B on the low-to-high transition of CLKB when TSB is low, W/RB is high, WENB
is high, and the IRB flag is high. Data is read from FIFOB-A to the BO—B17 outputs on the low-to-high transition
of CLKB when TSB is low, W/RB is low, RENB is high, and the ORB flag is high.

The setup and hold time constraints for the chip selects (CSA, CSB) and write/read selects (W/RA, W/RB) are
for enabling write and read operations on memory and are not related to the high-impedance control of the data
outputs. If a port's read enable (RENA or RENB) and write enable (WENA or WENB) are set low during a clock
cycle, the chip select and write/read select may switch at any time during the cycle to change the state of the
data outputs.

The input ready and output ready flags of a FIFO are two-stage synchronized to the port clocks for use as reliable
control signals. CLKA synchronizes the status of the input ready flag of FIFOA-B (IRA) and the output ready
flag of FIFOB-A (ORA). CLKB synchronized the status of the input ready flag of FIFOB-A (IRB) and the output
ready flag of FIFOA-B (ORB). When the input ready flag of a port is low, the FIFO receiving input from the port
is full, and writes are disabled to its array. When the output ready flag of a portis low, the FIFO that outputs data
to the portis empty, and reads from its memory are disabled. The first word loaded to an empty memory is sent
to the FIFO's output register at the same time its output ready flag is asserted (high). When the memory is read
empty and the output ready flag is forced low, the last valid data remains on the FIFO outputs until the output
ready flag is asserted (high) again. In this way, a high on the output ready flag indicates new data is present on
the FIFO outputs.
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functional block diagram
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logic symbolt
CLKA

CSA
W/RA

WENA

RENA

ORA
HFA

AF/AEA

76 @ 9
CLOCKA FIFO512x18x2  CLOCKB
” 3 SNT4ABT7819 y .
70 OE1 OE2 66
& |waime wrre| &
ENABLE ENABLE
n FAIFOA-B FIFOB-A 68
& lpeap Reap| &
ENABLE ENABLE
75 AFOB-A FIFOA-B 70
1 64
RSTA ——— D RESET AIFOA-B RESETFIFOB-AKL—————
2 63
————IN PROGRAM ENABLE PROGRAM ENABLE}Kl —
s AFO A-B FIFO B-A e
INPUT READY INPUT READY
78 PORTA PORT B 7n
OUTPUT READY OUTPUT READY
4 PORTA PORTB o1
HALF-FULL HALF-RULL———
. FIFOA-B AFOB-A 62
ALMOST FULL/EMPTY  ALMOST FULL/EMPTY
FAFOA-B FAFOB-A
= |
7 58
° °
8 57
10 55
" 54
13 52
14 St
18 “®
17 a8
19 1v 2v 48
20 o> o> el
2 43
23 42
25 0
2 2
2 37
2 %
31 34
» 33
17 17

t This symbol is in accordance with ANSINEEE Std 91-1984 and IEC Publication 617-12.

Pin numbers shown are for the PH package.
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enable logic diagram (positive logic)

WEN FIFOA-B

TR ——————q
wenA 1)
RENA

Output Enable (A0-A17)

REN FIFOB-A

-—
WEN FIFOB-A s
-
(- WENB
Output Enable (BO—-B17)
REN AFOA-B RENB
FUNCTION TABLES
SELECT INPUTS
— A0-A17 A Port Operation
CLKA TSA W/RA WENA RENA
X H X X X High Z None
t L H H X HighZ | Write AO~A17 to FIFOA-B
1 L L X H Active | Read FIFOB-A to A0O-A17
SELECT INPUTS
OB CS8 wme wene mens | BV B Port Operation
X H X X X High Z None
1 L H H X HighZ | Wite BO-B17 to FIFOB-A
t L L X H Active | Read FIFOA-B to BO-B17
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Terminal Functions

Vo

DESCRIPTION

A0-A17

/0

Port A data. 18-bit bidirectional data port for side A

AF/AEA

FIFOA-B aimost full/aimost empty flag. Depth offsets may be programmed for this flag, or the default vaiue of 128 may
be used for both the almost empty offset (X) and the aimost full offset (Y). AF/AEA is high when X or less words or (512
minus Y) or more words are stored in FIFOA—B. AF/AEA s forced high when FIFOA-B is reset.

AF/AEB

FIFOB-A aimost full/aimost empty flag. Depth offsets may be programmed for this flag, or the default value of 128 may
be used for both the aimost empty offset (X) and the aimost full offset (Y). AF/AEB is high when X or less words or (512
minus Y) or more words are stored in FIFOB-A. AF/AEB is forced high when FIFOB-A is reset.

B0-B17

]

Port B data. 18-bit bidirectional data port for side B

CLKA

Port A clock. CLKA is a conti clock that sy izes all data transf gh port A 10 its low-to-high transition
and may be asynchronous or coincident to CLKB.

CLKB

Port B clock. CLKB Is & conth clock that syr all data transfers through port B to its low-to-high transition
and may be asynchronous or coincident to CLKA.

Port A chip select. TSA must be low to enable a low-to-high transition of CLKA to either write data from A0O-A17 to
FIFOA-B or read data from FIFOB-A to AO—A17. The AO—A17 outputs are in the high-mpedance state when TSA is
high.

Port B chip select, CSB must be low to enable & low-to-high transition of CLKB to either write data from BO—B17 to
FIFOB-A or read data from FIFOA—B to BO—B17. The BO-B17 outputs are in the high-impedance state when TSB is
high.

HFA

FIFOA-B half-full flag. HFA is high when FIFOA—B contains 256 of more words and is low when FIFOA—B contains 255
or less words. HFA is set low after FIFOA-B is reset.

HFB

FIFOB~A halt-full flag. HFB is high when FIT‘OB—A contains 256 or more words and is low when FIFOB-~A contains 255
or less words. HFB is set low after FIFOB-A is reset.

Port A input ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA Is low, FIFOA—B Is full, and
writes to its array are disabled. IRA is setlow during a FIFOA-B reset and is set high on the second low-to-high transition
of CLKA after reset.

IRB

Port B input ready flag. IRB is synchronized to the low-to-high transition of CLKB. WhonFlB is low, FIFOB-A is full, and
writes fo its array are disabled. IRB is set low during a FIFOB-A reset and is set high on the second low-to-high transition
of CLKB after reset.

ORA

PortA output ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIFOB~A is empty,
and reads from its array are disabled. The last valid word remains on the FIFOB-A outputs when ORA is low. Ready data
is present for the AO—A17 outputs when ORA is high. ORA is set low during a FIFOB~A reset and goes high on the third
low-to-high transition of CLKA after the first word is loaded to an empty FIFOB-A.

ORB

Port B output ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIFOA-B is empty,
and reads from its array are disabled. The last valid word remains on the FIFOA—B outputs when ORB is low. Ready data
is present for the BO-B17 outputs when ORB is high. ORB s set low during a FIFOA—B reset and goes high on the third
low-to-high transition of CLKB after the first word is loaded to an empty FIFOA-B.

AF/AEA program enable. After FIFOA-B is reset and before a word is written to its array, the binary value on AO-A7 is
latched as an AF/AEA offset when PENA is low and CLKA is high.

AF/AEB program enable. After ;F'OB—A is reset and before a word is written to its array, the binary value on BO-B7 is
latched as an AF/AEB offset when PENB is low and CLKB is high.

RENA

Port A read enable. A high level on RENA enables data to be read from FIFOB-A on the low-to-high transition of CLKA
when CBA is low, W/RA is low, and ORA is high.

RENB

Port B read enable. A high level on RENB enables data to be read from FIFOA-B on the low-to-high transition of CLKB
when TSB is low, W/RB is low, and ORB is high.

FIFOA-B reset. To reset FIFOA-B, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must
occur while RSTA is low. This sets HFA low, IRA low, ORB low, and AF/AEA high.

FIFOB—A reset, To reset FIFOB—A, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must
occur while RSTB is low. This sets HFB low, IRB low, ORA low, and AF/AEB high.

Port A write enable. A high level on WENA enables data on AO—A17 to be written into FIFOA—B on the low-to-high
transition of CLKA when W/RA is high, CSA is low, and IRA is high.
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Terminal Functions (continued)

PIN NAME | /O DESCRIPTION

Port B write enable. A high level on WENB enables data on BO-B17 to be written into FIFOB-A on the low-to-high
transition of CLKB when W/RB is high, CSB is low, and IRB is high.

Port A write/read select. A high on W/RA enables AO—A17 data to be written to FIFOA~B on a low-to-high transition of
CLKA when WENA is high, CSA is low, and IRA is high. A low on W/RA enables data to be read from FIFOB-A on a
low-to-high transition of CLKA when RENA is high, CSA is low, and ORA is high. The AO—A17 outputs are in the
high-impedance state when W/RA is high.

Port B write/read select. A high on W/RB enables B0—B17 data to be written to FIFOB—A on a low-to-high transition of
CLKB when WENB is high, CSB is low, and IRB is high. A low on W/FB enables data to be read from FIFOA-Bon a
low-to-high transition of CLKB when RENB is high, CSB is low, and ORB is high. The BO—B17 outputs are in the
high-impedance state when W/RB is high.

WENB |

W/RA |

W/RB |

timing diagrams

mo T\ |
w0 o,
o 007707077
NN

s Z7777]

t FIFOB-A isreset in the same manner.

i/___

|
|
|
|
|
!
|
t
|

Figure 1. Reset Cycle For FIFOA-Bt
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NN N N
e N
W/ /A

WE"A//////////V /4 |“(////////////‘<///// ‘%

T Written to FIFOA-B

Figure 2. Write Timing - Port A

w_ /SN S S S S

1
IRB

o T\ /T /-
wne 777 EW ”‘%
w 77777 T < O
wo-07 7 @(ww)@(wm)&/////// e XX

* Written to FIFOB~-A

UENRSUNRPIEY SR SN ———— DU

|
1
|
|
|
|
|
|
|
I

Figure 3. Write Timing — Port B
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s NSNS

CSA

W/RA

v /777 RO

—Jln—'.u

i Y A

e\ N\ NSNS N SN

|
|

' |
e

|
|
T
{
|
|

—_— |
. i
so-817 —— 0 // W1 From PortB

Figure 4. ORB Flag Timing and First Data Word Fallthrough When FIFOA-B Is Empty!

o B s
T
Fa

N

1 Operation of FIFOB-A is identical to that of FIFOA-B

o = O =
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SCBS125A-D4502, JULY 1962-REVISED AUGUST 1962
]

O = O =

B0O-B17 X From FIFOA-B
w NN\ N\ S\
-
IRA | I/—!_'\
I |
e M
TSA | 1

WeNa L ;

WRA '

na-m11 7L e R R R L i

Figure 5. Write Cycle and IRA Flag Timing When FIFOA-B Is Full'

t Operation of FIFOB-A is identical to that of FIFOA-B

INSTRUMENTS 13



SN74ABT7819
512 X 18 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992
R

read timing diagrams

_/_\_),’_\_/_\_/\_/\__/_

CsR N E /
7225
RENA 7// /4 W// e e W////

t«.—p—d h—tpa—u —) o

AO—A17——————( Word 11 x Word 2t X Word 3t X Word 4t )______.

' Read from FIFOB-A

Figure 6. Read Timing ~ Port A

w_ /NS S S S S

ORB

cse N /)

wne 77225 Y7722,

e 7722270770270~V ~l] T
z.n—{‘—-t 4—5«_4 — et

|
BO-B17 _( Word 13 x Word 2% x Word 3% x Word 4% )————_

* Read from FIFOA-B

1
0o

— — ___.L_____._.‘_

Figure 7. Read Timing - Port B
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512 X 18 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1962-REVISED AUGUST 1982
[

offset values for AF/AE

The almost full/almost empty flag of each FIFO has two programmabile limits, the almost empty offset value (X)
and the almost full offset value (Y). They may be programmed from the input of the FIFO after it is reset and
before aword is written to its memory. An AF/AE flag will be high when its FIFO contains X or less words or (512
minus Y) or more words.

To program the offset values for AF/AEA, PENA may be brought low after FIFOA-B is reset and only when CLKA
is low. On the following low-to-high transition of CLKA, the binary value on AO—-A?7 is stored as the almost empty
offset value (X) and the almost full offset value (Y). Holding PENA low for another low-to-high transition of CLKA
will reprogram Y to the binary value on AO—A?7 at the time of the second CLKA low-to-high transition.

During the first two CLKA cycles used for offset programming, PENA may be brought high only when CLKA is
low. PENA may be brought high at any time after the second CLKA pulse used for offset programming retums
low. A maximum value of 255 may be programmed for either X or Y. To use the default values of X = Y = 128,
PENA must be tied high. No data is stored in FIFOA-B while the AF/AEA offsets are programmed.

The AF/AEB flag is programmed in the same manner with PENB enabling CLKB to program the offset values
taken from B0-B7.

reser /

w N\ NSNS\ S
n /

v 0 A Lz
= sz f
w7z

wew 2777777777777 777777

AO-A7 /ZZEZZZZZZZZZZZZZZZ:/{?( Xand Y X Y W///// ’

Figure 9. Timing Diagram to Program X and Y Separately for AF/AEA
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SN74ABT7819
512 X 18 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1902-REVISED AUGUST 1982
R

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage range, Voo -« vv vttt e i i e e -05Vto7V
Input voltage range, V| (see Note 1) -05VtoVgc+05V
Voltage range applied to any output in the high state or power-off state, Vo .............. -05Vto55V
Current into any output inthe low state, Io .............iviiiiiiii it 48 mA
Input clamp current, Ik (Vi <0) ..ottt e i e -18 mA
Output clamp cumrent, Iok (VO < 0) . oo ittt i e e i e, -50 mA

Storage temperature range

t Stresses beyond those listed under “absolute maximum ratings® may cause permanent damage to the device. These are stress ratings only, and

functional operation of the device at these or any other conditions bey

d those ind d under * ded operating conditions” is not

implied. Exposure to absoluts-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 \4
Vin High-evel input voltage 2 v
Vi Low-level input voltage 08| V
v, Input voltage 0 Vec]l V
lon High-level output current -12] mA
lop Low-level output current 24| mA
AVAv  Input transition rise or fall rate 5| nsV
Ta Operating free-air temperature 0 70] °C
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
Vik Vec = 4.5V, l=-18 mA -12] Vv
Vec =45V, lon==3mA 25
Vou Voc =5V, lon==-3mA 3 v
Vec =45V, lon==-12mA 2
VoL Voo = 45V, loL = 24 mA 05 v
I Voc =55V, Vi = Vg of GND 1| WA
lozr® Voc =55V, Vo=27V 50| uwA
loz ¥ Vec =55V, Vo =05V -50 pA
oY Vec =55V, Vo=25V -40 -100 -180 mA
Outputs high 15
lcc Vec =55V, lo=0, V) = Vcc or GND | Outputs low 95 mA
Outputs disabled 15
Ci Control inputs Vi=25Vor05V 6 pF
Co Flags Vo=25Vor05V 4 pF
Cio _|AorBports Vo=25Vor0.5V 8 bF
+ All typical values are at Voo = 5 V, Ta = 25°C.
§ The parameters loz and Igz_include the input leakage current.
¥ Not more than one output should be tested at a time, and the duration of the test should not exceed one second.
TExas
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SN74ABT7819
512 X 18 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992
S

timing characteristics over recommended operating free-air temperature range (unless otherwise
note

'ABT7819-12 | 'ABT7819-15 | 'ABT7819-20 | 'ABT7819-30 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
foiock Clock frequency 80 67 50 333 MHz
tw Pulse duration CLKA, CLKB high or low 4.5 6 8 1 ns
A0-A17 before CLKAt and 3 4 s 5
B0O-B17 before CLKB?
CSA before CLKAt and 6 6 7 7
CSB before CLKB¢
W/RA before CLKAt and s 6 7 7
W/RB before CLKBt
| WENA before CLKAt and
tsu Setup time WENB before CLKB 1 4 4 5 5 ns
RENA before CLKAt and 5 5 s s
RENB before CLKB?
PENA before CLKAt and 3 4 s 5
PENB before CLKB?t
RSTA or RSTB low before first 3 4 5 5
CLKA?t and CLKB? 1
AO-A17 after CLKAt and
BO-B17 after CLKBY 0 0 ° 0
[TSA after CLKAT and
TS after CLKB? ° 0 0 °
W/RA after CLKA?t and
WIRB after CLKBY ° 0 ° 0
. WENA after CLKAt and
th Hold time WENB after CLKB1 [ 0 [¢] (] ns
RENA after CLKAt and
RENB after CLKB1 0 ° 0 0
PENA after CLKA low and 2 2 2 2
PENB after CLKB low
RSTA or RSTB low after fourth 3 3 4 4
CLKA?t and CLKBt T

T To permit the clock pulse to be utilized for reset purposes.

Texas
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 1892
S

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C|_ = 50 pF (unless otherwise noted) (see Figures 10 and 12)

PARAMETER FROM To "ABT7819-12 "ABT7810-15 [ 'ABT7819.20 [ "ABT781030 [
(NPUT) (OUTPUT) MmN TPt MAX| MIN MAx]| MIN MAX| MIN  MAX
T CLKA or CLKB 80 67 50 333 MHz
- CLKAt AO-A17 3 7 T 10 4 12 4 tal -
CLKBt BO-B17 4 7 4 10 4 12 4 14
o CLKAY AO-ATT 6 -
CLKBY BO-B17 6
CLKA? RA 4 9 2 10 T 12 T 4
o CLKBY IRB ) ) 4 10 T 12 T 4]
lpd CLKAt ORA 3.5 9 3.5 10 35 12 3.5 14 ns
CLKBY ORA 35 9| 35 10| 35 12| 385 14
CLKA?Y 8 17 8 17 8 18 8 20
o CLKBY AFIAEA 8 17 8 17 8 18 s ]
o ~ RSTA AFJAEA 2 12 T 14 2 15 2 16] ns
CLKAT 8 17 8 17 8 18 8 20
tod CLKBY AFIAEB 8 17 8 17 8 18 s 20]
ASTE AF/AEB 2 12 2 14 2 15 2 16
teun CLKAt HFA 8 17 8 17 8 18 8 2] ™
CLKB1 8 17 8 17 s 18 8 20
teHL [~ RSTA | HFA 4 12 T 14 2 15 s 6]
oL CLKA? HFB 8 17 8 17 8 18 8 20| ns
toin CLKBt B B 17 8 17 s 18 8__2]
oL RSTB 3 12 T 14 2 15 4 16
- T3A AT 25 8| 25 s| 25 o] 25 m[
WIRA 25 8| 25 o] 25 10| 25 0
TSB 25 8| 25 9] 25 10] 25 1
fon WIFB Bo-B17 25 8| 25 o 25 10| 25 n| ™
TSA 25 8 25 9 25 10 25 1
dis WRA_ ho-17 25 8| 25 o] 25 10| 25 | ™
TSB 25 8| 25 9| 25 10| 25 W
s WRB Bo-B17 25 8] 25 o] 25 10| 25 w] ™

1 All typical values are at Voc = 5V, T = 25°C.
t This parametsr measured with a 30-pF load (see Figure 10).

@ TeEXas
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TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
Vee s v A
typ + 8~ Tp=25°C
: R =5000Q » /
F typ+4 /
3 V
3 /]
'3 /
i typ+2 //
g /
§
3' typ
4
typ-2

] 50 100 150 200 250 300
Cy - Load Capacitance - pF

Figure 10
SUPPLY CURRENT
. CLOCK F;.EQUENCY
160
tt:gosp.é V]c =55V /
140 P’
< A
E 120 Vee =5V /
E _ DAL
S A
g s /;//
L~
:-,3 o '/4?/ Vog =45V
¥

10 15 20 25 30 35 40 45 50 55 60 65 70
{ctock — Clock Frequency ~ MHz

Figure 11
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SN74ABT7819
512 X 18 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1962-REVISED AUGUST 1962
]

caiculating power dissipation

With Iccr taken from Figure 3, the maximum power dissipation based on all outputs changing states on each
read may be calculated using:
Pr=Vec x [lecr + £ (Cp x Vec? x fo)
maximum lgc per clock frequency
output capacitive load
data output frequency

O
s
]

PARAMETER MEASUREMENT INFORMATION

Input
7V 15V 1.5V

S1
Rt

From Output p Tost S ’/
Under Test Point Output 15V S

L R =R1=R2 _’:
|
|
|

LN

(= R2 I
L
Ly,
| K-
= Output 15V o3V
~0V
LOAD CIRCUIT FOR VOLTAGE WAVEFORMS
3-STATE OUTPUTS
PARAMETER R1, R2 c.t $1
oz Open
— 500 50 pF
- P2 g P Closed
tPHz Open
500 F
e oLz a sop Closed
oo 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.
Figure 12. Load Circuit and Voltage Waveforms
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY
SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1902

Empty, Full, and Half-Full Flags
Fast Access Times of 12 ns With a 50-pF

® Member of the Texas Instruments
Widebus ™ Famlily

* Independent Asynchronous inputs and Load and Simuitaneous Switching Data
Outputs Outputs
® Produced in Advanced BICMOS ® Supports Clock Rates Up To 67 MHz
Technology ¢ Avallable in 80-Pin Quad Fiat Package (PH)
* Two Separate 512 x 18 FIFOs Buffering and Space-Saving 80-Pin Shrink Quad Flat
Data in Opposite Directions Package (PN)
® Programmable Almost Full/Almost Empty
Flags
PH PACKAGE
(TOP VIEW)

<
§§E +F
29 9 QQ 09
8353225588825333
misinininisinininis mimininin
80 7
RSTA(] 1 64 ] RSTB
PENA ( 2 6311 PENB
AF/AEA[] 3 62J AF/AEB
HFA ] 4 61 ) HFB
FOOA(Q S soJ FUOB
GND [ © 59 1] GND
a7’ ssfJ Bo
A1 []s s7P B1
Vee O Vee
A2 B2
A3 B3
GND (O GND
A B4
As BS
GND [ GND
As [ B6
A70 B7
GND GND
As O Bs
As O BS
Vee O Vec
A10 [ B10
A11 O B11
GND [ GND
2526 27 28 2930 3132 33 34 35 36 37 38 39 40
BiEjEjEs NN NN EgEn =
yegyegenr~ogLgon
<<SI< <o ool om
Widebus is a trad rk of Texas | P
mm;—m:&u—n Copyright © 1992, Texas Instruments Incorporated
shandard warrandy, Production Include
osling of l parameters.
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PN PACKAGE
(TOP VIEW)
@ <
EE Eﬁﬁ
§?£<<ogo S50 palR3
85282558855 288 33k
NS | SRS SN SV U SN G ) SN SN SR S S S S SN SN ) SN § S _— -
.3079787776757473727170696867666564636261
AF/AEA [ 1 60 (] AF/AEB
HFA D 2 59 [ HFB
FOLTA Q) 3 s8 (] FULLB
GND [] 4 57 (] GND
A0 s s6 [] BO
A6 55 [] B1
Vec P 7 54 [] Vec
A28 53 [} B2
A3l e 52 (] B3
GND [ 10 51 [] GND
A4 1 50 [ B4
A5 [ 42 49 [1Bs
GND [ 13 48 [ GND
As P14 47 [} B6
A7 15 46 (] B7
GND [ 18 45 [J GND
As 1 17 4 (] Bs
A9 18 43 [] Bo
Vee P 19 a2 [} vge
A0l 20 41 [ B10
2122 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
o W s 1 v e s s e e ¥ e o s ¥ i ¥ e ¥ e ¥ s ¥ s ¥ o s ¥ s

A1
GND
A12
A13
A15
GND
Al6
A7
B17
B16
GND
B1S
B14
B13
B12
B11

Q< Q [a]
- O
Lz Sadg

description

A FIFO memory is a storage device that allows data to be written into and read from its array at independent
data rates. The SN74ABT7820 is arranged as two 512 by 18-bit FIFOs for high speed and fast access times.

It processes data at rates from 0 to 67 MHz with access times of 12 ns in a bit-parallel format.

The SN74ABT7820 consists of bus transceiver circuits, two 512 x 18 FIFOs, and control circuitry arranged for
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable inputs
GAB and GBA control the transceiver functions. The SAB and SBA control inputs select whether real-time or
stored data is transferred. The circuitry used for select control eliminates the typical decoding glitch that occurs
in a multiplexer during the transition between stored and real-time data. Eight fundamental bus-management

functions can be performed as shown on the operating modes page.
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SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1962
S

Terminal Functions

NAME /o DESCRIPTION
AC-A17 /O | Port A data. 18-bit bidirectional data port for side A.
FIFO A almost full/almost empty flag. Depth offset values may be programmed for this flag, or the default value of 128
AF/AEA O | may be used for both the almost empty offset (X) and the aimost full offset (Y). AF/AEA is high when FIFO A contains X
or less words or (512 minus Y) or more words. AF/AEA is set high after FIFO A Is reset.
FIFO B almost full/aimost empty flag. Depth offset values may be programmed for this flag, or the default vaiue of 128
AF/AEB o] may be used for both the aimost empty offset (X) and the almost full offset (Y). AF/AEB is high when FIFO B contains X
or less words or (512 minus Y) or more words. AF/AEB is set high after FIFO B is reset.
B0O-B17 I/O | Port B data. 18-bit bidirectional data port for side B.
FIFO A empty flag. EMPTYA s low when FIFO A is empty and high when FIFO A s not empty. EMPTYA Is set low after
EMPTYA | O [EroAlsroset
FIFO B empty flag. EMPTYB is low when FIFO B is empty and high when FIFO B is not empty. EMPTYB is set low after
EMPTYE ° FIFO Bis reset.
|~ FOLLA O | FIFOAtullfiag. FULLA is low when FIFO A s full and high when FIFO A is notfull. FULLA Is set high after FIFO A Is reset.
[ FOLLB O | FIFOB fullflag. FOLLB is low when FIFO B s full and high when FIFO B Is notfull. FULLB s set high after FIFO Bisreset, |
GAB | Port B output enable. BO—-B17 outputs are active when GAB is high and in the high-mpedance state when GAB is low.
GBA | Port A output enable. AO-A17 outputs are active when GBA is high and in the high-impedance state when GBA is low.
A o | FIFOAhal-hulliag. HFA s high when FIFO A contains 256 or more words and Is low when FIFO A contains 255 or less
words. HFA is set low after FIFO A is reset.
. o |FIFOBhaifullfiag. HFB s high when FIFO B contains 256 of more words and is low when FIFO B contains 255 of l8ss
words. HFB is set low after FIFO B is reset.
LDCKA | FIFO A load clock. Data is written into FIFO A on a low-to-high transition of LDCKA when F‘UIIK is high. The first word
written into an empty FIFO A is sent directly to the FIFO A data outputs.
LDCKB | FIFO B load clock. Data is written into ﬁ:O B on a low-to-high transition of LDCKB when FULLB is high. The first word
written into an empty FIFO B is sent directly to the FIFO B data outputs.
PENA : FIFO A program enable. After reset and before a word is written into FIFO A, the binary value on A0-A7 is latched as
an AF/AEA offset value when PENA is low and LDCKA s high.
PENE | FIFO B program enable. After reset and before a word is written into FIFO B, the binary value on BO-B7 is latched as
an AF/AEB offset value when PENB is low and LDCKB is high.
RSTA | FIFO A reset. A low level on RSTA resets FIFO A forcing EMPTYA low, HFA low, FULLA high, and AF/AEA high.
RSTB T | FIFO B reset. A low level on RS TB resets FIFO B forcing EMPTYB low, HFB low, FULLB high, and AF/AEB high.
SAB ) Port B read select. SAB selects the source of BO—B17 read data. A low level selects real-time data from AO—A17. A high
level selacts the FIFO A output.
SBA \ PortA read select. SBA selects the source of AO—A17 read data. A low level selects real-ime data from BO ~ B17. A high
level selects the FIFO B output.
UNCKA [ FIFO A unload clock. Data is read from FIFO A on a low-to-high transition of UNCKA when EMPTYA is high.
UNCKB | _1__| FIFO B unioad clock, Data s read from FIFO B on a low-to-high transition of UNCKB when EMPTVE Is high. |

Texas
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SCAS208A-D4503, AUGUST 1991-REVISED AUGUST 1992
[

logic symbolt

[
FIFO
s 512x18x2
SAB — 1 SN74ABT7820
7 MODE
SBA ————{o
65
QAB EN1
80
aBA ————{EN2
1
RSTA —;——h RESETA RESET B
PENA ———DPROG ENA PROG ENB
”
LDCKA E> LDCKA LDckB <
[
UNCKA 5———> UNCKA UNCKB <
FIOA —————44Fuuia FULLB|
70
ENPTYA ————<| EMPTYA EMPTYB
AF/AEA > ALMOST FULL/ ALMOST FULL/
R ALMOSTEMPTYA  ALMOST EMPTY B
HFA ————— HALF-FULLA HALF-FULL B
H r
7
A0 o °
8
A1
10
A2
1"
A3
13
A4
14
AS
16
As
17
A7
19
M — I\
w2 1| apam)> < BoAmA)>
22
A1) ——M
23
Al
25
A12
26
A3
28
Al4
20
AlS
31
Ate
32
A7 ————17 17

AR LA AR A

t This symbol is in accordance with ANSI/IEEE Std 91-1984.
Pin numbers shown are for the PH package.

RSTB
PERB
LDCKB
UNCKB
FULLB

ENPTYB
AF/AEB

HFB

2g323¥REBREE

Texas
56 INSTRUMENTS



SN74ABT7820
512 X 18 X 2 AIRST-IN, FIRST-OUT MEMORY

SCAS208A-D4503, AUGUST 1991-REVISED AUGUST 1962
.

logic diagram (positive logic)

sAB 'l> -1
SBA {>
—EDD— g
HFB > AFO B RSTB
AF/AEB < S8 e PERB
EMPTYB < —q p———%—— FOB
UNCKB > > = LDCKB
GBA I a [1] D < <» BO
{2
I3}
} )
1.0f 18 Channels F——
(15
To Other Channels vy d1e)
17
[18]
aaB {>
[
RSTA — 1 » o Aroa > HFA
PENE ————»——q S512x18 —» AF/AEA
FIOA —t+——<—(Q o > ENMPTYA
LDCKA > S - UNCKA
1 [
AO 4> > D [1] Q
— |
I3
4]
Ji.ﬂ 1 o 18 Channels
1
:1:: veY To Other Channels v
[18]
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operating modes
FIFO A
IN  ouT
BUS A BUSB BUSA BUSB
FIFOB
ouT IN
SAB  SBA  GAB GBA
L X H L X X L L
BUS B BUS A BUS B
SAB SBA  GAB QBA
H L H H
BUSA BUSB | BUSA BUSB
FIFO B
out N
SAB SBA GAB GBA
H X H L L H H H
BUSA BUS B BUSB
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1862
S

SELECT-MODE CONTROL TABLE

CONTROL OPERATION

SBA SAB A BUS B BUS
L L Real-time B to A bus Real-time A to B bus
H L FIFO B to A bus Real-time A to B bus
L H Real-time B to A bus FIFO A to B bus
H H FIFO B to A bus FIFO A to B bus

OUTPUT-ENABLE CONTROL TABLE

CONTROL OPERATION

QBA GAB A BUS B BUS
L L Isalation/input to A bus Isolation/input to B bus
H L A bus enabled Isolation/input to B bus
L H Isolation/input to A bus B bus enabled
H H A bus enabled B bus enabled

Texas
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512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1982

SN74ABT7820
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS208A-D4503, AUGUST 1991-REVISED AUQUST 1862
-

offset values for AF/AE

The almost full/almost empty flag of each FIFO has two programmabile limits: the almost empty offset value (X)
and the almost full offset value (Y). The offsets of a flag may be programmed from the input of its FIFO after it
is reset and before any data is written to its memory. An AF/AE flag is high when its FIFO contains X or less words
or (512 minus Y) or more words.

To program the offset values for AF/AEA, PENA may be brought low after FIFO A is reset and only when LDCKA
is low. Onthe following low-to-hightransition of LDCKA, the binary value on AO—A?7 is stored as the almost empty
offset value (X) and the almost full offset value (Y). Holding PENA low for another low-to-high transition of
LDCKA will reprogram Y to the binary value on AO—A7 at the time of the second LDCKA low-to-high transition.

