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IMPORTANT NOTICE

Texas Instruments Incorporated (Tl) reserves the right to make changes to its
products or to discontinue any semiconductor product or service without notice,
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T! warrants performance of its semiconductor products and related software to
current specifications in accordance with Tl's standard warranty. Testing and
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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 Tl 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
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or procedural hazards. Inclusion of Tl products in such applications is understood
to be fully at the risk of the customer using Tl devices or systems.

Tl assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does Tl 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 Tl covering or relating to any combination, machine, or process
in which such semiconductor products or services might be or are used.
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INTRODUCTION

First-In, First-Out (FIFO) memories from Texas Instruments are valuable data path elements for
eliminating bottlenecks 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 overfiow
conditions 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 Tl 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 s 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 packags area as data
widths increase, many Ti 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 the terms of Texas Instruments standard warranty. 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 inthe 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.
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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

Cpa

'max

lcc

Alee

T

lo

loL.

loz

ty

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

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

Power disslpation capacitance
Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages):
Pp=Cpqg Vec? f + lec Vee.

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 V¢ 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
OVorVge.

High-level Input current
The current into* an input when a high-level voltage 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 establlshed 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 specified input pulse and the availability of valid signals
at an output.

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

TEXAS ‘*9
INSTRUMENTS
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

I N S

operating conditions and characteristics (continued)

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)

NOTE: For 3-state outputs, t4;s = tpz or tp 2. Open-collector outputs will change only if they are low
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
NOTE: In the case of memories, this is the access time from an enable input (e.g., G). For 3-state

outputs, te,, = tpzp Or tpz1 . Open-collector outputs will change only ifthey are responding to data
The time interval during which a signal is retained at a specified input terminal after an active transition

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

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. (t,g = tpHL oF tp11).

The time between the specified reference points on the input and output voltage waveforms w1th the

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.

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

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.

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 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 low level .

tdis Disable time (of a 3-state or open-collector output)
state.
at the time of disabling so tgis = tpLH.
ten Enable time (of a 3-state or open-collector output)
low).
that would cause the output to go low so, for them te,, = tpy. -
th Hold time
occurs at another specified input terminal.
of the digital circuit is guaranteed.
tpd Propagation delay time
toHL Propagation delay time, high-to-low level output
output changing from the defined high level to the defined low level.
tpHz Disable time (of a 3-state output) from high level
teLH Propagation delay time, low-to-high level output
output changing from the defined low level to the defined high level.
tp1z Disable time (of a 3-state output) from low level
tezn Enable time (of a 3-state output) to high level
tpzL Enable time (of a 3-state output) to low level
T {if
EXAS
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

operating conditions and characteristics (continued)

tou

Vin

ViL

Von
Vor

VT+

Vo

Setup time

Thetime interval between the application of a signal at a specified input terminal anda 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 inwhich 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.

Pulge duration (wldth)
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 outhut voltane
The voltage at an output terminal with input conditions applied that, according to product specification,
will establish a low level at the output.

Posltive-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-goling threshold level
The voltage level at a transition-operated mput 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 aqutput ready flag (or empty flag) output are synchronous to the rising edge of the
read clock.

TEXAS ‘Q‘
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EXPLANATION OF FUNCTION TABLES

function tables

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

H

L

1

{
—_

—

X

4
a..h

Qo
Qo

Qn
Ju

I
TOGGLE

high level (steady state)

low level (steady state)

transition from low to high level

transition from high to low level

value/level or resulting value/flevel is routed to indicated destination
value/level is re-entered

irrelevant (any input, including transitions)

off (high-impedance) state of a 3-state output

the level of steady-state inputs A through H respectively

level of Q before the indicated steady-state input conditions were established

complement of Q, or level of Q before the indicated steady-state input
conditions were established

level of Q before the most recent active transition indicated by | or ¢
one high-level pulse
one low-level pulse

each output changes to the complement of its previous level on each active
transition indicated by | or ¢

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. [fthe 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 in the opposite direction to those shown have no effect at the output. (If the outputis shown as apulse,
JL or™U, the pulse follows the indicated input transition and persists for an interval dependent on the circuit.)

. -
Texas WP
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-EXPLANATION OF FUNCTION TABLES

function tables (continued)

Among the most complex function tables are those of the shiit 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 Qyn Qg Q¢ @
st S0 LEFT RGHT| 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 |om Qs Qo Qpo
H H H t X X a b ¢ dfa b ¢ d
H L H ? X H H H H H|H Qam Qs Qcn
H L H t X L L L L LJ]L Qam Qs Qcn
H H L 1 H X X ‘X X X o Qcn Qpn H
H H L 1 L X X X X X |@g Qe Qon L
H L L X X X X X X X }Oa Qs Qo Qno

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 S0 are
both high then, without regard to the serial input, the data entered at A will be at output Q4, data entered at B
will be at Qg, and so forth, fellowing a low-to-high cleck transiticn.

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 Q¢ 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 Qa, the previous
levels of Q¢ and Qp are now at Qg and Qg, 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 levels they assumed before the steady-state combination of clear high and both mode
inputs low was established.

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

TeExAs ‘!’P
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

D flip-flop and latch signal conventions

It is normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic
symbolbased on the assumption of true data (D) inputs. Outputs that produce data in phase with the datainputs
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 Q output to go high or a Q outputto 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
—_ N LI N
PRE — ] 5 q TLR 2 R N S &
c 5 c1 GT——C1
D 1D S 6 - b —Dip 6
m_f____bn mi.____hs Q
LATCH LATCH
1 1
mz——bs 5 4 TR 2—l>n 5 o
CLK 3 > C1 CLK —;———> c1
LA N
D 2 ::J 6 - D " ;D 6 a

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 (i ) 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.

TEXAS "@
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THERMAL INFORMATION

thermal information JUNCTION-TO-AMBIENT THERMAL RESISTANCE
vs
In digital system design, consideration must be AIR VELOCITY

g

given to thermal management of components.
The small size ofthe small-outline package makes
this even more critical. Figure 1 shows the thermal
resistance of these packages for various rates of
air flow.

Yo :14—Pln I# Packn%o

/ Ve :1 6-Pin Ilg Packnéo
/ // /— :20-Pln I.JI)W Pnck:ngo

-
n
o

-
-
(=]

g
Ve
/|

3

(3]

°t

]

(=

2

8

N i I

The thermal resistances in Figure 1 can be used Eq }( - ,/ /~ j24-Pin bW Packago
to approximate typical and maximum virtual § % \
junction temperatures for the EPIC™ ACL family. E 8o
Ingeneral, the junctiontemperature for any device £ \ N \\
can be calculated using Equation 1. g 70 \ /\ "~
TJ=RgaxPr+Ta (1) s © ‘\ —
where: g 50 =
Ty = virtual junction temperature § 40
Rgsa = thermal resistance, junction to free air &
Pt = total power dissipation of the device > 300 100 200 300 400 500 600
Ta = free-air temperature « Alr Valoclty — FootMin
The total power consumption can be determined Figure 1
from Equation 2 for an AC device and Equation 3
for an ACT device.
Pr=Vcexlec + (de X Vcc2 x f) + Z(C x VC02 x f5) (2
Pt =Vee x [lec + (N x Alge x de)] + (Cpg x Vee? x f) + 2(Cp x Vec? x o) 3)
where:
Vec = 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)
f; = input frequency
CL = output load capacitance
fo = output frequency
N = number of inputs driven by a TTL device
dc = duty cycle
Alcc  =increase in supply current (specified on device data sheet)

NOTE 1: In system applications, Icc can be minimized by keeping input voltage levels less than 1 V for V|_and greater than Vgc—1 V for Vi and
input rise and fall imes less than 15 ns.

EPIC is a trademark of Texas Instruments Incorporated.
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SN74ACT7801
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991
IR

Member of the Texas Instruments ° Input Ready, Output Ready, and Half-Full
Widebus™ Familly Flags
® Independent Asynchronous Inputs and ® Cascadable in Word Width and/or Word
Outputs 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 * 3-State Outputs
¢ Programmable Aimost Full/Almost Empty * Avallable In 68-PIn PLCC (FN) or
Flag Space-Saving 80-Pin Shrink Quad Flat Pack
(PN)-
FN PACKAGE
(TOP VIEW)
¥ r-o
voroQEE 1880, grelw
o006 aEcOolE>6G0>5C006C0C
g ] S § S SN | SR § GSNN § SR ) O | WD | S JNND SN § NN § OO ) O ) S
9 B7 6 5 4 3 2 1 6867666564 636261
D141) 10 5°H Vee
D13[] 11 so[] Q14
D12[]12 s8] Q13
D11[]13 57[] GND
D10[) 14 56[f Q12
D9[] 15 s5[] Q11
Ve[l 16 54[ Voc
D8 D17 BSE Q10
GND[] 18 52[] Q9
D7[]19 51[] GND
D&[] 20 50[] Q8
D5 [] 21 as[] Q7
D4 [] 22 48[} Vee
D3 ] 23 47[] Q6
D27 24 48[} @5
D125 45[] GND
DO 26 44H Q4
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
o 1 s U o 1 o s v ¥ e o W s 1 o o e e N s ¥ o ¥ e |
ccae <
S22
Widebus is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA information Is current as of publicstion date, Copyright © 1991, Texas Instruments Incorporated
e T i
eing o parartc. TEXAS {P
INSTRUMENTS
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SN74ACT7801

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

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

NC
GND
GND

Q16
Q17
Vee

OR
GND
Vce

RESET

OE

RDEN2
RDEN?1
RDCLK
GND
D17
D16
D15
NC

Nc

© O N OU e N @

- s -
N = o

| - S N R . B g S ) S5 S R E ) B S Ry S Ry 6 ]

- ek b
Qo e w

17

i

] 19

20

PN PACKAGE
(TOP VIEW)

25245 8 29,
- [+ o]
365686588663

¥ 8
056 5o

7675 7473 7271 70 69 68 67 66 6564 63 62 61

21 22 23 2425 26 2728 29 30 3132 33 34 35 36 37 38 3940

Al

0o
ZRBb A0

NC - No internal connection

description

M N~ OO

)

N T O = OILO

o NN
08020 [alNaNaNagalal e ]
> 0] [a]

Vee
Vce

NC

Q3

Q2

GND

Q1

Qo

Vee

HF

IR

GND
GND
AF/AE
Vee
WRTEN2
WRTEN1
WRTCLK
GND

NC

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
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.

TEXAS "@

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

SCAS111-D3489, APRIL 1990-REVISED MAY 1891

logic symbolt
[+
FIFO 1024 X 18
74ACT7801
1
RESET —29————5 RESET
WRTCLK —————F> WRTCLK o
30
WRTEN1 —3;——-——- & WRTEN IN RDY ” IR
WRTEN2 —5-——— HA'J= FULL P HF
RDCLK —————p> RDCLK ALMOST FULL/EMPTY o AFIAE
RDEN1T ——— ] & OUTRDYiV———— OR
2
OE ——————] EN1 | RDEN
3
RDEN2
27
DAF —————D\N> DEFALMOST FULL
- L
26 a8
o 1° ofb—— a0
25 v
pt —— | . a
24 a
D2 -
23 2
D3 as
22 -
D4 s
21 P
D5 s
20 p
D8 a8
19 29
D7 ar
17 %
D8 as
15 | pATA > DATA 1V 52
00 = | Q9
14 v
p10 ato
13 .
D11 ant
12 %8
D12 a2
1 P
D13 ais
10 59
D14 a4
61
D15 s
63
D16 Qe
! 64
D17 ——— {17 17— a17

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

TeExXAS ‘"P
INSTRUMENTS
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SN74ACT7801

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

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

functional block diagram

Do0-D17 d
Location 1
RDCLK Synchronous .
RDEN1 Read i Read
Control > Polnter
RDEN2
1024 x 18 RAM
WRTCLK Synchronous >
L Write
WRTEN1 Write
WRTEN2 Control Polnter Location 1023
Location 1024
U U
'y Y N
Resat [ Reglster
Loglc g
RESET —— >
Status
Flag N
DAF Logle

functional description

inputs
data In (D0-D17)

Qo-Q17

OR

HF
AF/AE

Data inputs for 18-bit-wide data to be stored in the memoty. 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/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, alow-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).

TEXAS “9
INSTRUMENTS
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SN74ACT7801
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

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 s 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.

rcad cnables (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, RDENZ2) 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 almost full (DAF) input stores the binary value of data inputs D0-D8 as

the almost full/almost empty offset value (X). With DAF held low, a low 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 and the output ready flag (OR) are inthe 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 accur 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, RDENZ2,
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.

TEXAS Q’P
INSTRUMENTS
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SN74ACT7801
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

functional description (continued)

almost full/alimost 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.

programming procedure for AF/AE
The almost full/almost empty flag (AF/AE) is programmed during each reset cycle. The almost full/almost empty
offsetvalue (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:

- Step1.  Take DAF from high to low,

Step2. If RESET 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 default value of X = 256, hold DAF high during the reset cycle.