PENA may be brought back high only when LDCKA is low during the first two LDCKA cycles. PENA may be
brought high at any time after the second LDCKA puise retums low. A maximum value of 255 may be
programmed for either X or Y. To use the default values of X = Y = 128 for AF/AEA, PENA must be tied high.
No data is stored in the FIFO when its AF/AE offsets are programmed.

The AF/AEB flag is programmed in the same manner. PENB enables LDCKB to program the AF/AEB offset
values taken from BO—B7.

Figure 1. Timing Diagram to Program X and Y Separately for AF/AEA

INSTRUMENTS 511



SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1981-REVISED AUGUST 1992
S

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage range, Vog .. vvevvin i e -05Vto7V
Input voltage range, Vi(seeNote 1) ......... ..ot -0.5Vto Vg + 0.5V
Voltage range applied to any output in the high state or power-off state, Vo ........... .. -05Vto55V

Current into any output inthe low state, o ...t e 48 mA
Input clamp current, ik (Vi <0) ............... ... =18 mA
Output clamp current, lok (Vo <0) .... F P -50 mA
Storage temperature FTaNGEe . ... .........uiuuutertnrtnerntiiie i, -65°Cto 150°C

t Stresses beyond those listad under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indi d under * ded operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

recommended operating conditions

MIN NOM MAX] UNIT

Vee Supply voltage 45 45 55 Y
ViH High-level input voltage 2 \2
ViL Low-level input voltage 0.8 v
Vi Input voltage 0 Vee Y
lon High-level output current -12] mA
loL Low-level output current 24 mA
AVAv  Input transition rise or fall rate 5] nsV
Tp _ Operating free-air tsmperature 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
Vi Vo =45V, i =—18 mA -12| Vv
Ve =45V, lon=~3mA 2.5
VoH Voc=5V, lon=-3mA 3 v
Voo =45V, lon=—12 mA 2
VoL Ve =45V, loL = 24 mA 055 V
I Vec =55V, V| = Vg or GND 5] pA
_193.‘ Voc =55V, Vo=27V s0] nA
loz§ Vec =55V, Vo=05V -50 | upA
o7 Vec =55V, Vo=25V -40 -100 -180| mA
Outputs high 15
fcc Vec =55V, o =0, V| = Vg or GND | Outputs low 95 mA
Outputs disabled 15
C; Controlinputs | V,=25Vor0.5V 6 pF
Co Flags Vo=25Vor0.5V 4 pF
Cio A or B ports Vg=25Vor0.5V 8 pF

# Al typical values are at Ve = 5V, Ta = 25°C.
§ The parameters oz, and loz_include the input leakage current.
1 Not more than one output should be tested at a time, and the duration of the test should not exceed one second.

Texas
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS208A-D4503, AUGUST 1991-REVISED AUGUST 1992
RS

ﬂmlnts characteristics over recommended operating free-air temperature range (uniess otherwise
note

'ABT7820-15 | 'ABT7820-20 | 'ABT7820-25 | 'ABT7820-30 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
foaock  Clock frequency 67 50 40 33 MHz
LDCKA, LDCKB high 4 6 9 1
LDCKA, LDCKB low 4 6 9 1
tw Pulse duration | UNCKA, UNCKB high 4 6 9 1 ns
UNCKA, UNCKB low 4 6 9 1
RSTA, RSTB low 6 8 10 12
AO-A17 before LDCKA?t and 3 4 4 4
B0-B17 before LDCKBt
PENA before LDCKAt and
tau Setup time PENE before LDCKB? 5 5 5 5 ns
LDCKA inactive before RSTA high
and LDCKB inactive before RSTB 3 3 4 4
high
AO-A17 after LDCKAt and o o ° 0
:IO_—E1 7 after LDCKB?t
th Hold time %x: mm.’w 2 2 2 2 ns
LDCKA inactive after RSTA high and s s ) .
LDCKB inactive after RSTB high

‘@ Texas
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A~D4503, AUGUST 1991-REVISED AUGUST 1982
S

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C; = 50 pF (unless otherwise noted) (see Figure 4)

ARAMETER FROM T "ACT7820-15 'ACT782020 | 'ACT7820.25 | 'AcTrezo%0 | -
RAM (INPUT) (OUTPUT) MIN TYP! MAX| MIN MAX| MIN MAX| MIN MAX
e TDCK, UNCK &7 % ) 333 | MHz
lI:DD(éKthf 4 4] 4 18] 4 18] 4 2
tod UNGAT B/A ns
Nk 4 9 12 4 1a3s| a4 5] a4 w7
UNCKAT,
! UNGKB! BIA 8 ns
DCKAT,
4 14 4 15 a 4 1
o LDCKBY ENPTYA, 7 °l..
EMPTYB
torL %:%KK';" 4 13 4 14| & 18] & 18
torL msm t‘: Em'“ A, 6 6] e 6] 6 18] 6 20| ns
tor tDonggty FULTA, FULTB 6 13 & 14| 6 6] & 18] ns
ﬂ:‘é"é; 6 5] 6 5] 6 7| & 19
toen l———— | FUmA FUB ns
iSTA 'I:';'”s ° 8 20 8 20 ) 8 22
'ngKK;’T 8 6] 8 17| 8 1] & =2
tod AF/AEA, AF/AEB ns
%:%KK; 8 6f 8 17| 8 18] 8 2
toun ”5"“;"3 STE | AF/AEA, AF/AEB 2 12] 2 14| 2 6] 2 18] ns
LDCKAT, HFA,
ton Lboke, e 8 1s{ 8 5] 8 17| 8 19| ns
UNCKA, UNCKB 8 ] 8 15] & 7] & 1
—RSTAlw. | HFA HFB
ter RSTB';:; 2 12 2 14 2 16 2 | ™
SAB/SBAD 2 o] 2 N 2 z| 2 14| ne
A
o AR B 2 5| 2 10| 2 0 2 13
ton GBA/GAB Al 2 65| 2 8| 2 1| 2 1z] ns
GBA/GAB B 2 w2 2] 2 1] 2 14| ns

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
# All typical values are at 5V, Tp = 25°C.

7 This parameter is measured with a 30-pF load (see Figure 2).

$ These parameters are measured with the internal output state of the storage register opposite to that of the bus input.

‘V TeExas
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SN74ABT7820

512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS208A-D4503, AUGUST 1991-REVISED AUGUST 1962
IR

tpd — Propagation Delay Time - ns

typ-2
(] S0 100 150 200 250 300
C__ - Load Capacitance - pF
Figure 2
SUPPLY CURRENT
CLOCK F;.EQUENC‘Y
160
i::z‘;é V°[=lSTV/V
140
Ve
E 120
El Vec =5V / /
g Ladiy
3 100 / / //
§ w0 /; »
1 4/// Veg =45V
g e L/ = “
A
40 P

typ+6

typ+4

typ+2

typ

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE

Vec=5V
[~ Ta=25°C
R, =500Q

/

Pd

x

L~

10 15 20 25 30 35 40 45 50 55 60 65 70

feiock — Clock Frequency — MHz

Figure 3
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS208A-D4503, AUGUST 1991-REVISED AUGUST 1982
S —

calculating power dissipation
With Iccr taken from Figure 3, the maximum power dissipation based on all outputs changing states on each
read may be calculated using:

Py=Vee x llccel + 2 (G x Vc? x fo)
maximum lcc per clock frequency

lccr =
C_ = output capacitive load
fo = data output frequency
PARAMETER MEASUREMENT INFORMATION
——————————— 3v
Input f 15v * 1.5V
14 ov
| |
b RL=R1=R2 |
st |
R : ~35V
From Output ___ Test |
Under Test Point Vou
c :F R2
= -0V
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c.t $1
tpzH Open
ton - 500 Q 50 pF Seead
) tPHz Open
tdis g 500 Q 50 pF Tiosed
g 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 4. Load Circult and Voltage Waveforms
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SN74ACT2235
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1980-REVISED APRIL 1991

® Independent Asynchronous Inputs and ® Empty, Full, and Half-Full Flags
Outputs ® Access Times of 25 ns With a 50-pF Load
® Low-Power Advanced CMOS Technology ® Data Rates From 0 to 50 MHz
¢ Bidirectional ® Fall-Through Times of 22 ns Max
¢ 1024 Words by 9 Bits Each ® High Output Drive for Direct Bus Interface
® Programmable Almost Full/Almost Empty
Flag
FN PACKAGE
(TOP VIEW)
description

A FIFO memory is a storage device that allows data to be written into and read from its array at independent
data rates. The SN74ACT2235 is arranged as two 1024 by 9-bit FIFOs for high speed and fast access times.
It processes data at rates from 0 to 50 MHz with access times of 25 ns in a bit-parallel format.

The SN74ACT2235 consists of bus transceiver circuits, two 1024 x 9 FIFOs, and control circuitry arranged for
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable GAB
and GBA inputs are provided to control the transceiver functions. The SAB and SBA control inputs are provided
to select whether real-time or stored data is transferred. The circuitry used for select control will eliminate the
typical decoding glitch that occurs in @ multiplexer during the transition between stored and real-time data. Eight
fundamental bus-management functions can be performed as shown on the operating modes page.

PRODUCTION DATA informetion ls current es of W dete. Copyright © 1991, Texas Instruments Incorporated
Products conform o por the ferme of Texse instruments

'warrenty. Productio! & Inolude
teeting of ol parameters.
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SN74ACT2235
1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991
[

functional description

bus lines (A0-A8, BO-B8)
Data inputs and outputs for 9-bit wide data.

resets (RSTA, RSTB)
A reset is accomplished in each direction by taking reset (RSTA) and (RSTB) low. This sets the empty flags
(EMPTYA and EMPTYB) and the half-full flags (HFA and HFB) low. The full flags (FULCA and FULLB) and the
almost full/aimost empty flags (AF/AEA and AF/AEB) are set high. Both FIFOs must be reset upon power up.

load clocks (LDCKA, LDCKB)
Data on the A bus (A0-A8) is written into FIFO A on a low-to-high transition of load clock A (LDCKA). Data on
the B bus (BO-B8) is written into FIFO B on a low-to-high transition of load clock B (LDCKB). When the FIFOs
are full, load clock signals have no effect on the data residing in memory.

unload clocks (UNCKA, UNCKB)

Data in FIFO A is read to the B bus (BO-B8) on a low-to-high transition of unload clock A (UNCKA). Data in
FIFO B is read to the A bus (A0-A8) on a low-to-high transition of unioad clock B(UNCKB). When the FIFOs
are empty, unload clock signals have no effect on data residing in memory.

output enables (GAB, GBA)
The output enables (GAB, GBA) control the transceiver functions. When GBA is low, the A bus (AO-A8) is in
the high-impedance state. When GAB is low, the B bus (BO-B8) is in the high-impedance state.

select control inputs (SAB, SBA)

The s-control inputs (SAB, SBA) select whether real-time or stored data is transferred. A low level selects
real-time data, and a high level selects stored data. Eight fundamental bus-management functions can be

performed as shown on the operating modes page.

define flag inputs (DAF, DBF)
The high-to-low transition of define A flag (DAF) stores the binary value on the A bus (AO-A8) as the
almost full/aimost empty offset value for FIFO A (X). The high-to-low transition of define B flag (DBF) stores the
binary value of the B bus (BO—B8) as the almost full/almost empty offset value for FIFO B (Y).

empty flags (EMPTYA, EMPTYB)
The empty flags (EMPTYA, EMPTYB) will be low when their corresponding memories are empty, and high when
they are not empty.

tull flags (FULLA, FULLB)
The full flags (FOLLA, FULLB) will be low when their corresponding memories are full, and high when they are
not full.

half-full flags (HFA, HFB)
The half-full flags (HFA and HFB) are high when their corresponding memories contain 512 or more words, and
low when they contain 511 or less words.

almost full/aimost empty fiags (AF/AEA, AF/AEB)

The almost full/almost empty A flag (AF/AEA,) is defined by the almost full/almost empty offset value for FIFO A
(X). The AF/AEA flag is high when FIFO A contains X or less words or 1024 minus X words. The AF/AEA flag
is low when FIFO A contains between X plus 1 or 1023 minus X words. The operation of the almost full/almost
empty B flag (AF/AEB) is the same as AF/AEA for FIFO B.

EXAS
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SN74ACT2235

1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 148A-D3568, DECEMBER 1990-REVISED APRIL 1991
P

functional description (continued)
programming procedure for AF/AEA

The almost full/almost empty flags (AF/AEA, AF/AEB) are programmed during each reset cycle. The almost
fuli/aimost empty offset value FIFO A (X) and for FIFO B (Y) are either a user-defined value or the default values
of X=256 and Y = 256. Below are instructions to program AF/AEA using both methods. AF/AEB is programmed

in the same manner for FIFO B.

user-defined X

Step 1.  Take DAF from high to low. This stores A0 thru A8 as X.
Step2. If RSTA is not already low, take RSTA low.
Step 3.  With DAF held low, take RSTA high. This defines the AF/AEA flag using X.
Step4.  To retain the current offset for the next reset, keep DAF low.

default X
To redefine the AF/AE flag using the default value of X = 256, hold DAF high during the reset cycle.
logic symbolt
D
AFO
aAB a4 ' 1024 x 9 x 2
; } MoDE SNT4ACT2235
SBA °
a3
QAB EN1
2
aBA ——EN2
e 2 npesera RESET B 2
21 p 24
DAF - DEF A FLAG DEF BFLAG -
LDCKA b~ LDCKA LDCKB
26 19
UNCKA e unesa UNCKB <] o
FIOA ——— 4 rua FULLB
BT = Jemprva EMPTYB 20
araga 2 ALMOST FULL/ ALMOST FULL/ %
1 ALMOST EMPTY A ALMOST EMPTY B 20
HFA HALF FULL A HALF FULL B
-] r
41
a0 2 o o1
5 0
Al
[ %
A2
as 7 ) ™
8 {ADATA > £ BDATA > s7
M an -
w o
AS
" u
As
12 33
A7
13 2
A8 8 8

1 This symbol is in accordance with ANSI/IEEE Std 91-1984.

RSTB
DBF
LDCKB
UNCKB
FOLIB
ENPTYB
AF/AEB
HFB

2332 BER2Y
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SN74ACT2235
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991
e

logic diagram (positive logic)

SAB

SBA ————4¢

AFO B
1024 x 9

HFB
AF/AEB
ENPTYB
UNCKB

)
)

NS .
1%
QBA ( I: Q D < <> BO

1 ot 9 Channels
‘L v
To Other Channels
aAB 1’> ]
L]
RSTA ———» 0 HFOA > HFA
DAF ——>———q 1%4x? > AF/AEA
FOOIA ——<——0 - —p EMPTYA
LDCKA < < UNCKA
m L
A0 <> > D Q

1 of 9 Channels

JV v To Other Channels
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SN74ACT2235

1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 148A-D3568, DECEMBER 1990-REVISED APRIL 1991
B

operating modes
FIFO A FIFO A
N ouT N ouT
BUS A BUS B BUS A BUSB
FIFO B AFO B
out N
SAB  SBA  QGAB aBA
(4] X 1 (1]
BUS B BUSA BUS B
SAB SBA  GAB GBA
X 0 0 1 1 ° 1 1
BUSB | BUSA BUSB
SAB SBA  GAB GBA
1 X 1 [ 0 1 1 1
BUS A r BUS B BUS B
GBA
X 1 1] 1
1 1 1 1
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1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 148A-D3568, DECEMBER 1990-REVISED APRIL 1991

SN74ACT2235
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SN74ACT2235
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1900-REVISED APRIL 1691
S

SELECT-MODE CONTROL TABLE
CONTROL OPERATION
SAB SBA A BUS B BUS
L L Real-time Bto Abus | Real-time A to B bus
L H FIFOBto A bus Real-time A to B bus
H L Real-time B to A bus FIFOAto Bbus
H H FIFO B to A bus FIFO A to B bus

OUTPUT-ENABLE CONTROL TABLE

CONTROL OPERATION
GAB GBA A BUS B BUS
H H A bus enabled B bus enabled
L H A bus enabled Isolation/input to B bus
H L Isohﬁonﬂnput to A bus B bus enabled
L L lath put to A bus | Isolation/input to B bus

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply VORAGE FraNGE, VoG - - oo vvve ittt i i i s

Input voltage: Control inputs

O POMS .ttt ettt e
Voltage applied to a disabled 3-state output

Operating free-air temperature range

Storage temperature FANGe ... ............viueineneeerniieeriarearessennerenernnns
Maximum junction temperature

150°C

1 Stresses beyond those listed under “absolute maximum ratings” m&yeouu perm-nomd-nm 10 the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those i

implied. Exp to absol im|

d d under

ated conditions for extended periods may afiect device reliability.

ded operating conditions” is not

¥ Texas
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SN74ACT2235

1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991
o

recommended operating conditions

'ACT2235-20

'ACT2235-30

'ACT2235-40

'ACT2235-80

MIN  MAX

MIN  MAX

MIN  MAX

MIN  MAX

UNIT

Vee Supply voltage

4.5

5.5

4.5

55

4.5

5.5

4.5 5.5

ViH High-level input voltage

<

ViL Low-level input voltage

0.8

0.8

0.8

A or B ports

-8

-8

loH High-level output current

Status flags

-8

~8

-8

mA

A or B ports

16

16

oL Low-level output current

Status flags

mA

LDCKA or LDCKB

50

33

16.7

Clock freq Y

UNCKA or UNCKB

33

o
88@3&&'@

16.7

MHz

tw Pulse duration

RSTA or RSTB low

LDCKA or LDCKB low

14

LDCKA or LDCKB high

10

UNCKA or UNCKB low

10

14

UNCKA or UNCKB high

10

14

"BAF or DBF high

30&@08

10

10

ns

tou Setup time

Data before LDCKA or
LDCKB?t

Define AF/AE: D0-D8
before DAF or DBF |

Define AF/AE: DAF or
DBF} betore RSTA or
RSTBt

Define AF/AE (defautt):
DAF or DBF high before
RSTA or RSTBt

RSTA or RSTB inactive
(high) before LDCKA or
LDCKB?

ns

th Hold time

Data after LDCKA or
LDCKB?

Define AF/AE: D0-D8
after DAF or DBF}

Define AF/AE: DAF or
DBF low after RSTA or
RSTBt

Define AF/AE (default):
DAF or DBF high after
RSTA or RSTB?

ns

free-air

Ta

S

70

70

70

°C

5-24
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SN74ACT2235
1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 148A-D3568, DECEMBER 1990-REVISED APRIL 1991
EEEE————

electrical characteristics over recommended operating free-air temperature range (uniess
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT

Von Voo =45V, o = —8mA 24 Vv
Flags Voo = 4.5V, ToL =8 mA 05

VoL \
IO ports | Vec = 45V, ToL = 16 mA 05

) Voo =55V, V; Voo or 0 5] pA

loz Vec=5.5V, Vo =Vecor 0 x5 A

s Vi=Voc-02Vor0 10 400 | pA

Alect Vec =55V, Oneinputat3.4V, Other inputs at Vcc or GND 1 mA

Ci V) =0, f=1MHz 4 pF

C Vo<=0, =1 MHz 8 oF

t Al typical values are at Vg = 5V, Ty = 25°C.
¥ Ioc tested with outputs open.
§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vee.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C;_ = 50 pF (unless otherwise noted) (see Figures 1 and 2)

PARAMETER FROM T0 ‘ACT2235-20 'ACT2235-30 | 'ACT2235-40 | 'ACT2235-60 ONIT
AN (INPUT) (ouTPUT) MIN TYPt MAX| MIN MAX| MIN MAX]| MIN MAX
LDCK 50 33 25 16.7

1 M

mex UNCK 50 33 25 16.7 Hz

tod LDCK?, LDCKBt BorA 8 22 8 22 8 24 8 26| ns
UNCKA?,

tod UNGKBY BorA 12 17 25 12 25 12 35 12 45| ns

toLH LDCK?, LDCKBt Emlﬁllii : 4 15 4 15 4 17 4 19] ns
UNCKAt, EMPTYA,

tPHL UNGKBY EMPTVE 2 17 2 17 2 19 2 21| ns

EMPTYA,

teHL ASTA|, RSTB| ENMPTYE 2 18 2 18 2 20 2 22| ns

toHL LDCK¢, LDCKBt | FULLA, FOLLB 4 15 4 15 4 17 4 19] ns

- UNCKAY, | rorrs, FOB 4 15| 4 15| 4 7] a4 19 ns
UNCKB?

tPLH RSTA|, RSTB, | FULLA, FOLLB 2 15 2 15 2 17 2 19| ns

tpLH RASTA}, RSTB| | AF/AEA, AF/AEB 2 15 2 15 2 17 2 9] ns

toLH LDCK?, LDCKB? HFA, HFB 2 15 2 15 2 17 2 19] ns
UNCKA?,

[ UNCKBY HFA, HFB 4 18 4 18 4 20 4 22| ns

toHL RSTA}, RSTB| HFA, HFB 1 15 1 15 1 17 1 19] ns

tod SAB or SBAT BorA 1 11 1 1 1 12 1 14| ns

o AorB BorA 1 1" 1 11 1 12 1 14| ns

tod LDCK?, LDCKBt | AF/AEA, AF/AEB 2 18 2 18 2 20 2 22| ns
UNCKA?,

tog UNCKB! AF/AEA, AF/AEB 2 18 2 18 2 20 2 22| ns

[ GBA or GAB AorB 2 11 2 11 2 13 2 15| ns

i GBA or GAB AorB 1 9 1 9 1 11 1 13| ns

1 These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
INSTRUMENTS 2




SN74ACT2235
1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 148A-D3568, DECEMBER 1990-REVISED APRIL 1991
[

operating characteristics, Voc =5V, Ty = 25°C

PARAMETER TEST CONDITIONS TYP UNIT
Outputs enabled KAl
Cpg Power dissipation capacitance per 1 Kbits prraveer C =50pF, f=5MHz = pF

PARAMETER MEASUREMENT INFORMATION

______ v
input 15V
"% T
r
R, = 500Q C,=50pF e : H——Dt— tpa
] +—— 3V
= I OM___/__\\E‘L
° ° ov
TOTEM-POLE OUTPUTS

LOAD CIRCUIT

Figure 1. Standard CMOS Outputs (All Flags)

Vee
St
From Output R
Under Test
S2

T

VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R, X St S2
tpzH Open Closed
ton o 500 @ 50 pF e
tprz Open Closed
' F
tgis o 500 Q 50 pl Closed Open
fgork - 50 pF Open Open

1 includes probe and test fixture capacitance.

Figure 2, 3-State Outputs (A0-A8, BO-B8)

‘V TeExas
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1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 148A-D3568, DECEMBER 1990-REVISED APRIL 1601
B

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME

tn—Pmpngctlon Delay Time — ns
3
+
N

g 3
+ +
- [

3

3

cpd — Power Dissipation Capacitance — pF
3

vs

LOAD CAPACITANCE

T
Vec=5V
I~ Ta=25C
R =5000Q

100 150 200 250 300

Cy - Load Capacitance - pF

Figure 3

POWER DISSIPATION CAPACITANCE

vs
SUPPLY VOLTAGE

Vec=5V
fi = SMHz
Ta=25°C

e

—

e

v

T T
45 46 47

T T T L T T
48 49 5 51 52 53 54 55

Ve - Supply Voltage -V

Figure 4
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1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1891
o

calculating power dissipation

With Iccr taken from Figure 4, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

P, = VCC x ['CCF + (N x AICC x dc)] + = (CL x V002 x fO)

A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

Pt = VCC X [ICC + (N x Alcc X dc)] +2 (de X Vcc2 x ﬁ) +Z (CL X Vcc2 X fO)

lcc = power-down |cc maximum

N = number of inputs driven by a TTL device

A lgc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C\ = output capacitive load

f; = data input frequency

f, = data output frequency

Texas
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 149-D3489, APRIL 1990-REVISED DECEMBER 1980

® Independent Asynchronous inputs and ¢ Empty, Full, and Half-Full Flags
Outputs * Access Times of 25 ns With a 50-pF Load
® Low-Power Advanced CMOS Technology * Data Rates From 0 to 50 MHz
¢ Bidirectional * Fall-Through Times of 23 ns Max
® 1024 Words by 9 Bits Each * High Output Drive for Direct Bus Interface
® Programmable Aimost Full/Aimost Empty ¢ 3.State Outputs
Flag
FN PACKAGE
(TOP VIEW)
o
o
2‘2255%%'0085
| WD § WS | S SN ) S ) SN ) S S ) S ) ) -
asfj7 654 32 14unaaan dp
Adlls B3
Vec[Jo a7[]B4
As ] 10 36[] Vec
As[] 1 35[] BS
A7(] 12 34[]Be
Asf] 13 33(] B7
GND[] 14 32[] B8
AF/AEAT] 15 31[] GND
HFA[] 16 30[] AF/AEB
LDCKA[]} 17 29[ HFB
1819 20 21 22 23 24 25 26 27 28
T EEER
REE BB
5=
w
description

A FIFO memory is a storage device that allows data to be written into and read from its aay at independent
data rates. The SN74ACT2236 is arranged as two 1024 by 9-bit FIFOs for high speed and fast access times.
It processes data at rates from 0 to 50 MHz with access times of 25 ns in a bit-parallel format.

The SN74ACT2236 consists of bus transceiver circuits, two 1024 x 9 FIFOs, and control circuitry arranged for
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable OE and
DIR inputs are provided to control the transceiver functions. The SAB and SBA control inputs are provided to
select whether real-time or stored data is transferred. The circuitry used for select control will eliminate the
typical decoding glitch that occurs in a multiplexer during the transition between stored and real-time data. Five
fundamental bus-management functions can be performed as shown on the operating modes page.

PRODUCTION DATA information le current as of Copyright © 1990, Texas Instruments Incorporated
Products conforn o .dld-nhﬂn-d —m
standerd warranty. Production processing does not necessarily inchide

Texas
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1980-REVISED DECEMBER 1890
[

functional description

bus lines (A0-A8, BO-B8)
Data inputs and outputs for 9-bit wide data.

resets (RSTA, RSTB)
A reset is accomplished in each direction by taking reset (RSTA) and (RSTB) low. This sets the empty flags
(EMPTYA and EMPTYB) and the half-full fiags (HFA and HFB) low. The full flags (FULLA and FULLB) and the
almost full/almost empty flags (AF/AEA and AF/AEB) are set high. Both FIFOs must be reset upon power up.

load clocks (LDCKA, LDCKB)

Data on the A bus (A0-A8) is written into FIFO A on a low-to-high transition of load clock A (LDCKA). Data on
the B bus (B0O-B8) is written into FIFO B on a low-to-high transition of load clock B (LDCKB). When the FIFOs
are full, load clock signals have no effect on the data residing in memory.

unload clocks (UNCKA, UNCKB)

Data in FIFO A is read to the B bus (B0-B8) on a low-to-high transition of unload clock A (UNCKA). Data in
FIFO B is read to the A bus (A0O—A8) on a low-to-high transition of unload clock B (UNCKB). When the FIFOs
are empty, unload clock signals have no effect on data residing in memory.

enable Inputs (OE, DIR)
The enable inputs control the transceiver functions. When OE is high, both buses (A0-A8, BO-B8) are in the
high-impedance state and may be used as inputs. With OE low and DIR high, the A bus is in the high-impedance
state and B bus is active. When both OE and DIR are low, the A bus is active and the B bus is in the
high-impedance state.

select control inputs (SAB, SBA)
The select control inputs (SAB, SBA) select whether real-time or stored data is transferred. A low level selects
real-time data, and a high level selects stored data. Five fundamental bus-management functions can be
performed as shown on the operating modes page.

define flag inputs (DAF, DBF)
The high-to-low transition of define A flag (DAF) stores the binary value on the A bus (AO-A8) as the
almost full/almost empty offset value for FIFO A (X). The high-to-low transition of define B flag (DBF) stores the
binary value of the B bus (B0-B8) as the almost ful/almost empty offset value for FIFO B (Y).

empty flags (EMPTYA, EMPTYB)
The empty flags (EMPTYA, EMPTYB) will be low when their corresponding memories are empty, and highwhen
they are not empty.

full fiags (FULLA, FULLB)
The full flags (FOLLA, FULLB) will be low when their corresponding memories are full, and high when they are
not full.

half-full flags (HFA, HFB)
The half-full flags (HFA and HFB) are high when their corresponding memories contain 512 or more words, and
low when they contain 511 or less words.

almost full/aimost empty flags (AF/AEA, AF/AEB)

The almost full/almost empty A flag (AF/AEA,) is defined by the aimost full/almost empty offset value for FIFO A
(X). The AF/AEA flag is high when FIFO A contains X or less words or 1024 minus X words. The AF/AEA flag
is low when FIFO A contains between X plus 1 or 1023 minus X words. The operation of the almost full/almost
empty B flag (AF/AEB) is the same as AF/AEA for FIFO B.

@ Texas
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3480, APRIL 1990-REVISED DECEMBER 1900
R

functional description (continued)

programming procedure for AF/AEA

The almost full/almost empty flags (AF/AEA, AF/AEB) are programmed during each reset cycle. The almost
full/aimost empty offset value FIFO A (X) and for FIFO B (Y) are either a user-defined value or the default values
of X=256and Y =256. Below are instructions to program AF/AEA using both methods. AF/AEB is programmed
in the same manner for FIFO B.

user-defined X

Step 1.  Take DAF from high to low. This stores AO thru A8 as X.

Step2. It RSTA is not already low, take RSTA high.

Step3.  With DAF held low, take RSTA high. This defines the AF/AEA fiag using X.
Step 4. To retain the current offset for the next reset, keep DAF low.

default X
To redefine the AF/AE flag using the default value of X = 256, hold DAF high during the reset cycle.

logic symbolt
[
AFO
1024 x 9 x 2
SN74ACT2236
44
saB ———— {1
1 MODE
sBA —— o
4
DIR ————tj SEN1 [BA]
2 SEN2 [AB]
OE -——J>22 as 23
msTE ——REsETA RESET B 4———-!—‘— RSTB
21 1
BAF T;____BDE“H_AQ DEF B FLAG » DBF
LDCKA —z;———-—-——>|_pc“ LDCKB<———‘° LDCKB
UNCKA —————> UNCKA UNCKB <j—————- UNCKB
AR druna FuLe P~ FULE
ENPTVA — | EMPTVA EMPTYB P ENPTYS
AF/AEA —————— ALMOST FULL/ ALMOST FULL/ |—————— AF/AEB
18 ALMOST EMPTY A ALMOST EMPTY B 20
HFA ——-——L"IIALFFULLA HALFFULLB |————— HFB
C
41
a0 2 Io v 2V|o0 Bo
5 40
am - B1
A2 B2
as 7 8 o
8 B DATA
"l " .
AS " 34 .t
A Be
12 33
A7 B7
13 32
A8 8 8 B8

t This symbol is in accordance with ANSI/IEEE Std 91-1984.
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1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990
S
logic diagram (positive logic)
N

SAB

HFB

AF/AEB

iy

FIFOB

EMPTYB <

UNCKB

[+) o

1024x9 pPp—€¢—

|

L
—
|

1 of 9 Channels

To Other Channels

oie —_’&@‘

Yvyy

FIFOA
DAF ————— > 1024x9
oA ————<+—( o—
LDCKA > <
m | C
A0 —€¢> > D

1 of 9 Channels

To Other Channeis

HFA
AF/AEA

UNCKA
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SCAS148-D3489, APRIL 1990-REVISED DECEMBER 1980
S

operating modes
AFO A
IN O
BUSA BUS B BUS A BUS B
AFOB AFO B
ouT ouT IN
SAB  SBA DIR OF
X X 1
BUS A BUS B
AFO a
out
HFO A
our
BUSA BUS B
HFO B
DIR
FAIFO A
IN  OuUT
BUS A

BUS B
FIFO B
out N
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SCAS149-D3489, APRIL 1980-REVISED DECEMBER 1990
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1960-REVISED DECEMBER 1990
)

SELECT-MODE CONTROL TABLE
CONTROL OPERATION
SAB  SBA A BUS B BUS
L L Real-tme Bto Abus | Real-time A to B bus
L H FIFOBto A bus Real-time A to B bus
H L Real-time B o A bus FIFO A to B bus
H H FIFO B to A bus FIFO A to B bus
OUTPUT-ENABLE CONTROL TABLE
CONTROL OPERATION
DIR OF A BUS B BUS
X H Input Input
L L Output Input
H L Input Output
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!
Supply voRage range, Vg - .. ot vv vt e -05Vto7V
Input voltage: ControliNPULS . .. ... ... intitiiit ittt i ne it iaenraas 7V
7L T 55V
Voltage applied to a disabled 3-state output . .......... ..ottt 55V
Operating free-air temperature raNge ...............ccoviiieinirniererinrnntoionnennerinns 0°C to 70°C
Storage temperature TANGE ... ..........ouvtiteneeuireneernennraneresnseneasosarans -65°Cto 150°C
Maximum JUNCHON tEMPENatUIe ... ... ........ouuteteenieinioeenuuetearoneeenansrosenneenasss 150°C
' Stresses beyond those listed under “absolute meximum ratings” m-yeuup«mmdmobhm Thmmmrdng.onty.
mmﬂondopofuﬁondhdwbonho-umymrmdﬂons yond those indicated under ded operating conditions” is not
implied. Exp ated conditions for sxtended pericds may affect devics relisbility.