TEXAS *’)
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SCAS111-D3489, APRIL 1990-REVISED MAY 1991

R
timing diagrams

HAESET

SENNNNNNNPRNNNNNNNNN S NN
i

wmcm'—lJ l j1| ¢2| falll 71§71 $2| 1

WRTEN1 \mnon:tcaro }\m

I
I ' | |
WRTEN2  \ ot Caro \\ |

oo-o17 \\\\ —m‘m\\\\
mocix FTLf F—l_m RpRaiks

|
RDENT  \\ Don’t Care \\ |
I H | |
RDEN2 X\ Dontcar 3 !
T — ! }
; ; | | |
OE I | | I ! !
] | I ' | !
Qo-Q17 invalid
| ] | | |
OR Don‘t Caro \\ ! } !
\\\\\\ l l l ' I
AF/AE  \) Don’t Care I [ [ l
I | | ]
; ' | | l |
HF DontCare \\ | | 1 1
| |
[N Don’t Care\ | |
| |
Store the value of DO-D8 as X | l Define the AF/AE flag using the value of X

1 X is the binary value of D0-D8 only.

Flgure 1. Reset Cycle: Define AF/AE Using the Value of X
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SN74ACT7801
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

RESET

ST A Y TS
|
w1 L AL L L

WRTEN1 | ji
|

warere. SROMONUN 22710 SOOI |

e
wox __f L_i_f‘l__f:’l SRt el
RDEN1 \\\\\\\
RDENZ \\\\\\\\

| ]

OE [ ; : |

| |
] | | 1 [

Q0-Q17 Invalld
—— s EE
OR N\ DontCare N\ | |
! I I [
AFAE N Don'tCare ; | T

| .
HF  \\ DontCare .\ i 1 |

| |

R NN\ Don’tCare N K

L]

|

|

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

Flgure 2. Reset Cycle: Define AF/AE Using the Default Value
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HRESET
. T T
wee ] FL FL L, L, FL, F L F1

WRTEN1 11
|
|

WRTEN2
— ]

Qo-Q17 Invalld

]
f—

|
RDEN2 | |

!

|

|

|

OR |

AF/AE

HF

Flgure 3. Write
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RESET

DAF L/ LAY Do s A LA

WRTEN2 — 1] !
00-D17  Zweasl /[ /S
o 1F L L, L, L
V | | — | | !
RDEN1 '—” | | | | | T
RDEN2 ll I : : T J| { t
| | | ! | | }
OE :H i L £¢ ! LC !I r{d i £ :
Qo-Q17 E}}—@ w2 X Em ,',‘ wxn:X wez w:uallx mu“,'mm—){XEm-x,‘,' wie ) wies
oR | | | | |
aFmE ] i L ! ]
HF i ! 1
r L I
Figure 4. Read
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: SN74ACT7801
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

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

Supply voltage range, Veg -« v v vvvveniviiiiinnnnn . R L AA AT
Inputvoltage, V) ..ot s e e 7V
Voltage appliedto adisabled 3-state oUtput ..........coiiiiiiiiin i iiiie it iiiiiie i .... 55V
Operating free-air temperaturerange ............ N P 0 X 03 (e I {11
Storage temperature range ..........coeviiiiiiiieriiiteiiaiaiian e —65°Cto 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanentdamage 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

'ACT7801-15 | 'ACT7801-18 | ACT7801-20

UNIT
MIN MAX| MIN MAX] MIN MAX

Vee Supply voltage 45 5.5 4.5 5.5 4.5 55 \'
ViH High-level input voltage 2 2 2 - \'
ViL Low-level input voltage 0.8 0.8 0.8 v
lon High-level output current -8 -8 -8] mA
loL Low-level output current 16 16 16| mA
fhock  Clock frequency 40 35 28.5 MHz

Data in (DO-D17) high or low 10 12 14

WRTCLK high 7 8.5 10

WRTCLK low 15 15 16
t Pulse duration RDCLK high 7 8.5 10 ns

RDCLK fow 15 15 15

DAF high 10 10 10

WRTEN1, WRTEN2 high or low 10 10 10

OE, RDEN1, RDEN?2 high or low 10 10 10

Data in (D0O-D17) before WRTCLKt 5 5 5

WHTEN1, WRTEN2 before WRTCLK?t 5 5 5

OE, RDEN1, RDEN2 before RDCLK? 5 5 5

Reset: RESET low befors first WRTCLK and 7 7 7
tsu Setup time RDCLK?t ns

Define AF/AE: DO-D8 before DAF} 5 5 5

Define AF/AE: DAF | before RESET] 7 7 7

Deﬁne.AF/AE (default): 5 5 5

DAF high before RESET}

Data in (D0-D17) after WRTCLK? 1 1 1

WRTEN1, WRTEN2 after WRTCLK? 1 1

OE, RDEN1, RDEN2 after RDCLKt 1 1

Reset RESET low after fourth WRTCLK and 0 o 0
tn Hold time RDCLK¢ ns

Define AF/AE: DO—DB after DAF} 1 1 1

Define AF/AE: DAF low after RESET? 0 0 0

Define AF/AE (default): 1 5 4

DAF high after RESET?t
Ta Operating free-air temperature 0 70 0 70 0 70 °C

TEXAS ‘@
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SN74ACT7801

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

SCAS111-D3489,APRIL 1990-REVISED MAY 1991

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT

VoH Vec=45V, loH =—8mA 2.4 . \'2

VoL Vec =45V, lor =16 MA 0.5 \4

Iy Vec =55V, Vi =Vgcor0 =5 pA
|oz Vec=5.5V, Vo =Vgcor0 =5 pA
lcc1* | Supply current fotock = 25 MHzS 200 230| mA
Iccet | Standby current Vi = WRTCLK, Vi =VigorV, 20 25| mA
lccat | Power-down current {V)=Vcc—0.2Vor0 400 uA
c V=0, t=1MHz 2 pF
Co Vo=0, f=1MHz 8 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
frmax WRTCLK or RDCLK 40 35 285 MHz
tod 5 12 15 5 18 5 20
D
o) RDCLK? Any Q Y ns
tod WRTCLK? IR 4 10 4 12 4 14 ns
Lo RDCLK? OR 4 10 4 12 4 14 ns
tod WRTCLK?t AF/AE 7 20 7 22 7 24 ns
tod RDCLK?t AF/AE 7 20 7 22 7 24 ns
toLy WRTCLK?t HE 6 19 6 21 6 =l .
toHL RDCLK? 6 19 6 21 6 23
F) 9 1 23
oL HESET, AF/AE 4 1 4 2 4 ns
toHL HF 4 21 4 23 4 25
ton oF Any Q, OR 4 1 4 1 4 nlo .
] i 2 14 2 14 2 14
T All typical values are at Voo = 5 V, Ta = 25°C.
% oG tested with outputs open.
$ For frequencies greater than 25 MHz, I = 230 mA + (6 mA x [f — 25 MHz]).
1 This parameter is measured with C, = 30 pF (ses Figure 5).
—— —
TEXAS b
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1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

thd - Propagation Delay Time — ns

Cpd - Power Disslpation Capacitance — pF

18

TYPICAL CHARACTERISTICS

TYPICAL PROPAGATION DELAY TIME

vs
LOAD CAPACITANCE

16

I
Vee=5V

15

17— TA =25°C
RL=5000
~
P
A

14

13

/

/

12

1

10

0 30 S50 100 150 . 200

C L~ Load Capacitanco - pF

Figure 5

250

300

TYPICAL POWER DISSIPATION CAPACITANCE

67

66

vs

SUPPLY VOLTAGE
1,5 miiz
| Z‘: Ziﬁfp IZ
L //
//
v

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

Ve - Supply Voltago - V

Figure 6
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SN74ACT7801
1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS111-D3489, APRIL 1990-REVISED MAY 1991

calculating power dissipation

With lccr 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 [|C¢F + (N x Algg x do)] + Z (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 [lcg + (N x Algg x dc)] + 2 (Cpg x Vee? x fi) + 2 (CL x V002 x o)

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
Cpd = power dissipation capacitance

Cy = output capacitive load

fi = data input frequency

f, = data output frequency

TEXAS '&'P
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1024 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY
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APPLICATION DATA
expanding the SN74ACT7801
The SN74ACT7801 is expandable in width and depth. Expanding in word depth offers special timing
considerations:

1. Afterthefirst dataword 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.

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
*ACT7801 ' *ACT7801
WRTCLK ——————— WRTCLK RDCLK | WRTCLK RDCLK |————— RDCLK
WRTEN1 ——— WRTEN1 OR F—T— WRTEN1 RDEN1 |—————— RDEN1
WRTEN2 ———— WRTEN2 RDEN1 WRTEN2 RDEN2 —————— RDEN2
IR ——— IR : RDEN2 g— IR OR}———or
OE}+—5V OE |—— OE
__._.___!\ ]
Do-D17 1 Do-D17 Qo-a17 ] Do-D17 Q0-Q17 Qo-Q17

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

*ACT7801
WRTCLK WRTCLK RDCLK RDCLK
WRTEN WRTEN1 RDEN1 RDEN
: WRTEN2 RDEN2
IR OR
OE T OE ]
D18-D35 ) DO-D17 Qo-a17 > Qi8-Q35
IR ——C J, )— OR
7 'ACT76801
——] WRTCLK RDCLK
WRTEN1 RDEN1
WRTEN2 RDEN2
R OR
OE
DO-D17 >DO—D17 Qo-Q17 ) Qo-Q17

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

————— 3V
From Output Input ;f 1.5V
Under Test | | GND
et t
Ry =500Q C=50pF pd_.: hn pd_’.‘;__._.. av
= = ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 9. Standard CMOS Outputs (OR, Half Full, AF/AE)
I Vee
S
RL
From Output
Under Tost
C
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER Ry C .t S1 S2
fon tfﬂ" 5000 50 pF Open Closed
toz Closed Open
teHz Open Closed
i 500 50 pF
s iz e P Closed Open
fgort - 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 . : DLPACKAGE
Widebus ™ Family (TOP VIEW)
* Free-Running Read and Write Clocks May J
Be Asynchronous or Colincident RESET E 1 56 % OET
° Read and Write Operations Synchronized to g:; i g zj i g:;
. Independent System Clocks D15 [ 4 s3f] Qis
Input-Ready Flag Synchronized to Write D14 (I5 52[] GND
Clock D1afls siflaia
® Output-Ready Flag Synchronized to Read D12 [}7 50[] Ve
Clock D11 [}s 49]] Q13
® Packaged in Shrink Small-Outline 300-mill p1o[je 48]l Q12
Package (DL) Using 25-mlil Center-to-Center Vee 110 a7fl 11
Spacing pefl11  4sflato
° 512 Words by 18 Blts pelj1z2  4asflae
¢ Low-Power Advanced CMOS Technology G';I; E :i :: %|| g';D
¢ Haif-Full Flag and Programmable Almost pell1s  42fl a7
Full/Almost Empty Flag psie  41]jcs
° Bidirectional Configuration and Width Dafl17  4oflos
Expansion Without Additional Logic D318 39f] vee
° Fast Access Times of 12 ns With a 50-pF ’ D2{]1e  38faa
Load and All Data Outputs Switching D1[J20 s7flas
Simultaneously Do F 21 3ssf]qQ2
* Data Rates From 0 to 67 MHz HF[j22  35[]GND
* Pin Compatible With SN74ACT7805 and PEN ({23 34fl a1
AFAE [l2¢  33fJco
SN74ACT7813
WRTCLK [|25  32[] RDCLK
description WRTENZ [[26 31 {] RDEN
WRTEN1 [|27 ~ 30]] OE2
The SN74ACT7803 is a 512-word x 18-bit FIFO IR[28 20for

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¢g
and GND pins along with Tl’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 WRTENT1 is high, WRTENZ2 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 buffer regardless of the RDEN,
OET, and OE2 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 feast 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.

O 0 S T Yy
PRODUCTION DATA Information Is current as of publication dats, Copyright © 1992, Texas Instruments Incorporated
m:m?mwgapq.ﬁuﬂmpuhtmﬂ mnlnmm ,. .
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

loglc symbolt

@
1 FIFO 512 x 18
RESET RESET SN74ACT7803

WRTCLK ————— — > WRTCLK
WRTENl —— &

WRTEN

> RDCLK

EN1

RDEN

PEN ————— PROGRAM ENABLE
|

32
56 ALMOST FULL/EMPTY
30

IN RDY
HALF-FULL

OUT RDY

D ——0
D1
D2
D3
D4
D5
Dé
D7
D8
De
D10
D11
D12
D13
D14
D15
D16
D17 —m{ 17

b
ry

g
N

117

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publicatio
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

functional block diagram

OET Output
o2 Control
Do-D17 Ll
N Location 1
RDCLK Synchronous > Read | _Location2
L | Co::r ol > Polnter v
RDEN
512 x 18 RAM
WRTCLK Synchronous > Write A
WRTEN1 Write "
Control Polnter —v]| Location 511
WRTENZ | Location 512
A 7 J L
4y
Registor Qo-Q17
L Status
Resot Fiag oR
Logic b Loglc IR
“EFENSEI ‘ HF
AF/AE
]

TEXAS *ﬂ’
INSTRUMENTS
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991 -REVISED MARCH 1992

Terminal Functions

PIN

/o DESCRIPTION
NAME NO.
Almost full/almost empty flag. Depth offset values may be programmed for this flag, or the default
AFJAE 2 o value of 64 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 (512 minus Y) or more words. AF/AE is high
after reset.
DO-D17 21-14,12-11, I 18-bit data input port
9-2
HF 22 o Half-fullflag. 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 | 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 OET, OE2, and RDEN are low and OR is high, data is read from the FIFO
OFE1, OE2 56, 30 I | on alow-to-high transition of RDCLK. When either OET or OEZ 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 atter 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-D7 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 4043, 45-49, O | Q0-Q17 onthethird rising edge of RDCLK. OR s 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 | Alow-to-high transition of RDCLK reads data from memory when OET, OE2, and RDEN are low
and OR s high. OR is synchronous to the low-to-high transition of RDCLK.
FDEN a1 y |Readenable. 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 i Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four iow-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 1 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.
WRTEN1, 27 26 I Write enables. When WRTENT1 is high, WRTENZ is low, and IR is high, data is written to the FIFO
WRTENZ ! on a low-to-high transition of WRTCLK.
TEXAS "J
p2 INSTRUMENTS
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

timing diagram

L L
|
|
|
nwwf}W’vﬁf ‘r"«;fm
?I?I?'zl?l?‘*l?l?L_?L_‘i‘_
|
OET - I /Inlntcl[ l}
| |
MWDVWW |
|
WW‘BW%’W 5
| X |
OR . » Doln'tcnro I I E E
o e "| " | L '
; | |
| -
2 ; ;
& 77 i ) i
| g

the default value of X = Y = 64.

Flgure 1. Reset Cycle

TExAS ‘343
INSTRUMENTS
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

timing diagram

1
RESET o
PEN ;

WRTCLK | f I f | f | f | 5 ‘ f | ( # I { f |

| |

! t 1
WRTEN1 0

WRTERZ |

—_—————

oo FLALFLL 1 L F1 F1

| | | | |
oFT | ! ! | L}
T T 1 I I
| | | | ,
} 1 ) 1
ADEN | | | : { o
! | | | |
! | : ! |
oEz | | | ! !
} | ] | | o
| | | ! .
Qo-Qi7 Invalld X w1
| | | ! '
OR i | ; ;
| | | |
|
AF/AE ' ' |
T
| |
HF | l
|
R I

Flgure 2. Write

TEXAS ‘")
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

timing diagram
RESET .
PEN :

WRTEN1
WRTER2

DO-D17 1 w513 WWWWW@;E?;WK

O =

, ! ! | | | |
oF | ! | ! ! ! ! !
| T [ ¥ L ) T o
| | | | | | |
FDER | L ! a | | |
| ] | [ ] | ]
| | , | | | |
Oz | | , | | | |
| I ] 1 1 i ]
| I | {( | { I (( | (¢ |
Qo-Q1i7 w1 w2 w3 ": wmn)(wmz): was? )X wzss "(lW(SIMXI(Su-X;: wsz w513
I i 12) I ) I 12) ' 12) I
| | |
OR | { | | | |
, | | | |
s : !
AFAE | | |
| | ;
| | !
" : |
] !
| I
Flgure 3. Read
IR
i
TEXAS ‘b
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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 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. 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 regardless of the state of the write enables (WRTEN1, WRTENZ). 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 '
msET |
w3l JoL [ LT LT LI LT LI

P | 7777227

DoD7 XandY Y. Y A

WRTEN1 /
WRYENZ A

Figure 4. Programming X and Y Separately

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

Supply VORAGe range, VEC v vvrriiriins vineiiiieniisie i et e it aniaaanas -05Vto7V
INpUEVORAgE, V| .o et i e e, P 7V
Voltage applied to a disabled 3-state output ..........c.ooiiiiiiiiiiiii i i e 55V
Operating free-air temperature range ............ovviieiiiiitierieirirensinsiesinnnas 0°Cto 70°C
Storage temperature range ............ooiiiiitiiie ittt i —-65°C to 150°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stressratings 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-meximum-rated conditions for extended periods may affect device reliabiiity.

TEXAS‘@
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SN74ACT7803

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

SCAS191-D3293, MARCH 1991-REVISED MARCH 1992

recommended operating conditions

*ACT7803-15 | 'ACT7803-20 | *ACT7803-25 | 'ACT7803-40 UNIT
MIN MAX| MIN MAX| MIN MAX|] MIN MAX
Vecc  Supply voltage 45 55| 45 55[ 45 55| 45 55| V
Vin High-level input voltage 2 2 2 2 \'/
ViL Low-level input voltage 0.8 0.8 0.8 0.8 v
lon High-level output current | Q outputs, flags -8 -8 ~8 -8 mA
! Low-level output current Q outputs 18 16 18 16 mA
oL P Flags 8 8 8 8
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 (D0~D17)
before WRTCLK? 4 5 5 5
WRTEN1, WRTENZ 4 5 5 5
before WRTCLK?t
OET, OE2
Setu time before RDCLK? 5 5 5 6 .
ou P RDEN before RDCLK? 4 5 5 5
Reset: RESET low
before first WRTCLK?t 5 6 6 6
and RDCLK1t
[PEN before
WRTCLK1 5 6 i 6
Data in (D0-D17)
after WRTCLK} ° 0 ° 0
WRTEN1, WRTENZ
after WRTCLK? ° 0 0 0
OFET, OEZ, RDEN
after RDCLK} 0 0 0 0
th Hold time Reset: RESET low ns
after fourth WRTCLK?t 2 2 2 2
and RDCLK}t
[FEN high
after WRTCLK} 0 0 0 0
PEN low after
WRTCLK? 2 2 2 2
Ta Operating free-air tsmperature 0 70 0 70 0 70 0 70 °C
T To permit the clock pulse to be utilized for reset purposss.
L
Texas W
EXAS
INSTRUMENTS
2-27
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT

VoH Vec =45V, loH=—8mA 2.4 v
Flags Vec =45 vV, loL=8mA . 0.5

VoL \
Q outputs Vec =45V, loL=16mA 0.5

I Vec =55V, V)=Vggor0 +5 pnA

loz Veec =55V, Vo =Vge or 0 +5 pA

lec Vi=Vegc=0.2Vor0 400 nA

Alect Vec =55V, Oneinputat3.4V, Otherinputs at Ve or GND 1] mA

Ci V=0, f=1MHz 4 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 "ACT7803-15 *ACT7803-20 | 'ACT7803-25 | 'ACT7803-40
PARAMETER UNIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
WRTCLK or
frmax RDCLK 67 50 40 25 MHz
tod RDCLK? AnyQ 4 95 12 4 13 4 15 4 20 hs
tpd§ 8.5
tod WRTCLK? IR 3 8.5 3 1" 3 13 3 15 ns
tod RDCLK¢ OR 3 8.5 3 11 3 13 3 15| ns
tod 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
[ WRTCLK? HE 7 15 7 17 7 19 7 al
topL RDCLK? 7 15.5 7 18 7 20 7 22
toLH FESET low AF/AE 2 9 2 1 2 13 2 i .
o v HF 2 10 2 12 2 14 2 16
tan 2 8.5 2 1" 2 1 2 1
[ OET, OF2 Any @ 2 9.5 2 11 2 14 2 @l ™
t All typical values are at Voo = 5 V, Ty = 25°C.
* This is the supply current for each input that Is at one of the specified TTL voltage levels rather 0VorVee.
§ This parameter is measured with a 30 pF load (see Figure 7).
operating characteristics, Voc = 5V, T = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
[ Cod Power dissipation capacitance ] Outputs enabled | C, = 50 pF, f=5MHz 53 pF
]
TEXAS ‘V
INSTRUMENTS
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

APPLICATION INFORMATION
SN74ACT7803
CLOCKA > WRTCLK RDCLK <] D < CLOCK B
W/HA ) WRTEN1 [4)=4) o— W/RB
TSA WRTENZ RDEN | o < TSB
OE2 J
A\ 4
A\ 4
Y
\18
» Do-D17 Qo-Q17—> «>—— B0-B17
SN74ACT7803
—f> RDCLK WRTCLK<]
OE1 WRTEN1
90— RDEN WHTENZ
L OE2
\ 18
A0-A17 b <+—| Qo-q17 DO-D17 [=—et
Figure 5. Bldirectional Configuration
SN74ACT7803
WRTCLK E> WRTCLK RDCLK < - RDCLK
WRTEN1 WRTEN1 RDEN
WRTENZ WRTENZ OEl} o | OET
IR OR
A 4 OE2 < OE2
38
Do-D35 — Do-D17 Qo-a17
Y
[~
l SN74ACT7803
4 —F> WRTCLK RDCLK<<
WRTEN1 RDEN
WRTENZ OET
IR OR
oz |-
38
Do-D17 Qo-a17 — Q0-Q35
Flgure 6. Word-Width Expanslon: 512 x 36 Bit
i
TEXAS %3
INSTRUMENTS 2o

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ACT7803

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

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992

typ+8

typ+6

typ+4

typ+2

tpd — Propagation Delay Time — ns

typ-2

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME

vs

LOAD CAPACITANCE

|
Vee=5V
- TA=25°C
R =500Q

] 50

100 150

200 250 300

C_ - Load Capaclitance — pF

2-30

Figure 7
SUPPLY CURRENT
. vs
CLOCK FREQUENCY
200 T
Ta=75°C
180 |- c,_ =0 pF e
Vee =55V /
160 V 5 4
cc=
% ~
:E_" 120 P’ s
S 100 / // /
= =
§ a0 l{//vcc-msv
]
o Z
4]
(3]
£ W V7
20
.0
[} 10 20 30 &0 50 (=] 70
fclock — Clock Frequency — MHz
Figure 8
L
T {i’
EXAS
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SN74ACT7803
512 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS191-D3993, MARCH 1991—REVISED MARCH 1992

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 Alcg xdc)] + 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: '

Pt=Vce x [lcc + (N x Alge x de)] + Z (Cpg x Vee? x fi) + 2 (CL x Vg2 x fo)

lcc = power-down lgg 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

CL. = output capacitive load

f; = data input frequency

fo = data output frequency

TEXAS ‘P@
INSTRUMENTS
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SN74ACT7803

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

SCAS191-D3993, MARCH 1991-REVISED MARCH 1992
L

PARAMETER MEASUREMENT INFORMATION

Input

From Output
Under Test . |
Ry = 5002 CL=50pF  tory .
LOAD CIRCUIT TOTEM-POLE OUTPUTS

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

7V

b R.=R1=R2

S1
R1
From Output Test
Under Test Point
cL R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c.t S1
tpzH Open
500 Q 50 pF
fen oz P Closed
) toHz Open

tis o 500 © 50 pF e
g 500 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q)

3V

oV

3V

oV

Texas WP
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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 DL PACKAGE
Widebus ™ Famlly (TOP VIEW)
® Free-Running Read and Write Clocks May U
Be Asynchronous or Colncldent RESET E 1 56 } CET
* Read and Write Operatlons Synchronized to D17 i : 3 i Q17
Independent System Clocks g:: M s3] g:g
° Input-Ready Flag Synchronized to Write pislls s2[l aND
Clock . p13[]e s51{] Q14
¢ Output-Ready Flag Synchronized to Read piz[l7 50l vee
Clock prills  4flaia
* Packaged In Shrink Small-Outline 300-mll piolle  4sflaiz
Package (DL) Using 25-mll Center-to-Center Vee 10 a7flan
Spacing poll1n  4sflaio
* 256 Words by 18 Bits pefll12  4sflae
® Low-Power Advanced CMOS Technology GND [J13 44fl aND
. p7[j14 43]las
Half-Full Flag and Programmable Almost psllis  #2fla7
Full/Almost Empty Flag
ps(1e  #1]lcs
° Bidirectional Configuration and Width pall17  wflas
Expansion Without Additional Logic pall1e  aofl vge
° Fast Access Times of 12 ns With a 50-pF p2ll1e  s3sllas
Load and All Data Outputs Switching pifl20  s7flas
Simultaneously poflz1  ssfla2
° Data Rates From 0 to 67 MHz HF[22  sslanD
° Pin Compatible With SN74ACT7803 and PEN E 3 % Q1
SN74ACT7813 AF/AE [}24 33ll o
wrtcik [[25 32l Rock
description WRTENZ []2s  31[] RDER
WRTEN1 [J27  so[loE2
The SN74ACT7805 is a 256-word x 18-bit clocked RO2s 2s[lor

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 Vgc and GND pins along with Tl's
patented Output Edge Control (OEC™) circuit
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 IRis 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 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.
—

PRODUCTION DATA Information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated
Products conform to specifications par the terms of Texas Instruments o
standard warranty. F ing doss Include &
R Texas WP
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SN74ACT7805

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

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

logic symbolt

(]
FIFO 256 x 18

1
RESET —— > RESET SN74ACT7805

WRTCLK
WRTENT1

WRTENZ ———D

RDCLK

OET
OE2

25
27
26
32
56

> WRTCLK

&

WRTEN

> RDCLK

IN RDY
HALF-FULL

ALMOST FULL/EMPTY

30

23

&

EN1

L

RDEN

PEN ————— PROGRAM ENABLE

Do
D1
D2
D3
D4
D5
Dé
D7
D8
D¢
D10
D11
D12
D13
D14
D15
D16
D17

21
20
19
18
17
16
15
14
12

-
-

Niw{ia|lojo INjoi©

a

OUT RDY

0

17

17

1 This symbol is In accordance with ANSY/IEEE Std 91-1984 and IEC Publication 617-12

28
22
24
29

8|28 |8|e|8|8|8

B|%(&815&

49

g|82

HF
AF/AE
OR

Qo
Qat
Q2
Q3
Q4
Q5
Qs
Q7
Qs
Q9
Qto
Qaf
Q12
Qi3
Q4
Q15
Q16
Q17
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SN74ACT7805

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

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

functional block diagram

OET Output
OE2 Control
Do-D17 L l
Location 1
RDCLK Synch >
el mann 6 S
RDER Control »
256 x 18 RAM
WRTCLK Synchronous >
WRTEN1 Writo 4 p‘i'.’.?zir Loca
WHRTENZ Control tion 255
| Location 256
i !
B 4 -2
Register Qo-Q17
Status
Ros:st Flag OR
; c Y
Log b Loglc IR
e HF
AF/AE
TN
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SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

Terminal Functions

PIN

DESCRIPTION
NAME NO. R
Almost full/almost empty flag. Depth offset values may be programmed for this flag, or the
AF/AE 24 default value 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 (256 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 20 Half-full flag. HF is high when the FIFO memory contains 128 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,
IR 28 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 atfter reset.
Output enables. When OE1, OEZ, and RDEN are low and OR is high, data is read from the
OET, OE2 56, 30 FIFO on a low-to-high transition of RDCLK. When either OET or OEZ is high, reads are
disabled, and the data outputs are in the high-impedance state.
Outputready flag. ORis synchronized to the low-to-high transition of RDCLK. When ORislow,
OR 29 the FIFO isempty and reads are disabled. Ready datais presenton Q0-Q17 when ORis high.
ORislow 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 resst and before the firstword 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. After the first valid write to empty memory, the first word is output on
Qo-Qi17 4043, 45-49, 51, 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, OE3, 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 OEZ2 are low and ORis high, datais 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,
WRTEN1 is high, and IR is high. IR is synchronous to the low-to-high transition of WRTCLK.
WRTENT, 27 26 Write enables. When WRTENT1 is high, WRTEN2 is low, and IR is high, data is written to the
WRTEN2 ! FIFO on a low-to-high transition of WRTCLK.
TEXAS "\‘
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‘ SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

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

timing diagrams

RESET | !
warek | f IE?‘I o I A A N I I A I I
WH‘fEN1 A ,D°E'f, (inie[ ! I ;
! i i
WRTENZ L P °§fg7W i
| |
Do-D17 ’ A AL, DontCaro " ok L 7

|
RDCLK ? Iif‘l ?Ezl ?3| ?4|{ | ?
l I

oEt Wx, Dot care W %

roEn 7 i 7
| |
OF2 s e, 7
I L |
Qo-Q17 Invalid

Don’t Care

jl"l" WA

!
HF :“/ Don't Care EI
VAP A A A A A A

IR Don‘'tCare '’

|
Dofino the AF/AE flag using
tho dofaultvaluoof X=Y = 32.

Figure 1. Reset Cycle
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timing diagrams (continued)

o =

-

-t

-

Qo-Qi7 Invalid ><
! I I
OR | } ;
| [
AF/AE | |
I
!
HF :
!
IR l
Figure 2. Write
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timing diagrams (continued)

1
RESET °
1
PEN °
wow_ L FLfLfel FL o FLFL  FLFL
| |
WRTEN1 II | !
| |
WRTENZ i { ;
[ 1
Do-D17 { W2s7 ‘
|
rRoclk | ' f | i | f | f | ? |
| ! : I ! | |
— | i | | | | 1
: | : | : 0
| ] | | |
I e e |
{ l | | | ! |
oEZ 1 | | | | |
.: | ] ; ; |
L (( { ( £
Qo-Q17 w1 w3 :: W(Y+1) wmz): wi2e X wiso ( jn(uo-%(zn-x}’l wass ) Was7
j 1M l ) | R | 12) |
! ' 3 ! e |
OR { } | | | L
i , | | |
| e '
AFAE | | !
l l !
| | i
1 [
HF
| |
' !
| |
Flgure 3. Read
_
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256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992
L

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 D0-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
P
LT I I A I O I O O
PER I pzzz2

DO-D6 ' xandv¥X Y

WRTEN1

WRIENZ (A

Flgure 4. Programming X and Y Separately

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

Supply voltage range,Veg +vvvvvvnnenn ettt e et aaas -05Vto7V
INPUEVORAGE, V] vt i i e i e e e iy 7V
Voltage appliedto adisabled 3-state output ............cccviiiiiiiiiinrnirinnssssnneenennans 55V
Operating free-air temperature range ............coiviiiiirerrnriirirneirinreesesoaens 0°C to 70°C
Storage temperature range ..........ciovietriirientenrentertenaireasrnernennasns —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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INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ACT7805

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

recommended operating conditions

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992
== ]