EXAS
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 19890
[

recommended operating conditions

*ACT2236-20 | "ACT2236-30 | 'ACT2236-40 | 'ACT2236-80 UNT
MIN MAX| MIN MAX| MIN MAX| MIN MAX N
Vee Supply voltage 4.5 5.5 4.5 55 45 55 45 551 V
Vi High-level input voltage 2 2 2 2 v
Vi Low-level input voltage 08 0.8 08 0.8 v
loH High-level output current ::luas p'::: :2 :: :: :: mA
loL Low-level output current Aor B ports 16 18 16 16 mA
Status flags 8 8 8 8
oo Clookh LDCKA or LDCKE. 50 33 2 67| e
- i UNCKA or UNCKB 50 33 25 16.7
RSTA or RSTB low 20 20 25 25
LDCKA or LDCKB low 8 10 14 20
LDCKA or LDCKB high 8 10 14 20
b Pulse duration UNCKA or UNCKB low 3 10 14 20 ns
UNCKA or UNCKB high 8 10 14 20
DAF or DBF high 10 10 10 10
before LDCKA or
Eb':KB A ° 4 4 5 5
Define AF/AE: D0-D8 5 5 5 5
before DAF or DBF |
Define AF/AE: DAF or
DBF} before RSTA or 7 7 7 7
tou Setup time RSTBt ns
Define AF/AE (default):
DAF or DBF high before 5 5 5 5
RSTA or RSTBt
RSTA or RSTB inactive
(high) before LDCKA or 5 5 5 5
LDCKB?
E;ag:’ LDCKA or 1 1 2 2
Define AF/AE: DO-D8 0 0 0 o
after DAF or DBF |
: Define AF/AE: DAF or
* Hold time DBF low -/ﬂor RSTAor 0 0 0 0 ns
RSTBt
Define AF/AE (default):
DAF or DBF high after 0 0 (4] 0
RSTA or RSTB¢
T, Operating free-air temp 0 70 0 70 0 70 0 70| °C
TeExas
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SN74ACT2236

1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990
A

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Von Voo = 4.5V, lon = — 8 mA 2.4 v
v Flags Vec =45V, loL = 8 mA os|

oL /O ports Voo = 45 V, loL = 16 mA 05
h Vec =55V, V) =Vccor0 x5 pA
loz Vec =55V, Vo =Vcc or 0 5] pA
loct __ [Vi=Vec-02Vero 10 400] pA
Algc’ LR Vec = 5.5V, Onein 4V, Other i Vv GND 2 A

cc Other inputs cc =535V, putat3.4V, r inputs at Ve or 7 m,
Ci Vi=0, f=1MHz 2 oF
C Vo =0, f=1MHz 8 pF

T All typical values are at Ve = 5V, Ty = 25°C.
# Icc tested with outputs open.
§ This is the supply current when each input is at one of the specified TTL voltage levels rather than O V o Vc.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C; = 50 pF (unless otherwise noted) (see Figures 1 and 2)

PARAMETER FROM T0 "ACT2236-20 'ACT2236-30 | 'ACT2236-40 | 'ACT2236-60 UNIT
. (INPUT) (OUTPUT) MIN TYPT MAX| MIN MAX| MIN MAX| MIN MAX
LDCK 50 33 25 16.7
fmax UNCK 50 33 25 16.7 MHz
tog LDCK?t, LDCKBt BorA 8 23 8 23 8 25 8 27| ns
UNCKA?,
,',pd,, UNCKBY BorA 10 17 25 10 25 10 35 10 45| ns
tpLH LDCK?, LDCKB?t Em“ : 4 15 4 15 4 17 4 19] ns
UNCKA?, EMPTYA,
tPHL UNCKB! ENPTYE 2 17 2 17 2 19 2 21| ns
EMPTYA,
tPHL RSTA{, RSTB, EMPTYE 2 18 2 18 2 20 2 2] ns
[ LDCKt, LDCKBt | FULLA, FULLB 4 15 4 15 4 17 19] ns
UNCKA?,
toun UNCKBY FULLA, FULLB 4 15 4 15 4 7 4 19 ns
——————————
[ RSTA|,RSTB, | FULLA FULLB 2 15 2 15 2 17 2 19| ns
tpLH RSTA}, RSTB, | AF/AEA, AF/AEB 2 15 2 15 2 17 2 19] ns
oLy LDCK¢, LDCKBt HFA, HFB 2 15 2 15 2 17 2 19| ns
UNCKAt,
tPHL UNCKBY HFA, HFB 4 19 4 19 4 21 4 23] ns
tppL RSTA}, RSTB} HFA, HFB 1 15 1 15 1 17 1 19] ns
to SAB or SBAT BorA 1 1 1 1 1 13 1 15| ns
E AorB BorA 1 1 1 1 1 13 1 15] ns
tog LDCK¢t, LDCKBt | AF/AEA, AF/AEB 2 19 2 19 2 21 2 23] ns
UNCKA?,
tog UNCKBY AF/AEA, AF/AEB 2 19 2 19 2 23 2 23| ns
ton DIR, OE AorB 2 12 2 12 2 14 2 16| ns
tdis DIR, OE AorB 1 10 1 10 1 12 1 14| ns
1 These parameters are measured with the internal output state of the storage register opposits to that of the bus input.
TEXAS QP
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1980-REVISED DECEMBER 1980
[

operating characteristics, Vec =5V, Ty = 25°C

PARAMETER TEST CONDITIONS TYP UNIT
Outputs enabled _ 7
Cpd Power dissipation capacitance per 1 Kbits ropr CL =50pF, f=5MHz =7 pF
PARAMETER MEASUREMENT INFORMATION
—————— 3v
Input 1.5V
From Output I | GND
Under Test _H | !
R =500Q C_=50pF e : K———UIL— tod

LOAD CIRCUIT TOTEM-POLE OUTPUTS

Figure 1. Standard CMOS Outputs (All Flags)

— I Vee
S
From Output R
Under Test

C,

VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R, c t St S2
tozH Open Closed
ten n 500 © 50 pF e
) toHz Open Closed
Lis o 500 Q 50 pF e
fgork - 50 pF Open Open

1 Includes probe and test fixture capacitance.

Figure 2. 3-State Outputs (A0-A8, BO-B8)

| —— 3V
L] /N
B B ov
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3480. APRIL 1990-REVISED DECEMBER 1900
R

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
WP ecnsv
- 1o 25°C /L
8 ypss | ALz00 /
)
:
g typ+4
2 pd
-
g typ
2
/
yp-2

[} S0 100 150 200 250 300
C_ - Load Capacitance - pF

Figure 3

POWER DISSIPATION CAPACITANCE
vs

SUPPLY VOLTAGE

typ+2
w Vec=3V
a f; =5 MHz
.l' Ta=25°C /
g typ +1
i /
8 owr /
a
§
g Wp-2
1

T T T T Ll T T T

45 46 47 48 49 5 51 52 53 54 855
Vecc ~ Supply Volitage -V

Figure 4
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1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990
Y

calculating power dissipation

With Igcr taken from Figure 4, the maximum power dissipation based on all data outputs changing states on
each read may be calculated using:

Py = Vce x [lccr + (N x Algg x de)] + Z (C x Vec? x fo)
A more accurate power calculation based on device use and average number of data outputs switching can be
found using:

P( = VCC X [Icc + (N x Alcc X dC)] +Z (de x Vcc2 b3 ﬁ) +32 (CL X Vcc2 x fO)

lcc = power-down |cc maximum

N = number of inputs driven by a TTL device

A lgc = increase in supply current

dc = duty cycle of inputs at a TTL high level of 3.4 V
Cpq = power dissipation capacitance

C_ = output capacitive load

fi = data input frequency

f, = data output frequency
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SN74ALS2238
32X 9 X 2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990

® Independent Asychronous inputs and
Outputs

* Bidirectional

® 32 Words by 9 Bits Each

* Programmable Depth

® Data Rates from 0 to 40 MHz

* Fali-Through Time . .. 22 ns Typ
® 3-State Outputs

description

This 576-bit memory uses Advanced Low-Power
Schottky IMPACT-X™ technology and features
high speed and fast fall-through times. It consists
of two FIFOs organized as 32 words by 9 bits
each.

A FIFO memory is a storage device that allows
data to be written into and read from its array at
independent data rates. These FIFOs are
designed to process data at rates from 0to 40 MHz
in a bit-parallel format, word by word.

The SN74ALS2238 consists of bus transceiver
circuits, two 32 x 9 FIFOs, and control circuitry
arranged for multiplexed transmission of data
directly from the data bus or from the internal FIFO
memories. Enables GAB and GBA are provided to
control the transceiver functions. The SAB and
SBA control pins are provided to select whether
real-time or stored data is transferred. The
circuitry used for select control eliminates the
typical decoding glitch that occurs in a multiplexer
during the transition between stored and real-time
data. A low level selects real-time data and a high
selects stored data. Eight fundamental
bus-management functions can be performed as
shown on the operating modes page.

Data on the A or B data bus, or both, is written into
the FIFOs on a low-to-high transition at the load
clock input (LDCKA or LDCKB) and is read out on
a low-to-high transition at the unioad clock input
(UNCKA or UNCKB). The memory is full whenthe
number of words clocked in exceeds, by the
defined depth, the number of words clocked out.

When the memory is full, LDCK signals have no
effect on the data residing in memory. When the
memory is empty, UNCK signals have no effect.

IMPACT-X is a trademark of Texas Instruments incorporated.

N PACKAQGE
(TOP VIEW)
RSTAQ 1~ 4of]
DAF[J2  s9f] DBF
Aofls 3l BO
Atflsa a7l B
Azlls B2
GND[Je  asf] GND
A3fl7  axu[ B3
Afle 33]lBa
Asfle  32lBS
AsfJ1o a3l Bs
GND[J 11 a20f] GND
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32 X 9 X2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501,

APRIL 1990

description (continued)

Status of the FIFO memories is monitored by the FULLA, FULLB, EMPTYA, and EMPTYB output flags. The
FULLA and FULLB are definable full flags. A high-to-low transition on DAF stores the binary value of A0 through
A4 into aregister for use as the value of X. A high-to-low transition on DBF stores the binary value of BO through
B4 into a register for use as the value of Y. In this way, the depth of either FIFO can be defined to be one to
thirty-two words deep. The value of X and Y must be defined after power up or the stored value of X and Y will
be ambiguous. The FULLA and FULLB outputs are low when their corresponding memories are full and high
when the memories are not full.

The EMPTYA and EMPTYB outputs are low when their corresponding memories are empty and high when they
are not empty. The status flag outputs are always active.

A low-level pulse on the RSTA or RSTB inputs resets the control pointers on FIFO A or FIFO B and also sets
EMPTYA low and FULLA high or EMPTYB low and FULLB high. The outputs are not reset to any specific logic
levels. With DAF at a low level, a low-level pulse on RSTA sets FIFO A to a depth of 32 minus X, where X is
the value stored above. With DAF at a high level, a low level pulse on RSTA sets FIFO A to a depth of 32 words.
The depth of FIFO B is set in a similar manner. The first low-to-high transition on LDCKA or LDCKB, either after
a reset pulse or from an empty condition, will cause EMPTYA or EMPTYB to go high and the data to appear
on the Q outputs. It is important to note that the first word does not have to be unloaded. Cascading is easily
accomplished in the word-width direction, but is not possible in the word-depth direction.

logic symbolt
[}
FIFO
2x9x2
sea = 1) sM7aaLe2ss
cas ° 1} MODE
aAB :'1;——— EN1
aBA ———EN2
RSTA 2—~——h RESETA ReseTs 40 FSTE
DAF _—  _ NpEFAFULL peFBRUL—— X DBF
15 26
LDCKA —————1> LDCKA LDCKB +——— = |DCKB
24 17
UNCKA ————— > UNCKA UNCKB <—————2s UNCKB
ox % Aqua LB p——= FUOB
23 18
EWPTVA -2 AempTva EMPTYB p———— ERPTVB
A0 > o o}——2 g
4
A2 - w 2
A e T
Mg v (Tomy (Tomys| [y ™
As 10 3 8s
As L~ Be
13 28
a7 —— &
A8 ——18 sf——— B8

T This symbol is in accordance with ANSI/IEEE Std 91-1984.
Pin numbers shown are for the N package.
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32 X9 X 2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

mllAPﬁlle

logic diagram (positive logic)

sAB "> -1
SBA {>4
—LDD— 5
AFOB |1 «— WSTB
2x9
Fl— — ——  «— DBF
ENPTYB < !
UNCKB <t—<4— 1pckB
GBA 1'> I N 10 { < <> BO
1 of 9 Channels
v To Other Channels vy
4
aa—— >
v L ] I
FIFO A |
RSTA 2x9
DAF
FUOA —¢— Vs > ENIPTYA
LDCKA >d = <4+— UNCKA
A0—¢> 1o Q 1
]
1 of 9 Channels
vy To Other Channels v
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operating modes

BUS A

SAB SBA GAB

BUSB

BUS A

FIFO A

iN ouT

AFO B
ouT

BUS B

BUS A,

BUS B

BUS A

BUS B

BUS A BUSB | BUSA BUS B
H X H L L H
FAFO A
IN ouT
BUSA BUSB BUSB
FIFOB
ouT IN
SAB SBA GAB GBA
X H L H
H H
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32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1960

SELECT-MODE CONTROL TABLE
CONTROL OPERATION
SAB SBA A BUS B BUS
Real-time B to A bus Real-time A to B bus
FIFOBto A bus Real-time A to B bus
Real-time B to A bus FIFO Ato B bus
FIFO B to A bus FIFO A to B bus

Ixrrr
Ir ITr

OUTPUT-ENABLE CONTROL TABLE

CONTROL OPERATION
GAB GBA ABUS B BUS
H H A bus enabled B bus enabled
L H A bus enabled Isolation/input to B bus
H L Isolation/input to A bus B bus enabled
L L Isolation/input to A bus | Isolation/input to B bus

programming procedure for depth of FIFO Af

Program:

Step 1. With RSTA at a high level, take DAF from a high level to a low level. The high-to-low transition on
DAF stores the binary value of A0-A4 for use as the value of ‘X’ in defining the depth of FIFO A.

Step2. With DAF held low, pulse the RSTA signal low. On the low-to-high transition of RSTA, FIFO Ais set
to a depth of 32 minus X', where X is the value of AO-A4 stored above.

Step 3. Toredefine the depth of FIFO A to 32 words, hold DAF at a high level and pulse the RSTA signal low.

t The programming procedures used to define the depth of FIFO B are the same as the procedure above.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)*

SUPPlY VORAGE, VoG vt etit ettt e

Input voltage: Comtrol iNPUES ...........uieiniit it i e i i e
PO POMS .ttt ettt e e

Voltage applied to a diabled 3-state output

Operating free-air temperature range .............c.coiiiiiiiiiiiiiiiiiiiieneiieiniinnns

Storage temperature ranNge .. ............civerivreneeiieitieeeieieerrnieranannns

Maximum junction temperature ...............oueir ittt i i i s 150°C

+ Stresses beyond thosa listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and

functional operation of the device n: these or any other conditions beyond those indicated under * perating conditions” is not
implied. E to absolut ated conditions for extended periods may affect device reliability.
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32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990
]

recommended operating conditions (see Note 1)

MIN NOM MAX| UNIT
Voo Supply voltage 45 5 55| V
Vin High-evel input voltage 2 v
Vi Low-level input voltage 0.8 \
lon  High-evel output current ::: ::: -—oli mA
lou Low-level output current 2:;‘: :::: 2; mA
LDCKA or LDCKB 0 40
foook  Clock requency UNCKA or UNCKB 0 ey B
ASTA or RSTB low 17
LDCKA or LDCKB low 12,5
. Pulse duration LDCKA or LDCKB high 10 ns
UNCKA or UNCKB low 125
UNCKA or UNCKB high 10
DAF or DBF high 10
Deta before LDCKA or LDCKB?¢ 7
Define depth: D4-DO before DAF or DBF | 6
tou Setup time Define depth: DAF or DBF | before RGTA or ROTB1 45 ns
Define depth (32): DAF or DBF high before RSTA or RSTB1 32
LDCKA or LDCKB (inactive) before RSTA or RSTB¢ 5
Deta after LDCKA or LDCKB?¢ 3
Define depth: D4-DO after DAF or DBF | 4
th Hold time Deﬁnedopﬂ\:WuUﬁbwdluRSﬂaMt 1) ns
Define depth (32): DAF or DBF high after RSTA of RS TB1 0
LDCKA or LDCKB (inactive) after RSTA or RSTB? 5
Ta Operating free-air tsmperature 0 70 *C

NOTE 1: To ensure proper operation of this high-speed FIFO device, itis necessary to provide a clean signal to the LDCKA or LDCKB and UNCKA

Prop P

of the internal read and write pointers.

or UNCKB clock inputs. Any excessive noise or glitching on the clock inputs (which violates the V), V4, or minimum pulse duration limits)
can cause a false clock or i g
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D3501, APRIL 1980
R

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Vik Voo =45V, l=-18mA -12] v
Status flags Voc=45Vt055V, loy = —0.4 mA Voo—2
Vec =45V, loq =—2mA Vec-2
VoH v
A or B ports Voc=4.5V, lon = =3 mA 24 32
Vec =45V, lon = =15mA 2
Aor B ports Vec =45V, loL = 12 mA 025 04
S —rL e
cc=45V, oL = . -
Status flags Vec=45V, oL = 8 mA 035 05
DAF, DBF, RSTA, RSTB, GAB, GBA, SAB, o
| SBA, LDCKA, LDCKB, UNCKA, UNCKB Vec =55V, V=7V ) mA
A or B ports 0.2
DAF, DBF, RSTA, RSTB, GAB, GBA, SAB, »
hw SBA, LDCKA, LDCKB, UNCKA, UNCKB Vec =55V, Vi=27V wA
A or B ports? 40
DAF, DBF, RGTA, RO TB, GAB, GBA, SAB, o2
" SBA, LCKA, LDCKB, UNCKA, UNCKB Vec =55V, V=04V ] mA
A or B ports* -04
63 Z -
1o 2:1: ::: Vec =55V, Vo=2.25V _f: _:2 mA
Icc Vec =55V 190 350 mA

t All typical values are at Voc = 5V, Tp = 25°C.
% For 1/O ports, the parameters I;y; and |_include the offstate output current.
§ The output conditions have been chosen to produce a current that closely approximates one halif of the true short-circuit output current, log.

Texas
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E——

switching characteristics (see Note 2)

Voc = 45V10 5.5V,
C_ = 50 pF,
FROM To R = 5000,
PARAMETER uNIT
(NPUT) (OUTPUT) R2 = 5000,
Ta = MIN to MAX
MIN TYPT MAX
T LDCK, UNCK 40 MHz
LDCKAT, LDCKB{ oA 72w
o UNCKA{, UNCKB? 7 20 29
[ LDCKA{, LDCKBY 5 12 22
tor UNCKAT, UNCKBY EWFTVA, EWFTVE 5 12 2]
o RSTA|, RSTB, EMPTVA, EMPTYB 5 12 22| ns
torL LDCKAT, LDCKB? FOLLA, FULLB 5 12 22| ns
UNCKAT, UNCKB1 5 12 23
s RSTA|, RS1B, ' s 15 2]
SAB/SBA* 2 1 18
hai AB Bin 7 s k] ™
ten GBA/GAB A/B 2 6 15 ns
GBA/GAB AIB 7 5 12] ns

T All typical values are at Ve = 5V, Tq = 25°C.
* These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
NOTE 2: Load circuit and voltage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986.
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SN74ABT7815
64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS126-JUNE 1992
* Free-Running CLKA and CLKB May Be * EFA, FFA, AEA, and AFA Flags
Asynchronous or Coincident Synchronized by CLKA
* Two Independent 64 x 36 Clocked FIFOs * EFB, FFB, AEB, and AFB Flags
Buffering Data in Opposite Directions Synchronized by CLKB
® Mallbox Bypass Register for Each FIFO ® Passive Parity Checking on Each Port
¢ Dynamic Port B Bus Sizing of 36 Bits (Long ® Parity Generation Can Be Selected for Each
Word), 18 Bits (Word), and 9 Bits (Byte) Port
¢ Selection of Big- or Little-Endian Format for * Low-Power Advanced BICMOS Technology
Word and Byte Bus Sizes * Supports Clock Frequencies up to 67 MHz
¢ Three Modes of Byte Order Swapping on * Fast Access Times of 10 ns
Port B * Avaliable in 132-Pin Quad Flatpack (PQ) or
¢ Almost Full and Aimost Empty Flags Space-Saving 120-Pin Shrink Quad
¢ Microprocessor Interface Control Logic Flatpack (PCB)
description

The SN74ABT7815 is a high-speed, low-power BICMOS bidirectional clocked FIFO memory. It supports clock
frequencies upto 67 MHz and has read access times as fast as 10 ns. Two independent 64 x 36 dual-port SRAM
FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and full
conditions and two programmable flags (almost full and almost empty) to indicate when a selected number of
words is stored in memory. FIFO data on port B may be input and output in 36-bit, 18-bit, and 9-bit formats with
a choice of big- or little-endian configurations. Three modes of byte order swapping are possible with any bus
size selection. Communication between each port may bypass the FIFOs via two 36-bit mailbox registers. Each
mailbox register has a fiag to signal when new mail has been stored. Parity is checked passively on each port
and may be ignored if not desired. Parity generation can be selected for data read from each port.

The SN74ABT7815 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses controlled by a synchronous interface.

The full flag and almost full flag of a FIFO are two-stage synchronized to the port clock that writes data to its
array. The empty flag and almost empty flag of a FIFO are two-stage synchronized to the port clock that reads
data from its array.

PRODUCT PREVIEW Copyright © 1892, Texas Instruments incorporated
of dovelopment Cheracterieic det and other
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SN74ABT7815
64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS126—JUNE 1862
S —

PCB PACKAGE
(TOP VIEW)
TLeOnoal wwggg%mvnmw gggaowmam
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A23 Q1 TTTTTTTTTTomTmTmTmEETT 9 P B22
A22 2 89 O B21
A21 3 88 [ GND
GND ] 4 87 D B20
A20 O 5 86 J B19
A9 e ss [0 B18
A8 Q7 84 0 B17
A7 08 83 B16
Ate O ¢ 82 B15
A15 10 81 D B14
A4 Q1 so P B13
A13 12 79 P B12
A2 13 78 0 B11
A11 14 773 B10
A10 O] 15 76 0 GND
GND 16 75D Bo
Ao 17 74 B8
As ] 18 73P B?
A7 O 19 72P Vo
Vee g 20 71P B6
A6 O 21 700 BS
As O 22 69 ] B4
A4 023 68 |J B3
A3 24 67 |J GND
GND g 25 66 [ B2
A2 26 65 1 B1
A1 Q27 64 0 Bo
A0 28 63 ] EFB
EFA Q29 620 AEB
AEA [ 30 61 |1 AFB
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SN74ABT7815
64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS126-JUNE 1962
—

functional block diagram

ODD/EVEN rll Device Control rl RESET
CLKA
CSK Port A
WRA Control ‘
MBA Logic Read
ENA | Pointer
Parity 38 64 x 38 38 ™ s.wv:p
Register Generate | <t+7={ Dual-Port SRAM Register
K Aro2 4 g«':
PGA
—— j Write | 4
FSO > Polnter
Fs1 +{ FAFo2 - FFB
EFA < Flag > AF8
REA - Logic
WBF2 <+
1, .58
3 1 Parity Mail2 £
| Qenerate Register ] 4
s t . | Check | FEFe
iy s~
¢+ B0-B35
AO-A3S —+ 36 I'TZm_'I 36 J Pamy | se, ¥
| Register [ 4 |00muh| v
36, r
Y y T »
AFA — > WBF
FFA < FIFO1 > AEB
Fiag > EFB
—  Logic
y -
Wiite
Pointer .
v Qenerate [ ¢ PGB
P i | 21 2 m——
Register Dual-Port SRAM | > Register
FIFO 1 Swap ‘.-I—A—J [—<+—— TSB
Bus —<+— WRB
Tead Size PotB [~ ENB
Pointer Control [—+— BE
Logkk |—<— si20
——— sz
—<+— swo
J /¢ sw1
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SN74ABT7815

64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS126—JUNE 19892
N ——

Terminal Functions

PIN NAME | 1/O DESCRIPTION
AQ-A35 /O | Port A data. 36-bit bidirectional data port for side A.
AEA o FIFO2 almost empty flag. AEA is synchronous to CLKA and is low when the number of 36-bitlong words in FIFO2 is less
than or equal to the selected offset value.
AEB o FIFO1 almost empty flag. AEB is synchronous to CLKB and is low when the number of 36-bit long words in FIFO1 is less
than or equal to the selected offset value.
AFA o FIFO1 almost full flag. AFA is synchronous to CLKA and is low when the number of 36-bit empty locations in FIFO1 is
less than or equal to the selected offset value.
AFE o FIFO2 almost full flag. AFB Is synchronous to CLKB and is low when the number of 36-bit empty locations in FIFO2 is
less than or equal to the selected offset value.
B0-B35 /O | Port B data. 36-bit bidirectional data port for side B.
BE | Big-endian select. Selects the bytes on port B for use with byts or word data transfers. A low on BE selects the most
significant bytes of BO—B35 for use, and a high selects the least significant bytes.
CLKA | Port A clock. CLKA is a continuous clock that synchronizes all data transters through port A and may be asynchronous
or coincident to CLKB. EFA, FFA, AFA, and AEA are all synchronous to the low-to-high transition of CLKA.
Port B clock. CLKB is a contit clock that synchronizes all deta transfers through port B -nd may be asynchronous
CLKB | or coincident to CLKA. Port B byte swapping and data port sizing operations are also sy to the low-to-high
transition of CLKB. EFB, FFB, AFB, and AEB are synchronous to the low-to-high transition of CLKB.
TSA | | PortAchipselect. CSAmustbe low to enable & low-to-high transition of CLKA to read or write data on port A. The A0-A35
outputs are in the high-impedance state when CSA is high.
TsSB \ PortB chip select. TSB must be low to enable a iow-to-high transition of CLKB to read or write data on port B. The BO—B35
outputs are in the Mgh-lmpodo.nce state when CSB is high.
FIFO2 emplyflag. EFA is synchronized to the low-to-high Iransition of CLKA. When EFA is low, FIFO2 is empty, and reads
EFA O | are disabled. EFA is forced low when FIFO2 is reset and goes high on the second low-to-high transition of CLKA after
data is loaded to empty memory.
FIFO1 empty flag. EFB is synchronized to the low-to-high transition of CLKB. When EFB islow, FIFO1 is empty, and reads
EFB O | are disabled. EFEB is forced low when FIFO1 is resst and goes high on the second low-to-high transition of CLKB after
data is loaded to empty memory.
ENA | Port A master enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A.
ENB | Port B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B.
FIFO1 full flag. FFA is synchronized to the low-to-high transition of CLKA. When FFA is low, FIFO1 is full, and writes to
FFA O | itsarray are disabled. FFA goes low when FIFO1 is reset and goes high on the second low-to-high transition of CLKA after
reset.
"FIFO2 full flag. FFB is synchronized o the low-to-high transition of CLKB, When FFB is low, FIFO2 is full, and writes to
FFB O | tsarray are disabled. FFB goes low when FIFO2 is reset and goes high on the second low-to-high transition of CLKB after
reset.
FS0. FS1 | ‘Flag offset selects. The low-to-high transition of RESET latohes the value of the FSO and FS1, which selects one of four
' preset values for the almost empty and almost full offsets.
Port A mallbox select. A high level chooses a mailbox register for a port A read or write operation. When the AO-A35
MBA | outputs are active, a high level on MBA selects data from the mail2 register for output, and a low level selects FIFO2 data
for output.
Mail1 register flag. MBF{ is set low by the low-to-high transition of CLKA that writes data to the mail1 register. MBFT is
MBFT o set back high by a low-to-high transition of CLKB when a port B read is selected and both S1Z1 and SIZ0 are high. MBFT
is set high when FIFO1 is reset.
Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 is
MBF2 O | setback high by & low-to-high transition of CLKA when a port A read Is selected and MBA is high. MBFZ is set high when
FIFO2 is reset.
oDD/ Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity is checked when
EVEN | ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port If parity generation is enabled for
read operations.
&6 INSTRUMENTS




SN74ABT7815
64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING
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B

Terminal Functions (continued)

PIN NAME | 10 DESCRIPTION

PEFA O | A9-A17, A18-A26, and A27 ~A3S5, with the most significant bit of sach byte serving as the parity bit. The type of parity

Port A parity error flag. When any byte on AO-A35 fails parity, PEFA is forced low. Bytes are organized as A0—-AS8,

checked is determined by the level on the ODD/EVEN select input.

Port B parity error flag. When any valid byte on BO—B35 fails parity, PEFB is forced low. Bytes are organized as BO-B8,
B9-B17, B18-B26, and B27 - B35, with the most significant bit of each byte serving as the parity bit. A byte is valid when
Itis used in the bus size selection for port B. The type of parity checked is determined by the level on the ODD/EVEN select
input.

Port A parity generation. A high on PGA selects parity to be generated for data read from port A. The level on the
ODD/EVEN parity select input determines the type of parity generated.

PGB I

Port B parity generation. A high on PGB selects parity to be generated for data read from port B. The levei on the
ODD/EVEN parity select input determines the type of parity generated.

RESET | | RESET is low. This sets the AFA and AFB fiags high and the EFA, EFB, AEA, AEB, FFA, and FFB flags low. The low-to-high

Reset, To reset the device, four low-to-high transitions of CLIA and four low-to-high transitions of CLKB must occur while

transition of RESET latches the status of FS1 and FSO for aimost full and almost empty offset selection.

SiZo, siZ1 {

Port B bus size selects. A low-to-high transition of CLKB latches the value of SIZ0, SIZ1, and BE for a bus aize select,
and the following low-to-high transition of CLKB implements the latched value as a port B bus size. Port B bus sizes may
be selected from long word, word, and byte. A high on both SIZ1 and SIZ0 directs a write or reed on port B to a mailbox
register.

SWo, SW1 | by SW0 and SW1. The four modes of byte order swapping are no swap, byte swap, word swap, and byts-word swap. Byte

Port B byte swap selects. Atthe beginning of sach long word transfer, one of four modes of byte order swapping is selected

order swapping is possible with any bus size selection.

W/RA |

Port A write/fead select. A high selects a write operation and a low selects a read operation on port A for a low-to-high
transition of CLKA. The A0~A35 outputs are in the high-impedance state when W/RA is high.

W/RB |

Port B write/read select. A high selects a write operation and a low selects a read operation on port B for a low-to-high

transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is high.

FIFO function

The state of the AO—A35 outputs is controlled by TSA and W/RA. When both TSA and W/RA are low, the outputs
are active. The outputs are in the high-impedance state when either CTSA or W/RA is high. Data is written to
FIFO1 from port A on the low-to-high transition of CLKA when TSA is low, W/RA is high, MBA is low, ENA is
high, and the FFA flag is high. Data is read from FIFO2 to the AO—A35 outputs on the low-to-high transition of
CLKA when CSA is low, W/RA is low, MBA is low, ENA is high, and the EFA flag is high.