'ACT7805-15 | 'ACT7805-20 | 'ACT7805-25 | 'ACT7805-40 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Vee Supply voltage 45 55| 45 55| 45 55| 45 s55] V
Vin High-level input voltage 2 2 2 2 v
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
loL Low-level output current Flags 3 3 3 3 mA
felock Clock frequency 67 50 40 251 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 WRTCLK1 4 5 5 5
WRTEN1, WRTEN2
before WRTCLK? 4 5 5 5
OET, OE2
before RDCLK¢ s 5 6 8
’ RDEN before RDCLK ¢ 4 5 5 5
Setup time bt ns
fu P Reset: RESET low
before first WRTCLKt 5 6 6 6
and RDCLKtt
WRT1CLK low before 0 o o o
Define AF/AE: PEN
before WRTCLK} 5 6 & 6
Data in (D0-D17)
after WRTCLK? 0 ° ° 0
WRTEN1, WRTEN2
after WRTCLK} ° ° 0 0
OET, OEZ, RDEN o o o 0
t Hold time after RDCLK} ns
Reset: RESET low
after fourth WRTCLK? 2 2 2 2
and RDCLKtt
Define AF/AE: PEN
after WRTCLKY 2 2 2 2
Ta _ Operating free-air temperature 0 70 4] 70 0 70 0 70 °C
T To permit the clock pulse to be utilized for reset purposes.
o
&
TEXAS
INSTRUMENTS
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SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

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

PARAMETER TEST CONDITIONS MIN TYPt MAX]| UNIT

VoH Vec =45V, lon=-8mA 24 v
Flags Vec =45V, loL=8mA" 0.5

VoL v
Q outputs Vec =45V, loL=16mA 0.5

I Vec =55V, V|=Vggor0 +5 A

loz Vec =55V, Vo =Vgg or0 +5 HA

lec Vi=Vec—-02Vor0 400 pA

Algct Ve =55V, Oneinputat3.4V, Otherinputs at Ve or GND 1] mA

S Vi =0, f=1MHz 2 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

PA ETER FROM TO 'ACT7805-15 'ACT7805-20 | 'ACT7805-25 | 'ACT7805-40 UNIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX|] MIN MAX
WRTCLK or
frnax RDCLK 67 50 40 25 MHz
4 X 1 5
thd RDCLK} AnyQ 9.5 2 4 13 4 1 4 20 ns
tpd® 85
thd WRTCLK? IR 3 8.5 3 1 3 13 3 15 ns
tod RDCLK? OR 3 8.5 3 11 3 13 3 15 ns
tod WRTCLK? AF/AE 7 16.5 7 19 7 21 7 23 ns
tod RDCLK? 7 17 7 19 7 21 7 23
toLH WRTCLK? HE 7 15 7 17 7 19 B 21 ns
tonL RDCLK{t 7 155 7 18 7 20 7 22
toLy FESET low AF/AE 2 9 2 11 2 13 2 5]
toHL HF 2 10 2 12 2 14 2 16
8. 1
ton OFT, OE2 AnyQ 2 5 2 1 2 11 2 ns
tis 2 9.5 2 11 2 14 2 14
T 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 Vgc.
§ This parameter is measured at C| = 30 pF load (see Figure 7).
operating characteristics, Vcc =5V, T = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
Cod Power dissipation capacitance per FIFO channel ] Outputs enabled | C; = 50 pF, f=5MHz 53 pF

Texas W
INSTRUMENTS
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SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

CLOCKA
W/RA

AO0-A17

WRTCLK
WRTEN1
WRTEN2

D0-D35

APPLICATION INFORMATION

SN74ACT7805
—> WRTCLK RDCLK< < CLOCK B
o WRTEN1 OFET < < W/RB
WHTYEN2 FRDEN | —o 0—4— 5B
oez| Y
Y
A 4
\18
» Do-D17 Qo0-Q17 }—> «>—— B0-B17
SN74ACT7805
—1> RDCLK WRTCLK<]
OE1 WRTEN1
“[ RDEN WRTERZ
OE2
18
— <+ Q0Q17 DO-D17 f—t
Figure 5. Bldirectlonal Configuration
SN74ACT7805
WRTCLK RDCLK <] < RDCLK
WRTEN1 RDEN
WRTENZ OE| OFT
IR OR A 4
\4 OE2 < OE2
36
—c Do-D17 Qo-Q17
Y
D
—( 1
SN74ACT7805
A —> WRTCLK RDCLK<]
WRTEN1 RDEN
WHTENZ - OFT
IR OR
oE2|—
36
Do-D17 Qo-Q17 — Q0-Q35

Figure 6. Word-Width Expanslon: 256 x 36 Blts
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S

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LLOAD CAPACITANCE
8 |
e+ Vee=5V .,
— T =25°C v
R =500Q j
g wp+e
e
£
£
5 typ+4 7
[
2 /1
(-]
% ype2
o
g /
o
&
;g' typ
wp-2 ¢ 5 100 150 200 250 300
CL —Load Capacitance — pF
Flgure 7
SUPPLY CURRENT '
vs
CLOCK FREQUENCY
200 I
Ta=75C
180 |- C,.=0 pF Ves 5V |/
160 Vec=5V — A
cC=
EI 140 AN
5 120 -
E Vv r
3 100 N/
2 Ve LT
g_. " // "/ cc =4
7]
] 60 /l ;
[4]
L e A
20
0

0o 10 20 30 40 50 60 70
feiock — Clock Frequency — MHz

Figure 8
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SN74ACT7805
256 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS201-D4007, MARCH 1991-REVISED APRIL 1992

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 =Vee x [lccr + (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:

Pi=Vee x [lcc + (N x Alge x de)] + = (de b3 VC02 xfi) + 2 (Cp x V(;c;2 x fo)

Icc = 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
Cpd = power dissipation capacitance

C\_ = output capacitive load

f; = data input frequency

fo = data output frequency

TEXAS '&'P
INSTRUMENTS pis

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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

SCAS201-D4007, MARCH 1991—REVISED APRIL 1992

PARAMETER MEASUREMENT INFORMATION

From Output Input
Under Test

Ry = 500Q

LOAD CIRCUIT

TOTEM-POLE OUTPUTS

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

7V
b R_=R1=R2
S1
R1
From Output Tost
Under Test Point
(o R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 ct S1
ten tez 500 © 50 pF Open
oz Closed
tprz : Open
i 500 @ 50 pF
s Yz P Closed
tod ) 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q)

3V

oV

3v

ov
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SN74ACT7807
2048 X 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS200-D4005, JANUARY 1991-REVISED APRIL 1992

* Free-Running Read and Write Clocks May ¢ |nput-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,
WRTEN2) 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 fiags low and the AF/AE flag high. The FIFO must be reset upon power up.

ST R S
PRODUCTION DATA Information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated
e BT T - ;

warranty. on n n
festing of all parameters, o 9 EXAS
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2048 X 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS200-D4005, JANUARY 1891-REVISED APRIL 1992
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(TOP VIEW)
Yo [ 5
Q L9Zz|0 o
L z w Owz
SeizlEliSouss
P g " | S | R ) G | SN | W) R ) R ) -] S— ) -

654 3 21 4443424140
pol]7 39[] Q1
D1[ls 38[] Vee
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[]NC
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NC — No internal connection
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SN74ACT7807
2048 X 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS200-D4005, JANUARY 1891—REVISED APRIL 1992

logic symbott
o2}
FIFO 2048 x 9
SN74ACT7807
1
RESET — D RESET
19
WRTCLK —————> WRTCLK
WRTEN1/DPS —— ) 22
= WRTEN INRDY [————— IR
WRTEN2 ———————— HALF-FULL |———— HF
ROCLK 2 ERDCLK  ALMOST FULL/EMPTY ——, AFAE
oe -2 EN1 OUTRDY |———=— OR
25
RDEN1 &
RDEN
24
RDEN2
2
PEN ———— > PROGRAM ENABLE
m| I
7 40
Do ————o0 O ——— Qo
8 39
n —- L — at
9 37
D2 Q2
ps = a3
1 3
pa 2 1v as
13 32
5 ——— L " a5
15 31
Dg ———— — —— a8
16 20
07 — | — —— a7
17 28
ps —— 8 sf——— a8

t This symbol s in accordance with ANSINEEE Std 91-1984 and IEC Publication 617-12.
Pin numbers shown are for the FN package.
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2048 X 9 CLOCKED FlRST—lN FIRST-OUT MEMORY

SCAS200-D4005, JANUARY 1991-REVISED APRIL 1992
o

Terminal Functions

PIN NAME /0 DESCRIPTION
Almostfull/almost empty flag. Depth offset values may be programmed for this flag, or the default value of 256 may
AF/AE O | 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 (2048 minus Y) or more words. AF/AE Is high after reset.
Do-D8 | Nine-bit data input port.
HF O | Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset.
R o Input ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFOQ is fult and
writesare disabled. IRis low during resetand goes high on the second low-to-high transition of WRTCLK after reset.
OE I Outputenable. When OE, RDEN1, RDEN2 and OR are high, datais 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 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 i 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 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-Qs8 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 1 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

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.

WRTCLK

Write clock. WRTCLK is a continuous clock and may be asynchronous or coincident to RDCLK. A low-to-high
transition of WRTCLK writes data to memory when WRTEN1/DP9, WRTENZ, and IR are high. IR is synchronous
to the low-to-high transition of WRTCLK.

WRTEN1/DP9

Wirite enable/data pin 9. When WRTEN1/DP9, WRTEN2, and IR are high, data is written to the FIFO on a
low-to-high transition of WRTCLK. When programming an AF/AE oftset value, WRTEN1/DP9 is used as the most
significant data bit.

WRTEN2

Write enable. When WRTEN1/DP9, WRTEN2, and IR are high, datais writtento the FIFO on alow-to-hightransition
of WRTCLK.

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

SCAS200-D4005, JANUARY 1991-REVISED APRIL 1992
N

functional block diagram

OE
Do-D8 1 [
— Location 1
RDCLK Synchr . ~
RDEN1 " Road ” JRoad Location 2
RDEN2 Control g r
] 2048 x 9 RAM
WRTCLK Synchronous . .
WRTEN1/DP9 Write > W|rlte >
WRTEN2 Control Polnter Location 2047
J Location 2048
A A V. ’ U
Register Qo-Q8
. ] Roset [ Status OR
RESET Logic 5 Flag
: g Loglc IR
PEN HF
AF/AE
— : -
Texas WP
EXAS
INSTRUMENTS -

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ACT7807
2048 X 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY
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E—

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 = 256 are used. The AF/AE flag is 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 D0-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 DO-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, WRTENZ2).

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.

=/
P \ A
- M I E eSS
n__ / |
SEENNNNNNNNN\NEDEED A
WRTEN2 W \

Figure 1. Programming X and Y Separately

TExAS “?
INSTRUMENTS

252 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ACT7807
2048 X 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS200-D4005, JANUARY 1991-REVISED APRIL 1992
e ———m—

timing diagrams (continued)

RESET
™ | :
werewe | § LIL_‘M BRERaEDEDEOREs
WRTENIDPO | aoﬁss??g _—— ri |
| |
NN AN :
| |
-2 LI T A7 TR
| | | |
oce LT 2 LA LLef I_Fﬂ_f_l_f‘
RDENT <, Don't Care . | !
| T ] i
RDEN2 & Don't Caro I
o | — i + '
| ] | | ‘
: : : nvalld : :
- T TR i E
AF/AE EDBS&‘CE% E ; ; ‘
IR & Don'tguro'-.‘ ;
ooy
Figure 2. Reset Cycle: Define AF/AE Using the Default
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timing diagrams (continued)

RESET

PER

e e L L J e ) S Y. e

]
WRTEN1/DP9 |
!
T

WRTEN2 | ' | |
| |
NN NN AN m\&‘;ﬁ. w"éLTEZr» :ZS_EWTN

SN B NI U RSP 1 P ) SRR S T )

—_—g——]—

*

Do-Di

(]

RDEN1

|
|
t
1
RDEN2 | i
|
|
!

OE

Qo-Qs Invalid >< w1

OR

AF/AE

I

|

|

|
HF ‘ r

Flgure 3. Write

o - O =
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timing diagrams (continued)

1
RESET °
PEN ;
wrow L F1T Ll FL  F1 F1  F1FL
| |
WRTEN1/ |
DP9 | ;
| |
WRTEN2 | | I
| |
Do—DBW"’I°“ ' : > ' LA ' e AL
[ |
RDCLK l l ? | f | $ l f | $ |
! | | | | | |
! | [ | | |
RDEN1 —|} ! | | | | |
i | i | ! ! |
| } i ! : : }
N | | | | |
OE | ! | | | | | .
| | | | | | |
. ' L L L — '
Qo-Qs8 w1t w2 w3 lwom))(umz)( wiozs X wioze (zus-wm)p{ wzoux W2049
T )T ) )y )]
|
| | ! ! !
oR | ! | | | ,
l | | l | —
: s !
AF/AE | | '
| | |
o | |
| |
R |
Figure 4. Read
d{ip
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VORage range, Vo -+ vvvrvieieriiiine i snessansanansanesnsosenssonenens -05Vto7V
Inputvoltage, V| ....viiiiiiiiiiiiiii i e e 7V
Voltageapphedtoadlsabled3stateoutput P - XA Y
Operating free-air temperature range ............... Cerens et e '.. 0°Cto70°C
Storage temperaturerange ..............c...0nn i 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.

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
Vin High-evel input voltage 2 2 2 2 \"
ViL Low-level input voltage 0.8 0.8 0.8 0.8 v
loH High-level output current | Q outputs, flags -8 -8 -8 -8 mA
Q outputs 16 16 16 16
! .|
oL Low-level output current Fiags s 5 s s mA
fetock Clock frequency 67 50 40 25| MHz
WRTCLK high or low 6 8 9 13
ty Pulse duration RDCLK high or low 6 8 9 13 ns
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
to Setup time before RDCLK? 5 6 6 65 ns
Reset: RESET low
before first WRTCLK? 7 8 8 ' 8
and RDCLK{tt
[PEN before
WRTCLK} 4 5 5 5
Data in (DO-D8)
aftsr WRTCLK{ 0 0 ° °
WRTEN1, WRTEN2
after WRTCLK? 0 0 0 0
OE, RDEN1, RDEN2
after RDCLK? 0 0 0 0
th Hold time Reset: RESET low -ns
after fourth WRTCLK? 5 5 5 5
and RDCLKtt
'PEN high
after WRTCLK} 0 0 0 0
[PEN low after
WRTCLK? 3 3 3 3
TaA 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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electrical characteristics
otherwise noted)

over recommended operating free-air temperature range (unless

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Vou Voc =45V, loH=—8mA 2.4 Vv
Flags Veec=45V, loL =8 mA 0.5
Q outputs Veg =45V, loL=16 mA 0.5
Iy Vec =55V, Vi=Vggor0 x5 pA
loz Vec =55V, Vo=Vccer0 +5 uA
lcc Vec =55V, V=Vcc=0.2 Vor0 400 [17.3
Alect mi:;/uipg Vcc =55V, Oneinputat3.4V, Otherinputs atVeg or GND 12 mA
Ci V=0, f=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 9 and 10)

PA ETER FROM TO 'ACT7807-15 'ACT7807-20 | 'ACT7807-25 | "ACT7807-40 UNIT
Al (NPUT) (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? AnyQ ns
tod® 8
tod WRTCLK? IR 1 9 1 12 1 14 1 16| ns
tod RDCLK{ OR 1 9 2 12 2 14 2 16 ns
tod WRTCLK$ AF/AE 2 16 2 20 2 25 2 30 ns
tod RDCLK?t AF/AE 2 17 2 20 2 25 2 30 ns
toLH WRTCLK? HE 2 19 2 21 2 23 2 = .
tPHL RDCLK?t 2 16 2 18 2 20 2 22
F/AE 12 1 18 22 1 24
Yo RESET low APl ! ! ns
[y HF 2 12 2 18 2 22 2 24
ten 2 10 2 13 2 15 2 18
OE Q
s Any 1 w] 1 13| 1] 1 18]
1 All typical values are at Vo = 5V, Ty = 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.
§ This parameter is measured with C; = 30 pF (see Figure 7).
operating characteristics, Vcc =5 V, Ty = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
| Coa _Power dissipation capacitance per FIFO channel | Outputs enabled | C = 50 pF, f=5MHz 91 pF
*i’
TEXAS Y%
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APPLICATION INFORMATION
cLocK
"ACT7807 *ACT7807
WRTCLK > WRTCLK RDCLK <] WRTCLK RDCLK <]
WRTEN1 WRTEN1/DP9 OR ' WRTEN1/DP9 RDEN1
WRTEN2 WRTEN2 RDEN1 —l L WRTEN2 RDEN2 |
IR IR RDEN2 . IR OR |
CE{ gy OE |
——~J
po-Ds > po-D8 Qo-a8  Do-Ds Qo-as

WRTCLK

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

WRTEN

D9-D17

RDCLK
RDEN1
RDEN2

Do-D8

'ACT7807
WRTCLK RDCLK < RDCLK
WRTEN1/DP9 RDENT1 RDEN
WRTEN2 RDEN2
IR OR
OE [—¢ OE
> Do-D8 Qo-Q8 > Q9-Q17
e
'ACT7807
— WRTCLK RDCLK |
WRTEN1/DP9 RDEN1
WRTEN2 RDEN2
IR OR
OE |
> Do-D8 Qo-Qs8 > Qo-Q8

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

typ+8

typ+6

typ +4

typ+2

typ-2

Icc - Supply Current—mA

160

140

100

8§ 8 8

8

TYPICAL CHARACTERISTICS

SCAS200-D4005, JANUARY 1991-REVISED APRIL 1992

PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
¥
Vec=5V
— R_=500Q //
Ta=25°C /|
v
/]
/ i
o 50 100 150 200 250 300
C_ - Load Capacitance — pF
Figure 7 '
SUPPLY CURRENT
vs
CLOCK FREQUENCY
]
Ta=75C Vec =55V /
[T CL=0 pF 4
Vee=5V i~ /
>/ /
/ y.
/ //VOC =45V
///
Y
/
0 10 20 30 40 50 60 70 80

fclock — 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 = Vee x [lccr + (N x Algg x dc)] +3 (C|_ 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=Vce x [icc + (N x Algg x do)] + 2 (Cpg x Viee? x fi) + Z (Cp x Vec? x fo)

lcc = power-down Igc maximum

N = number of inputs driven by a TTL device

A Igc = increase in supply current

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

CL = output capacitive load

f; = data input frequency

f, = data output frequency

TEXAS ")
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

From Output Input 1.5V

Undor Tost

Ry =5000

LOAD CIRCUIT TOTEM-POLE OUTPUTS

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

7V
b RL=R1=R2
S1
Ri1
From Output Tost
Undor Test Point
CL T~ R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c.t S1
tozH Open
500 Q 50 pF
fen trzL P Closed
toHz Open
i 50 pF
. tdxs tPLZ s00@ P Closed
td 500 O 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 ¢ Input Ready, Output Ready, and Half-Full
Widebus™ Family Flags
¢ Independent Asynchronous Inputs and ® Cascadable in Word Width and/or Word
Outputs Depth
° 1024 Words x 18 Bits ° Fast Access Times of 15 ns With a 50-pF
* Read and Write Operatlons Can Be Load
Synchronized to independent System ° High Output Drive for Direct Bus Interface
Clocks ° Avallable In 68-PIn PLCC (FN) or
® Programmable Almost Full/Almost Empty Space-Saving 80-Pin Shrink Quad Flat Pack
Flag (PN)
FN PACKAGE
(TOP VIEW)
¥ — o
42 Z III
oo~ 0 Wi 0] 8 [m] [0 [a) 1
5506RERb6E>56695660

g = o | | e
’ D14]109 87 65 43 2 1 68676665 64 sze160[ Voo
D13[] 11 sof] Q14
D12} 12 58[] Q13
D11{] 13 57[] GND
D10]] 14 56[] Q12
De[] 15 s5[] a1t
Vec[l 16 54[] Vee
D8] 17 53[] Q10
GND 18 52[] Q9
D7[]19 51[] GND
D61 20 50[] @8
D5[] 21 49[] Q7
Daf] 22 48[ Vee
D3[] 23 47[] Q6
D2 24 48[] Q5
D125 . 45[]GND
DO} 26 4a[] Q4
27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43
o o 1 o o s W ot o 1 o e o a1 o W o e ¥ o |

w Y ] w T o r N M
I<%_:Ez B42Er 8862338 8§
(a1 8 E E TG > [G] L
rce <
===
Widebus is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA Information Is current as of publication dats. Copyright © 1992, Texas Instruments Incorporated
Cmdard warerty. Irobuchon rocsesing oss notnecessty nchude i
bdlngvhlpln;ubn. 9 EXAS
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L

PN PACKAGE
(TOP VIEW)
w Ot Qar- Qo O Q oa

59506655 °5586859886563

| WS § WASW ) RN | GO ) SN ) SO ) SUNS | U G ) S ) SR ) SN | S ) S ) SUUG | S ) S ) S ) o

® 807978 777675 7473 7271 70 69 68 67 66 6564 63 62 61
Nep s 60 [
GND [ 2 s9 [
GND[] 3 s8 []
Qe ] ¢ s7 [
Q7P s 56 []
vec P @8 s5
ORp 7 54
GND ] & 53 ]
Vecfd o s2 [
RESET {1 10 51 ]
OEP 1 5o []
RDEN2 ] 12 49
RDEN1 [1 13 48 ]
RDCLK [ 14 a7 0
GND [ 15 46 ]
D17 18 as [
Die g 17 4 [
Dis [l 18 43 []
NC [ 1o a2 ]
NC [ 20 41 ]

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

o e | s ¥ e s T e ¥ e ¥ e | e ¥ e s et | s ¥ e | e | o

N0

‘_‘_P_'_‘_Domohcomvmu o
Z2h0o0o0a

- wo
oOS0oc0dcanadl<z
> o o

NC - No internal connection

description

A FIFO memory is a storage device that allows data to bz 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

Vee
Vce

NC

Q3

Q2

GND

Qi

Qo

Vee

HF

IR

GND
GND
AF/AE
Vce
WRTEN2
WRTEN1
WRTCLK
GND

NC

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.

ﬁams‘@
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L
logic symbolt
@
FIFO 1024 x 18
78ACT7811
1
RESET T——B RESET
WRTCLK — > WRTCLK 35
30
WRTENS ry . IN RDY % "
WRTEN2 HALF FULL o F
RDCLK — T RDcLk  ALMOST FULL/EMPTY - AF/AE
RDEN1 z OUT RDY |————— OR
2
OE —— EN1 | RDEN
3
RDEN2
27
DAF —————DN> DEFALMOST FULL
1 C
26 38
O o ®
Dl ——— ——————— at
24 41
p2 — - a2
23 42
D3 —— —————— Q3
22 a4
D4 Qs
21 a8
D5 Q5
20 47
D6 — | ——————— a8
19 a9
D7 ———— - a7
17 50
D8 Qs
15 DATA DATA > 1V 52
D9 —— Q9
14 53
D10 Qio
13 55
D11 an
12 56
D12 Q12
1 58
D13 Q13
10 59
D14 Q14
9 61
D15 Q15
8 63
D16 Qte
7 64
D17 —————17 17 |—— a17

1 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

OET

DO-D17 l
RDCLK Synchronous Location 1
Read » Read Location 2
RDEN1 Control a Pointer
RDEN2 v
1024 X18 RAM
WRTCLK ;
Synchronous »
e O e P
WRTEN2 Control Location 1023
. Location 1024
! U
Ay A4
] Reset Bl Register
lc Ny
mEsE———___ 0 >
Status
Flag
DAF- - Logic

terminal functions

inputs
data In (D0-D17)

Data inputs for 18-bit-wide data to be stored in the memory. Data lines D0-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/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, alow 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, alow-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) foraword
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

TEXAS{"
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terminal functions (continued)

wrlte 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 almost 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 value (X). With DAF held low, alow pulse onthe 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 hali-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/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 ﬂag is low
when the FIFO contains between (X + 2) and (1024 — X) words.

TEXAS "%J’
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terminal functions (continued)

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.

Step 2. I 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.

TEXAS {if
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timing diagrams

RESET

NN RN T NN
| i

weo ] F1 7] F7L LT LR F L

REINNN\EEERNNNNNNN

WRTEN2 A\ Don’t Care \\

v 1

|
DO-D17 \NN\NNNNM Dot care NNNNNNN] - XF— ENNNNNNNNNNNNNNNNNNNN

Rock L..Lf'l_f:z aL_u:;Lu u:u L §

|

|
RDENT Don't Care \) |
I ] |
RDEN2 N Dont Cara. !
| ; . | |
OE } | i | |
| | | ' I
Qo-Q17 Invali

OR \m Don't Care .\-\“
AF/AE  \) Don'tCare N :
|

HF Don’t Care \\

IR\ Don’t Caro\\

—_] 4+ —da }——

Store the valuo of DO-D8 as X Define the AF/AE flag using tho value of X

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

Flgure 1. Reset Cycle: Define AF/AE Using the Value of X
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!
DAF . Don't Care I i I
i |

|
weo ] £ FL L L L L

WRTEN1 |

|
WRTEN2 N Don’t Care N\

SO

oo
| | |

RDCLK : f Iiffl flzl sl 14'!{ I flll { | f_

|

|

RDEN2 ‘
|

e
l L
. R —
|
] | ] ] I
Qo-Q17 Invalid
| | | :
|
SN Don'tCare N\ | 1
| | | |
AFAE N\ Don'tCare 7| | ;
== | -
|
HF  \\ DontCare \ 1 . |
|
IR k Don‘tCare \\ !
T
: Define the AF/AE flag using
the default value of X=256

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

S e T
G T T I o Y o B S T P A |

| I
I I
| [
] ]
I I

WRTEN1

]
|
]
WRTEN2 | |
! I £ [
+

£ £ " "
7 ¥ 1

Do-D17 | w1 | I wzl Iwa I I wa I e wazl ‘e stnl e Iwms-xl
7 P2 g 7

£¢
1
w
¢

&5'
£
)7

L

|
|
|
1
|
!
1
]
|

I
1
i

L Ry B I 7 I 0y NP 3 RO 3 O 3

RDEN1

RDEN2 |

i
|
1
T
|
|
|
1
OE ,
|

—_——t—F+4+—

|
1
'
l
|
|
]
T
I
|

|
l
|
|
|
|
|
!
Qo-Q17 {nvalld x w1
|

OR

AF/AE

HF

. o

Flgure 3. Write
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R

RESET

DAF ALY Pomxeonn LS

watoLx _LL_J_I_f—I_f‘LJ_L;,_f—l_;,__f—L‘,_f_L_‘,__J_LF'L
WRTEN1 |

|
WRTEN2 _r|
00-D17  Ahwieasl /S S L

e _LF F1L L L L L 1L

I
RDEN1 _I ;
|
|

.

|

I

|
-+

| |
, l | !
RDEN2 | I II | jl
] . | | |

OE | ! | | R
H I | | '
i :—s:: 45 L

Qo-Q17 w3 o WX+ R WX+2  W513 X W14 @mm—x, wmuX wi02s

” I 17
OR | 1
! ! I
AF/AE |

HF

:

Figure 4. Read
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| ———
absolute maximum ratings over operating free-air temperature range (unless othenwvise noted)t

Supply voltage range, Veg .. . . . e e ieriia e, .o =05VIO7V
Inputvoltage, V) ......ooovveiiiiiiiiinnn., e se e e 7V
Voltageapphedtoadlsableda-stateoutput I - X Y4
Operating free-air temperaturerange ..............cccvvieinnnen. e e, e 0°Cto 70°C
Storage temperature range . ........ccovveiiiiuiiieiiiriiiiienaiies . .... —65°Cto 150°C

1 Stressesbeyond those listed under *absolute maximum ratings” may cause permansnt damage to the device. These are stress ratings only, and
functional operation of the device at thess 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

MIN MAX| UNIT
Vee Supply voltage 4.5 5.5 v
Vin High-level input voltage 2 \"
Vi Low-level input voltage 0.8 \'4
loH High-level output current -8 mA
loL Low-level output current 16| 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 TYPY MAX| UNIT
VoH High-leve! output voltage Vec =45V, loH=~8mA 2.4 \'/
VoL Low-leve! output voltage Veg =45V, loL = 16 mA 05 Vv
h Input current Vec =55V, V| =VgcoroVv +5 uA
loz High-impedance-state output current | Voo = 5.5V, Vo =Vgc orov 5| pA
Icc§ V| =Vcc -02VoroV 400 uA
Oneinputat3.4V, Other inputs at Voc or GND 1 mA
Ci V|=0V.f=1MHZ 4 pF
Co Vo=0V,f=1MHz 8 pF

¥ All typical values are st Voo =5 V, Ta=25C.
§ I tested with outputs open.