The state of the BO—B35 outputs is controlied by TSB and W/RB. When both TSB and W/RB are low, the outputs
are active. The outputs are in the high-impedance state when either CTSB or W/RB is high. Data is written to
FIFO2 from port B on the low-to-high transition of CLKB when TSB is low, W/RB is high, ENB is high, the FFB
flag is high, and either SIZ0 or SiZ1 is low. Data is read from FIFO1 to the port B outputs on the low-to-high
transition of CLKB when CSB is low, W/RB is low, ENB is high, the EFB flag is high, and either S1Z0 or SIZ1
is low.

The setup and hold time constraints to the port clocks for the chip selects (CSA, CSB) and write/read selects
(W/RA, W/RB) are for enabling write and read operations and are not related to high-impedance control of the
data outputs. If the master enable signal for a port (ENA or ENB) is set low during a clock cycle, the chip select
and write/read select may switch at any time during the cycle to change the state of the data outputs.

Each FIFO flag is two-stage synchronized to a port clock for use as a reliable synchronous control signal. CLKA
synchronizes the status of the empty flag (EFA) and almost empty fiag (AEA) of FIFO2 and the full flag (FFA)
and almost full flag (AFA) of FIFO1. CLKB synchronizes the status of the empty flag (EFB) and almost empty
flag (AEB) of FIFO1 and the full flag (FFB) and almost full flag (AFB) of FIFO2.
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SN74ABT7815
64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

FIFO function (continued)

When the fullflag (FFA, FFB) of a portis low, the FIF O receiving input from the portis full, and writes are disabled
to its array. When the empty flag (EFA, EFB) of a port is low, the FIFO that outputs data to the port is empty, and
reads from its memory are disabled.

mailbox registers

A 36-bit data word may be exchanged between ports and circumvent the normal FIFO path. The mailbox select
input (MBA) chooses between a mail register and a FIFO for a port A data transfer operation. Port B accesses
a mail register when the bus size select inputs (SIZ0, SIZ1) are both high. AO—-A35 data is written to the mail1
register on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high, and MBA is high.
BO-B35 data is written to the mail2 register on a low-to-high transition of CLKB when CSB is low, W/RB is high,
ENB is high, and both SIZ0 and SIZ1 are high.

When data is written to a mail register, its mailbox flag (MBF1, MBF2) is set low. The MBFT flag is set high on
alow-to-high transition of CLKB when a read is selected for port B and both SIZ0 and SiZ1 are high. The MBF2
fiag is set high on a low-to-high transition of CLKA when a read is selected for port A and the MBA input is high.
The data in a mailbox register remains intact after it is read and changes only when new data is written to the
register. When the BO—B35 outputs are active, mail1 data is output if both SIZ0 and SIZ1 are high, and FIFO1
data is output if either bus size input is low. The level on MBA selects between FIFO2 and mail2 data for output
on A0O—AG35.

reset

The SN74ABT7815 is reset by taking the reset input (RESET) low for at least four CLKA and four CLKB
low-to-high transitions. This resets the internal read and write pointers of each FIFO to their initial locations and
forces AFA and AFB flags high and EFA, EFB, FFA, FFB, AEA, and AEB flags low. The reset input may by
asynchronous with respect to either clock. Resetting the device also forces the mailbox flags (WBF1, MBF2)
high. Data outputs of the FIFO and mailbox register are not reset to any specific logic level. The device must

be reset upon power up.

almost full and aimost empty flags

Four preset values are available for the offsets of the almost full and almost empty flags of the SN74ABT7815.
The flag select inputs (FSO, FS1) are sampled by the low-to-high transition of the reset input (RESET), and the
offsets for AFA, AEA, AFB, and AEB are set according to the flag programming table.

An almost empty flag is low when the number of 36-bit words stored in its FIFO is less than or equal to the flag’s
offset value. An almost full flag is low when the number of empty locations left in its FIFO is less than or equal
to the flag's offset value. Data in the output register of a FIFO has been read from memory, and its previous
location is free.

FLAG PROGRAMMING TABLE

AF AND AE
Fs1 | Fso | RESET OFFSET
H H 1 16
H L t 12
L H 1 8
L L 1 4

EXAS
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dynamic bus sizing

Port B may be configured in a 36-bit long-word, 18-bit-word, or 9-bit-byte bus size with a choice of big- or
littie-endian formats to read data from FIFO1 or input data to FIFO2. The bus size can be changed synchronous
to CLKB to accommodate peripherals of various bus sizes.

A bus size is selected on the low-to-high transition of CLKB by the levels on the bus size inputs (S1Z0, SIZ1)
and the big-endian input (BE) according to Figure 1. The bus size is implemented on port B by the following
low-to-high transition of CLKB. When reading data from FIFO1 and a bus size of word or byte length is
implemented for port B, the unused outputs of BO—B35 remain active but static, holding the last data value to
decrease power consumption.

The port B almost empty flag (AEB) and almost full flag (AFB) always measure the number of 36-bit memory
locations in the FIFOs regardless of the bus size. The port B empty flag (EFB) and full flag (FFB) are based on
the bus size selection.

INSTRUMENTS &0

PRODUCT PREVIEW



M3IA3Hd 109NnAaoHd

SN74ABT7815
64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS126-JUNE 1992
R

A5 A27 A26 A18 A17 A9 A8 A0
BYTE ORDER ON PORT A: A B c D | Writeto FIFO2/Read From FAFO1
B35 B27 B26 B8 BI7 B9 B8 BO
siz1 $iZo A B c D | Read From FIFO1/Write to FIFO2
L L
(%) LONG WORD SIZE
B35 B27 B26 Bis BI7 B9 B8 BO
sz1 sizo A B 7
A 1st: Read From FIFO1/Wrlite to FIFO2
L H B35 B27 B2 Bis Bi7 B9 Bs BO
c ) 7/ 2nd: Read From FIFO1/Write to FIFO2
A 7,
(b) WORD SIZE-BIQ ENDIAN
B35S B27 B26 B18 Bi7 B9 B8 B0
V) 7/
sz1 | sizo / / c D | 1st: Read From FIFO1/Write to FIFO2
2 W
L H BIS B27 B26 B18 Bi7 Bo B8 BO
7// 7 A B | 2nd: Read From FIFO1/Wirlite to FIFO2
(c) WORD SIZE-LITTLE ENDIAN
B3 B2 B26 B18 Bi7 B9 B8 BO
sz | swzo A /// / % 1st: Read From FIFO1/Write to FIFO2
A g
H L B35 B27 B2 Bi8 Bi7 B9 B8 BO
% / 7 //
B 2nd: Read From FIFO1/Write to FIFO2
) v W
B35 B27 B26 B1s Bi7 Be B8 BO
L l/, /
c é 3rd: Read From FIFO1/Write to FIFO2
B35 B27 B26 B18 Bi7 B9 B8 BO
7 % / %
D 4th: Read From FIFO1/Write to IFO2
) ) W
(d) BYTE SIZE-BIG ENDIAN
Figure 1. Dynamic Bus Sizing
o R Tixas
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B27 B26 B18 B17 B9 Bs BO

BE Siz1 sizo /) % % D 1st: Read From FIFO1/Write to FIFO2

H H L B3S B27 B2 B18 Bi7 Be B8 Bo

7 % % ¢ | 2nd: Read From AFO1Write to AIFO2

B26 B18 Bi17 B9 B8 BO
% / [/
B 3rd: Read From FIFO1/Write to FIFO2
7 7, %
B35 B27 B2 B18 Bi7 B9 B8 BO

7 7 ///A @ A 4th: Read From FIFO1/Writs to FIFO2

(e) BYTE SIZE-LITTLE ENDIAN

NE

§
4

Figure 1. Dynamic Bus Sizing (continued)

byte swapping

The byte order of port B can be changed synchronous to CLKB for FIFO data passing through port B. Four
modes of byte order swapping (including no swap) can be done with any data port size selection. The order of
the bytes can be rearranged, but the bit order within the bytes remains constant.

When reading data from FIFO1 to port B, the byte arrangement is chosen by the swap inputs (SWO0, SW1) on
a low-to-high transition of CLKB that reads a new long word from FIFO1. Data is unloaded to the data outputs
according to Figure 2.

When writing data from port B to FIFO2, the byte arangement is chosen by the swap inputs (SW0, SW1) on
a low-to-high transition of CLKB that writes a new long word to FIFO2. Data is loaded to memory according to
Figure 2. The status of the SW0 and SW1 inputs has no effect when a port B read or write operation accesses
a bypass register.
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A35 A27 A26 A18 A17 A9 A8 Ao
swi swo A B c D
I e A A
A B c D
B35 B27 B26 B18 Bi7 B9 Bs BO
(a) NO SWAP
A35 A27 A26 A18 A17 A9 A8 A0
SW1 Sswo A B c D
L H
B35 B27 B26 B8 Bi7 B9 B8 BO
(b) BYTE SWAP
AS5 A27 A2 A18 A17 A9 A8 A0
SW1 sWo A B c D
H L
c D A B
B35 B27 B26 Bi8 B17 B9 B8 Bo
(c) WORD SWAP
A35 A27 A26 A18 A17 A9 A8 A0
SW1 swo A B c D
B A D c
B35 B27 B26 Bi8 B17 B9 B8 BO
(d) BYTE-WORD SWAP
Figure 2. Byte Swapping (Long Word Size Example)
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parity checking and parity generation

The parity error flag for port A (PEFA) is low if any byte on AO—A3S5 fails a parity check. The bytes are arranged
as A0—-AB, A9—-A17, A18—-A26, and A27—A35, with the most significant bit of each byte used as the parity bit.
The bytes on port B are also arranged as BO—B8, B9—B17, B18—-B26, and B27—-B35 with the most signicant
bit of each byte used for parity. Only the port B bytes selected by the bus sizing inputs (BE, SIZ1, SIZ0) are
checked for parity, with a parity failure of any of the selected bytes forcing a low on the port B parity error flag
(PEFB). The odd/even select input (ODD/EVEN) chooses the type of parity checked on both port A and port B.

Parity can be generated for data read from a port by asserting the port's parity generation input (PGA, PGB)
for the low-to-high transition of the clock that reads the data to the output. When parity generation is selected
for a port read, parity is generated for each byte based on the ODD/EVEN input selection and stored in the most
significant bit of the byte. Parity can be generated for reads from FIFO memory and reads from the mailbox
register.

recommended operating conditions

MIN  MAX| UNIT
Vee Supply voltage 4.5 55 v
Vi High-level input voltage 2 \4
Vi, Low-level input voltage 0.8 )
loH High-evel output current -4] mA
loL Low-leve! output current 8] mA
Ta Operating free-air temp 0 70 *C
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C;_ = 30 pF (unless otherwise noted)

FROM TO 'ACT7815-15 | 'ACT7815-20 | 'ACT?815-25 | "ACT781540
PARAMETER (INPUT) (OUTPUT) MIN MAX] MIN MAX| MIN MAX| MIN MAX UNIT
[ CLKA or CLKB 67 50 20 25 MHz
CLKA? A0—A35 10 12 14 16
CLKBt BO—B35 10 12 14 16
o CLKA? EFA, FFA, AEA, AFA 10 12 14 16
CLKBY EFB, FFB, AL, AFB 10 12 i 6] ™
MBA AO—A35 1 12 14 16
tpd Si21, Sizot B0-B35 11 12 14 16
o MBA A8, A7, A26, A35 14 15 17 i1 .
SIZ1, SI20 B8, B17, 626, B35 14 15 17 19
torL CLKAt J— 10 12 14 0l
toLn CLKB? 9 1 13 15
torL CLKB? p— 10 12 14 il [
toLn CLKA} 9 i 13 15
4o AO-A35 “PEFA 13 14 16 il .
BO-B35 PEFB _ 13 14 16 18
PEFA 12 13 15 17
o ODD/EVEN PEFE 2 13 15 7] ™
torL RESET AEA, AEB ns
TSA, WRA AO—A35
ten ——————ar ns
TSB, W/RB BO—B35
TSA, WRA AO—A35
s TSB, WRB B0-B35 ne

1 Selecting between FIFO1 and mail1 output with SIZ1 and SIZ0
# Parity generation is selected when reading a bypass register.

Texas
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® Free-Running CLKA and CLKB May Be ® Passive Parity Checking on Each Port
Asynchronous or Coincident * Parity Generation Can Be Selected for
® Two Independent 64 x 36 Clocked FIFOs Each Port
Buffering Data In Opposite Directions * Low-Power Advanced BICMOS Technology
¢ Aimost Ful/Aimost Empty Flags ® Supports Clock Frequencles up to 67 MHz
® Microprocessor interface Control Logic © Fast Access Times of 11 ns
* IRA, ORA, AEA and AFA Synchronized to * Avallable In 132-pin Quad Flat Package
CLKA (PQ) or Space-Saving 120-pin Shrink Quad
* IRB, ORB, AEB and AFB Synchronized to Flat Package (PCB)
CLKB
description

The SN74ABT7816 is a high-speed, low-power BICMOS bidirectional clocked FIFO memoty. It supports clock
frequencies up to 67 MHz and has read access times as fast as 11 ns. Two independent 64 x 36 dual-port SRAM
FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and full
conditions and two flags (almost full and almost empty) to indicate when a selected number of words is stored
in memory. Communication between each port may bypass the FIFOs via two 36-bit mailbox registers. Each
mailbox register has a flag to signal when new mail has been stored. Parity is checked passively on each port
and may be ignored if it is not desired. Parity generation can be selected for the data read from each port.

The SN74ABT7816 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses with synchronous control.

The input ready flag and almost full flag of a FIFO are two-stage synchronized to the port clock that writes data
to its array. The output ready flag and almost empty flag of a FIFO are two-stage synchronized to the port clock
that reads data from its array.

Copyright © 1992, Texas Instruments Incorporated
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PCB PACKAGE
(TOP VIEW)

IveQroaBao-a gm%m - 28850“’3'”

38805885853325583383858880883 8

inisinisinisinisinininininisininisisinininisinisinisisinininl

f2ererron-28858838858885883885
A3 1 7 TTTTTToTTToT oY 90 [ B22
A22 2 89 P B21
A21 3 88 |J GND
GND 04 870 B20
A20 O 5 ss D B19
A19 06 85 D B18
A8 Q7 84 1 B17
A17 8 831 B16
Ate [} 82 B15
A15 [ 10 81 B14
A4 OQn 8o [J B13
A13 12 79 P B12
A12 13 782 B11
A1 g4 77 B10
A10 Q15 76 B GND
GND 16 5P BS
A9 O 17 74 B8
As 18 730 g7
A7 Q19 720 Ve
Ve g 20 710 Bs
As O 21 70P BS
As 22 69 ) B4
A4 23 68| B3
A3 24 67 0 GND
GND g 25 es P B2
A2 26 65 7 By
A1 27 64 ] Bo
Ao 428 631 EFB
£rA O 20 62D AFB
AEA O 30 61 D AFB

FH3IBEERBITIIIVLILVIBS

P33IBR5R38

UUUUUUUUUUUUUUUULTD‘UUUUDUUULTU

Efgasesghects g%%%%%%

NC—No internal connection

R

Texas
6-16 INSTRUMENTS



SN74ABT7817
64 X 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS126-JULY 1982

¢ Mallbox Register in Each Direction

Member of the Texas Instruments ® Aimost Full and Aimost Empty Filags

Widebus+™ Famlly * Microprocessor Interface Control Logic

Free-Running CLKA and CLKB May Be * FF and AF Flags Synchronized by CLKA

xyn:shrco;co:sdo;;;lr:l::::t Data F * EF and AE Flags Synchronized by CLKB
x 0 ng Data From

Port A to Port B : Passive Parity Checking on Each Port

Parity Generation Can Be Selected for Each
Port

Low-Power Advanced BICMOS Technology
® Supports Clock Frequencies up to 67 MHz

Dynamic Port B Bus Sizing of 36 Bits (Long .
Word), 18 Bits (Word), and 9 Bits (Byte)

Selection of Big- or Little-Endlan Format for

Word and Byte Bus Sizes ® Fast Access Times of 11 ns
* Three Modes of Byte Order Swapping on ® Avallable in 132-Pin Quad Flat
PortB Package (PQ) or Space-Saving 120-Pin
Shrink Quad Flat Package (PCB)
description

The SN74ABT7817 is a high-speed, low-power BiCMOS clocked FIFO memoty. It supports clock frequencies
up to 67 MHz and has read access times as fast as 11 ns. The 64 x 36 dual-port SRAM FIFO buffers data from
port A to port B. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost
full and almost empty) to indicate when a selected number of words is stored in memory. FIFO data on port B
may be output in 36-bit, 18-bit, and 9-bit formats with a choice of big- or little-endian configurations. Three modes
of byte order swapping are possible with any bus size selection. Communication between each port may take
place with two 36-bit mailbox registers. Each mailbox register has a flag to signal when new mail has been
stored. Parity is checked passively on each port and may be ignored if not desired. Parity generation can be
selected for data read from each port.

The SN74ABT7817 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses with synchronous control.

The full flag (FF) and almost full fiag (AF) of the FIFO are two-stage synchronized to CLKA. The empty fiag (EF)
and almost empty flag (AE) of the FIFO are two-stage synchronized to CLKB.

is a trad k of Texas Instr, ts | P d
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Copyright © 1992, Texas Instruments incorporated
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PCB PACKAGE
(TOP VIEW)
3589588285593 82833053288088838
3880338525232 83803858 8808888
inizisininisisinininisininisisisisizsisizsizisisisisiasinininlal
R2ereprron-28858838558885883385
A3t 7T T TTTTTTTTTmTT T 9 P B22
A22 2 89 [0 B21
A21 (3 88 |1 GND
GND O 4 87 |J B20
A20 5 86 [0 B19
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A4 g1 80 [d B13
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A12 13 78 P B11
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GND 18 75 Bg
A9 17 74 B8
As 18 730 B7
A7 Q19 720 Vee
Vee g 20 71 Bs
As {21 70pP Bs
As O 22 69 B4
A4 023 es D B3
A3 24 67 2 GND
GND O 25 66 1 B2
A2 26 65| B1
A1 {27 64 J Bo
Ao 428 63 EFB
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NC d 30 61 P NC
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¢ Free-Running CLKA and CLKB May Be
Asynchronous or Coincident

Passive Parity Checking on Each Port
Parity Generation Can Be Selected for

® 64 x 36 Clocked FIFO Buffering Data From Each Port

PortAto Port B * Low-Power Advanced BICMOS Technology
* Almost Full and Almost Empty Flags * Supports Clock Frequencies up to 67 MHz
® Microprocessor Interface Control * Fast Access Times of 11 ns

* IR and AF Flags Synchronized to CLKA Avallable in 132-Pin Quad Flat Package
* OR and AE Flags Synchronized to CLKB (PQ) or Space-Saving 120-Pin Shrink Quad
Flat Package (PCB)

description

The SN74ABT7818 is a high-speed, low-power BICMOS bidirectional clocked FIFO memoty. It supports clock
frequencies up to 67 MHz and has read access times as fast as 11 ns. The 64 x 36 dual-port SRAM FIFO buffers
data from port A to port B. The FIFO has flags to indicate empty and full conditions and two flags (almost full
and almost empty) to indicate when a selected number of words is stored in memory. Communication between
each port may take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal when new
mail has been stored. Parity is checked passively on each port and may be ignored if it is not desired. Parity
generation can be selected for the data read from each port.

The SN74ABT7818 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses with synchronous control.

The input ready flag (IR) and almost full flag (AF) of the FIFO are two-stage synchronized to CLKA. The output
ready flag (OR) and almost empty flag (AE) of the FIFO are two-stage synchronized to CLKB.

mwc:h ms'wm come i famatvs o Copyright © 1892, Texas Instruments Incorporated
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PCB PACKAGE
(TOP VIEW)
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SN74ACT2226, SN74ACT2228

DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES
JUNE 1992
® Dual Independent FIFOs Organized As: DW PACKAGE
- 64 Words by 1 Bit Each - SN74ACT2226 (TOP VIEW)
— 256 Words by 1 Bit Each - SN74ACT2228 el U 24]] 1RDCLK
* Free-Running Read and Write Clocks May 1armell2 23] 1RDEN
Be Asynchronous or Coincident on Each wrreik (s 22fl10R
FIFO wWrRTEN[+ 21l
® Input Ready Filags Synchronized to Write 1IR(]s 20[] 2RESET
Clocks 1D(ls 19[] Vee
* Output Ready Flags Synchronized to Read GND(]7 18[]2D
Clocks 1RESET ({8 17f]2IR
* Half-Full and Almost Full/Almost Empty 2afle  1sflawrTEN
Flags 20R(j10  1s]J2wRTCLK
* Support Clock Frequencies Up To 15 MHz ZT)DEN :’2 :; %::';/AE
¢ Characterized for Operation Over the ZRDCLK

Industrial Temperature Range (-40°C

to 85°C)

Access Times of 20 ns

Low-Power Advanced CMOS Technology
Avalilable In 24-Pin SOIC (DW) Package

description

The SN74ACT2226 and SN74ACT2228 are dual FIFOs suited for a wide range of serial data buffering
applications including elastic stores for frequencies up to T2 telecommunication rates. Each FIFO on the chip
is arranged as 64 x 1 (SN74ACT2226) or 256 x 1 (SN74ACT2228) and has control signals and status flags for
independent operation. Output flags per FIFO include input ready (1IR or 2IR), output ready (10R or 20R),
hatf-full (1HF or 2HF), and almost full/almost empty (1AF/AE or 2AF/AE).

Serial data is written into a FIFO on the low-to-high transition of the write-clock (1WRTCLK or 2WRTCLK) input
when the write enable (1WRTEN or 2WRTEN) input and input ready flag (1IR or 2IR) output are both high. Serial
data is read from a FIFO on the low-to-high transition of the read clock (1RDCLK or 2RDCLK) input when the
read enable (1RDEN or 2RDEN) input and output ready flag (10R or 20R) output are both high. The read and
write clocks of a FIFO may be asynchronous to one another.

Copyright © 1992, Texas Instruments Incorporated
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SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
E——

logic symbolst

1RESET
1WRTCLK
1WRTEN
1RDCLK
1RDEN

1D

2RESET
2WRTCLK
2WRTEN
2RDCLK
2RDEN

2D

1RESET
1WRTCLK
1WRTEN
1RDCLK
1RDEN

1D

2RESET
2WRTCLK
2WRTEN
2RDCLK
2RDEN

2D

[
FIFO 684 x 1
8 SN74ACT2226
——— I RESET 5
3 IN RDY
E> WRTCLK 1
4 HALF-FULL
WRT! 2
2 RTEN  ALMOST FULL/EMPTY
22
” > RDCLK OUT RDY
RDEN
6 rj L I 21
20
—— N RESET 17
15 IN RDY
16 > WRTCLK 13
WRTEN HALF-FULL »
12 ALMOST FULL/EMPTY |————
> RDCLK 10
" OUT RDY
RDEN
18 r—l L l [
)
FIFO 256 x 1
s SN74ACT2228
——— N RESET 5
3 IN RDY
———— b WRTCLK 1
a HALF-FULL "
——— WRTEN
2 ALMOST FULL/EMPTY =
” > RDCLK OUT RDY
———— 1 RDEN
[ Ij L | 21
2o
RESET 1
15 IN RDY
" 5 WRTCLK 13
1
WHTEN HALF-FULL "
12 ALMOST FULL/EMPTY
> RDCLK 10
1 OUT RDY
RDEN
18 I-l [‘] 9

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

1R
1HF
1AF/AE
10R

1Q

1R
1HF
1AF/AE
10R

1Q

2R
2HF
2AF/AE

Texas
INSTRUMENTS



SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
I
SN74ACT2226 functional block diagram (each FIFO)
° Y
Location 1
RDCLK Synchronous > Read |—X\| Location2
RDEN ReadControl | | Pointer |/
Dual-Port
SRAM
WRTCLK Synchronous > Write 841
WRTEN Write Control ¢—| Pointer |/ Location 63
Y4 Location 64
a
AF/AE
L} Status HF
Reset
1 Logie R R
RESET——— " OR
SN74ACT2228 functional block diagram (each FIFOQ)
° Y
Location 1
RDCLK Synchronous »- Read |—\_ Location 2
RDEN ReadControl | | Pointer
Dual-Port
SRAM
WRTCLK v > Writs 281
WRTEN Write Control o] Pointer | —u
\ Y Locatlon 256
o
AF/AE
L] Status HF
] o "
RESET————— o OR
¥ Texas
INSTRUMENTS 623

PRODUCT PREVIEW



M3IA3Hd 109NA0odd

SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
——
Terminal Functions
PIN
o DESCRIPTION
NAME NO.
1AF/AE 2 o Almost full/aimost empty flag. AF/AE is high when the memory is eight locations or less from a full or empty state.
2AF/AE 14 AF/AE Is set high after reset.
1D,2D 6,18 | | |Datainput
GND 7 Ground
1HF 1 o Half-full flag. HF is high when the number of bits stored in memory is greater than or equal to half the FIFO depth.
2HF 15 HF is set low after reset.
1R 5 Input ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full and
2R 17 O | writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of WRTCLK
after reset.
10R 2 Outputready flag. OR is synchronized to the low-to-high transition of RDCLK. When ORis low, the FIFO is empty
20R 10 O | and reads are disabled. Ready data is present on the data output when OR is high. OR is set low during reset
and set high on the third low-to-high transition of RDCLK after the first word is loaded to empty memory.
1Q 21 o Data outputs. After the first valid write to empty memory, the first bit is output on the third rising edge of RDCLK.
2Q 9 OR for the FIFO is also asserted high at this time to indicate ready data.
1RDCLK 2 Read clock. RDCLKis a continuous clock and may be independentof any other clock on the device. Alow-to-high
2RDCLK 12 | transition of RDCLK reads data from memory when the FIFO's RDEN and OR are high. OR is synchronous with
the low-to-high transition of RDCLK.
1RDEN 3 \ Read enable. When the RDEN and OR of a FIFO are high, data is read from the FIFO on the low-to-high transition
2RDEN " of RDCLK.
1RESET 8 | Reset. Toreset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must
2RESET 20 occur while RESET is low. This sets HF, IR, and OR low and AF/AE high.
Vee 19 Supply voltage
IWRTCLK 3 Write clock. WRTCLK is a continuous clock and may be independent of any other clock on the device. A
SWRTCLK 15 | low-to-high transition of WRTCLK writes data to memory when WRTEN and IR are high. IR is synchronous with
the low-to-high transition of WRTCLK.
1WRTEN 4 . . . . "
2WRTEN 16 | Write enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition of WRTCLK.
626 INSTRUMENTS




SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMB&IE&

timing diagrams
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Figure 1. FIFO Reset
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SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES
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AF/AE l I

I

HF i

[

[

IR ]

DATA BIT NUMBER BASED ON FIFO DEPTH
DATA BIT
DEVICE

BA BB BC
SN74ACT2226 B33 B57 B65
SN74ACT2228 | B129 B249 B257

Figure 2. FIFO Write
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SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
m—

RESET °
WRTCLK_m_m‘ { L_ﬁ_‘ Lgy_’ L—w—’ u I-—
| |
WRTEN—I—I g
0 4 8F Y o 7 0 P d i A v

oo UL, P, F1, .m| M

| |
! T
| |
PR | | L !
Q B1 X B2 X B3 B0 X a1o: ea X_® : BE X
1 |

|

I

|

| |
T —t f
| |

|

| |
OR ] | |
| | [ I
-+ — 1 | l
AFAE | | l | |

| | [

! ! |

HF | | B

| |
R ] |
DATA BIT NUMBER BASED ON FIFO DEPTH
DAT,
DEVICE Ll
BA BB BC BD BE BF
SN74ACT2226 | B33 B34 BS56 B57 Bes B65
SN74ACT2228 | B129 B130_ B248 B249 B256 B257
Figure 3. FIFO Read
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!
Supply VORAGE TANGE, VG ++ vt ettt ettt ettt -05Vto7V
INPUt VORAE, V| ..o i 7V
Operating free-air temperature range .................ceevternrnrnenernerenierenennss —-40°C to 85°C
Storage temperature TANGE . ..............ouneiiniie i iiiirint et erieneenensns —65°C to 150°C
1 Stresses beyond thosa listed under “absolute maximum ratings” may cause parmanom damnge to the device. These are stress ratings only, and
functional operation of tha device at these or any other conditions beyond those ir d under * ded operating conditions” is not
implied. E to ab ated conditions for extended periods may affect device reliability.
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DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES
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recommended operating conditions

MIN  MAX| UNIT
Vee Supply voltage 45 55 \
Vin High-level input voltage 2 Y
Vi Low-level input voltage 0.8 \
loH High-level output current Q outputs, flags -8 mA
Q outputs 16
loL Low-level output current mA
Flags 8
Ta _Operating free-air tsmperature -40 85 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Von Voo =45V, lor = —8 mA 24 v
v Flags Voo =45V, oL =8 mA os]

O Qoutputs |Vec-45V, ToL = 16 mA 05
I Vec=5.5V, V; =Vccor 0 +5 uA
loz Vee=56.5V, Vo =Vgc or 0 +5 pA
Too Vi=Vec-02Vor0 300| A
Algct Vcc=5.5V, Oneinputat3.4V, Other inputs at Vo or GND 1| mA
Ci Vi=0, t=1MHz 4 pF
Co Vo=0, t=1MHz B oF

1 All typical values are at Voc = 5 V, T = 25°C.
# This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C = 50 pF (unless otherwise noted) (see Figure 4)

FROM To
1
PARAMETER (INPUT) (OUTPUT) MIN TYP MAX | UNIT
T TWRTCLK, 2WRTCLK, or 1RDCLK, 2RDCLK 15 MHz
s TRDCLK{, 2RDCLKY 1Q,2Q 20| ns
tog TWRTCLK?, 2WRTCLKY 1IR, 2IR 20| ns
tog TRDCLKY, 2RDCLKY 10R, 20R 20 ns
tog 1WRTCLK?, 2WRTCLK? 1AF/AE, 2AF/AE 20 ns
toa TRDCLKY, 2RDCLKY TAF/AE, 2AF/AE 20| ns
toLn TWRTCLKY, 2WRTCLKY 2
1HF, 2HF
tort TRDCLKY, 2RDCLK} o] ™
toLH 1AF/AE, 2AF/AE
1RESET, 2RESET | S
tery, 2 v THF, 2HF ns
operating characteristics, Vcc =5V, Ty = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
[ Cog Power dissipation capacit | Outputs enabled | C, =50pF,  f=5MHz pF

Texas
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CLOCKED FIRST-IN, FIRST-OUT MEMJ?RIES

INE 1992
——

PARAMETER MEASUREMENT INFORMATION

Input 15V
From Output | ! oV
Under Test ¢ > | |
Ry=500Q Cp=50pF teu [ h—'ll—- tone
- - — 0V
LOAD CIRCUIT TOTEM-POLE OUTPUTS

Figure 4. Load Clrcult and Voltage Waveforms
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SN74ACT2227, SN74ACT2229

DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES
JUNE 1992
¢ Dual Independent FIFOs Organized As: DW OR DL PACKAGE
— 64 Words by 1 Bit Each — SN74ACT2227 (TOP VIEW)
— 256 Words by 1 Bit Each — SN74ACT2229 i U i
* Free-Running Read and Write Clocks May . AF1 /:; i B ]:gg -
Be Asynchronous or Colnclident on Each IWRTGLK : Z ) 1RDEN
FIFo WRTEN[]s  2s[J10R
® Input Ready Flags Synchronized to Write 1R0s 24110
Clocks
10[le 23[] 2RESET
® Output Ready Flags Synchronized to Read GND[}7 22[1Vee
Clocks GND[]s 21[1Vee
® Half-Full and Aimost Full/Aimost Empty 1RESETls  20f]2D
Flags 2aflio  19fl2R
¢ Characterized for Operation Over the 20R (|11 18{]2WRTEN
Industrial Temperature Range (-40°C 2RDEN[}12 17 aZWRTCLK
to 85°C) 2RDCLK[|13  16[J2AF/AE
* Support Clock Frequencies Up To 80 MHz 20E(1s  15fl2HF

Access Times of 12 ns
3-State Data Outputs
® Low-Power Advanced CMOS Technology

Avallable In 28-Pin SOIC (DW) or SSOP (DL)
Packages

description

The SN74ACT2227 and SN74ACT2229 are dual FIFOs suited for a wide range of serial data buffering
applications including elastic stores for frequencies up to OC-1 telecommunication rates. Each FIFO on the chip
is arranged as 64 x 1 (SN74ACT2227) or 256 x 1 (SN74ACT2229) and has controi signals and status flags for
independent operation. Output flags per FIFO include input ready (1IR or 2IR), output ready (10R or 20R),
half-full (1HF or 2HF), and almost full/almost empty (1AF/AE or 2AF/AE).