TExas ‘5@‘
INSTRUMENTS
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timing requirements

'ACT7811-15 | "'ACT7811-18 | "ACT7811-20 | 'ACT7811-25 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
faock  Clock frequency 40 35 28.5 16.7 MHz
'Data In (DO-D17) high or 10 12 14 20
low
WRTCLK high 7 8.5 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
WRTEN1, WRTEN2
high or low 10 10 10 10
C?E, RDEN1, RDEN2 10 10 10 10
high or low
Data In (D0-D17) before
WRTCLK] 5 5 5 5
WRTEN1, WRTEN2 high 5 5 5 5
before WRTCLK?t
OE, RDEN1, RDEN2 high
before RDCLK{ 5 5 5 5
. Reset: RESET low before
tu  Setuptime first WRTCLK and RDCLK1 7 7 7 7 ns
Define AF/AE: D0-D8
before DAF | 5 5 5 5
Define AF/AE: DAF| before
RESET! 7 7 7 7
Define AF/AE (default): 5 5 5 5
DAF high before RESET $
Data In (DO-D17) after 1 1 1 3
WRTCLK}
WRTEN1, WRTEN2 high 3 1 1 1
after WRTCLK?
OE, RDEN1, RDEN2 high 1 1 1 1
after RDCLKt
Reset: RESET low after
th Hold time fourth WRTCLK and [} 0 0 0 ns
RDCLK?
Define AF/AE: DO-D8 after 1 3 4 3
DAF|
Define AF/AE: DAF low
after RESETY ° 0 0 0
Define AF/AE (default): 1 1 1 1
DAF high after RESET }
T To permit the clock pulse to be utilized for reset purposes.
L
Texas W
EXAS
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ST

_
switching characteristics over reccommended operating free-air temperature range (see Figures 9
and 10)
Vec=45Vto 55V,
Cy =50 pF,
FROM TO R =5002
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
fmex RDGLK 40 35 285 16.7 MHz
2 25
tod RDGLK{ Any @ 4 12 15 4 18 4 0 4 s
ot 105
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
tod RDCLK? AF/AE 6 20 6 22 6 24 6 26| ns
[ WRTCLK? HE 6 19 6 21 6 23 6 1
[ RDCLK? 6 19 6 21 6 23 6 25
25
[ RESET, AF/AE 3 19 3 21 3 23 3 s
tpHL HF 4 21 4 23 4 25 4 27
1 2 11 2 11
fon OE AnyQ 2 n 2 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, Vg =5 V, Tp = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
Cpd Power dissipation capacitance per 1K bits CL=50pF, f=5MHz 65 pF
Texas W
EXAS
INSTRUMENTS prs
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TYPICAL CHARACTERISTICS
TYPICAL PROPAGATION DELAY TIME

LOAD CAPACITANCE

vs

1
Vec=5V

l__Ry= I500!2
7 'r:\ ='25°C b
16 .
L~
15 //
14 yd
7

/

13

12

'pd - Propagation Delay Time —ns

1 /

10
0 3050

C L~ Load Capacitance - pF

INSTRUMENTS

2-76

100 150 - 200

Figure 5
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TYPICAL CHARACTERISTICS

TYPICAL POWER DISSIPATION CAPACITANCE
vs
SUPPLY VOLTAGE

88 T 7

f;= 5 MHz
Tp=25°C /]

67 - Cp=50pF //

65

> 7
Wl
L/

62

Cpd - Powor Disslpation Capacitanco — pF

45 46 47 48 49 5 51 52 53 54 55
) Ve - Supply Voltage - V
Py=Vee x [lcc + (N x Alge x do)] + Z (Cpg x Vee? x fi) + 2 (CL x Vge? x fo)

lcc = power-down Igc maximum

N = number of inputs driven by a TTL device

A lgg = 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

Figure 6

TEXAS “9
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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. Atfterthe first dataword 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. '

2. 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

expansion,
CLOCK
'ACT7811 'ACT7811
WRTCLK —————— WRTCLK RDCLK WRTCLK RDCLK |———— RDCLK
WRTEN1 ————— WRTEN1 OR ® WRTEN1 RDEN1 L——— RDEN1
WRTEN2 ——————] WRTEN2 RDEN1 ——J. [— WRTEN2 RDEN2 [——————— RDEN2
IR ——— R RDEN2 | —e@ IR OR}|———OR
OE |—5V OE |—— OE
—__J\
Do-D17 )| Do-D17 Qo-Q17 Do-D17 Qo-Q17 Qo-Q17

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

"ACT7811
WRTCLK WRTCLK RDCLK RDCLK
WRTEN WRTENT RDEN1 RDEN
WRTEN2 RDEN2
IR OR
OE T OE
N
D18-D35 | bo-D17 Qc-a17 > Q18-Q35
| 4
"ACT7811
WRTCLK RDCLK

WRTEN1 RDEN1
WRTEN2 RDEN2
IR OR
OE |
DO-D17 > Do-D17 Qo-Q17 > Qo-Q17

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

TEXAS “2‘ '
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PARAMETER MEASUREMENT INFORMATION

——————— 3v
From Output Input 1.5V
Under Test | | oV
ket t
R =5000 Cp=50pF P"_": a P"_’j_____. av
= = ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Flgure 9. Standard CMOS Outputs
v
b R_=R1=R2
S1
Rt
From Output Tost
Under Test Point
CL R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER ‘R1, R2 [ s1
tpzH Open
500 Q 50 pF

on toz1 P Closed

) tonz Open

tais o 500 2 50 pF Ciosed

g 500 Q 50 pF Open

T Includes probe and test fixture capacitance.
Flgure 10. 3-State Outputs (Any Q)
L - NSRS
TEXAS {if
INSTRUMENTS
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Member of the Texas Instruments DLPACKAGE
Widebus ™ Famlly (TOP VIEW)
Free-Running Read and Write Clocks May U
Be Asynchronous or Colncldent RESET i 1 56 % OET
Read and Write Operations Synchronized to 317 i ; i i 817
Independent System Clocks D:g B saf] Q:g
¢ Input-Ready Flag Synchronized to Write D14 (s s2[l GND
Clock pislle stflais
® Output-Ready Flag Synchronized to Read piz2 [7 50l Ve
Clock p11lls  4oflaia
* Packaged In Shrink Small-Outline 300-mll pofle  4sflarz
Package (DL) Using 25-mll Center-to-Center Vee 10 47l an
Spacing po [J11  4sflato
* 64 Words by 18 Bits ps 1z 4sflas
° Low-Power Advanced CMOS Technology G';B E :2 ﬁ a gg’D
® Half-Full Flag and Programmable Almost pe 15 42l a7
Full/Almost Empty Flag os ie  41flas
¢ Bidirectional Conflguration and Width pa 17  4oflas
Expanslon Without Additional Logic D3 [18 30f] Ve
® Fast Access Times of 12 ns With a 50-pF D219 ssfla4
Load and Al Data Outputs Switching D1 2o 37l a3
Simultaneously ' poflat  ssfla2
° Data Rates From 0 to 67 MHz HF [J22  ssfanD
* Pin Compatible With SN74ACT7803 and PEN E 23 34 H Q1
SN74ACT7805 AF/AE 1]24 33{j Qo
wrTcLK []25  32]) RDcLK
description WRTENZ (26  31[} RDEN
WRTEN1 fje7 sofl oE2
The SN74ACT7813 is a 64-word x 18-bit FIFO ROz 29l oRm

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 Vg
and GND pins along with Tl'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 IRis 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 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 Information Is current es of publication date. Copyright © 1992, Texas Instruments Incorporated
standard vmunty m.d;:n mﬂm"ﬁ' nmmgfm"uu
testing of o TEXAS
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logic symbolt

Do
D1
D2
D3
D4
DS
Dé
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17

| RESET SN74ACT7813
> WRTCLK

]
FIFO 64 x 18

| &

WRTEN IN RDY

> RDCLK

HALF-FULL
ALMOST FULL/EMPTY

&

N||d|jl|® [N|®| O

EN1 OUT RDY |

RDEN

2

PROGRAM ENABLE

[}

17

Data 1v

17

T This symbol Is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12

28
22
24
29

B|R|2|8|8(Q(8|8|8

5|R[&(&

49

£18|2

&

HF
AF/AE
OR

Qo
Qi
Q2
Q3
Q4
Qs
Qe
Q7
Qs
Q9
Q10
Qi1
Q12
Qi3
Q14
Q15
Q16
Q17

2-82
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functional block diagram

OET Output
OE3 Control
DO-D17 l
Location1 |
RDCLK S e [ Read Location 2
Co::rol > Pointer
RDEN
64 x 18 RAM
WRTCLK Synchronous
> Write
Writ
WRTEN1 coxrureol Pointer Location 63
WRTEN2 | Location 64
§ !
4y
Reglster Qo-Q17
|| Status
Resot Flag OR
HESET Logic > Logic IR
- HF
AF/AE
—— IR

TEXAS {')‘
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Terminal Functions

PIN
[[{e] DESCRIPTION
NAME NO. I
Almostfull/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 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-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 IR Is iow, the
IR 28 o FIFOisfull and writes are disabled. IR is low during resetand goes high on the second low-to-high
' transition of WRTCLK after reset.
Output enables. When OET, OEZ, 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 OEZ 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 s 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 1 Program enable. After reset and before the first word is written to the FIFO, the binary velue on
DO0-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, O {Q0—Q17on the thirdrising edge of RDCLK. OR s 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 I | Alow-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.
RDER a1 : Read enable. When RDEN, OE{, and OE2 are low and OR Is high, data is read from the FIFO
on the low-to-high transition of RDCLK.
HESET 1 I 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.
Wiite clock. WRTCLK is a continuous clock and may be asynchronous or coincident to RDCLK.
WRTCLK 25 I | Alow-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 WRTENT1 is high, WRTENZ is low, and IR is high, data is written to the FIFO
WRTEN2 ! on a low-to-high transition of WRTCLK.
—
TEXAS b
INSTRUMENTS
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timing diagram

mesEr | |
!
- |

|
|
WRTCLK I__fllf1|12|f3| f4 ?1' 2Ifl
WRTENT Wi“ﬁ é,‘i: s
WHTER W Don't °3@ ,@’/m

DO-D17 -

RDCLK 1 |:‘f1| fizl 13 f"ll? II 1 L_f_

ffffffff

Qo-Q17 ‘ Invalld

OR “o Pon t Care

Ll

Define the AF/AE flag using
the default valuoof X =Y =8.
Flgure 1. Reset Cycle
TEXAS #@
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timing diagram

Q0-Qi7 Invalld X v w1

O =

O -

-

-

| | !
|
. L l |
oR l | | {
| | i
. [ | I R
AF/AE J
| ]
|
HF | :
!
iR I
Figure 2. Write
TEXAS '{'P
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timing diagram

Y

RESET

-

PEN

s AL L L, FL, FLFL

WRTEN1

§

AF/AE

HF

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. If the 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.

timing diagram
|
weee L o1 1 LT LI L1
pex | 7777
O o I
" |
WRTERZ VWM@

Figure 4. Programming X and Y Separately

WRTEN1

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

Supply VORAGE FaNge, VEE « e v vrine ittt rsiiittntearennssnsiarsasssesnianesnseeses -05Vto7V
INPULVOIAgE, V| ot i e i i e e e ey 7V
Voltage applied to a disabled 3-state output ...........ccviiiiiiiii i e e, 55V
Operating free-airtemperature range ..........coiviiiiiieeririniiiiintsnernneencnennns 0°C to 70°C
Storage temperature range . ........c..vvietiitentieeinennennsassonssnsenssnneaeins —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 the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
Implisd. Exposure to absolute-maximum-rated conditions for extended periods may afisct device reliability.
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SN74ACT7813

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

SCAS199-D4002, JANUARY 1991-REVISED APRIL 1992

recommended operating conditions

'ACT7813-15 | 'ACT7813-20 | 'ACT7813-25 | 'ACT7813-40 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Vee Supply voltage 4.5 5.5 4.5 6.5 4.5 55 4.5 55 \'
ViH High-level input voltage 2 2 2 2 \
ViL Low-level input voltage 0.8 0.8 0.8 0.8 \'4
loH High-level output current | Q outputs, flags -8 -8 -8 -8 mA
I Low-level output current Q outputs 16 18 18 16 mA
oL Flags 8 8 8 )
folock 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, WHTENZ
before WRTCLK} 4 5 5 S
OET, OE2
. Setun time before RDCLK? 5 5 6 8 .
Y P RDEN before RDCLKt 4 5 5 5
Reset: RESET low
before first WRTCLK? 5 6 6 6
and RDCLK1t
[PEN before
WRTCLK? 5 6 6 6
Data in (D0-D17)
after WRTCLK? ° ° ° 0
WRTEN1, WRTEN2
after WRTCLK? ° 0 0 0
OE{7, OE2, RDEN
after RDCLK{ 0 ° ° °
th Hold time Reset: RESET low ns
after fourth WRTCLK?t 2 2 2 2
and RDCLKtt
'FEN high
after WRTCLK| 0 0 0 0
-F_EN 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.
IR
i
TEXAS rﬂ@
INSTRUMENTS pso
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SN74ACT7813
64 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS199-D4002, JANUARY 1991-REVISED APRIL 1992
S

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

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VoH Vec =45V, ' loH=-8mA 2.4 \
Flags Vec=45V, loL =8 mA 0.5
VoL \
Q outputs Vec =45V, loL =16 mA 0.5
[ Vec =55V, Vi =Vgcor0 +5 [I7.
loz Vec =55V, Vo =Vegor0 +5 pA
lec Vi=Vec-02Vor0 400 A
Algct Vee =5.5V, Oneinputat3.4V, Other inputs at Vg or GND 1 mA
Ci V=0, f=1MHz 4 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 'ACT7813-15 'ACT7813-20 | 'ACT7813-25 | "ACT7813-40
PARAMETER UNIT
(INPUT) (OUTPUT) MIN TYPt MAX|] MIN MAX| MIN MAX] MIN MAX
WRTCLK or
fnax RDCLK 67 50 40 25 MHz
tod RDGLKY AnyQ 4 95 12 4 - 13 4 15 4ol o
tog® 8.5
tod WRTCLK? IR 3 85 3 1 3 13 3 15 ns
tod RDCLKt OR 3 8.5 3 1 3 13 3 15 ns
tod WRTCLK? AF/AE 7 16.5 7 19 7 21 7 23 ns
tod RDCLKt AF/AE 7 17 7 19 7 21 7 23 ns
toLH WRTCLK? HE 7 15 7 17 7 19 7 21 ns
[y RDCLK}t 7 155 7 18 7 20 7 22
toLH HESET low AF/AE 2 9 2 11 2 13 2 i -
tpHL HF 2 10 2 12 2 14 2 16
ten OFT, 2 8.5 2 1 2 1 2 "
tyis - OE2 Any @ 2 95 21 2 14 Ty
1 All typlcal values are et Voc = 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 V.
§ This parameter is measured with a 30 pF load (see Figure 7).
operating characteristics, Vec =5V, Tp = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
.‘Ezd Power dissipation capacitance | Outputs enabled | C_ = 50 pF, f=5MHz 53 pF
A
TEXAS ”
INSTRUMENTS
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SN74ACT7813
64 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS199-D4002, JANUARY 1991—REVISED APRIL 1932

L
APPLICATION DATA
SN74ACT7813
CLOCKA > WRTCLK RDCLK <]} < CLOCK B
W/RA WRTEN1 OFET 0—< W/RB
TSA WRTENZ RDEN |—o— < TsB
‘ (o) 5 | Y
A4
A4
A 4
\18
1 DO-D17 Qo-Q1i7 > < BoO-B17
L SN74ACT7813 .
> RDCLK WRTCLK<]
OET WRTEN1
0—| ADEN WHRTENZ
L OE2
18
Ao-A17 St <1 Q0-Q17 DO-D17 [~=d
Figure 5. Bldirectional Configuration
SN74ACT7813
WRTCLK WRTCLK RDCLK < < RDCLK
WRTEN1 WRTEN1 RDEN
WRTENZ WRTENZ OEl | OFET
IR OR v
T oE2 < OE2
38
Do-D35 — Do-D17 Qo-q17
A4
D=
o —C ,,
SN74ACT7813
A —F> WRTCLK - RDCLK<]
WRTEN1 RDEN
WRTENZ OET
IR OR
oEz||
: 38
DO-D17 Qo-Q17 —c Qo-Q35
Flgure 6. Word-WIdth Expansion: 64 x 36 Bits
L
Texas WP
EXAS
INSTRUMENTS ror
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SN74ACT7813
64 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS199-D4002, JANUARY 1891-REVISED APRIL 1992

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME
Vs

LOAD CAPACITANCE
+8 I
~ty P Vee =5V
- Ta=25°C //
R, =500Q /
g typ+6
e
£
i~
= typ+4 V4
[ 3
a /
o
i typ+2
g /]
13
T
;g_ typ
-2
tvp ] 50 100 150 200 250 300
CL —Load Capacltance — pF
Flgure 7
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200 I
Ta=75C .
180 "¢, =0 pF Vec=55V |/
160 v s 4
< cc =
E 140 AN
| 120 v
£ 4 r
S 100 i / // /
z -
% " 1{/ Vee=45V
[
O
3)
Y
20
o
0 10 20 30 40 50 60 70
felock — Clock Frequency — MHz )
Figure 8
L L
i
TEXAS ‘b
INSTRUMENTS
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SN74ACT7813
64 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS199-D4002, JANUARY 1991—REVISED APRIL 1992
]

calculating power dissipation

With Igcr 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 [ICCF + (N X AICC X dC)] +Z (CL X V(;(;2 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 Algg x de)] + 2 (Cpg x Vee2 x fi) + 2 (Cp x Vec? x fo)

lcc = 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

CL = output capacitive load

f; = data input frequency

f, = data output frequency

TEXAS ‘Q'f
INSTRUMENTS
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SN74ACT7813
64 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCAS199-D4002, JANUARY 1991~-REVISED APRIL 1992

PARAMETER MEASUREMENT INFORMATION

——————— sv
| ov

Under Test |
tory | tonL

RL=SWQ CL=50pF I +__' 3V
ov

LOAD CIRCUIT TOTEM-POLE OUTPUTS

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

7V
b R.=R1=R2
St
R1
From Output Tost
Under Test Point
(o R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 C.t S1
tpzH Open
500 Q 50 pF
ton trz P Closed
toHz Open
i 500 2 50 pF
s oLz P Closed
tog 500 Q 50 pF Open

T Includes probe and test fixture capacitance.

Figure 10. 3-State Outputs (Any Q)

TEXAS ‘&’P
INSTRUMENTS
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991
RN

¢ Member of the Texas Instruments ¢ Empty, Full, and Half-Full Flags
Widobus™ Famlly ° Fast Access Times of 15 ns With a 50-pF
¢ Independent Asynchronous Inputs and Load
Outputs ¢ Fall-Through Time .. . 20 ns Typical
¢ Low-Power Advanced CMOS Technology ° Data Rates From O to 50 MHz
¢ 1024 Words x 18 Bits * High-Output Drive for Direct Bus Interface
® Programmable Almost Full/Almost Empty * 3.State Outputs
Flag * Available In 68-PIn PLCC (FN) Package
FN PACKAGE
(TOP VIEW)
0¥
eEZzzo00
o0o0ozZzZz
Dlafjsc® 87 8 54321 686766656463626160[ Voo
D13{] 11 so[] Q14
D12[} 12 s8[] Q13
Di1{]13 57[] GND
D10[] 14 se[] Q12
D9[] 15 s5[] Q11
Vecl] 16 54[] Vee
De[]17 53[] @10
GND[] 18 52[] Q9
D7{}19 51[] GND
D& [] 20 so[] a8
D5[] 21 49[] Q7
D4f}22 48[ Ve
D3[] 23 47[] Q6
D2[] 24 48[] a5
Di[]es 45[] GND
Do[] 26 44[] 4
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
(e o ot ot ¥ oot o o ¥ o Y o 1 o ot ¥ ot o T oo |
LOXO0O0 QuaHL oo ®
gggzzﬁﬁggrgfgcgcc;!
- <
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
bit-parallel format at rates up to 50 MHz and access times of 25 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 trademark of Texas Instruments Incorporated.

— _ —
PRODUCTION DATA Information le current as of publicaion dats. Copyright © 1991, Texas Instruments Incorporated
mmaqﬂﬂdmuﬁo‘md mlnm ’.
festingofall pwrameters. m
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1891

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. I 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.
Alow 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 areset 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.

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

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

logic symbolt
@
FIFO 1024 x 18
SN74ACT7802
1
RESET —— D RESET
20
LbcK ——————F Lpek FULL P——————— FUIT
5
UNCK ——————F> UNCK HALF-FULL |— HF
2 I
OE EN1 ALMOST FULL/EMPTY AF/AE
27 EMPTY P—— ENPTY
DAF —— DN DEF ALMOST FULL
‘ .| C
. 28 38
po ———o o}F4————— a0
25 39
D1 — - — at
24 a1
P2 —— L o2
23 42
D3 Q3
22 a4
D4 Q4
21 46
D5 Qs
20 a7
D6 ———— Q8
19 a0
D7 —— - — a7
17 50
D8 . o8
15 Data |ﬂa> 19 52
D9 L
14 53
D10 —— L~ a0
13 55
D1l —— —————— afn
12 56
D12 a2
1 58
D13 Q13
10 59
D14 Q14
9 61
D15 Q15
8 63
D18 [T
7 64
D17 ——— 17 17 }————— a7
t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12
. __
Texas WP
EXAS
INSTRUMENTS
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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 d :
LDCK Write > Read A Location 1
Control »>- Pointer v Location 2
]
s Write ‘) 1024 x 18 RAM
Read i Polnter
UNeK Control v
Location 1023
A Y AV Location 1024
> Qo-Qi7
RESET Reset [
Logi
i Status
Flag EMPTY
Loglc
. HF
AF/AE

TEXAS‘VP

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

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

timing diagram

|
|
|
5
]
|
I
1
|
|
|
]
|
|
g

Define the AF/AE offset value (X)
to be the default value of 256

:wwz\meql X

M i
.%G;;ﬂﬁ;g;%ﬁﬂF;?“{
|

I
]
[
1
|
|
T
|
|

!if ml-{l_

—-11--1 F— g

S

£,

£

- s

||II.II|.II|IIM‘ T . Mm

33

AV 5

s 8 s g %
5 - &

(<]

TEXAS h..o
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

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

Supply voltage range, Vgg v oo vvennnnns et iere e, e R -05Vto7V
Inputvoltage, V) .....ooiviii i i e P 7V
Voltage applied to a disabled 3-stateoutput ..................coieii it e e 55V
Operating free-air temperature range ....... Cerraeens N e e ....0°Cto 70°C
Storage temperaturerange ...........ciiiineinn.n e P —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

'ACT7802-20 | "ACT7802-30 | 'ACT7802-40 | "ACT7802-60 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Vece Supply voltage 4.5 5.5 45 55 45 5.5 4.5 5.5 \4
ViH High-level input voltage 2 2 2 2 \'4
ViL Low-level input voltage 0.8 0.8 0.8 0.8 \'
lon High-level output current -8 -8 -8 -8| mA
loL Low-level output current 16 16 16 16| mA
ﬁl‘"‘ Clock frequency 50 33 25 16.7 MHz
LDCK high 8 10 14 20
LDCK fow 8 10 14 20
UNCK high 8 10 14 20
Pulse durati ns
A dise duraton  INCKlow ) 10 4 20
DAF high 10 10 10 10
RESET low 20 20 25 25
Data in (DO-D7) before LDCKt 4 4 5 5
RESET inactive (high) before
LDCK? 5 5 5 5
Define AF/AE: DO-D8 before 5 5 5 5
tsu Setup time DAF} ns
Define AF/AE: DAF | before
RESETY 7 7 7 7
Define AF/AE (defautt): 5 5 5 5
DAF high before RESET}
Data in (D0-D?7) after LDCK? 1 1 2 2
Define AF/AE: DO-D8 after
DAF, (o] 0 0 0
th Held time Define AF/AE: DAF low after 0 0 o 0 ns
RESET}
Define AF/AE (default): 0 0 0 °
DAF high after HESETt
Ta Operating free-air temperature 0 70 0 70 0 70 0 70 °C
-
Texas W
EXAS
s INSTRUMENTS
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SN74ACT7802

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

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

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

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Vou Vecc =45V, loH=—-8mA 2.4 v
VoL Vec =45V, loL =16 mA 0.5 Vv
I Vec =55V, Vi=Veg or0 +5 pA
loz Vec=55V, Vo =Vecoro +5 A
lect Vi=Vgc=0.2Vor0 400 RA
Algct Vcc =55V, Oneinputat3.4V, Other inputs at Ve or GND 1] mA
Ci V=0, f=1MHz 4 pF
Co Vo =0, f=1MHz 8 pF

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

FROM TO *ACT7802-20 *ACT7802-30 | 'ACT7802-40 | *ACT7802-60
PARAMETER UNIT
(NPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
foax LDCK or UNCK 50 33 25 16.7 MHz
toa LDCKt Any Q 8 25 8 30 8 35 8 45| ns
tod® UNCKt Any Q 12 21 25 12 30| 12 35 12 45| ns
ton LDCK? 4 16 4 18 4 20 4 22
EMPTY
oy UNCK] 2 16 2 18| 2 20 2z 22| ™
- tpHL RESET| EMPTY 2 16 2 18 2 20 2 22| ns
tenL LDCKt FOLL 4 16 4 18 4 20 4 22| ns
' UNCK? 4 15 4 17 4 19 4 21
1 FOLL
PLH RESET, 2 15 2 17 2 19 2 a1 ™
LDCKt 2 18 2 20 2 22 2 24
AF/AE
fod UNCKt ! 2 B8] 2 20| 2 2] 2 2]
toLn RESET| AF/AE 2 15 2 17 2 19 2 21| =ns
toLH LDCKt HALF FULL 2 16 2 18 2 20 2 22| ns
UNCK{ 2 16 2 18 2 20 2 2
t HALF FULL
PHL RESET; 2 15 2 17 2 19 2 21|
ton OE Any Q 2 10 2 12 2 14 2 16| ns
tyis OE Any Q 2 12 2 14 2 16 2 18] ns
T All typical values are at Vog = 5V, Ta = 25°C.
¥ Ioc tested with outputs open.
§ This parameter is measured with C| = 30 pF (see Figure 1).
operating characteristics, Vec =5V, Ty = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
Cpd Power dissipation capacitancer per channel CL = 50 pF, f=5MHz 65 pF
e m
i
TEXAS QP
INSTRUMENTS
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SN74ACT7802

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

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

tpd —Propagation Delay Time — ns

typ+8

typ+6

typ+4

typ+2

typ

typ-2

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME
vs -
LOAD CAPACITANCE

Vec=5V

- R_=500Q =

Ta=25°C / _

/

/

50 100 150 200 250
C_ —Load Capacltance - bF

Figure 1

300

310

TEXAS "@
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

e S
TYPICAL POWER DISSIPATION CAPACITANCE

vs
SUPPLY VOLTAGE
typ+3 |
f,=5MHz
Tp=25°C
]

L typ+2 >
=
% typ+1 >
g ; /
] A
(3] /
s typ
k-]
2 /
8 /
a
[ typ'1
& /

typ-2 ]
"? /

typ-3

45 46 a7 48 4.9 5 51 52 53 54 55

Vee - Supply Voitage -V
Flgure 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:

Py = Ve x [lecr + (N x Algg x de)] + 2 (Cp x Vec? x fo)

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

Pt = Vg x [loc + (N x Algg x de)] + £ (Cpa x Vec? x fi) + £ (G x Vec? x fo)

lcc = power-down o 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
Cpd = power dissipation capacitance

Cy = output capacitive load

f; = data input frequency

f, = data output frequency

TEXAS ‘t?
INSTRUMENTS
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SN74ACT7802
1024 X 18 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

APPLICATION DATA
SN74ACT7802
LDCK LbcK UNCK UNCK
OE T OE
D18-D35 ~ po-p17 Qo-a17 ™ ate-ass
SN74ACT7802
CK UNCK
EMPTY
FULL
oE |
Do-D17 J) Do-D17 Qo-Q17 ‘) Qo-Q17
Flgure 3. Word-Width Expansion: 1024-Word by 36-Bit
L R
{i’
TEXAS
INSTRUMENTS.
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SN74ACT7802

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

SCAS187-D3599, AUGUST 1990-REVISED DECEMBER 1991

PARAMETER MEASUREMENT INFORMATION

From Output Input
Under Test |

——————— 3V

GND

R =500 C|=50pF { e —. 3V
Outpmﬂ
= ov

TOTEM-POLE OUTPUTS

LOAD CIRCUIT

Figure 4. Standard CMOS Outputs (FULL, HF, AF/AE, EMPTY)

From Output Ry
Under Test
[of
™
. VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER RL C t s1 S2
t o Closed
ton P2H 500 Q 50 pF Ll o
e Closed Open
tpHz Open Closed
i 500 Q 50 pF
dis toL 2 P Closed Open
tpgor 4 - 50 pF Open Open

T Includes probe and test fixture capacitance.

Flgure 5. 3-State Outputs (Any Q)

TEXAS 'Q’P
INSTRUMENTS
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1891—REVISED APRIL 1992

® Member of the Texas Instruments DL PACKAGE
Widebus ™ Family (TOP VIEW)
® Load Clock and Unload Clock May Be J
Asynchronous or Coincldent RESIE; E 1 56 g 2157
° Packaged In Shrink Small-Outline 300-mil D16 [] : 55 ] ate
Package (DL) Using 25-mil Center-to-Center D15 4 :; ] ats
. Spacing D14 % 5 s52]] GND
512 Words by 18 Bits D13 [Je s1[] Q14
® Low-Power Advanced CMOS Technology D12 [j7 s0{] Vec
* Full, Empty, and Half-Full Flags D11 fls  aofjQ13
® Programmable Almost Full/Almost Empty D1ofle  asfl Q12
Flag Vee [[10 a7l Q1
Do [|11  4s[]Qi0
® Fast Access Times of 15 ns With a 50-pF D8 []12 45f] @9
Load and All Data Outputs Switching
Simultaneousl GND [J1a 4] GND
. v D7 [J14 43flQ8
Data Rates From 0 to 50 MHz pelis 42D a7
® 3-State Outputs D5 [J16 41[] Q6
* Pin Compatible With SN74ACT7806 and D417 4ofj Q5
SN74ACT7814 D3 [j1s - 3of) Vec
D2 [lie  38[] Q4
description D1 [J20 s7fJ@3
g Do Q2
A FIFO memory is a storage device that allows HE E 212 ;2 % GND
data to be written into and read from its array at PEN [[2s  34f] Q1
independent data rates. The SN74ACT7804 is a
. ? AF/AE [|24  33f] Qo
512-word by 18-bit FIFO for high speed and fast LDCK
X [js  32f) UNCK
access times. It processes data at rates up to
. e NC[l2s s1[INC
50 MHz and access times of 15 ns in a bit-parallel NC 2z soflNC
format. FOLLC {]2s  29[]] 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 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.