Serial data is written into a FIFO on the low-to-high transition of the write-clock (1WRTCLK or 2WRTCLK) input
when the write enable (1WRTEN or 2WRTEN) input and input ready flag (1R or 2IR) output are both high. Serial
data is read from a FIFO on the low-to-high transition of the read clock (1IRDCLK or 2RDCLK) input when the
read enable (1RDEN or 2RDEN) input and output ready flag (10R or 20R) output are both high. The read and
write clocks of a FIFO may be asynchronous to one ancther. A FIFO data output (1Q or 2Q) is in the
high-impedance state when its output-enable (10E or 20E) input is low.

PRODUCT PREVIEW oducts in Copyright © 1992, Texas instruments Incorporated
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES
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E——

logic symbolst

1RESET
1WRTCLK
1WRTEN
1RDCLK
10E
1RDEN

10

2RESET
2WRTCLK
2WRTEN
2RDCLK

2RDEN

2D

1RESET
1WRTCLK
1WRTEN
1RDCLK
10E
1RDEN

1D
2RESET
2WRTCLK
2WRTEN
2RDCLK

2RDEN

2D

[
FAFO 64 x 1
° SN74ACT2227
—— I RESET 5
3 IN RDY
—————}> WRTCLK 1
4 HALF-FULL
———{ WRTEN 2
27 ALMOST FULL/EMPTY %
—— > RDCLK
28 OUT RDY
——EN1
26
————— RDEN
| L
°___{ ,v}__“
23
—— N RESET
17 N .
18 WRTCLK IN RDY 15
18 WRTEN HALF-FULL p
13
1 > RDCLK A MOST FULL/EMPTY »
12 EN2 OUT RDY
RDEN
20 1 C 10
21 w—2
@
FIFO 256 x 1
) SN74ACT2229
— N RESET 5
3 IN RDY
——} WRTCIK 1
4 HALF-FULL |———
———— 1 WRTEN 2
27 L rocix ALMOST FULL/EMPTY %
——>b RDC
2 OUT RDY
— Nt
2 |
RDEN
] _r
73
___|° 1v }—————2
23
——— N RESET
7 WRTCLK 19
10 f IN RDY —
— ]
13 WRTEN HALF-FULL >
" > RDCLK o) MOST FULL/EMPTY .
2 EN2 OUT RDY
———{RDEN
20 L 10
2o wp—

1 These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

1R
1HF
1AF/AE
10R

1Q

2IR
2HF
2AF/AE

1IR
1HF
1AF/AE
10R

1Q

% Texas
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SN74ACT2227, SN74ACT2229

PRODUCT PREVIEW

DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES
JUNE 1902
——
SN74ACT2227 functional block diagram (each FIFO)
OE
° Y
Location 1
RDCLK sy > Read |—\] Location2
RDEN ReadControl | | Pointer /]
Dual-Port
SRAM
WRTCLK . > Write 84x1
WRTEN Write Control ¢—| Pointer /I Location 63
Y Location 64
o
AF/AE
L] Status HE
L—] ResetLogic IR
RESET—— g OR
SN74ACT2229 functional block diagram (each FIFO)
OE
° Y
Location 1
RDCLK y > Read |—N Location 2
RDEN ReadControl | | Pointer
Dual-Port
SRAM
WRTCLK Synch > Write 256 x 1
WRTEN Write Control ~— Pointer Location 255
Y A Location 256
Register Q
AF/AE
L Status HF
L—— Reset Logic IR
RESET—— g OR

%3 TeExas
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
E——

Terminal Functions

PIN

DESCRIPTION
NAME NO.
1AF/AE 2 Almost full/aimost empty flag. AF/AE is high when the memory is eight locations or less from a full or empty state.
2AF/AE 16 AF/AE is set high after reset.
1D, 2D 6, 20 Data input
GND 7.8 Ground
1HF 1 Half-full flag. HF is high when the number of bits stored in memory is greater than or equal to half the FIFO depth.
2HF 15 HF is set low after reset.
1R 5 Input ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFQOis full and
2R 19 writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of WRTCLK
after reset.
10E 28 Output enable. The data output of a FIFO is active when OE is high and in the high-impedance state when OE
20E 14 is low.
YOR 25 Output ready flag. OR is synchronized to the low-to-high transition of RDCLK. When ORis low, the FIFO is empty
20R 1 and reads are disabled. Ready data is present on the data output when OR is high. OR is set low during reset
and set high on the third low-to-high transition of RDCLK after the first word is loaded to empty memory.
1Q 24 Data outputs. After the first valid writs to empty memory, the first bit is output on the third rising edge of RDCLK.
2Q 10 OR for the FIFQ is also asserted high at this time to indicate ready data.
1RDCLK 27 Read clock. RDCLKis a continuous clock and may be independent of any other clock on the device. A low-to-high
transition of RDCLK reads data from memory when the FIFO's RDEN and OR are high. OR is synchronous with
2RDCLK 13
the low-to-high transition of RDCLK.
1RDEN 26 Read enable. When the RDEN and OR of a FIFO are high, data is read from the FIFO on the low-to-high transition
2RDEN 12 of RDCLK.
1RESET 9 Reset. To resetthe FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must
2RESET 23 oceur while RESET is low. This sets HF, IR, and OR low and AF/AE high.
21, Supply voltage
Vee 2
IWRTCLK 3 Write clock. WRTCLK is a continuous clock and may be independent of any other clock on the device. A
2WRTCLK 47 low-to-high transition of WRTCLK writes data to memory when WRTEN and IR are high. IR is synchronous with
the low-to-high transition of WRTCLK.
1WRTEN 4 N . P . .
2WRTEN 18 Write enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition of WRTCLK.

@ TEXAS
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEM&QIE&

timing diagrams
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|
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|
T
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|

|

|
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Figure 1. FIFO Reset
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SN74ACT2227, SN74ACT2229

DUAL 64 X 1 AND DUAL 256 X 1
ENFEIST-IN, FIRST-OUT MEMORIES

1992

RDEN | | h ! \ 1
T - f * - °
| | | | |
' : : ' ——

O | | { 1 | 0
L i L A
ow B
T 1 1 |
i | 1 T
OR
I | | | |
| | | |
] l 1
AF/AE 1 | I |
|
HF |
|
|
IR I
DATA BIT NUMBER BASED ON FIFO DEPTH
DATA BIT
DEVICE
BA BB BC
SN74ACT2227 B33 B57 B65
SN74ACT2229 B129 B249 B257
Figure 2. FIFO Write
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMBNREIF'g

-

WRTEN |

o -

— — — 4

..—l.._____.._ar,.

DATA BIT NUMBER BASED ON FIFO DEPTH

DATA BIT
BA BB BC BD BE BF
SN74ACT2227 | B33 B34 BS6 BS7 B64 B6S
SN74ACT2229 | B120 B130 B248 B249 B256 B257

DEVICE

Figure 3. FIFO Read

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)*

Supply voltage range, Vo .+ vvviv it e -05Vto7V
INPUEVORAGE, Vi . e e 7V
Voltage applied to adisabled 3-state output ............ ... ... .. e 55V
Operating free-airtemperature range .................c.oiiiiiiiiiiiiiiinniiieninan, —40°C to 85°C
Storage temperature range .................oiiiiiiiiiiii i —-65°C to 150°C
t Stresses beyond those listed under “absolute maximum ratings’ may cause permanent damago to the device. These are stress ratings only, and
functional opomion of the device at these or any other conditions beyond those indicated under i ded operating conditions" is not
implied. & to ab i ated conditions for extended periods may affect device reliability.
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992

recommended operating conditions

MIN MAX| UNIT
Vee Supply voltage 4.5 55 \
Vin High-level input voltage 2 \2
ViL Low-level input voltage 0.8 v
lon High-level output current Q outputs, flags -8] mA
loL Low-level output current Q outputs 18 mA
Flags 8
Ta Operating free-air temperature ~40 85 °C

electrical characteristics over recommended operating free-air temperature range (uniess
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT

Von Voo = 45V, lon - -8 mA 24 v
Flags Voo =45V, oL =8 mA 05

VoL v
Qoutputs | Voc =45V, ToL = 16 MA 05

0 Voo=-55V, Vi =Vog or 0 5| pA

loz Vec=55Y, Vo =Vccor 0 x5 pA

Too Vi=Voc - 0.2V or 0 900| vA

Alech Ve =5.5V, Oneinputat3.4V, Other inputs at Ve or GND 11 mA

G V,=0, T=1 MHz 2 oF

Co Vo <0, T= 1 MHz 8 oF

t All typical values are at Ve = 5 V, T = 25°C.
* This is the supply current when each input is at one of the specified TTL voltage levels rather than O V or V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 4)

FROM TO
PARAMETER MIN TYPT MAX| UNIT
(INPUT) (OUTPUT)
fmex 1WRTCLK, 2WRTCLK, or 1RDCLK, 2RDCLK 60 MHz
E 1RDCLKt, 2RDCLKt 1Q, 2Q 12 ns
tod 1WRTCLKt, 2WRTCLK? 1IR, 2IR 10 ns
tod 1RDCLKt, 2RDCLK? 10R, 20R 10 ns
(E 1WRTCLKt, 2WRTCLKt 1AF/AE, 2AF/AE 17 ns
tod 1RDCLKt, 2RDCLKt 1AF/AE, 2AF/AE 18 ns
teLH 1WRTCLK$, 2WRTCLK? 1HF, 2HF 15 ns
teHL 1RDCLK?, 2RDCLK? 19
teLH 1AF/AE, 2AF/AE
oy 1RESET, 2RESET low THF, 2HF ns
Jon 10E, 20E 1Q, 2Q 14 ns
H.ﬁ 14
operating characteristics, Voc =5V, Ty = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
Cpg Power dissipation capacitance | Outputs enabled | C, = 50 pF, f=5MHz pF

@ TEXAs
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992

PARAMETER MEASUREMENT INFORMATION

v
7V Input 15V 1.5V
L ! L ov
. R, = Ri = R2 ton e |
I ez [
R1 | i | ~35V
From O : Output PX sy 1|
rom Output ____¢ Test Point ¥
Under Test | L~ Vo
o= R2 _’: iz Tosv
tozn :"‘ | v Vou
Output 1.5V E o3V
LOAD CIRCUIT -0V
VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES
PARAMETER R1, R2 C.t st
tpzH Open
500 Q 50 pF
o = P Closed
tpHz Open
F
e iz S0 soe Closed
L] 500 Q 50 pF Open

1 includes probe and test fixture capacitance.

Figure 4. Load Circult and Voitage Waveforms
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SN74ACT7821

512 X 32 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

JUNE 1992

® Free-Running CLKA and CLKB May Be

IRA, ORA, AEA, and AFA Flags

Asynchronous or Coincident Synchronized by CLKA
¢ Two Independent 512 x 32 Clocked FIFOs * IRB, ORB, AEB, and AFB Flags
Buffering Data in Opposite Directions Synchronized by CLKB

* Read Retransmit Capabliity From FIFO on
PortB

® Malibox Bypass Register for Each FIFO

* Programmable Aimost Full and Almost
Empty Flags
¢ Microprocessor interface Control Logic

Low-Power 0.8-Micron Advanced CMOS
Technology

Supports Clock Frequencies up to 67 MHz

® Fast Access Times of 12 ns

Avaliable in 132-Pin Quad Flatpack (PQ) or
Space-Saving 120-Pin Shrink Quad
Flatpack (PCB)

PCB PACKAGE
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description

The SN74ACT7821 is a high-speed, low-power CMOS bidirectional clocked FIFO memory. It supports clock
frequencies up to 67 MHz and has read access times as fast as 12 ns. Two independent 512 x 32 dual-port
SRAM FIFOs on board the chip buffer data in opposite directions. The FIFO memory buffering data from port
A to port B has retransmit capability, which allows previously read data to be accessed again. Each FIFO has
flags to indicate empty and full conditions and two programmable flags (almost full and almost empty) to indicate
when a selected number of words is stored in memory. Communication between each port may bypass the
FIFOs via two 32-bit mailbox registers. Each mailbox register has a flag to signal when new mail has been
stored. Two or more devices may be used in parallel to create wider data paths.

The SN74ACT7821 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses with synchronous control.

The input ready flag and almost full flag of a FIFO are two-stage synchronized to the port clock that writes data
to its array. The output ready flag and almost empty flag of a FIFO are two-stage synchronized to the port clock
that reads data from its array. Offsets for the almost full and almost empty flags of both FIFOs can be
programmed from port A.
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functional block diagram
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Terminal Functions
PIN NAME | /O DESCRIPTION
AO0-A31 /0 | Port A data. 32-bit bidirectional data port for side A.
AEA o FIFO2 almost empty flag. Programmable flag synchronized to CLKA. Itis low when the number of words in FIFO2is less
than or equal to the selected value.
AEB o FIFO1 almost empty flag. Programmable flag synchronized to CLKB. Itis low when the number of words in FIFO1 is less
than or equal to the selected value.
AFA ° FIFO1 almost full flag. Programmable fiag synchronized to CLKA. It is low when the number of empty locations in FIFO1
is less than or equal to the selected value.
AFB o FIFO2 almost full flag. Programmable flag synchronized to CLKB. It is low when the number of empty locations in FIFO2
is less than or equal to the selected value.
BO-B31 1/0 | Port B data. 32-bit bidirectional data port for side B.
CLKA | Port A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and may be asynchronous
or coincident to CLKB. IRA, ORA, AFA, and AEA are synchronous to the low-to-high transition of CLKA.
CLKB | Port B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and may be asynchronous
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronous to the low-to-high transition of CLKB.
TSR | PortA chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The AO—A31
outputs are in the high-impedance state when CSA is high.
B | Port B chip select. CSB mustbe low to enable a low-to-high transition of CLKB to read or write data on port B. The BO —B31
outputs are in the high-impedance state when TSB is high.
ENA | Port A master enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A.
ENB | Port B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B.
Flag offset selects. The low-to-high transition of a FIFO's reset input latches the value of FSO and FS1. if either FSO or
FS1. FSO | FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO's aimost full
' and almost empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RSTT and RST2
go high, the first four writes to FIFO1 program the almost full and almost empty offsets for both FIFOs.
FIFO1 input ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIFO1 is full and writes
IRA o to its array are disabled. When FIFO1 is in retransmit mode, |RA indicates when the memory has been filled to the point
of the retransmit data and prevents further writes. IRA is set low when FIFO1 is reset and is set high on the second
low-to-high transition of CLKA after reset.
FIFO2inputready flag. IRBis synchronized to the low-to-high transition of CLKB. When IRBis low, FIFO2 s full, and writes
IRB O |toitsarray are disabled. IRB is set low when FIFO2 is reset and is set high on the second low-to-high transition of CLKB
after reset.
Port A mailbox select. A high level chooses a mailbox register for a port A read or write operation. When the AO—A31
MBA | outputs are active, a high level on MBA selects data from the mail2 register for output, and a low level selects FIFO2 data
for output.
Port B mailbox select. A high level chooses a mailbox register for a port B read or write operation. When the BO—-B31
MBB | outputs are active, a high level on MBB selects data from the mail1 register for output, and a low level selects FIFO1 data
for output.
Mail1 register flag. MBFT is set low by the low-to-high transftion of CLKA that writes data to the mail1 register. MBF1 is
MBFT O | sethigh by alow-to-high transition of CLKB when a port Bread is selected and MBB is high. MBFT is set high when FIFO1
is reset.
Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 is
MBF2 O | sethigh by alow-to-high transition of CLKA when a port A read is selected and MBA is high. MBFZ is set high when FIFO2
is reset.
FIFO2 output ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIFO2 is empty,
ORA O | andreadsare disabled. Ready data is present on the output register of FIFO2 when ORA is high. ORA is forced low when
FIFO2 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded to empty memory.
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Terminal Functions (continued)

PIN NAME | 1/0 DESCRIPTION

FIFO1 output ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB Is low, FIFO1 is empty,
ORB O | andreadsare disabled. Ready data is presenton the output register of FIFO1 when ORB is high. ORB is forced low when
FIFOL1 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory.

Port A ready. A high on W/RA selects the inverted state of IRA for output on RDYA, and & low on W/RA selectsthe inverted

RDVA ° state of ORA for output on RDYA.

— o | PortBready. Alow on W/RB selects the inverted state of IRB for output on RDYE, and a high on W/RB selectsthe inverted
state of ORB for output on RDYB.

RFM | FIFO1 read from mark. When FIFO1 is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB to
reset the FIFO1 read pointer to the retransmit location and output the first retransmit data.

RSTT | FIFl01 reset: To reset FIFO1, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur
while ASTT is low. The low-to-high transition of RSTT latches the status of FS0 and FS1 for AFA and AEB offset selection.

— | |FiFOz reset To reset FIFOZ, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must ocour

while RSTZ is low. The low-to-high transition of RST?2 latches the status of FS0 and FS1 for AFB and AEA offset selection.

FIFO1 retransmit mode. When RTM is high and valid data is present on the omput of FIFO1, & low- -to-high transition of
RTM 1 CLKB selects the data for the b g of a FIFO1 retr: it. The sek it ins the initial it point
until a low-to-high transition of CLKB occurs while RTM is low, which takes F|FO out of retransmit mode.

Port A write/fead select. A high selects a write operation and a low selects a read operation on port A for a low-to-high

WRA ! transition of CLKA. The AO—A31 outputs are in the high-impedance state when W/RA is high.
WRB | Port B wrils/read select. A low selects a write operation and a high selects a read operation on port B for a low-to-high
transition of CLKB. The BO-B31 outputs are in the high-impedance state when W/RB is low.
FIFO function

The state of the AO—A31 outputs is controlled by CSA and W/RA. When both TSA and W/RA are low, the outputs
are active. The outputs are in the high-impedance state when either TSA or W/RA is high. Data is written to
FIFO1 from port A on the low-to-high transition of CLKA when TSA is low, W/RA is high, MBA is low, ENA is
high, and the IRA flag is high. Data is read from FIFO2 to the AO—A31 outputs on the low-to-high transition of
CLKA when CSA is low, W/RA is low, MBA is low, ENA is high, and the ORA flag is high.

The state of the BO—B31 outputs is controlled by CSB and W/RB. When TSB is low and W/RB is high, the
outputs are active. The outputs are in the high-impedance state when either CSB is high or W/RB is low. Data
is written to FIFO2 from port B on the low-to-high transition of CLKB when TSB is low, W/RB is low, MBB is low,
ENB s high, and the IRBflag is high. Data is read from FIFO1 to the BO—B31 outputs on the low-to-high transition
of CLKB when CSB is low, W/RB is high, MBB is low, ENB is high, and the ORB flag is high.

The setup and hold time constraints to the port clocks for the chip selects (CSA, CSB) and write/read selects
(W/RA, W/RB) are for enabling write and read operations and are not related to high-impedance control of the
data outputs. If the master enable signal for a port (ENA or ENB) is set low during a clock cycle, the chip select
and write/read select may switch at any time during the cycle to change the state of the data outputs.

Each FIFO flag is two-stage synchronized to a port clock for use as a reliable synchronous control signal. CLKA
synchronizes the status of the output ready flag (ORA) and aimost empty flag (AEA) of FIFO2 and the input ready
flag (IRA) and almost full flag (AFA) of FIFO1. CLKB synchronizes the status of the output ready flag (ORB) and
almost empty flag (AEB) of FIFO1 and the input ready flag (IRB) and almost full flag (AFB) of FIFO2.
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FIFO function (continued)

When the input ready flag (IRA, IRB) of a port is low, the FIFO receiving input from the port is full, and writes
are disabled to its array. When the output ready flag (ORA, ORB) of a port is low, the FIFO that outputs data
to the portis empty, and reads from its memory are disabled. The first word loaded to an empty memory is sent
to the FIFO’s output register when the port's output ready flag is asserted (high). When the memoty is read
empty and the output ready flag is forced low, the last valid data remains on the FIFO outputs until the output
ready flag is asserted (high) again. In this way, a high on the output ready flag indicates that new data is present
on the FIFO outputs. The ready flag (RDYA or RDYB) of a port is low when the FIFO selected by the write/read
select is ready for data transfer.

mailbox registers

A 32-bit word may be exchanged between ports and circumventthe normal FIFO path. The mailbox selectinputs
(MBA, MBB) choose between a mail register and a FIFO for a port data transfer operation. AO—A31 data is
written to the mail1 register on a low-to-high transition of CLKA when TSA is low, W/RA is high, ENA is high,
and MBA is high. BO—B31 data is written to the mail2 register on a low-to-high transition of CLKB when CSB
is low, W/RB is low, ENB is high, and MBB is high.

When data is written to a mail register, its mailbox flag (MBF1, MBF2) is set low. The MBF1 fiag is set back high
on a low-to-high transition of CLKB when a read is selected for port B and the MBB input is high. The MBF2 tlag
is set high on a low-to-high transition of CLKKA when a read is selected for port A and the MBA input s high. The
data in a mailbox register remains intact after it is read and changes only when new data is written to the register.
When a port's data output registers are active, a high on the mailbox enable (MBA or MBB) selects mail data
to be output on the port, and a low selects FIFO data for output.

reset

The FIFO memories on the SN74ACT7821 are reset separately by taking their reset input (RSTT or RST2) low
for atleast four CLKA and four CLKB low-to-high transitions. The reset inputs may be asynchronous with respect
to either clock. This resets the intemal read and write pointers to the initial location and forces the FIFO's AF
flag high and IR, OR, and AE flags low. Resetting a FIFO also forces the flag of its parallel mailbox register high.
Data outputs of the FIFO and mailbox register are not reset to any specific logic level. Both FIFOs must be reset

upon power up.
almost full and aimost empty flags

Three default values are available for the offsets of the almost full and almost empty flags of a FIFO, or values
can be programmed for each flag from port A. The flag select inputs (FS0, FS1) are sampled for each FIFO by
the low-to-high transition of its reset input. If the values of FSO and FS1 select a preset value at the time of the
rising edge of RSTT or RSTZ, the value is set as the offset for the almost full and almost empty flags of the FIFO.

To program the almost full and almost empty flags of FIFO1 and FIFO2, both FIFOs should be reset
simuftaneously with the flag select inputs low during the low-to-high transition of the reset signals. After this reset
cycle, IRA is forced high on the second low-to-high transition of CLKA, but IRB remains low until the
programming is complete. The first four writes from port A to FIFO1 program offsets for flags in the order of AEA,
AEB, AFA and AFB. The offsets may be programmed from 1 to 508. The IRB flag is asserted high by the second
CLKB low-to-high transition after the AFB offset is programmed. The fifth write from port A to FIFO1 stores the
first word in its memory.

An almost empty flag is low when the number of 32-bit words stored in its FIFO is less than or equal to the flag’s
offset value. An almost full flag is low when the number of empty locations left in its FIFO is less than or equal
to the flag's offset value. Data in the output register of a FIFO has been read from memory, and its previous
location is free.
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FLAG PROGRAMMING TABLE

FS1 | Fso | ASTT | ASTZ FIFO1 OFFSET FIFO2 OFFSET
" | H t X 64 X
Hl | x t X 64
H L t X 16 X
H L X 1 X 16
L H t X 8 X
L H | x t x 8
L L t 1 Programmed from port A_| Programmed from port A

retransmit

A selected portion of the data in FIFO1 may be read repeatedly when FIFO1 is in retransmit mode. The FIFO
is put in retransmit mode by asserting the retransmit mode input (RTM) high during a low-to-high transition of
CLKB. If valid data is present on the bus at this time, it is the first data to be output when retransmit is activated.
FIFO1 is in retransmit mode until RTM is low during a low-to-high transition of CLKB. While the FIFO is in
retransmit mode, the FIFO is filled by the 512th word written after the first retransmit data.

When FIFO1 is in retransmit mode, a high on the read from mark input (RFM) enables a low-to-high transition
of CLKB to begin retransmit. This clock edge resets the read pointer to the first retransmit location and outputs
the first retransmit data. Data may be retransmitted from the selected starting position repeatedly. A new
retransmit starting position may be selected after taking FIFO1 out of retransmit mode by asserting RTM high
during a low-to-high transition of CLKB when the selected starting data is present of the FIFO1 outputs.

recommended operating conditions

MIN  MAX | UNIT
Vee Supply voltage 4.5 55 \J
ViH High-level input voltage 2 \
Vi Low-level input voltage 0.8 v
lox High-level output current -4 mA
loL Low-level output current 8 mA
T Operating free-air temperature 0 70 °C

electrical characteristics over
otherwise noted)

recommended operating free-air temperature range (unless

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Von Voo =45V, lor = — 4 MA 2.4 v
VoL Vec =45V, loL = 8mA 05 v
! Voo =55V, V, = Voo of 0 5] pA
loz Vec =55V, Vo =Vccor0 +5 pA
loc Voo =55V, Vi=Vcc~-0.2Vor0 2400] uA
Algct Vee =55V, One inputat 3.4V, Other inputs at Vo or GND 1 mA
G V,=0, f=1MHz 4 pF
Cy Vo =0, T=1MHz 8 PF

1 All typical values are at Ve = 5V, Ta = 25°C.
* This is the supply current for each input that is at one of the specified TTL voltage levels rather O V or V.
TExas
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C,_ = 30 pF (uniess otherwise noted)

FROM To "ACT7821-15 | 'ACTT821-20 | 'ACT7821-25 | 'ACT7821-40

PARAMETER (INPUT) (OUTPUT) MIN MAX| MIN MAX| MIN MAX| MIN MAX UNIT

T CLKA of CLKB 67 50 40 25 MHz
CLKAY AO—A31 12 13 15 17
CLKBY B0-B31 12 13 15 17
CLKAY TRA 12 13 15 17
CLKBY RB 12 13 15 17
CLKA! ORA 12 13 15 17

tod CLKBY ORB 12 13 I3 7] ™
CLKAT AFA 12 13 15 17
CLKB! AFB 2 13 15 17
CLKAT AEA 12 13 15 17
CLKB! AEB 12 13 15 17

[y CLKAT K 12 14 16

o CLKBY MBFT K 12 14 w®] "

[y CLKBY 1 12 14 16

toin CLKAT MBF2 [ 12 14 w®] ™
~ MBA AO—A31 K 12 14 16

to MEB B0-B31 T 12 14 ] ™
ST AEB

torL RET2 REA ns
ROTT AFA

trLH ok B ns
RSTT MBF{

toLH HoT2 MBF2 ne
CSA, WRA A0-A31

ton TSB, WRB B0-B31 ne
TSA, WRA AO—A31

e TSB, WRB B0-B31 "

Texas
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® Free-Running CLKA and CLKB May Be ® IRB, ORB, AEB, and AFB Flags
Asynchronous or Coincident Synchronized by CLKB
¢ Two independent 512 x 36 Clocked FIFOs ® | ow-Power 0.8-Micron Advanced CMOS
Buffering Data in Opposite Directions Technology
e Mailbox Bypass Register for Each FIFO ® Supports Clock Frequencies up to 67 MHz
® Programmable Almost Full and Aimost ® Fast Access Times of 12 ns
Empty Flags ® Available in 132-Pin Quad Flatpack (PQ) or
® Microprocessor Interface Control Logic Space-Saving 120-Pin Shrink Quad
® |RA, ORA, AEA, and AFA Flags Flatpack (PCB)
Synchronized by CLKA
description

The SN74ACT7822 is a high-speed, low-power CMOS bidirectional clocked FIFO memory. It supports clock
frequencies up to 67 MHz and has read access times as fast as 12 ns. Two independent 512 x 36 dual-port
SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and
full conditions and two programmable flags (almost full and almost empty) to indicate when a selected number
of words is stored in memory. Communication between each port may bypass the FIFOs via two 36-bit mailbox
registers. Each mailbox register has a flag to signal when new mail has been stored. Two or more devices may
be used in parallel to create wider data paths.

The SN74ACT7822 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses with synchronous control.

The input ready flag and aimost full flag of a FIFO are two-stage synchronized to the port clock that writes data
to its array. The output ready flag and almost empty flag of a FIFO are two-stage synchronized to the port clock
that reads data from its array. Offsets for the almost full and almost empty flags of both FIFOs can be
programmed from port A.
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functional block diagram
CLKA 1
TSA Port A
W/RA Control »| Read
ENA Logic Pointer
MBA l
28 512 x 36
Regl 7 Dual-Port SRAM —r@—
L FIFO2
3 Write
Fso > Pointer
FS1 > FIFO2 <+ RST2
ORA < Flag +»> IRB
AEA <+ Loglc > ATE
MBF2 <+
1 3 y
36 [Twaiz |, 36
’ Register ’
38
9
i <> B0-B35
AG-A3S —+ 36 ITCH 3 38
i |Ro¢|sm l
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v 3
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Terminal Functions
PIN NAME | VO DESCRIPTION
A0-A35 1/0 | Port A data. 36-bit bidirectional data port for side A.
AEA o FIFO2 almost empty flag. Programmable flag synchronized to CLKA. Itis low when the number of words in FIFO2 is less
than or equal to the selected value.
AEB o FIFO1 almost empty flag. Programmable flag synchronized to CLKB. It is low when the number of words in FIFO1 isless
than or equal to the selected value.
AFA o FIFO1 almost full flag. Programmable flag synchronized to CLKA. Itis low when the number of empty locations in FIFO1
is less than or equal to the selected vaiue.
AFB o FIFO2 almost full flag. Programmabie flag synchronized to CLKB. It is low when the number of empty locations in FIFO2
is less than or equal to the selected value.
B0-B35 /O | Port B data. 36-bit bidirectional data port for side B.
CLKA ) Port A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and may be asynchronous
or coincident to CLKB. IRA, ORA, AFA, and AEA are all synchronous to the low-to-high transition of CLKA.
CLKB i Port B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and may be asynchronous
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronous to the low-to-high transition of CLKB.
A | PortA chip select. CSA mustbe low to enable a low-to-high transition of CLKA to read or write data on port A. The AO-A35
outputs are in the high-impedance state when CSA is high.
B | Port B chip select. CTSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The BO—B35
outputs are in the high-impedance state when CTSB is high.
ENA | Port A master enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A.
ENB | Port B master enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B.
Flag offset selects. The low-to-high transition of a FIFO's reset input latches the values of FS0 and FS1. If either FSO or
FS1. FSO | FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO's almost full
' and almost empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2
go high, the first four writes to FIFO1 program the almost full and almost empty oftsets for both FIFOs.
FIFO1 inputready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIFO1 is full, and writes
IRA O |toitsarray are disabled. IRA is setlow when FIFO1 is reset and is set high on the second low-to-high transition of CLKA
after reset.
FIFO2input ready flag. IRBis synchronized to the low-to-high transition of CLKB. When IRBis low, FIFO2 s full, and writes
IRB O |toitsarray are disabled. IRB is set low when FIFO2 is reset and is set high on the second low-to-high transition of CLKB
after reset.
Port A mailbox select. A high level chooses a mailbox register for a port A read or write operation. When the AO—-A35
MBA | outputs are active, a high level on MBA selects data from the mail2 register for output, and a low level selects FIFO2 data
for output.
Port B mailbox select. A high level chooses a mailbox register for a port B read or writs operation. When the B0—B35
MBB | outputs are active, a high level on MBB selects data from the mail1 register for output, and a low level selects FIFO1 data
for output.
Mail1 register flag. MBFT is set low by the low-to-high transition of CLKA that writes data to the mailt register. MBF1 is
MBF1 O | sethigh by a low-to-high transition of CLKB when a port B read is selected and MBB is high. MBFT is also set high when
FIFO1 is reset.
Malil2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 is
MBF2 O | set high by a low-to-high transition of CLKA when a port A read is selected and MBA is high. MBF2 is also set high when
FIFO2 s reset.
FIFO2 output ready flag. ORA is synchronized to the low-to-high transition of CLKA. When ORA is low, FIFO2 is empty,
ORA O | andreads are disabled. Ready data is present on the output register of FIFO2 when ORA is high. ORA is forced low when
FIFO2 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded to empty memory.
652 INSTRUMENTS



SN74ACT7822
512 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

JUNE 1992
—
Terminal Functions (continued)
PIN NAME | 1O DESCRIPTION
FIFO1 outputready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIFO1 s empty,
ORB O | andreads are disabled. Ready data is present on the output register of FIFO1 when ORB is high. ORB is forced low

when FIFO1 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory.
FIFO1 reset. To reset FIFO1, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur

RSTT | while RSTT is low. The low-to-high transition of RSTT latches the status of FSO and FS1 for AFA and AEB offset
selection.
FIFO2 reset. To reset FIFO2, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur

RST2 | while RSTZ is low. The low-to-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA offset
selection.

WA | Port A write/read select. A high selects a write operation and a low selects a read operation on port A for & low-to-high
transition of CLKA. The A0O—A35 outputs are in the high-impedance state when W/RA is high.

WRB ) Port B write/read select. A low selects a write operation and a high selects a read operation on port B for a low-to-high
transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is low.

FIFO function

The state of the AO—A35 outputs is controlled by TSA and W/RA. When both CSA and W/RA are low, the outputs
are active. The outputs are in the high-impedance state when either CSA or W/RA is high. Data is written to
FIFO1 from port A on the low-to-high transition of CLKA when TSA is low, W/RA is high, MBA is low, ENA is
high, and the IRA flag is high. Data is read from FIFO2 to the AO—A35 outputs on the low-to-high transition of
CLKA when TSA is low, W/RA is low, MBA is low, ENA is high, and the ORB flag is high.

The state of the BO—B35 outputs is controlied by TSB and W/RB. When TSB is low and W/RB is high, the
outputs are active. The outputs are in the high-impedance state when either CSB is high or W/RB is low. Data
is written to FIFO2 from port B on the low-to-high transition of CLKB when TSB is low, W/RB is low, MBB is low,
ENBis high, and the IRB flag is high. Data is read from FIFO1 to the BO—B35 outputs on the low-to-high transition
of CLKB when TSB is low, W/RB is high, MBB is low, ENB is high, and the ORB fiag is high.

The setup and hold time constraints to the port clocks for the chip selects (CSA, CSB) and write/read selects
(W/RA, W/RB) are for enabling write and read operations and are not related to high-impedance control of the
data outputs. If the master enable signal for a port (ENA or ENB) is set low during a clock cycle, the chip select
and write/read select may switch at any time during the cycle to change the state of the data outputs.

Each FIFO flag is two-stage synchronized to a port clock for use as a reliable synchronous control signal. CLKA
synchronizes the status of the output ready flag (ORA) and almost empty flag (AEA) of FIFO2 and the input ready
flag (IRA) and almost full flag (AFA) of FIFO1. CLKB synchronizes the status of the output ready flag (ORB) and
almost empty flag (AEB) of FIFO1 and the input ready flag (IRB) and almost full flag (AFB) of FIFO2,

When the input ready flag (IRA, IRB) of a port is low, the FIFO receiving input from the port is full, and writes
are disabled to its array. When the output ready flag (ORA, ORB) of a port is low, the FIFO that outputs data
to the port is empty, and reads from its memory are disabled. The first word loaded to an empty memory is sent
to the FIFO’s output register when the port's output ready flag is asserted (high). When the memory is read
empty and the output ready flag is forced low, the last valid data remains on the FIFO outputs until the output
ready flag is asserted (high) again. In this way, a high on the output ready flag indicates that new data is present
on the FIFO outputs.
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mailbox registers

A 36-bit word may be exchanged between ports and circumventthe normal FIFO path. The mailbox selectinputs
(MBA, MBB) choose between a mail register and a FIFO for a port data transfer operation. AO—A35 data is
written to the mail1 register on a low-to-high transition of CLKA when TSA is low, W/RA is high, ENA is high,
and MBA is high. BO—B35 data is written to the mail2 register on a low-to-high transition of CLKB when CSB
is low, W/RB is low, ENB is high, and MBB is high.

When data is written to a mail register, its mailbox flag (MBF1, MBF2) is set low. The MBFT flag is set high on
a low-to-high transition of CLKB when a read is selected for port B and the MBB input is high. The MBF2 flag
is set high on a low-to-high transition of CLKA when a read is selected for port A and the MBA input is high. The
data in a mailbox register remains intact after it is read and changes only when new data is written to the register.
When a port's data output registers are active, a high on the mailbox enable (MBA or MBB) selects mail data
to be output on the port, and a low selects FIFO data for output.

reset

The FIFO memories of the SN74ACT7822 are reset separately by taking their reset inputs (RSTT or RST2) low
for atleast four CLKA and four CLKB low-to-high transitions. The reset inputs may be asynchronous with respect
to either clock. This resets the internal read and write pointers to their initial locations and forces the FIFOs’ AF
flags high and IR, OR, and AE flags low. Resetting a FIFO also forces the flag of its parallel mailbox register high.
Data outputs of the FIFO and mailbox register are not reset to any specific logic level. Both FIFOs must be reset
upon power up.

almost full and aimost empty flags

Three preset values are available for the offsets of the almost full and almost empty flags of a FIFO, or values
can be programmed for each flag from port A. The flag select inputs (FSO, FS1) are sampled for each FIFO by
the low-to-high transition of its reset input. If the values of FSO and FS1 select a flag defautt value at the time
of the rising edge of RSTT or RSTZ, the default value is set as the offset for the almost full and almost empty
flags of the FIFO.

To program the almost full and almost empty flags of FIFO1 and FIFO2, both FIFOs should be reset
simultaneously with FSO0 and FS1 low during the low-to-high transition of the reset signals. After this reset cycle,
IRA is forced high on the second low-to-high transition of CLKA, but IRB remains low until the programming is
complete. The first four writes to FIFO1 program offsets for flags in the order of AEA, AEB, AFA and AFB. The
offsets may be programmed from 1 to 508. The IRB flag is asserted high by the second CLKB low-to-high
transition after the AFB offset is programmed. The fifth write to FIFO1 stores the first word in its memory array.

An almost empty flag is low when the number of 36-bit words stored in its FIFO is less than or equal to the flag's
offset value. An almost full flag is low when the number of empty locations left in its FIFO is less than or equal
to the flag’s offset value. Data in the output register of a FIFO has been read from memory, and its previous
location is free.

FLAG PROGRAMMING TABLE
FS1 | FSo | RSTT | AST2 FIFO1 OFFSET FIFO2 OFFSET
H H t X 64 X
H H X t X 64
H L t X 16 X
H L X t X 16
L H t X 8 X
L H X t X 8
L L 1 1 Programmed from port A | Programmed from port A
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Supply vORage range, Voo -« vttt e -05Vto7V
INPUEVORAEE, V| oot e e e et e e 7V
Voltage applied to a disabled 3-state output ........... ... .. ... .. il 55V
Operating free-air temperature range ................eiiiniiiironiinenneiiineneeiienns 0°Cto 70°C
Storage temperature range ...................ueuiiuinieeriei e —65°C to 150°C
t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under * ded operating conditions” is not
implied. Exp to absolute i ated conditions for extended periods may affect device reliability.

recommended operating conditions

MIN  MAX ] UNIT

Vee Supply voltage 45 55 v

ViR High-level input voltage 2 \

Vi Low-level input voltage 0.8 \

lon High-level output current -4| mA

loL Low-level output current 8] mA

T, Operating free-air tsmperature [ 70 °C

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
Vo Voc =45V, lon == 4 mA 2.4 v
Voi Vcc =45V, loL = 8 mA o5 V
i Voc =55V, V| =Vgc or 0 5] uA
loz Vec =55V, Vo = Ve or 0 +5] pA
lec Ve =55V, Vy=Vec—-0.2Vor0 400 | pA
Alect Vec =55V, One inputat 3.4V, Other inputs at Vc or GND 1| mA
Ci Vi =0, =1 MHz 4 pF
Co Vg =0, f=1 MHz 8 pF

+ Al typical values are at Voc = 5V, T = 25°C.
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C, = 30 pF (unless otherwise noted)

FROM To "ACT7822-15 | 'ACT7822-20 | 'ACTI822-25 | 'ACT7822-40

PARAMETER (INPUT) (OUTPUT) MIN MAX| MIN MAX| MIN MAX| MIN MAX UNIT

Truc CLKA or CLKB 67 50 40 25 MHz
CLKA? AO—A35 12 13 15 17
CLKBt BO-B35 12 13 15 17
CLKA? IRA 12 13 15 17
CLKB! IRB 12 13 15 17
CLKA? ORA 12 13 15 17

‘Pd ns
CLKBY ORB 12 13 15 17
CLKAY AFA 12 13 15 17
CLKB! AFE 2 13 15 17
CLKAY AEA 12 13 15 17
CLKBY AEB 12 13 15 17

oL CLKA? 1 12 14 16

oin (£K§t MBFT n 12 14 e ™

oL CLKBY I T2 14 16

o CLKAT MBF2 T 12 14 e ™
MBA AO—A35 ik T2 14 16

td “MBB BO-B35 1 12 14 w] ™
BSTT AEB

toHL “RST3 REA ns
ST A

teLH RST2 AFB s
ST WBFT

hicd STZ WEr3 ne
TSA, WRA AO—A35

ton TSE, WRB BO-B35 ns
TTA, WRA AO0-A35

s TSE, WiRB B0-B35 s
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® Member of the Texas instruments
Widebus+™ Family

* Free-Running CLKA and CLKB May Be
Asynchronous or Coincident

® 1024 x 38 Clocked FIFO Buffering Data
From Port Ato Port B

Retransmit Capabiiity
Malilbox Register in Each Direction
Programmable Aimost Full and Aimost

Microprocessor Interface Control Logic

IR and AF Flags Synchronized by CLKA
OR and AE Flags Synchronized by CLKB
Low-Power 0.8-Micron Advanced CMOS
Technology

Supports Clock Frequencies up to 67 MHz
Fast Access Times of 12 ns

Avallable In 132-Pin Quad Flatpack (PQ) or
Space-Saving 120-Pin Shrink Quad

Empty Flags Flatpack (PCB)
PCB PACKAGE
(TOP VIEW)
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description

The SN74ACT7823 is a high-speed, low-power CMOS clocked FIFO memory. It supports clock frequencies up
to 67 MHz and has read access times as fast as 12 ns. The 1024 x 36 dual-port SRAM FIFO buffers data from
port A to port B. The FIFO memory has retransmit capability, which allows previously read data to be accessed
again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost full and
almost empty) to indicate when a selected number of words is stored in memory. Communication between each
port may take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal when new mail
has been stored. Two or more devices may be used in parallel to create wider data paths.

The SN74ACT7823 is a clocked FIFO, which means each port employs a synchronous interface. All data
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable
signals. The continuous clocks for each port are independent of one another and can be asynchronous or
coincident. The enables for each port are arranged to provide a simple bidirectional interface between
microprocessors and/or buses with synchronous control.

The input ready flag (IR) and almost full flag (AF) of the FIFO are two-stage synchronized to CLKA. The output
ready flag (OR) and almost empty flag (AE) of the FIFO are two-stage synchronized to CLKB. Offsets for the
almost full and almost empty flags of the FIFO can be programmed from port A.

functional block diagram

CLKA —— ™
TSA———————1 PontA
W/RA —————{ Control »]| Read
ENA — Logic Pointer
MBA —— i
N e L 1K x 38
9 Dual-Port SRAM Register
38 T
< 36
Write
Fso > Pointer
Fs1 > — RST
IR < A < RTM
AF < ag - RFM
WBF2 - Logle > OR
36 > AE
" > MBF1
AO0-A35 3 | Mail | 3
L megise | L Bo-ass
¢ 38 I Mall2 I 36, —1
Register
(Fegerr ] 1
MBB

Control [——<¢— WRB

4— CLKB
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FIFO function

The state of the AO—A35 outputs is controlied by CSA and W/RA. When both CSA and W/RA are low, the outputs
are active. The outputs are in the high-impedance state when either CSA or W/RA is high. Data is written to the
FiFO on the low-to-high transition of CLKA when CSA is low, W/RA is high, MBA is low, ENA is high, and the
IR flag is high.

The state of the BO—B35 outputs is controlled by CSB and W/RB. When TSB is low and W/R B is high, the
outputs are active. The outputs are in the high-impedance state when either CSB is high or W/RB is low. Data
is read from the FIFO to the BO—B35 outputs on the low-to-high transition of CLKB when TSB is low, W/RB
is high, MBB is low, ENB is high, and the ORB flag is high.

The setup and hold time constraints to the port clocks for the chip selects (CSA, TSB) and write/read selects
(W/RA, W/RB) are for enabling write and read operations and are not related to high-impedance control of the
data outputs. If the master enable signal for a port (ENA or ENB) is set low during a clock cycle, the chip select
and read/write select may switch at any time during the cycle to change the state of the data outputs.

Each FIFO flag is two-stage synchronized to a port clock for use as a reliable synchronous control signal. CLKA
synchronizes the status of the input ready flag (IR) and almost full flag (AF) of the FIFO. CLKB synchronizes
the status of the output ready flag (OR) and aimost empty flag (AE) of the FIFO.

When the input ready flag is low, the FIFO is full, and writes are disabled to its array. When the output ready flag
is low, the FIFO is empty, and reads from memory are disabled. The first word loaded to an empty memory is
senttothe FIFO's output register when the output ready flag is asserted (high). When the memory is read empty
and the output ready flag is forced low, the last valid data remains on the FIFO outputs until the output ready
flag is asserted (high) again. In this way, a high on the output ready flag indicates that new data is present on
the FIFO outputs.

mailbox registers

Bidirectional communication between ports may take place through the mailbox registers. The mailbox-select
inputs (MBA, MBB) choose between a mail register and a FIFO for a port data transfer operation. AO—A35 data
is written to the mail1 register on a low-to-high transition of CLKA when CSA is low, W/RA is high, ENA is high,
and MBA is high. BO—B35 data is written to the mail2 register on a low-to-high transition of CLKB when CSB
is low, W/RB is low, ENB is high, and MBB is high.

When data is written to a mail register, its mailbox register flag (MBF1, MBF2) is set low. The MBF1 flag is set
high onthe low-to-high transition of CLKB when a read is selected for port B and the MBB input is high. The MBF2
flag is set high on the low-to-high transition of CLKA when a read is selected for port A and the MBA input is
high. The data in a mailbox register remains intact after it is read and changes only when new data is written
to the register. When the data outputs of port B are active, a high on MBB selects mail1 data to be output on
the port, and a low selects FIFO data for output.

reset

The SN74ACT7823 is reset by taking the reset input (RST) low for at least four CLKA and four CLKB low-to-high
transitions. The reset input may be asynchronous with respect to either clock. This resets the internal read and
write pointers to the initial location and forces the FIFO’s AF flag high and IR, OR, and AE flags low. Resetting
the device also forces the mailbox register flags (MVBFT, MBF2) high. Data outputs of the FIFO and mailbox
registers are not reset to any specific logic level. The device must be reset upon power up.
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almost full and almost empty flags

Three preset values are available for the offsets of the almost full and almost empty flags, or offsets can be
programmed for each flag from port A. The flag select inputs (FSO, FS1) are sampled by the low-to-high
transition of the reset input. If the values on FS0 and FS1 select a flag preset value at the time of the rising edge
of RST, the preset value is set as the offset for the almost full and almost empty flags (see flag programming
table).

To program the almost full and almost empty flags from port A, the flag select inputs must be low during the
low-to-high transition of the reset signal. After this reset cycle, the first write to the FIFO programs the AE offset,
and the second write programs the AF offset. Flag offset values may be programmed from 1 to 1000. The third
write to the FIFO stores the first word in its memory array.

The almost empty flag is low when the number of 36-bit words stored in the FIFO is less than or equal to the
flag's offset value. An almost full flag is low when the number of empty locations left in the FIFO is less than or
equal to the fiag's offset value. Data in the output register of the FIFO has been read from memory, and its
previous location is free.

FLAG PROGRAMMING TABLE
Fs1 | Fso | ST AF and AE
H t 64
H L 1 16
L H t 8
L L t Programmed from port A

retransmit

A selected portion of data in the FIFO may be read repeatedly when it is put in retransmit mode. The FIFO is
put in retransmit mode by asserting the retransmit mode input (RTM) high during a low-to-high transition of
CLKB. If valid data is present on the bus at this time, it is the first data to be output when retransmit is activated.
The FIFO is in retransmit mode until RTM is low during a low-to-high transition of CLKB. While the FIFO is in
retransmit mode, it is filled by the 1024th word written after the first retransmit data.

When the FIFO is in the retransmit mode, a high level on the RFM input enables a low-to-high transition of CLKB
to begin a retransmit. This clock edge resets the read pointer to the first retransmit location and outputs the first
retransmit data. Data may be retransmitted from the selected starting position repeatedly. A new retransmit
starting positionis selected after taking the FIFO out of retransmit mode by putting the device in retransmit mode
again.

Texas
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Terminal Functions

PIN NAME | /O DESCRIPTION
A0-A35 1/O | Port A data. 36-bit bidirectional data port for side A.
Almost empty flag. Programmable flag synchronized to CLKB. It is low when the number of words in the FIFO s less than
RE o
or equal to the selected vaiue.
AF ° Almost full flag. Prog: ble flag synch d to CLKA. It is low when the number of empty locations in the FIFO is
less than or equal to the selected value.
B0o-B35 1/O | Port B data. 36-bit bidirectional data port for side B.
CLKA | Port A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and may be asynchronous
or coincident to CLKB. IR and AF are synchronous to the low-to-high transition of CLKA.
CLKB | Port B dock. CLKB is & continuous clock that synchronizes all data transfers through port B and may be asynchronous
or coincident to CLKA. OR and AE are synchronous to the low-to-high transition of CLKB.
A | Port A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The AC-A35
outputs are in the high-mpedance state when CSA is high.
cSB | Port B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The BO-B35
outputs are in the high—impedance state when TSB is high.
ENA | Port A master enable. ENA must be high to enable a low-to-high transition of CLKA to read or writs data on port A.
ENB 1 Port B master enable. ENB must be high to enablie a low-to-high transition of CLKB to read or write data on port B.
Flag offset selects. The low-to-high transition of RST latches the states of FSO and FS1. If elther FSO or FS1 is high when
FS1. FSO | the reset input goes high, one of three preset values is selected as the offset for the aimost full and aimost empty flags.
' If both FSOand FS1 are low when RST goes high, the first two writes to the FIFO program the aimost full and almost empty
offsets.
Input ready flag. IR is synchronized to the low-to-high transition of CLKA. When IR is low, the FIFO is full, and writes to
R ° its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point
of the retransmit data and prevents further writes. IR is set low during reset and is set high on the second low-to-high
transition of CLKA after reset.
MBA | Port A mailbox select. A high level chooses a mallbox register for a port A read or write operation.
Port B mailbox select. A high level chooses a mailbox register for a port B read or writs operation. When the BO-B35
MBB | outputs are active, 8 high lsvel on MBB selects data from the mail1 register for output, and a low level selects FIFO data
for output.
MBFT o Mail1 register flag. MBFT is set low by the low-to-high transition of CLKA that writes data to the mail1 register. MBF1 is
set high by a low-to-high transition of CLKB when a port B read is selected and MBB is high. MBFT is set high by a reset.
p— o Mali2 register flag. MBF 2 s set low by the low-to-high transition of CLKB that writes data o the mail2 register. MBF2 Is
set high by a low-to-high transition of CLKA when a port A read is selected and MBA is high. MBF2 is set high by a reset.
Outputready flag. OR is synchronized to the low-to-high transition of CLKB. When OR is low, the FIFO is empty, and reads
OR O | ere disabled. Ready data is present on the output register of the FIFO when OR is high. OR is forced low during the reset
and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory.
RFM \ Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of CLKB to reset
the read pointer to the retransmit location and output the first selected retransmit data.
RST | Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur while
HST is low. The low-to-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection.
FIFO retransmit mode. When RTM is high and valid data is present on the output of the FIFO, a low-to-high transition of
RT™™ | CLKB selects the data for the beginning of a retr: it. The sel position remains the initial retransmit point unti a
low-to-high transition of CLKB occurs while RTM is low, which takes the FIFO out of retransmit mode.
WHA | Port A write/read select. A high selects a write operation and a low selects a read operation on port A for a low-to-high
transition of CLKA. The A0—A35 outputs are in the high-impedance state when W/RA is high.
WRB | Port B write/read select. A low selects a write operation and a high selects a read operation on port B for a low-to-high

transition of CLKB. The BO—B35 outputs are in the high-impedance state when W/RB is low.
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recommended operating conditions

MIN MAX | UNIT
Vee Supply voltage 45 55 \2
Vi High-level input voltage 2 \
Vi Low-level input voltage 0.8 v
loH High-level output current -4] mA
oL Low-level output current 8| mA
Ta Operating free-air tsamp 0 70 °C

electrical characteristics over

recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP' MAX| UNIT
Vo Vec =45V, loH =~ 4 mA 24 v
VoL Vec =45V, loL=8mA 0.5 v
I Vec =55V, V| =Vccor0 5] pA
loz Vec=55V, Vo =Vccor0 5 pA
lec Vec =55V, Vi=Vcc=0.2Vor0 400 pA
Al Vec =55V, One inputat3.4V, Other inputs at Ve or GND 1 mA
S Vi=0, =1 MHz 2 oF
Co Vo =0, f=1MHz 8 pF

1 All typical values are at Vg = 5V, T = 25°C.
# This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc.

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature, C; = 30 pF (unless otherwise noted)

FROM To "ACT7823-15 | 'ACT7823-20 | 'ACT7823-25 | 'ACT7682340
PARAMETER (NPUT) (OUTPUT) MIN MAX| MIN MAX| MIN MAX| MIN MAX UNIT
[ CLKA or CLKB 67 50 20 25 MHz
CLKBY BO-B35 12 13 15 17
CLKA? R 12 13 15 17
tog CLKB1 OR 12 13 15 17| ns
CLKAY AF 12 13 15 17
CLKB? AE 12 13 15 17
oL CLKA{ 1 12 4 16
toin CLKBY MBFY I 12 4 3
torL CLKBY 7 12 14 16
[ CLKA? MEF2 K 12 4 6] ™
tog MBB BO—B35 7 12 14 6] ns
touL RST AE ns
toLH RST mﬂm ns
CSA, WRA A0-A35 10 11 12 13
fon TSB, WRB BO-B35 10 K 12 Bl ™
CSA, WRA AO—A35 10 1 2 13
e TSB, WIRB B0~ B35 10 T 12 ] ™
“5‘ TeExas
662 INSTRUMENTS
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64-Byte FIFOs
SN74ALS2232A and SN74ALS2233A

Introduction

First-In, First-Out memories (FIFOs) are irreplaceable bus logic when interfacing two asynchronous systems or
controlling data flow paths. The SN74A1.S2232A 64 x 8 and SN74ALS2233A 64 x 9 FIFOs from Texas Instruments
offer high-performance buffering for shallow-word-depth applications. These devices are produced in TI’s IMPACT-X
bipolar technology and are packaged in 24- or 28-pin DIP and 28-pin PLCC.

Clocking

The SN74ALS2232A and SN74ALS2233A FIFOs are organized with dual-port SRAM, write addressing, read

ddressing, and address comparator logic for flag generation. As opposed to shift-register architectures, the dual-port
SRAM architecture allows data to pass from the input to the output of an empty FIFO with a minimal delay independent
of FIFO depth and also allows high-frequency data transfers.

The load clock (LDCK) and unload clock (UNCK) inputs of a FIFO are low-to-high-edge triggered clocks that initiate
memory operations and control addressing increments. By allowing a single clock edge to activate action on the circuit
and automating the memory timing and address increment timing, data transfer control is made easy. Only the rising
edge of each device clock must be maintained for precise timing, while the falling edge may vary greatly within the cycle
without altering performance (see Figure 1). This is a feature of all TI FIFOs with dual-port SRAM architecture.

—’J h——— tw2 —bl
UNCK / %%’22 / W
EMPTY
OE
(@037, a8 3( Word X X Word (X + 1)
tw1=12ns ty2=13ns

Figure 1. SN74ALS2232A and SN74ALS2233A Clock Input Circult
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Noise Control

Ground bounce is a voltage transient produced by current surges through the ground pin. Due to bond wire, lead, and
board parasitic inductance, changes in the ground current will result in a voltage forced on ground. A ground voltage
transient peak-to-peak value increases with anincrease in the number of outputs switching from high to low, an increase
in output load capacitance, and an increase in Vcc. The chip’s ground voltage can also be influenced by following
negative undershoot voltages applied to inputs and outputs.

The inputs of a digital device are referenced to its ground. Large voltage transients applied to ground can cause threshold
switching by steady-state low or high levels applied to an input. For the SN74ALS2232A and SN74ALS2233A, an
unwanted threshold crossing creates the most problems on the rising-edge-triggered clocks, LDCK and UNCK, by
generating false clocks. The results of false clocking produced by high ground noise levels can appear as multiple storage
of data words, missed data words in a stream, or the inability to empty the device.

By placing the GND pin of the SN74ALS2232A and SN74AL.S2233A in the center of the DIP and PLCC packages to
employ the shortest bond wire and lead path, package inductance and ground bounce effects are minimized. Ground
bounce can be minimized further by decoupling the power planes of the board in close proximity to the device with a
capacitor (about 0.1 uF). Undershoot voltages on the inputs and outputs of adevice are controlled by eliminating voltage
reflections due to transmission line effects.

In an Ily noisy envirc such as a wire-wrap prototype wherein it is difficult to control input and output
undershoot voltages, generating the LDCK and UNCK inputs as inactive high reduces the possibility of false clocking.
Figure 2 shows the one-shot circuit for the LDCK and UNCK inputs. When the input to the one-shot is at a steady-state
low logic level, a very quick voltage transient (about 3 to 5 ns) caused by ground noise can trigger a pulse on the one-shot
output. A low-noise pulse of the same duration is less likely to pass through the circuit if the input is at a steady-state
high logic level.

UNCK or
LDCK »—— CLKPuise

Figure 2. SN74ALS2232A and SN74ALS2233A Clock Input Circult
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Applications

FIFO Flags

The FULL and EMPTY flags are provided to indicate FIFO boundary conditions and prevent overflow and underflow
conditions from occurring. The flags are the outputs of a circuit that compares the write and read addresses of the
dual-port SRAM. In cases where the LDCK and UNCK inputs operate asynchronously to each other, these signals are
useful for read and write control after synchronization. Figure 3 is an example of flag synchronization for clock control.
The FOLL flag is synchronized to LDCK to indicate when the device has exited a full state and prevent additional
memory write attempts when is is filled again. Likewise, the EMPTY flag is synchronized to UNCK to indicate when
the device is no longer empty and prevent memory read attempts when it is empty.

In addition to the FULL and EMPTY flags, the SN74ALS2233A also has a HALF-FULL flag that is high when 32 or
more words are contained in memory and an AF/AE flag (almost full/almost empty) that is high when eight or less
locations in memory are filled or eight or less empty locations are available. These flags are useful for signaling when
blocks of data may be transferred through the FIFO in consecutive clock cycles.

* SYS2 Clock
READ Enabi

Y81 Clock t SN74ALS2232A
WRITE Enable

of
SN74ALS2233A

7L e w5
|
| E—

041——o< I—Fuu:mm

.

Do-D7, 08 [ > [ DAT5> > a0-a7,08

Figure 3. Clock Generation With Two-Stage Synchronization of FULL and EMPTY

Bus Conversion

Shallow FIFO memories are often used when data is transferred between a 16- or 32-bit bus to an 8-bit memory or
peripheral device. Figure 4 is an example in which two SN74ALS2232A or two SN74ALS2233A devices are used for
converting (folding) a 16-bit bus into an 8-bit bus. The three-state outputs of the FIFOs are used to “ping-pong” between
devices. This configuration can be expanded using similar control to accomodate a 32-bit input bus with an 8- or 16-bit
output bus. The FIFOs allow data to be transferred in burst mode from the input bus without being slowed by the smaller
output bus. With the same folding logic designed to control the input of the FIFOs, data may be transferred from an 8- or
16-bit bus and unfolded to a 16- or 32-bit bus.

-7
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1K x 8 x 2 Asynchronous FIFOs
SN74ACT2235 and SN74ACT2236

Introduction

Texas Instruments designed the ’ACT2235 to meet a variety of synchronous or asynchronous bidirectional applications.
Two 1K x 9 First-In, First-Out (FIFO) memories are arranged in parallel to buffer data in opposite directions. Data ports
may also exchange real-time data. Three-state control (GAB, GBA) and real-time/stored data select (SAB, SBA) match
the popular ’652 transceiver logic. Produced in TI’s EPIC CMOS process, the inputs accept TTL voltage levels. An
option to the *ACT2235 is the *’ACT2236, which has ’646 transceiver control (DIR, G).

1) FUOLLA
DAF —| Flag ENPTVA
Logic AF/AEA
HFA
4
——  Read Location 1
UNCKA — Pointer >
— 1024 x 9 RAM
LDCKA — Polinter .
e — Location 1024
SBA — at
aBA —| e 1K
Acasy < lav
1 <__ N as — SAB
2:1 MUX 33 EN4 — GAB
N w C Bo-Bs
3
2:1 MUX
Location 1024
< Write — UNCKB
Pointer
1024 x 9 RAM
< Read — LDCKB
Pointer
Location 1
HFB PN
Fag |— RASTB
ENPTYB Logic l_ pBE
AF/AEB

7Y

Figure 1. SN74ACT2235 Block Diagram
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FIFO Control

The *ACT2235 consists of two FIFO memories, FIFOA and FIFOB. Both FIFOs can be accessed from either port A
or port B. Four control signal lines (GAB, GBA, SAB and SBA) control the eight possible data flow paths through the
device (these data paths are illustrated in the device data sheet). Each FIFO has a load clock (LDCK) that writes data
into memory and an unload clock (UNCK) that reads the data in the same order it was written. Both clocks are positive-
edge-triggered and may operate asynchronously to one another. The first word loaded into an empty FIFO propagates
directly to the outputs, and the EMPTY flag switches high. EMPTY represents the valid state of data on the outputs (data
is valid when EMPTY is high and invalid when EMPTY is low). EMPTY may be used to enable an UNCK pulse when
it is synchronized with the bus that will read the data. FULL can qualify a LDCK pulse in the same way.

Figure 2 is an example of an ’ACT2235 interfacing two asynchronous systems. Each system provides a read enable,
write enable, and free-running clock. A flag must be synchronized to the system clock to use it as device clock control.
Although the flag’s high-to-low transition is synchronous to the clock it enables, the low-to-high transition is
asynchronous. The output of the latch qualifying this transition can go metastable when bistable (setup and hold)
conditions are not met. An output is metastable if it lingers between the specified Voy and Vo levels. Two-stage
synchronization of the flags reduces the probability of a metastable-induced failure.

Sys
Cik1

"ACT2235
LDCKA LDCKB Wrte
UNCKB  UNCKA
GBA GAB

"o ol ||| e

Write
EN1

:
i
Wi

"ACT2235
18-Bt P LbCKA LDCKE 16-Bit
Data ﬁ )— JNCKB  UNCKA { ﬁ | nta
Read | ——— GBA GAB —— | Read

EN1 HY a8 g $H EN2
—|roox  FoB— T VT
EWPTYE EMPTVA

Nots: Two devices are used for 18-bit width expansion.

Figure 2. Controlling the "ACT2235 Using a Clock, Write Enable, and Read Enable Per System

High-Frequency Applications

A unique feature of the ’ACT2235 is that the UNCK cycle time may be less than the device access time. The
’ACT2235-20 has a maximum LDCK and UNCK frequency of 50 MHz (20 ns cycle time) and a 25-ns maximum access
time (t,g UNCKA or UNCKB to B bus or A bus). In a series of FIFO reads, the next access may be initiated before the
present one is complete. The largest concern associated with this technique is the length of time data will be guaranteed
as valid. Minimum access time from the rising edge of UNCK may also be viewed as minimum data hold time on the
bus. Timing for this relationship is shown in Figure 3. Valid data time from the ’ACT2235 over the commercial
temperature range and = 10% Vcc is given by:

ty = teycle + tpdmin — tpg max ®
Data from an ’ACT2235 operating at a S0-MHz clock frequency is valid for at least 7 ns. This allows a 4-ns setup and
1-ns hold with 2 ns of tolerance to the next device in the data path.
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Figure 3. Read Operation When Cycle Time Is Less Than Access Time

Programmable Flags

Data is often transmitted in packets, where each packet is a specific number of bytes and must be delivered in an
unbroken stream. A FIFO transmitting packeted data needs a flag that shows the number of bytes stored. This keeps from
breaking the transmission of a packet due to an empty or full condition. The ’ACT2235 has a programmable almost
full/almost empty flag for this application. The AF/AEA offset value (X) and the AF/AEB offset value (Y) are
programmed separately. AF/AEA is high when FIFOA contains X or fewer words or (1024 minus X) or more words.
Itis low when FIFOA contains between (X + 1) and (1023 minus X) words. AF/AEB functions in the same manner with
its programmed value, Y. The programmed or default value of 256 is chosen during a reset of each FIFO.

The device’s internal flag programming logic is illustrated in Figure 4. Programming the AF/AE flag value for each
FIFO is done with the define flag inputs (DAF, DBF) and resets (RSTA, RSTB). Define flag inputs are
negative-edge-triggered clocks that store input data to a register. If DAF or DBF is low when the rising edge of RSTA
or RSTB occurs, the registered value is used for the FIFO’s AF/AE flag. The flag uses the default value of 256 if DAF
or DBF is high during the rising edge of RSTA or RSTB.

RSTA ————
m—-cr—[>o—>c
.
MUX
c
AO-AS eyt b Q f‘
I r ul r
L ° 9 AF/AE Offeet
9 7~ o 9] Val
Default Value —plumad 4 ue Q)
of 256

Figure 4. AF/AEA Flag Programming Logic for FIFOA

Programming both flag offset values from one port is possible using real-time select. Figure 5 is a timing example of
programming AF/AEB from port A. To program the AF/AEB offset value (Y) from port A, the binary value for Y is
on AO-A8, SAB is low, and GAB is high. With this configuration, the port A data appears on the inputs of FIFOB, and
a falling edge of DBF stores the Y value.
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Figure 5. Programming AF/AEB Flag of FIFOB From Port A

Output Drive

Charging and discharging the load of a bus with acceptable speed requires high device output drive. The I/O ports of
the ACT2235 provide a 16-mA oy and an 8-mA Iy for this task.

Most memory devices have low drive capability and require buffers to interface to a bus. Large output transistors that
support high current are not used because in doing so, the rate of change of current with respect to time (di/dt) increases.
When several outputs switch high or low simultaneously, the rate of change of current through ground and V¢ lines
multiplies. Voltage transients on the power lines are given by:

v = —Lxdi/dt ®
where L equals the inductance of the bond wire and package lead.

The *ACT2235 provides a twofold solution to allow high output current capability for quickly charging and discharging
bus loads with low noise. One solution is to reduce the inductance of ground and Vc lines. The ’ACT2235 has four
GND and two Vcc pins in parallel. The resulting ground inductance is about 1/4 that of a single connection, and Vcc
inductance is divided in half.

Reducing di/dt per output transistor is another way to minimize voltage transi TI’sp d Output Edge Control
(OEC) design divides a large transistor into smaller segments that turn on in series and turn off simultaneously. OEC
lowers di/dt, maintains a quick voltage transition through threshold, and avoids the high power consumed when
gradually turned off .!

The result of a Vo p test on the > ACT2235 is shown in Figure 6. Vo p is a measurement of ground voltage noise when
all outputs of a bus are switched from high to low. Eight of nine outputs of a bus are switched, and the peak voltage rise
of the steady-state low output is d. Maximum ground voltage rise is only 700 mV. Also note that the output fall
time is less than 3 ns with a 50-pF load.

! Advanced CMOS Logic Designer’s Handbook, pages 3-1 through 3-12
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Figure 6

Conclusion
The *ACT2235 and’ ACT2236 provide several advantages for high-speed asynchronous bus interfacing. Simple control

logic offers great design flexibility. Programmable flags may be used for data flow optimization. High output drive for
bus loading is balanced with noise reduction through package and circuit design.
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FIFO Solutions for Iincreasing Clock Rates and Data Widths

Introduction

Steady increases in microprocessor operating frequencies and bus widths over recent years have challenged system
designers to find FIFO memories that meet their needs. To assist the designer, new FIFOs from Texas Instruments are
available with features that complement these microprocessor trends.

Higher data transfer rates have dictated the need for FIFOs to evolve into clocked architecture wherein data is moved
in and out of the device with synchronous controls. Each synchronous control of the clocked FIFO uses enable signals
that synchronize the data exchange to a free-running (continuous clock).

Since the continuous clocks on each port of a clocked FIFO may operate asynchronously to each other, internal status
signals indicating when the FIFO is empty or full can change with respect to either clock. To use a status signal for port
control, it is synchronized to the port’s clock on a clocked FIFO. Synchronization of these signals with flip-flops
introduces metastability failures that increase with clock frequency. Texas Instr uses two-stage flag
synchronization to greatly improve reliability.

Higher clock frequencies augment raw speed, but greater bandwidth is also achieved by increasing the data width. Wider
data paths can have the associated cost of large board area due to increased package sizes. New compact packages for
TI’s FIFOs reduce this cost.

Clocked FIFOs

Clocked FIFOs have become popular for relieving bottlenecks in high-speed data traffic. Data transfers for many
systems are synchronized to a central clock with read and write enables. These free-running clocks may be input directly
to a clocked FIFO with the same enables controlling its data transfer on the low-to-high transition of the clock.

Reducing the number of clocks keeps the interface simple and easy to manage. Extra logic is needed to produce a gated

pulse when using a FIFO that accepts a clock only for a data transfer request. The generated clock signal is a derivative
of the master clock with a margin of timing uncertainty. At high clock frequencies, this timing uncertainty is not
tolerable, and costly adj are needed

¢}

Additional logic is also conserved by implementing flag synchronization on the clocked FIFO. Tracking is done to
generate flags that indicate when the memory is empty or full. In many applications, the input and output to the FIFO
are asynchronous, and the flag signals must be synchronized for use as control. A read will not be completed on the FIFO
if no data is ready, so the EMPTY signal is synchronized to the read clock. This synchronous output ready flag (OR)
is useful for controlling read operations. Likewise, the FULL signal is synchronized to the write clock, producing the
input ready flag (IR).

Flag Synchronization

As previously explained, one of the advantages of the clocked FIFO is the on-board synchronization of the EMPTY and
FULL status flags when the input and output are asynchronous. In one method of synchronization, a single flip-flop
cap the asynchronous flag’s value (see Figure 1). With this method, the rising transition of data may violate the
flip-flop’s set-up time and produce a ble event (metastability is a malfunction of a flip-flop wherein the latch
hangs between high and low states for an indefinite period of time).
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Figure 1. Triggering a Metastable Event With a One-Stage Synchronizer

Once a metastable event is triggered, the probability of the output recovering to a high or low level increases
exponentially with increased resolve time (t,). The expected time until the output of a single flip-flop with asynchronous
data has a metastable event that lasts t, or longer is characterized by the following mean time between failures (MTBF)

equation:
t
en()

£y = t. fe fa

where

flip-flop constant representing the time window during which changing data will invoke a failure
resolve time allowed in excess of the normal propagation delay

flip-flop constant related to the settling time of a metastable event

clock frequency

asynchronous data frequency. For OR flag analysis, it is the frequency at which data is written to
empty memory. For IR flag analysis, it is the frequency at which data is read from full memory.

ol it N

The MTBF decreases as clock and data frequency increase and as the time allowed for a metastable event to settle (tr)
decreases.

Metastability failures are a formidable issue for short clock cycle times. Increasing the clock frequency linearly increases
the number of metastable events triggered, but the shortened available resolve time exponentially increases the the
failure rate. It is impossible to eliminate the possibility of a metastable event under these conditions, but solutions exist
to reliably increase the expected time between failures.

Clock Q L> Q}—— Sync

Flag

Async——p D
Flag

Figure 2. Two-Stage Synchronizer



Texas Instruments increases the metastable MTBF by several orders of magnitude for IR and OR flags by employing
two-stage synchronization (see Figure 2). For the output of the second stage to be metastable, the first stage must have
a metastable event that lingers until it encroaches upon the setup time of the second stage. Adding another stage to a
single flip-flop synchronizer is statistically equivalent to increasing its resolve time by the clock period minus its
propagation delay. The mean time between failures for a two-stage synchronizer is given by:

[
e ——-—f‘ ’
XP) T
MIBF: = — 77,

where

tp = propagation delay of the first flip-flop.

| | 72 N Y Bt
READ WRITE
CLOCK 1’ CLOCK X A \
— \ﬂ-_d et |
74* v
n \
SYNC b1 Y SYNC
ENPTY N \ FULL
-
[ | L |
Ew W T nhe = n L
5 na/div 3 na/div
t.=50MHZ fy=5MHz V=5V 1.=667MHZ 13=67 MHZ V. =5V
(a) ONE-STAGE SYNCHRONIZATION {b) TWO-STAGE SYNCHRONIZATION

Figure 3. Storage Oscliloscope Plots Taken Over a 15-Hour Duration

Figure 3 compares the two synchronization methods discussed. Both plots were taken at room temperature and nominal
Vcc while each data transition violated set-up time. Figure 3(a) shows the performance of an EMPTY flag synchronizer
using only one flip-flop, while Figure 3(b) is the IR flag of an SN74ACT 7807 with the write clock operating at maximum
frequency.

Compact Packaging

Microprocessor bus widths have continuously doubled every few years to maximize their performance. Bus widths of
32 and 64 bits are commonplace today, whereas they were almost unheard of a few years ago. The downside to the
increased bit count is that each subordinate device in the system must match this width with corresponding increases
in board size.

New shrink packages for TI’s clocked FIFOs provide a solution to this problem. Multiple-byte data paths can be buffered
while covering only a fraction of the area of conventional packages. These new FIFO packages are presently available
in 56-, 64-, and 80-pin configurations. Dubbed shrink quad flat pack (SQFP), the 64-pin package is used for 9-bit-wide
FIFOs, and the 80-pin package is used for 18-bit-wide FIFOs. Both SQFP packages have a lead pitch of 0.5 mm. The
56-pin shrink small-outline package has a 0.025-inch lead pitch and also houses 18-bit-wide FIFOs. A variety of TI’s
FIFOs are offered in these new packages (see Table 1).
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Table 1. FIFOs Avallable In Space-Efficlent Packages

CLOCKCYCLE
DEVICE CLOCKED | ORGANIZATION TIME (ns) PACKAGES
64 SQFP
SN74ACT2235 No 1Kx9x2 20, 30 40, 50 44 PLCC
80 SQFP
SN74ACT7802 No 1Kx 18 25, 40, 60 68 PLCC
80 SQFP
SN74ACT7811 Yes 1Kx 18 15, 18, 20, 25 68 PLCC
SN74ACT7803 512x 18
SN74ACT7805 Yes 256 x 18 15, 20, 25, 40 56 SSOP
SN74ACT7813 64 x18
SN74ACT7804 512x 18
SN74ACT7806 No 256 x 18 20, 25, 40 56 SSOP
SN74ACT7814 64 x 18
64 SQFP
SN74ACT7807 Yes 2K x9 15, 20, 25, 40 44 PLCC
64 SQFP
SN74ACT7808 No 2K x9 20, 25, 30, 40 44 PLCC

Figure 4 compares the space savings of the new compact packages compared to competitive surface-mount solutions.
Note that a four-byte path constructed with four clocked FIFOs in 32-pin PLCC packages consumes 1.16 inZ, while two
56-pin SSOP packages cover only 0.59 in2.

1

0.9

0.8
0.7

0.6

Area (In2)
)
0

64 SOFP 56 SSOF 80 SQFP 32 PLCC MPLCC 8 PLCC

Figure 4. Surface-Mount Package Area Comparison

New Clocked FIFOs

Four new CMOS clocked FIFOs from Texas Instruments offer a variety of memory depths. All four can match
applications that require maximum clock frequencies of 67 MHz and access times of 12 ns. Suited for buffering long
packets, the 2K x 9 SN74ACT7807 is the deepest of the four and is available in the 44-pin PLCC or 64-pin SQFP. The
SN74ACT7803, SN74ACT7805, and SN74ACT7813 are organized as 512 x 18, 256 x 18, and 64 x 18, respectively,
and have the same pin arrangement in the 56-pin SSOP. Every TI clocked FIFO is easily expanded in word width, and
the SN74ACT7803/05/13 may also be arranged to form a bidirectional FIFO. With the two FIFOs connected as in
Figure 1, no extra logic is needed for bidirectional operation.
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Figure 5. Bidirectional Configuration for the SN74ACT7803

Silicon is currently available for a bidirectional clocked FIFO fabricated in TI’s Advanced BICMOS (ABT) process.
The SN74ABT7819 is organized as 512 x 18 x 2 with two internal independent FIFOs. Each port has a continuous
free-running clock, a chip select (CS), a read/write select (R/W), and two separate read and write enables for control.
It supports clock frequencies in excess of 80 MHz and a maximum access time below 10 ns. This device will be packaged
in the 80-pin QFP and 80-pin SQFP.

Conclusion

Several semiconductor manufacturers including Texas Instruments have responded to customer needs by providing
clocked FIFOs whose synchronous interfaces conform to the requirements of many high-performance systems.
Capitalizing on the available continuous system clocks, this architecture limits the amount of necessary glue logic and
the ber of timing c

Flag synchronization is important for clocked FIFOs buffering between asynchronous systems. Flip-flop synchronizers
used for this task have a metastable failure rate that grows exponentially with clock frequency. Texas Instruments
employs two stages of synchronization that improve the flags’ reliability significantly.

Finally, providing a FIFO buffer for wide buses has historically consumed large amounts of board area. Designers
seeking relief from this problem can find it in the packaging options offered for Texas Instruments’ FIFOs. Used to house
9- and 18-bit devices, these packages require only about 50% of the space required for conventional surface-mount

packages.
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FIFO Surface-Mount Package Information

Introduction

Texas Instruments provides seven types of plastic surface-mount packages for CMOS FIFO memory devices. These
packages and the data bus width that each package can provide are listed in Table 1.

Table 1. Plastic Surface-Mount FIFO Packages

PACKAGE # OF DATA BITS

44-pin PLCC 9

64-pin SQFP 9

56-pin SSOP 18

68-pin PLCC 18

80-pin SQFP 18

'80-pin QFP 18

120-pin SQFP 32 of 36
SSOP = shrink small-outiine package
PLCC = plastic leaded chip carrier
SQFP = shrink quad flat pack
QFP = quad flat pack

This application report di several topics concerning the FIFO packages listed in Table 1

@ The thermal resistance, Rg)a, and the chip junction temperature of the device.

® The need for dry packing to maintain safe moisture levels inside the package.

@ The three methods used by Texas Instruments for shipping FIFOs to customers.

© The package dimensions, including two-dimensional drawings that show areas, heights, and lead pitches.
® The area comparison of surface-mount packages used for commercial FIFO memories.

® The test sockets available for surface-mount FIFO packages.

Thermal Resistance

Thermal resistance is defined as the ability of a package to dissipate heat generated by an electronic device and is
characterized by Rgja. R@ja is the thermal resistance from the IC chip junction to the free air (ambient). Units for this
parameter are in degrees Celsius per watt. Table 2 lists Rgja for SSOP, PLCC, SQFP, and QFP packages under five
different air flow environments: 0, 100, 200, 250, and 500 linear feet/minute. The chip junction temperature (Tj) can
be determined using equation 1.

Ty = RgjaxPr+ Ty )
where

Ty = chip junction temperature (°C)

Rgja = thermal resistance, junction to frec-air (°C/watt)

Pt = total power dissipation of the device (watts)

Ta = free-air (ambient) temperature in the particular environment in which the device is operating (°C)
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Table 2. Thermal Reslistance, Rga, for FIFO Packages

PACKAGE LEAD Rou (C¥)
FRAME 0 LFPM 100 LFPM 200 LFPM 250 LFPM 500 LFPM
56-pin SSOP Copper 94.2 82.2 N/A 70 57.8
44-pin PLCC Copper 65 N/A N/A N/A N/A
68-pin PLCC Copper 47.2 43.4 N/A 327 27.8
64-pin SQFP Copper 925 87.8 N/A 729 57.8
80-pin SQFP Copper 87.8 791 N/A 67.3 54.2
120-pin SQFP! Copper 49.6 44.3 N/A 38.3 28.6
80-pin QFP Alloy 42 80 67 61 N/A N/A

t Heat spreader molded inside the package
N/A = not available

Note that Rgja generally increases with decreasing package size; however, this is not true with the 120-pin SQFP
package. A heat spreader molded inside the package absorbs a large amount of heat dissipated by the device. As a result,
this package provides a relatively low Rgja. The 120-pin SQFP is the only package in Table 2 that incorporates a heat
spreader.

Package Moisture Sensitivity

‘When a plastic surface-mount package is exposed to temperatures typical of furnace reflow, IR (infrared) soldering, or
wave soldering (215° Cor higher), the moisture absorbed by the package will turn to steam and expand rapidly. The stress
caused by this expanding moisture can result in internal and external cracking of the package which can lead to reliability
failures. Possible damage includes the delamination of the plastic from the chip surface and lead frame, damaged bonds,
cratering beneath the bonds, and external package cracks.

To prevent potential damage, packages that are susceptible to the effects of moisture expansion undergo a process called
dry pack. This dry pack process helps to reduce moisture levels inside the package. The process consists of a 24-hour
bake at 125°C followed by sealing of the packages in moisture barrier bags with desiccant to prevent reabsorption of
moisture during the shipping and storage processes. These moisture barrier bags allow a shelf storage of 12 months from
the date of seal. Once the moisture barrier bag is opened, the devices in it must be handled by one of the following four
methods, listed in order of preference:

1. The devices may be mounted within 48 hours in an atmospheric environment of less than 60% relative
humidity and less than 30°C.

2. Thedevices may be stored outside the moisture barrier bag in a dry atmospheric environment of less than 20%
relative humidity until future use.

3. Thedevices may be rescaled in the moisture barrier bag adding new fresh desiccant to the bag. When the bag
is opened again, the devices should be used within the 48-hour time limit or resealed again with fresh
desiccant.

4. The devices may be resealed in the moisture barrier bag using the original desiccant. This method does not
allow the floor life of the devices to be extended. The cumulative exposure time before reflow must notexceed
a total of 48 hours.

All plastic surface-mount FIFO devices are tested for moisture sensitivity in accordance with Texas Instruments’
IPC-SM-786 procedure.
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Shipping Methods/Quantities/Dry Pack

Three methods are used by Texas Instruments for shipping FIFOs to customers. These methods are tubes, tape/reel, and
trays. The quantities for each of the shipping methods are listed in Table 3. The shipping quantity is defined as the
maximum number of packages that can be packed in a single shipping unit (e.g., the maximum number of 56-pin SSOP
packages that can be packed in a tube is 20). Whether or not the packages require dry pack before shipping is denoted
by a yes or no in the DRY PACK column.

Table 3. Shipping Methods and Quantities

PACKAGE ToeeT sm:::a:n:eigoo TraveT DRY PACK

56-pin SSOP 20 500 N/A No
44-pin PLCC 27 500 N/A No
68-pin PLCC 18/19% 250 N/A Yes
64-pin SQFP N/A N/A 50 Yes
80-pin SQFP_ N/A NA 50 Yeos
120-pin SQFP N/A N/A 50/84% Yes
80-pin SQFP NA NIA 50 Yes
1 Texas Instruments reserves the right to change any of the shipping quantities at any
time without notics.

+ 18 packages can be packed in a singie tube when pin isused as atap, or 19 packages
can be packed in a tube when piug is used as a tap.

§ Depending on tray size

N/A = not applicable

Package Dimensions and Area Comparison
Figure 1 contains two-dimensional drawings of the seven available surface-mount FIFO packages. For detailed

mechanical drawings of these packages, please refer to the mechanical drawing section of the 1992 High-Performance
FIFO Memories Data Book.
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Figure 2 shows the area comparison of surface-mount packages for FIFOs from Texas Instruments and other FIFO

vendors.
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Figure 2. Surface-Mount Package Area Comparison

Test Sockets
For prototype development of a system, it is often an advantage to have sockets for surface-mount products. Test sockets
available for use with Texas Instruments’ FIFO packages are listed in Table 4. Only one manufacturer is listed for each
socket type, although other vendors may offer comparable sockets.

Table 4. Table 4. Test Sockets for FIFO Packages

PACKAGE MANUFACTURER NUMBER DESCRIPTION
56-pin SSOP Yamaichi 1C51-0562-1387 Solder through-hole
44-pin PLCC NEY 6044 Solder through-hole
68-pin PLCC NEY 6068 Solder through-hole
64-pin SQFP ‘Yamaichi 1C51-0644-807 Solder through-hole
80-pin SQFP Yamaichi 1C51-0804-808 Solder through-hole
120-pin SQFP Yamaichi In development (as of 6/92) | Solder through-hole
80-pin QFP Yamaichi 1C51-0804-394 Solder through-hole
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Metastability Performance of Clocked FIFOs

Introduction

This paper is intended to help the user understand more clearly the issues relating to the metastable performance of Texas
Instruments’ Clocked FIFOs in asynchronous system applications. It will discuss basic metastable operation theory,
show the equations used to calculate metastable failure rates for one and two stages of synchronization, and describe
the approach T1I has used for synchronizing the status flags on its series of clocked FIFOs. Additionally, a test setup for
measuring the failure rate of a device to determine its metastability parameters is shown, and results are given for both
an advanced BiCMOS (ABT) FIFO and an advanced CMOS (ACT) FIFO. Using these parameters, calculations of
MTBF under varying conditions are performed.

Metastability

Metastability in digital systems occurs when two asynchronous signals combine in such a way that their resulting output
goes to an indeterminate state. A common example of this is the case of data violating the setup and hold specifications
of a latch or a flip-flop. In a synchronous system, the data will always have a fixed relationship with respect to the clock.
As long as that relationship obeys the setup and hold requirements for the device, the output will go to a valid state within
its specified propagation delay time. However, in an asynchronous system the relationship between data and clock is
not fixed and, therefore, occasional violations of setup and hold times can occur. When this happens, the output may
g0 to an intermediate level between its two valid states and remain there for an indefinite amount of time before resolving
itself, or it may simply be delayed before making a normal transition!. In either case, a metastable event has occurred.

Metastable events can occur in a system without causing a problem, so it is necessary to define what constitutes a failure
before attempting to calculate a failure rate. For a simple CMOS latch, as shown in Figure 1, valid data must be present
on the input for a specified period of time before the clock signal arrives (setup time) and must remain valid for a
specified period of time with respect to the clock transition (hold time) to guarantee the output will function predictably.
This leaves a small window of time with respect to the clock (to) during which the data is not allowed to change. If a
data edge does occur within this aperture, the output may go to an intermediate level and in there for an indefinite
amount of time before resolving itself either high or low, as illustrated in Figure 2. This metastable event can cause a
failure only if the output has not resolved itself by the time that it must be valid for use (for example, as an input to another
stage). Therefore, the amount of resolve time allowed a device plays a large role in calculating its failure rate.

Transmission
Gate
Data -
input ‘ADC Output
Clock Oq

Figure 1. Simple CMOS Latch
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The probability of a metastable state persisting longer than a time t, decreases exponentially as t, increases2. This
relationship can be characterized by the equation

F(t;) = e(—te/7) )

where the function F(t,) is the probability of nonresolution as a function of resolve time allowed, t,, and the circuit time
constant T (which has also been shown to be inversely proportional to the gain-bandwidth product of the circuit)®4.
For a single-stage synchronizer with a given clock frequency and an asynchronous data edge that has a uniform
probability density within the clock period, the rate of generation of metastable evenis can be calculaied by iaking ihe
ratio of the setup and hold time window described above to the time between clock edges and multiplying by the data
edge frequency. This generation rate of metastable events coupled with the probability of nonresolution of an event as
a function of the time allowed for resolution gives the failure rate for that set of conditions. The inverse of the failure
rate is the mean time between failure (MTBF) of the device and is calculated with the formula shown below:

1 (lte/7) )
failure rate Fi = ty fc fy @

where

= the resolve time allowed in excess of the normal propagation delay time of the device

= the bility time cc for a flip-flop

= aconstant related to the width of the time window or aperture wherein a data edge will trigger a metastable
event

= the clock frequency

= the asynchronous data edge frequency

es s
|
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The parameters to and T are constants that are related to the electrical characteristics of the device in question. The
simplest way to determine their values is to measure the failure rate of the device under specified conditions and solve
for them directly. If the failure rate of a device is measured at different resolve times and plotted, the result is an
exponentially decaying curve. When plotted on a semilogarithmic scale, this becomes a straight line the slope of which
is equal to 1. Therefore, two data points on the line are sufficient to calculate the value of T using the formula below:

t, =t
2 1
= Iz 1l 3
* T NI/N2) S
where
t;; = resolve time 1
tr2 = resolve time 2
N1 = the number of failures relative to t;;
N2 = the number of failures relative to t;p

After determining the value for 1, to may be solved for directly.

The formula for calculating the MTBF of a two-stage synchronizer is merely an extension of equation 15:

e(‘ﬂ/ T)
to fc fy

MTBF, = x e(‘rz/ ') @

where

t;; = the resolve time allowed for the first stage of the synchronizer
tz = the resolve time allowed in excess of the normal propagation delay external to the device
fe, fa, 7 and tg are as defined previously, with T and t, assumed to be the same for both stages

The first term calculates the MTBF of the first stage of the synchronizer, which in effect becomes the generation rate
of metastable events for the next stage. The second term then calculates the probability that the metastable event will
be resolved based on the value of t,, the resolve time allowed external to the synchronizer. The product of the two terms
gives the overall MTBF for the two-stage synchronizer.

Tl Clocked FIFOs

TI’s clocked FIFOs are designed to reduce the occurrence of metastable errors due to asynchronous operation. This is
achieved through the use of two- and three-stage synchronizing circuits that generate the status flag outputs IR (input
ready) and OR (output ready). In a typical application, words may be written to and then read from the FIFO at varying
rates independent of one another, resulting in asynchronous flag signal generation (internally) at the boundary conditions
of full and empty. For example, consider the operation when the FIFO is at the full boundary condition with writes taking
place faster than and asynchronously to reads. The IR flag will be low, signifying that the FIFO is full and can accept
no more words. When a read occurs, the FIFO is no longer completely full. This causes an internal flag signal to go high,
allowing another write to take place. Since the exit from the full state happens asynchronously io the write ciock of the
FIFO, this flag is not useful as a system write enable signal. The solution is to synchronize this internal flag to the write
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clock through two D-type flip-flop stages and output this synchronized signal as the IR flag (see Figure 3). The OR status
flag is g d in a similar at the empty boundary condition and is synchronized to the read clock through a
three-stage synchronizing circuit.

Asynchronous D a D Q| IRFiag
Flag Signal 1,>C {>G Output

CLK Internal Logic Delay CLK

Write
Clock

Figure 3. IR Flag Synchronizer

The remainder of this discussion will pertain to the metastability performance of the two-stage IR synchronizer, which
is the limiting case of the two in terms of MTBF characteristics. As mentioned above, the internal flag signal that goes
high on a read and low on a write is synchronized to the write clock through two D-type flip-flop stages. Since this results
in the IR flag status of the FIFO being delayed for two clock cycles, a predictive circuit is used to clock the status into
the synchronizer at (full minus two) words so that the action of the IR flag going low coincides with the actual full status
of the FIFO. However, once the FIFO is full and IR is low, a read that causes the internal flag to go high will not be
reflected in the status of the IR flag until two write clocks have occurred.

With the FIFO full and the IR flag low, a read will cause the internal flag signal to go high. This signal will be clocked
into the first stage of the two-stage synchronizer on the next write clock. Because these two signals are asynchronous
tn nemn amathas tha entantial Faetha nvitbent A€ tha f1ant ctana AfFtha cvrnnhonnicacta on tn o matactahla ctatn acicte TFehia
U VLT a1vLUC], WL puttniual 1oL e U\llpl" U1 LUC LLDL Dlagt UL Wt Sy NVUIVILZAL tU BU U a 1ITWadla vt dStailt CAIDLD. 1Ly
condition persists until the next write clock rising edge, a metastable condition could be generated in the second stage
and reflected on the IR flag output. This metastable condition manifests itself as a delay in propagation time and is

considered a failure only if it exceeds the maximum delay allowed in an application.

The effectiveness of the two-stage synchronizer becomes apparent when attempting to generate failures at a rate high
enough to count in a reasonable period of time. As mentioned above, a metastable event generated in the first stage must
persist until the next write clock, i.e., when that data is transferred to the second stage. Thus, the resolve time for the
first stage is governed by the frequency or period of the write clock. At slower frequencies, the failure rate of the first
stage is very low, resulting in a low metastable generation rate to the second stage. The second stage of the synchronizer
further reduces the probability of a metastable failure based on the resolve time allowed at the output. The overall failure
rate of the device may therefore be affected by increasing the initial asynchronous data generation rate (adding jitter to
the data centered about the setup and hold window), by decreasing the resolve time of the first stage (increasing the write
clock frequency), and also by reducing the external resolve time at the output.

Test Setup for Measuring FIFO Flag Metastability

The failure rate of a device can be measured on a test fixture as depicted in Figure 4. The input waveforms used on this
setup are also shown in Figure 4. Rising data is jittered asynchronously about the setup and hold aperture of the device
under test (DUT) in a +/~400-ps window with respect to the device clock (WCLK). The output of the DUT is then latched
into two separate flip-flops, FF1 and FF2, by two different clock signals, CLK1 and CLK2. The resolve time t, js set
by the relationship between CLK1 and WCLK and is measured as the delta between the normal output transition time
and the rising edge of CLK1 minus the setup time required for FF1. CLK2 occurs long enough after CLK1 to allow
sufficient time for the DUT to have resolved itself to a valid state. The outputs of FF1 and FF2 are compared by the
exclusive OR gate, the output state of which is latched into FF3 by CLK3. When a metastable failure occurs, the output
of the exclusive OR gate goes high, caused by FF1 and FF2 having opposite data due to the DUT not having resolved
itself by time t. On the next cycle, low data is clocked out of the DUT and into FF1 and FF2 in order to reset the status
latch, FF3. Failures are counted for different resolve times, and 7 is then calculated using equation 3.
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Figure 4. Metastable Event Counter and Input Waveforms

Using the test setup described above, failure rates were measured for both an SN74ABT7819 512 x 18x 2 clocked FIFO
and an SN74ACT7807 2K x 9 clocked FIFO. The device is initially written full to set IR low at the boundary condition.
A read clock is generated to send the internal flag high, and a jitter signal is superimposed on it to sweep asynchronously
with respect to the write clock in an envelope 800 ps wide and centered such that the IR flag goes high alternately on
the second and third write clocks following the read clock. The nominal write clock frequency of the test setup is 40 MHz,
but to increase the failure rate to an observable level, a pulse is injected into the write clock stream just after the read
clock occurs such that the first and second write clocks (the ones that clock the status through the synchronizer) are only
5.24 ps apart. This increases the effective write clock frequency to 191 MHz, reducing the resolve time allowed the first
stage and, thus, increasing the failure rate.

This test setup and these actions together create the necessary conditions to g a ble oc onthe IR
output that is seen after the second write clock and manifests itself as a delay in propagation time. In this instance, the
write clock is the synchronizing clock, and the read clock generates the asynchronous internal data signal. CLK1 was
adjusted to vary the external resolve time t,2, and the resulting failure rates were recorded.
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Test Results
SN74ABT7819 Fallure Rates’

RESOLVE TIME, NUMBER OF NUMBER OF MTBF
12 (ns) FAILURESHOUR FAILURES/SECOND (SECONDS)
0.27 890 0.2472 4.04
0.39 609 0.1692 591
0.53 396 0.1101 9.08

TVoc =45V, Ta = 25°C

After measuring the metastable performance of the ABT7819, some assumptions must be made in order to calculate
the parameters T and to. Because the individual flip-flops comprising the two-stage synchronizer cannot be measured
separately, it is first assumed that the values for T and to are the same for both. This is a safe assumption, as these constants
are driven by the process technology and because the schematics are identical. The other assumption made involves
determining the resolve time allowed in the first stage of the synchronizer (t,1). The clock period is set at 5.24 ns, but
the delay through the flip-flop and the setup time to the next stage must be subtracted from the clock period to arrive
at the true value of t;;. These values could not be measured directly and were therefore estimated from SPICE analysis
to be 1.3 ns.

Using equation 4 and the measured failure rates to calculate T results in a value of 0.33 ns for the conditions given. The
following values from the test setup must be used in order to solve for tg:

tr1 = 3.94 ns (5.24-ns clock period — 1.3-ns setup and delay time)
t = 0.27 ns (set externally at IR output by CLK1)

fe = 40 MHz

fa = 125 MHz (4-MHz input adjusted by 25/0.8 jitter ratio)
MTBF; = 4.04s

Substituting these values into equation 4 and solving for ty yields a value of 16.9 ps.

The table below summarizes the results for the SN74ABT7819 and SN74ACT7807 clocked FIFOs. An internal setup
and delay time of 1.8 ns was assumed for the SN74ACT7807.

Values of T and t, for SN74ABT7819 and SN74ACT7807

SN74ABT7819 SN74ACT7807
Ta Vee
1 (ns) o (P9) 7 (ns) L (ps)
4.5V 0.33 16.9 0.50 1.13
25°C 5.0V 0.30 7.0 0.40 2.05
55V 0.23 28.8 0.30 9.40

A word of caution: these numbers indicate the performance of only a few devices and are not intended to represent a
fully characterized parameter. However, they should be valid for the purpose of relative performance comparisons, and
the values do fall within the expected range given the circuit configuration and process technology in which the devices
are fabricated.

mMTBr Comparison
With the constants T and ty now known, calculations of the MTBF of the device under different operating conditions
may be performed. First, however, consider an example of the metastability performance of a single-stage synchronizer
using equation 2 and the circuit constants T and ty from the measurements above. Assume an application running with
a 33-MHz write clock, an 8-MHz read clock, a 9-ns maximum propagation delay time for the IR path, and a 5-ns setup
time for IR to the next device. Therefore,

t; = 16 ns (30-ns clock period — 9-ns propagation delay — 5-ns tgy)
fo = 33MHz
fa = 8MHz

Using equation 2 to calculate the MTBF gives 2.55 x 1017 seconds, or a little bit more than 8 billion years.
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However, the reliability of a one-stage synchronizer degrades as operating frequency increases. With a 50-MHz write
clock, a 12-MHz read clock, a 9-ns maximum delay, and a 5-ns setup time,

t; = 6ns (20-ns clock period — 9-ns propagation delay — 5-ns tg,)
fc = S0 MHz
fg = 12MHz

Substituting these values into equation 2 yields an MTBF of about 2 hours. This performance is unacceptable, even with
a device fabricated in the 0.8-um BiCMOS process, which is more resistant to metastability than other processes.

The benefits of two-stage synchronization become evident with the next example. Assuming the same conditions stated
in the previous case,

try = 18.7 ns (20-ns clock period — 1.3-ns setup and delay time)
t2 = 6ns (20-ns clock period — 9-ns propagation delay — 5-ns tg,)
fo = 50 MHz
fa = 12MHz
Using equation 4 to calculate the MTBF gives 3.16 x 1028 seconds, or 1.00 x 102! years.

The table below gives a performance summary of both one- and two-stage synchronizing solutions under different
conditions.

MTBF Comparisons!

CONDITIONS ACT 1-STAGE ABT 1-STAGE ACT 2-STAGE ABT 2-STAGE
fo=33 MHz, f4=8MHz 8400 years 8.1 x 109 years 2.62 x 1020 years | 4.77 x 1047 years
f. = 40 MHz, f4=10 MHz 92 days 1400 years 3.56 x 10" years | 2.18 x 1034 years
fo= 50 MHz, f3=12 MHz 2 hours 4.90 x 100 years | 1.00 x 102! years
fo= 67 MHz, 3= 16 MHz 417 years 1.28 x 10° years
fo = 80 MHz, fq = 20 MHz 2900 years

t Assumptions for the MTBF comparisons:
1) The values for {; and 1 are those given previously for both the ABT and ACT devices with Vo= 4.5V, Ty = 25°C.
2) Flag propagation delay time (WCLK to IR) is assumed to be 9 ns.
3) Setup times to the next device are 5 ns (up to 50-MHz operation), 4 ns (for 67-MHz operation), and 3 ns (for
80-MHz operation).

Conclusion

In a digital system, asynchronous operation can cause random errors due to metastability failures under various
conditions. Because of their nature, these errors can be very difficult to analyze, but their rate of occurrence (or MTBF
of adevice) may be predicted to give an indication of overall system reliability. Certain parameters of a device (tg and T)
are necessary to perform these calculations and are provided herein for both the ABT and ACT families of clocked
FIFOs.

Metastability failures in asynchronous systems become increasingly more prevalent at higher operating frequencies.
The MTBF comparison clearly indicates the need for addressing these issues with respect to system reliability at
operating frequencies in excess of 33 MHz.

With its series of clocked FIFOs, Texas Instruments provides a solution to this problem by synchronizing the boundary
status flags with at least two stages to improve the metastable MTBF characteristics over one-stage synchronization.
This architecture allows system designers to utilize the high-frequency performance of the device without adversely
affecting system reliability due to inadequate synchronization methods.
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MECHANICAL DATA

ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical
outline drawings shown in this section.

Factory orders for circuits described in this catalog should include a four-part type number as explained in the
following example.

EXAMPLE: SN 74ACT7801 N R
1 2 3 4

/

1. Prefix

Blank = (Standard product)
SN = Standard prefix

SNJ = JEDEC Publication 101, Class B
JANB = MIL-M-38510 Qualified

2. Unique Circuit Description

Must contain nine or ten characters
(from individual data sheet)

3. Package
Must contain one to three letters:
DL, DW = plastic small-outiine package
FN plastic J-leaded chip carrier
N, NT plastic dual-in-line package
PBM, PH JEDEC metric plastic quad flatpack
PCB, PM, PN plastic shrink quad flatpack
PQ JEDEC plastic quad flatpack /

4. Tape and Reel Packaging

Must be designated by the letter R and valid for surface-mount packages only.
All orders for tape and reel must be for whole reels.
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MECHANICAL DATA

DL028, DL048, and DL056
plastic small-outline packages

Each of these small-outline packages consists of a circuit mounted on a lead frame and encapsulated within
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require no
additional cleaning or processing when used in soldered assembly.

DLO028, DL048, and DLOS6 Designation per JEDEC Std 30:
(48-pin package used for Hiustration) :gm::
PDS0-Q56
A
1 = PINS
fRAAaAGAAARARARARAARARAN om 2 | a. | s
! 0.380 0. 0.730
:ﬁg:g‘[ Amax 669 | (1600 | (168
0.370 0.620 0.720
:ng,:’, AMIN ©40) | (1575) | (18,29)
_Jr__HHHHHHHHHHHHHHHHHHHHHHHH —_—
_0.110(2,79)
aoesesl 0.040 (1,016)
[ \ Pt o/ Aok
QR ¢ 00080229 Segicieg
0.016 (0,408) -l o5 0127) 57

0.008 (0,203) 0.025 (0,635) TYP
© > s.: Note B 0.012 (0,305)
0.008 (0,203)

NOTES: A. Alllinear dimensions are in inches with millimeters in parentheses.

A.
B. Leads are within 0.0035 (0,089) radius of true position at maximum material condition.

C. Leed tips are coplanar within 0.004 (0,102).

D. Body dimensions do not include mold flash, protrusion, or qate burr.

E. Mold flash, protrusion, or qate burr shall not exceed 0.015 (0,381).

F. Interiead flash shall be lled by Tl statistical control (additional information available through T! field office).
G. Lead length is measured from the lead tip to a point 0.010 (0,254) above the seating plane.
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MECHANICAL DATA

DWo16, DW020, DW024, and DW028
plastic small-outline packages

Each of these small-outline packages consists of a circuit mounted on a lead frame and encapsulated within
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require nc
additional cleaning or processing when used in soldered assembly.

DW018, DW020, DW024, and DW028 Designation per JEDEC Std 30:
(20-pin package used for Hi ) R-PDSO-G16
R-PDSO-G20
R-PDSO-G24
e A R-PDSO-G28
| 20 "
HOAAAAAARAAR
0.419 (10,65)
0.400 (10,16)

O
EEEEEERRN

x
or042en fr— { N
= linlnlninininluluinl L
0.012 (0,30) - P
0.004 (0,10) 0.020 (0,508) 0.012 (0,308) 0.050 (1,27)
0,050 (1,27) TYP 0.014 (0,356) 0.000 (0,230) 0.016 (0,40)
See Note B
PINS
o 16 20 24 28
0410 | 0510 | 0610 | 0.710
AMAX ©41) | (12,95) | (1549) | (18,03)
0400 | 0500 | 0600 | 0.700
AMIN (10,16) | (12,70) | (1524) | (17.78)

NOTES: A. All linear dimensions are in inches with millimeters in parentheses.

B. Leads are within 0.005 (0,127) radius of true position at maximum material condition.

C. Lead tips are coplanar within 0.004 (0,102).

D. Body dimensions do not include mold flash or protrusion.

E. Mold protrusion shall not exceed 0.006 (0,15).

F. Interlead flash controlied by T Statistical Process Control (additional information available through local Ti sales office).

R Texas
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MECHANICAL DATA

FN020, FN028, FN044, FN052, FN068, and FN084
plastic J-leaded chip carriers

Each of these chip carrier packages consists of a circuit mounted on a lead frame and enncapsulated within
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with no
deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The package is intended for surface mounting on 1,27 (0.050) centers. Leads require
no additional cleaning or processing when used in soldered assembly.

FN020, FN028, FN044, FN052, FN068, and FN084 Designation per JEDEC Std 30:
(20-pin package used for il ) S-PLCC~J20 S-PLCC~J28

| D | S-PLCC-J44 S-PLCCI52

[*#lo1e 0000 B[e @[ DEG) S-PLCC-J68 s-PLCC-J84

Dy (see Note B) ——P! (] (see Note D)

e A 2;‘"':‘“

0.51 (0.020) R. M
[L]0.002 v ] 9%11(0020)R. Max . (see Note B)
P A T
uwes~—0_’4— (860 Note C) rurfo‘g?s —» "_ 1:14(01045) ATYP
‘ — I 081(0032) -
Qs 3 2 1 2019 4g]] 1‘_i —f_
[ s 17:] 2 Sides (see Note E) T
-8
Qs 6] 127 0.050) TP - <'°°N°‘°
s
[ 7 1 :] es [0.38 (0.015) B[ 0-EB)]
4|0, 38 (0 015)
Qe 14 :] (see Note C)
10 11 12 13
— l_! [ NS g W gy Sy -
0,51 (0.020) MIN.
L— C)
(00 Noto ) %354}%% (Includes Lead Firish)

SUM OF DAM BAR PROTRUSIONS
TO BE 0,18 (0.007) MAXIMUM PER LEAD

053 (0.021
Eﬁ{r‘%_“ L~ 0,64 (0.025) MIN.
DS

(see table on following page for additional dimensions)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A.

B.

mm oo

. Datums and for center leads are determined at datum | —
. Datum
. Location of datums and to be determined at datum
. Determined at seating plane .

All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M - 1982.
Dimensions D4 and E4 do not inciude moid fiash protrusion. Protrusion shaii notexceed 0,25 (0.0 10) on any side. Centeriine of centar
pin each side is within 0,10 (0.004) of package centerline by dimension B. The lead contact points are planar within 0,10 (0.004).

is located at top of leads where they exit plastic body.
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MECHANICAL DATA

FN020, FN028, FN044, FN052, FN068, and FN084
plastic J-leaded chip carriers (continued)

JEDEC | NO.OF A Ay D, E Dy, E, Dy, Ez Dy, Ey
OUTLINE | PINS MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX | BAsiC
MO-04TAA | 20 419 | 457 2,29 3,05 978 | 1003 | 889 9,04 7,37 8,38 5,08

(0.165) | (0.180) | (0.090) | (0.120) | (0.385) | (0.395) | (0.350) | (0.356) | (0.290) | 90.330) | (0.200)
MO-047AB 28 4,19 4,57 2,29 3,05 12,32 12,57 1,43 11,58 9,91 10,92 7,62
(0.165) | (0.180) | (0.090) | (0.120) | (0.485) | (0.495) | (0.450) | (0.456) | (0.390) | (0.430) | (0.300)
MO-047AC 44 4,19 4,57 2,29 3,05 17,40 17,65 16,51 16,66 14,99 16,00 12,70
0.165) | (0.180) | (0.090) | (0.120) | (0.685) | (0.695) | (0.650) | (0.656) | (0.590) | (0.630) | (0.500)
MO-047AD 52 4,19 5,08 2,29 3,30 19,94 20,19 19,05 19,20 17,53 18,54 15,24
(0.165) | (0.200) | (0.090) | (0.130) | (0.785) | (0.795) | (0.750) | (0.756) | (0.690) | (0.730) | (0.600)
MO-047AE 68 419 5,08 2,29 3,30 2502 | 2527 | 2413 | 24,33 | 2261 | 23,62 | 20,32
(0.165) | (0.200) | (0.090) | (0.130) | (0.985) | (0.995) | (0.950) | (0.958) | (0.890) | (0.930) | (0.800)
MO-047AF 84 4,19 5,08 2,29 3,30 30,10 30,35 29,21 29,41 27,69 28,70 25,40
(0.185) | (0.200) | (0.090) | (0.130) | (1,185) | (1,195) | (1,150) | (1,141) | (1.090) | (1.130) ] (1,000)

NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANS| Y14.5M—1982.

F. Determined at seating plane .
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MECHANICAL DATA

NO14, NO16, and N0O20
300-mil plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for
insertion in mounting-hole rows on 0.300 (7,62) centers (see Note B). Once the leads are compressed and
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no
additional cleaning or processing when used in soldered assembly.

NO14, NO18, and N020 Designation per JEDEC Std 30:
(16-pin package used for lllustration) R-PDIP-T14
R-PDIP-T18
R-PDIP-T20
A
16
STaNANARANaRaTs _
DIM 14 16 20
0775 | 0775 | 0.975
A MAX (19,69) | (19,69) | (24,77)
0745 | 0745 | 0940
AMIN (18.92) | (18,92) | (23,88)
FRYRYEY R RTRTRN] . .
0.310 (7,87)
0.200 (5,08) MAX 0290 (7,37)
.09) {— 0.035 (0,89) MAX —b{  [€— 0.070 (1,778) MAX « 9:260(6,60)
¥ 0.240 (6,10)
[ R
Seating L[‘
Plane —°
0.020 (0,51) .
MIN 108
0 0 U 90°
0.125(3,175) ¢ 100 ('2‘“) m' !—’ 0.014 (0,356) lle—
"N SeeNote B 0,033 (0,638)MIN  9.021 (0,533) 0.010 (0,254)
0.015 (0,381) SeeNote C

-

U
|
I 1

— -
End Pin Detall - 14 Pin

NOTES: A. All linear dimensions are in inches with millimeters in parentheses.
B. Each pin centerline is located within 0.010 (0,254) of its true longitudinal position.
C. This dimension does not apply for solder-dipped leads.
D. When solder dip is specified, dipped area of the lead extends from the lead tip to at least 0.20 (0,51) above seating plane.
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MECHANICAL DATA

N028, N040, N048, and N052
600-mil plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for
insertion in mounting-hole rows on 0.600 (15,24) centers (see Note B). Once the leads are compressed and
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no
additional cleaning or processing when used in soldered assembly.

N028, NO40, NO48, and NOS2 Designation per JEDEC St 30:
(28-pin package used for i R-PDIP-T28
R-PDIP-T40
le A N R-PDIP-T48
|‘ 28 1 5'] R-PDIP-TS2
| I e I s O s B e I | [ L1 racrg T
0.550 (13,97)
D
Efther of MAX
Both
Index Marks
LIJLIJL JLIJ LI IJ L JtLIJ LI LI L I LI
1 14
¢ ¢
0.200 (5,08) MAX 0.610 (15,49
0.020 (0,51) MIN 0.125(3,17) MIN 0.500 (14,99)
Seating
Plane
Pin Spacing 106°
el prs SRR |k omsomnum o
See Now B r-\\t—
0.082 (1,58) 0.014 (0,38)
0.043(1,22) ¢.021 (0,533) m
0.015 (0,381) 28 Places
28 Places See Nows C and D
See Notes C and D
PINS
DIM 28 40 48 5
1440 | 2080 | 2450 | 265
AMAX (36,58 | (53,09) | (62,23 | (67.31)
1380 | 2020 | 2380 | 2580
AN @35,05) | (51,31) | (6045) | (65,53)

NOTES: A. All linear dimensions are in inches with millimeters in parentheses.
B. Each pin centeriine is located within 0.010 (0,25) of its true longitudinal position.
C. This dimension does not apply for solder-dipped leads.
D. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atieast 0.020 (0,51) above seating plane.

* Texas
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MECHANICAL DATA

NT024 and NT028
600-mil plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for
insertion in mounting-hole rows on 0.300 (7,62) centers (see Note B). Once the leads are compressed and
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no
additional cleaning or processing when used in soldered assembly.

NT024 and NT028 Designation per JEDEC Std 30:
(24-pin ge used for il ) R-PDIP-T24
R-PDIP-T28
PINS
A DIM 24 28
ﬁﬁﬂ&ﬁﬁﬁﬁﬁﬁﬁﬁ 1.260 1.425
AMAX (32,04) | (36,20)
1230 | 1.385
AMIN (31,24) | (35,18)
0310 | 0315
/ B MAX
8 (8,00
LYY TR RS A o | 8%
0290 | 0.295
BMIN @37 | (.49
—— 0.200 (5,08) MAX —»| |¢— 0.070 (1,78) MAX
\ ¢ 3
B—b
v Anl M) | 0.280@,1)
0.250 (6,35)
Seating Plane L
0.020 (0,51) MIN
0.021 (0,533) 105
0.125(3,18) MAX  0.100(2,54) TYP  0.033(0,84) MIN 0.015(0,381) P
See Note B See Notes C and D
0.014 (0,356) —plia—

() =
S

Alternate Standoff Design

NOTES: A. All linear dimensions are in inches with millimeters in parentheses.
B. Each pin centerline is located within 0.010 (0,254) of its true longitudinal position.
C. This dimension does not apply for solder-dipped Ieads.
D. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.020 (0,51) above seating plane.
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MECHANICAL DATA

PBM120
JEDEC metric plastic quad flatpack

This plastic package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and
circuit performance characteristics remain stable when the devices are operated in high-humidity conditions.
The package is intended for surface mounting, and leads are spaced on 0,80-mm centers with an 0,80-mm foot
length. Leads require no additional cleaning or processing when used in soldered assembly.

PBM120

31,45

w4
810y

7o ¢

[ 2s,z'nou o ——
30 1

o

31 o) 120

45
—»{ |+ 0,80 NOM -l 33

L ST PETTRRRREERRRY
See Detall A 7

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS

Index Corner
L Chamfer or Dot

Designation per JEDEC Std 30:
S-PQFP-G120

3,42NOM 0'1 5NOM

Ligpre 1
s sl

Detall A

NOTES: A. Maximum deviation from coplanarity is 0,1 mm.
B. All dimensions and notes for JEDEC outline MO-x0000« apply.

Texas
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MECHANICAL DATA

PCB120
JEDEC metric plastic shrink quad fiatpack

This plastic package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and
circuit performance characteristics remain stable when the devices are operated in high-humidity conditions.
The package is intended for surface mounting, and leads are spaced on 0,40-mm centers with a 0,535-mm foot
length. Leads require no additional cleaning or processing when used in soldered assembly.

NOTES: A. Alllinear dimensions are in millimeters.

B. Datum plane located at top of mold parting line and coincident with top of lead. Where lead exits plastic body.

C. Datum and to be detsrmined where centsr leads exit plastic body at datum plane .

D. Body dimensions (X and Y) do not include mold protrusion. Allowable mold protrusion is 0,253mm.

8-12
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MECHANICAL DATA

Designation per JEDEC Std 30:
8-PQFP-G120

[@]or[c[a= ®] @]

PCB120

[®a]|® = v[o]vo [ ]

TYP

azs
0,15

—>| le—

T afalalalalulufululi

i

il

e o

=]
=1 JU

1,68 REF

0,128

0,25 R REF

0,152 REF

Gage Plane l

8-13
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MECHANICAL DATA

PHO80
JEDEC metric plastic quad flatpack

This plastic package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and
circuit performance characteristics remain stable when the devices are operated in high-humidity conditions.
The package is intended for surface mounting, and leads are spaced on 0,80-mm centers with a 0,80-mm foot
length. Leads require no additional cleaning or processing when used in soldered assembly.

PHO80 Designation per JEDEC Std 30:
R-PQFP-G80
240
232
20,0 NOM
"# 18,4 NOM =’]
24 1
annopannonneean ,--q[ Index Corner
HHHH HH L—
H H H / Chamter or Dot
-
— N
25: I O\ 80
T
T =
180 | 120 =x
17,2 NOM
14,0 L
NOM L
| — T
C = o |
[ =
[ —
L[ ] e = o | % 65
\ = —)

4 64
0,
—»| |¢ 0,80 NOM A'IL‘ 5%

02
o1
—-% 0° - 10

)

Soe Detall A - Detall A

NOTES: A. All linear dimensions are in millimeters.
B. Mexi deviation from coplanarity is 0,1 mm.
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814 INSTRUMENTS



MECHANICAL DATA

PM64, PN80, and PZ100
JEDEC metric plastic shrink quad flatpacks

These plastic packages consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and
circuit performance characteristics remain stable when the devices are operated in high-humidity conditions.
The package is intended for surface mounting, and leads are spaced on 0,50-mm centers with a 0,50-mm foot
length. Leads require no additional cleaning or processing when used in soldered assembly.

NOTES: A. All linear dimensions are in millimeters.
B. Datum plane located at top of mold parting line and coincident with top of lsad. Where lead exits plastic body.

. Datum and to be determined where center leads exit plastic body at datum plane .

C.
D. Body dimensions (X and Y axis) do not include mold protrusion. Allowable mold protrusion is 0,25mm.
E. When number of leads per side is even, datum are determined by adding half-pitch basic dimension to the centeriine of the adjacent

lead. When number of leads per side is odd, datum and are determined by the centerline of the center lead.

Texas
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MECHANICAL DATA

PMe64, PN80, and PZ100 Designation per JEDEC Std 30:
(80-pin pach used for il S-PQFP-G64
S-PQFP-Q80
[$_on‘ ICIA'B @fb@] S-PQFP-G100
D >l
TP
- [ ] o
Ihh i i
- - N
)
6 61T 13 40
o] = =
© = . =
0 || o ]
< [ e |
o | [ e ]
—l [ o |
- B
L )
[
ki == ==
[ o — |
T
; | - ]
E 1
TYP [ —
] ™
IOC: O = 21
'
N\ /

l——

PINS
DIM 64 80 100
122 142 16,2
D 1,8 13,8 15,8
10.1 121 141
E 9.9 1, 139
F 10.8 REF| 12.8 REF| 14.8 REF

Dimensions apply in both X and Y axis.

[ osee |

1.5 REF.
—-— F
0,2 R REF
0,177
o117
222 -fl o7

03
Detall A
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MECHANICAL DATA

PQ100, PQ132, and PQ164
JEDEC plastic quad flatpacks

These plastic packages consist of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and
circuit performance characteristics remain stable when the devices are operated in high-humidity conditions.
The package is intended for surface mounting and leads are spaced on 0,64 (0.025) centers with a 0,64 (0.025)
foot length. Leads require no additional cleaning or processing when used in soldered assembly.

PQ100, PQ132, and PQ164 Designation per JEDEC Std 30:
(100-pin package used for Hi $-PQFP-Q100
S-PQFP-G132

Detalls of Pin 1 ID and S-PaFP-aie4
Chamfer are Optional 1,14 (0.046) x 48° Chamfer

M~ 0,10 (0.004) NOM
1,88 (0.074)

__L—qu

m 0
o,uo(am

( (soe Note A)

[lozu0.008@ [c[4®-83[ 0 ®)

102000
j" 051 (0.020)
oy |
NOM 4,57 (0.180)
4,06 (0.160)
[Blozoca® [c[A®-2R[0 @) £5] 0,10(0.008)
(sve Nots B)
D2 i
(see Note D)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Detums [ A-B | and 1o be determined where center leads exit plastic body at plane .

Dimension to be determined at piane[ D | .

Dimension to be determined at plane [ =H- | .

. Dimension to be determined at plane [ -H— | ; dimension does nat include 0,254 (0.010) maximum mold protrusion per side.

. Dimensions and tolerance per ANS| Y14.5M-1982.
Tolerances: X, XX+0,12 (X.XXX 20.005)
X, XXX+0,050 (X.XXXX £0.002) uniess otherwise specified.

Tmo o w
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MECHANICAL DATA

PQ100, PQ132, and PQ164
JEDEC plastic quad flatpacks (continued)

LEADS
100 132 184
DIM
JEDEC OUTLINE MO-89AD MO-60AE MO-69AF
b | MAX 22,48 (0.885) 27,56 (1.085) 32,64 (1.285)
MIN 22,23 (0.875 27,31 (1.075) 32,39 (1.275)
o1 MAX 19,13 (0.753) 24,21 (0.953) 29,29 (1.153)
MIN 18,97 (0.747) 24,05 (0.947) 29,13 (1.147)
o2 MAX 22,84 (0.903) 28,01 (1.103) 33,10 (1.303)
MIN 22,78 (0.897) 27,86 (1.097) 32,94 (1.297)
b3 Now | 2¢@0684(0025) [ 32@0,636 (0025) | 40 @0,635 (0.025)
= 15,24 (0.600) = 20,32 (0.800) = 25,40 (1.000)
D4 MAX 9,60 (0.378) 11,99 (0.472) 14,53 (0.572)
MIN 9,45 (0.372) 12,14 (0.478) 14,58 (0.578)

8-18
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Tel.: (06196)9 2000
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4300 Essen 1

Tel.: (0201) 24 25-0

Fax.: (0201) 23 66 40
Kirchhorster Strafie 2

3000 Hannover 51

Tel.: (05 11) 904 96-0
Fax.: (05 11) 64903 31
Maybachstralle 11

7302 Ostfildern 2 (Nellingen)
Tel.: (07 11) 3403-0

Fax.: (07 11) 3403257
ESPANA

Texas Instruments Espana S.A.
C/[Gobelas 43
Urbanizasion La Florida
28023 Madrid

Tel.: (1) 3728051

Fax.: (1) 30768 64

Telex: 23634

C/Diputacion, 279-3-5
08007 Barcelona
Tel.: (3) 3179180
Fax.: (3) 301 84 61
Telex: 50436
FRANCE
Texas Instruments France
8-10 Avenue Morane Saulnier, B.I 67
78141 Vélizy Villacoublay Cedex
Tel: (1)30701003
Fax.: (1) 30 70 10 54
Telex: 698 70T F
HOLLAND
Texas Instruments Holland B.V.
Hogehilwey 19 - Postbus 12995
1100 AZ Amsterdam-Zuidoost
Tel: (020)56029 11
Fax.: (020) 56023 11
Telex: 12 196
REPRESENTATION HUNGARY
Texas Instruments Int.
Budaorsi u. 42
1112 Budapest
Tel: (1)26783 10
Fax.: (112671357
Telex: 227676

ITALIA

Texas Instruments Italia S.p.A.
Centro Direzionale Colleoni
Palazzo Perseo - Via Paracelso, 12
20041 Agrate Brianza (Mi)

Tel: (039) 63221

Fax.: (039) 632299

Via Castello della Magliana, 38
00148 Roma

Tel: (06)5222651

Fax.: (06) 52204 47

Telex: 6 10 587 ROTEX |

Via Amendola, 17

40100 Bologna

Tel.: (051) 554004

NORGE

Texas Instruments Norge A/S
PB 100

Refstad (Sinsenveien 53)

0513 Oslo 5

Tel.: (02) 155090

Fax.: (02) 21 41 36
PORTUGAL

Texas Instruments Equipamento
Electronico (Portugal) LDA.
Ing. Frederico Ulricho, 2650
Moreira Da Maia

4470 Maia

Tel: (2)9481003

Fax.: (2)948 1929

Telex: 22 485

Republic of IRELAND

Texas Instruments Ireland Ltd.
7/8 Harcourt Street

Dublin 2

Tel.: (01) 755233

Fax.: (01) 78 1463

Telex: 32 626
SCHWEIZ/SUISSE

Texas Instruments Switzerland AG
Riedstrafle 6

8953 Dietikon

Tel.: (01) 7442811

Fax.: (01) 7413357

Telex: 8 25 260 TEXIN
SUOMI/FINLAND

Texas Instruments OY
Abertajantie 3

PO. Box 86

02321 Espoo

Tel.: (0)8026517

Fax.: (0) 80265 19

SVERIGE

Texas Instruments
International Trade Corporation
(Sverigefilialen)

Isatjordsgatan 7, Box 3Q

16493 Kista

Tel.: (08) 7525800

(08) 7519715

x: 10377 SVENTEX S
UNITED KINGDOM

Texas Instruments Ltd.
Manton Lane

Bedford

England, MK41 7PA

Tel: (0234) 270111

Fax.: (02 34) 22 3459

Telex: 82 178

% TEXAS

INSTRUMENTS

€ 1993 Toxas Instruments

Chlorme-free paper 10 protect our environimnen
Preted i Germany

TI Regional

Technology Centres

DEUTSCHLAND
Texas Instruments
Deutschland GmbH
Haggertystrabe 1

8030 Freising

Tel.: (08161)804043

Disseldorfer Strafie 40
62 36 Eschborn
Tel.: (06196)92000

Kirchhorster Strafle 2
3000 Hannover 51
Tel.: (0511)90496-0

MaybachstraBe 11
7302 Ostfildern 2 (Nellingen)
Tel.: (07 11) 3403-0

FRANCE
Centre de Technologie
Texas Instruments France
8-10 Avenue Morane Saulnier, B.P. 67
78141 Vélizy Villacoublay Cedex
Tel.: Standard: (1) 30 701003
Service Technique: (1) 3070 11 33
Telex: 698 707 F

Centre Européen de Développement
et Siege Social

Texas Instruments France

B.P.5

06270 Villeneuve-Loubet

Tel.: 93222001

Telex:4 70 127F

HOLLAND

Texas Instruments Holland B.V.
Hogehilweg 19

Postbus 12995

1100 AZ Amsterdam-Zuidoost
Tel.: (020)56029 11

Telex: 1219

ITALIA

Texas Instruments Italia S.p.A.
Centro Direzionale Colleoni
Palazzo Perseo — Via Paracelso, 12
20041 Agrate Brianza (Mi)

Tel: (039)63221

Fax.: (039) 632299

SVERIGE

Texas [nstruments
International Trade Corporation
(Sverigefilialen)

Isafjordsgatan 7, BOX 30

1(14‘)3 Kista

: (08)752580¢
Fax.: (08) 75197 15
Telex: 1 0377 SVENTEX

UNITED KINGDOM

Texas Instruments Ltd.
Regional Technology Centre
Manton Lane

Bedtord

England. MK#1 7PA

Tel: (0234) 2701 11

Telex: 82 178

Technical Enquiry Service
Tel.: (02 34) 223000
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