Status of the FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and almost full/aimost
empty (AF/AE) flags. The FULL output is low when the memory is full and high whenthe 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 orless 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.

PRODUCTION DATA Information is current as of publication date. Copyright © 1992, Texas Instruments Incorporated

mcm"vg 1o speciiations pt i fema of Teas Insirumerts %
Singofuk pacametorn 0T Processing Y TEXAS
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

description (continued)

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.
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
Lo}
FIFO 512 x 18
SN74ACT7804
1
RESET — | RESET
25 N
LDCK ————> LDCK FULL 22 FULL
32 A —_—
UNCK —————F> UNCK HALF-FULL 24 HF
56 ALMOST FULL/EMPTY AF/AE
oF — D ENt X 29
23 EMPTY EMPTY
PEN ———————D PROGRAM ENABLE
. | C
21 33
po —Jo 0 Qo
20 34
pt ——| — ——— a1
19 38
p2 ——— Q2
18 37
D3 Q3
17 38
D4 Q4
16 40
D5 as
15 a1
D8 Qs
14 a2
D7 a7
12 43
pg —— as
A L Data 1v S e
° a8
D10 —— Q1o
8 a7
D11 att
7 a8
D12 Qi2
6 49
D13 Q13
5 51
D14 Qs
4 53
D15 Qis
3 54
D18 Q16
2 55
D17 ——}17 17— at7

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

TEXAS “'i
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SN74ACT7804

512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

functional block diagram

OE
Do-D17 J
Location 1
Rezd > Location 2
UNCK Pointer >
“—_I 512 x 18 SRAM
" )
rite
LDCK Pointer Location 511
Location 512
A4 Qo-Q17
NS -
R || EMPTY
aset
RESET —— Loglc > StFJllgs FULL
ic F
PER Log H
AF/AE
. _
'.
TEXAS "\P
INSTRUMENTS o
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

Terminal Functions

PIN ]
110 DESCRIPTION

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

AF/AE 24 O | of 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, I 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.

FOLLC 28 O | Fullflag. FOLL is low when the FIFO is full. A FIFO reset causes FULL to 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 1 Output enable. When OE s 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-D7
is latched as an AF/AE offset value when PEN is low and LDCK is high.

33-34, 36-38, 18-bit data output port
Q0-Q17  40-43, 4549, o
51,53-55

RESET 1 I Reset. A low leve! on this input resets the FIFO and drives AF/AE and 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.

TEXAS b
e INSTRUMENTS
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 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. 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.

=N/
oK [\ S

"= \ LTTEET,
o\ Bt WX ey X v X

Flgure 1. Programming X and Y Separately

TExas ‘t’?
INSTRUMENTS
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SN74ACT7804
512 X18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

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

Supply voltage range, Vg v cvvrvveriiniiiiiiiiniannrinininennns

Inputvoltage, V| .ivvviiiiiiiiiiiiiiiiiiiiieiinan,

Voltage applied to a disabled 3-state output .............ccoiiiiiiiii i
Operating free-air temperature range . ..........vieriirrenrrereeneerenrensenserananenes
Storage temperaturerange ..............c0i0enn. e

-05Vto7V

Fisesr st e

55V

0°Cto 70°C

—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 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

'ACT7804-20 | ‘ACT7804-25 | "ACT7804-40 UNIT
: MIN MAX| MIN MAX| MIN MAX
Vee Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 \4
Vi High-level input voltage 2 2 2 \
ViL Low-level input voltage 0.8 0.8 0.8 \'
loH High-level output current Q outputs, Flags -8 -8 -8 mA
loL Low-level output current Q outputs 16 16 16 mA
Flags 8 8 8
felock Clock frequency 50 40 25| MHz
[ LDCK high or low 7 8 12
., UNCK high or low 7 8 12
ty Pulse duration e ow = s m ns
RESET low 10 10 12
Data in (DO-D17) before LDCK?t 5 5 5
tey Setup time PEN before LDCK1 5 5 5 ns
LDCK inactive before RESET high 5 6 6
Data in (DO-D17) after LDCKt 0 0 0
t Hold time E).(.:K inactive after RESET high 5 6 6 ns
PEN low after LDCK? 3 3 K]
[FEN high after LDCK; 0 0 0
Ta Operating free-air temperature 0 70 0 70 0 70 °C

otherwise noted)

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

PARAMETER TEST CONDITIONS MIN TYP¥ MAX| UNIT
Vou Vec=45V, loH==8 mA 2.4 \'
Flags Vec=45V, loL =8mA 0.5
VoL \"
Qoutputs |Vec=4.5V, loL = 16 mA 0.5
I Vec=5.5V, V| =Vgcor0 +5 pA
loz Vec=5.5V, Vo =Vggor0 =5 pA
lcc Vec=5.5V, Vi=Vgc—-02Vor0 400 pA
Al Vec=5.5V, Oneinputat3.4V, Other inputs at Vg or GND 1 mA
Ci V=0, f=1MHz 4 pF
Co Vo=0, f=1MHz 8 pF

$ All typical values are at Voo = 5V, Tp = 25°C.

§ This s the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vcc.

TEXAS 3@
INSTRUMENTS
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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
(NPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX

[ LDCK or UNCK 50 40 25 MHz

Y LDCK? 9 20 9 22 9 24

tog UNCKt AnyQ 6 1.5 15 6 18 6 20] ns

tog UNCKt 10.5

toLH LDCK? 6 15 6 17 6 19

toHL UNCK? EMPTY 6 15 6 17 6 19| ns

tpHL RESET low 4 16 4 18 4 20

toHL LDCK? 6 15 6 17 6 19

tpLH UNCK} FULL 6 15 6 17 6 19] ns

tpLH RESET low 4 18 4 20 4 22

1o LDCK? 7 18 7 20 7 22

tod UNCK} AF/AE 7 18 7 20 7 22| ns

toLn ~ RESET low 2 10 2 12 2 14

toLH LDCKt 5 18 5 20 5 22

toHL UNCK? HF 7 18 7 20 7 22| ns

oHL RESET low 3 12 3 14 3 16

tan oF Any Q 2 9 2 10 2 il

t4is 2 10 2 1 2 12

T Al typical values are at Vo = 5V, T = 25°C.
# This parameter is measured at C; = 30 pF (see Figure 3).

operating characteristics, Vec =5V, Tp = 25°C

PARAMETER TEST CONDITIONS TYP UNIT
[ Cpd Power dissipation capacitance per FIFO channel | Outputs enabled | C = 50 pF, f=5MHz 53 pF
i
TEXAS b
INSTRUMENTS
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-—REVISED APRIL 1992

APPLICATION INFORMATION

'ACT7804
LDCK B> 1 DCK UNCK<] UNCK
C FOLL EMPTY D__ ERFTY
oF |—o OF
D18-D35 > DO-D17 Qo-Q17 ) Q18-Q35
"ACT7804
L 1pek UNCK<]
FULL ENPTY
oF |
Do-D17 > DO-D17 Qo-Q17 ™ ao-a17

Figure 2. Word-Width Expanslon: 512 Words by 36 Blts

TEXAS ‘&?
INSTRUMENTS
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
8 |
Wet Vee=5V
[— TA =25°C //
RL=500Q /
2 typ+6
°
E
s
5 typ+4 V4
[
a /
o
k-]
S typ+2
2
3
o.
1
_g typ
typ-2
0 50 100 150 200 250 300
C_ - Load Capacitance — pF
Figure 3
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200 T
|__Ta=75°C .,
1801~ ¢, =0 pF Vec=55V [/
160 Vs v
CC =
’ EI 140 K‘
5 120 -~
E V A
i 100 / //
§ 80 15/ Vec=45V
(7]
- Z
©
o
81/
20
0
0O 10 20 30 4 50 60 70
feiock — Clock Frequency — MHz
Figure 4
. __ __ R
Texas W
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

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:

P = Vee x [lccr + (N x Alge x de)] + = (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 Alee x de)] + Z (Cpq x Vee2 x i) + 2 (C x Vg2 x fo)

lce = power-down |gc maximum

N = number of inputs driven by a TTL device

A Igc = 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 ‘R’P
INSTRUMENTS
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SN74ACT7804
512 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS204-D4025, JUNE 1991-REVISED APRIL 1992

PARAMETER MEASUREMENT INFORMATION

From Output Input
Under Test

Ry =500Q CL=S50pF | +——

LOAD CIRCUIT

TOTEM-POLE OUTPUTS

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

v
b R =R1=R2
S1
Rt
From Output Tost
Under Test Polnt
CL R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 Cc t Si
tpzH Open
— 500 Q 50 pF
ten tozL P Closed
tpHz Open
i 5
tais s 500 Q 0 pF Ciosed
L 500 Q 50 pF Open

1 Includes probe and test fixture capacitance.

Filgure 6. 3-State Outputs (Any Q)

3v

ov

ov

TExas ‘t’f
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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 VIEVY)
° Load Clock and Unload Clock May Be W)
Asynchronous or Coincident RE?)E" E 1 56 % 2157
° Packaged In Shrink Small-Outline 300-mil DI; i : : 1ais
Package (DL) Using 25-mil Center-to-Center D15 [l4 ss[l a1s
. Spacing p1afls  s2flaND
256 Words by 18 Blts D13 [Js s1[] Q14
° Low-Power Advanced CMOS Technology D12 [}7 s0]] Vee
° Full, Empty, and Half-Full Flags D11 [ls  4sflQ13
° Programmable Aimost Full/Almost Empty pofle  sslar2
Flag Vee [ 10 47 ] Q11
® Fast Access Times of 15 ns With a 50-pF gz E :12 ﬁ EII g;o
Load and All Data Outputs Switching aND [[13 saf] GND
Simultaneously o7 14 4] a8
¢ Data Rates From 0 to 50 MHz peflis  42fla7
© 3-State Outputs Ds[lie  41flas
° Pin Compatible With SN74ACT7804 and D4 [[17  4ofl@s
SN74ACT7814 D3 [l a9 % Vee
D219 3s]l4
description D1 120 ar[la3
2
A FIFO memory is a storage device that allows 32 [[: Z; i % gND
data to be written into and read from its array at PEN [[2s =[] a1
independent data rates. The SN74ACT7806 is a AF/AE []24 aaf] @0
256-word by 18-bit FIFO for high speed and fast ek s s2fl unck
access times. It processes data at rates up to NG [l2s  s1flNC
50 MHz and access times of 15 ns in a bit-parallel
format. NC [Jaz  3ofINC
FULL [J2s 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 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 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 flagis 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 Instruments Incorporated.

RIS
PRODUCTION DATA Information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments o
standard warranty. P | ing d Include v}
testing of all parametera, I EXAS
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SN74ACT7806
256 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS208-D4024, JUNE 1991-REVISED APRIL 1992

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.

[+ ]
FIFO 256 x 18
SN74ACT7808
1
RESET ———| RESET
25 28
LDCK ————— > LDCK FULL >———22 FULL
32 . |
UNCK ———————F> UNCK HALF-FULL 24 HF
56 ALMOST FULL/EMPTY |————— AF/AE
OE — D ENt 29
23 EMPTY P—-—— EWPTY
PEN —— ™ PROGRAM ENABLE
| C
21 33
po ————Jo 0 Qo
20 33
D1 Q1
19 38
D2 Q2
18 37
D3 —M ——————— Q3
17 38
g —087 o—| " Q4
16 40
D5 Qs
15 a1
D6 Qs
14 a2
D7 Q7
12 a3
pg ——m—| ————— Q8
pe 1 Data > 1V 5 oo
9 46
D10 Q10
8 47
D11 an
7 48
D12 Q12
6 a9
D13 Qi3
5 51
D14 Q14
4 53
D15 Q15
3 54
D16 aie
2 55
D17 —|17 17— a17

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

SCAS208-D4024, JUNE 1991—REVISED APRIL 1992

functional block diagram

OE
Do-D17 ll
Location 1
Read > Location 2
UNCK Polnter -
0——| 256 x 18 SRAM
Write V] »
LDCK r
Polnter Location 255
Location 256
Yy Qo-Q17
N
Rosot [ ’
RESET ——  [odic > Status FOLT
Flag
Logic
PER g HF
AF/AE
i
TEXAS &P
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SN74ACT7806
256 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS208-D4024, JUNE 1991-REVISED APRIL 1992

Terminal Functions

PIN

(o] DESCRIPTION
NAME NO. "
Almost full/aimost empty flag. Depth offset values may be programmed for this flag, or the default value
AF/AE 24 O | of 32 may be used for both the almost empty offset (X) and the almost full offset (). AF/AE is high when
memory contains X or less words or (256 minus Y) or more words. AF/AE is high after reset.
po_pi7 2\-1412-11, | |18-bitdatainput 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 4 "
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
FOLL 28 (e}
the FIFO memory is full.
HF 22 o Half-full flag. HF is high when the FIFO memory contains 128 or more words. HF is low after reset.
LDCK 25 1 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 I 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
QO-Q17 40-43,45-49, o
51, 53-55
RESET 1 1 Reset. A low level on this input resats 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.
— — SasasaE——
TEXAS ‘b
INSTRUMENTS
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SN74ACT7805
256 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS208-D4024, JUNE 1991-REVISED APRIL 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. 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, FEN
must be held high.

RESET _—\___/
o \ SRR,
T o XX

ey T\ /

Figure 1. Programming X and Y Separately

Do-D
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SN74ACT7806

*A PUB X JO onjRA JINEIP oL
Bujsn Bey Jv/4v owp euyeq

[ mng

]

[ am

|
|
|
|
| |
| | | _ [S awav
i ! T ! !
L A
“ | ] “ : m _ | | ALdW3
_ _ _ _ _ | | I
| _ | | | _ _ JI
//g “oinvxosswmmi Xai wNa tX: cwwus X M X 110-00
| | T T T
_ ! | A N A A ||
— I ] v I . LI
“ _ _ | A N 20
_ | _ - N I
J T 1 } I } 1]
E [ | ! | | MONN
| ! | | I
T VI I P W
3 N GOSN N EI N NN
[

wesbeip Gujwy

TEXAS "’J
STRUMENTS

IN

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

3-32



SN74ACT7806
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Voo +ovvvviiieeiiiiiiieiiiinreinissnsnnness e erereiaens -05Vto7V
INPUtVOIAgE, V) e it i e et e e 7V
Voltage applied to a disabled 3-stateoutput .................cccooiiiiiiiii B - A
Operating free-air temperature range ..........ocvievereirerneerinennns e iaeeeae 0°Cto 70°C
Storage temperature range ...ttt i i e -65°Cto 150°C

t Stresses beyond those listéd 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

"ACT7806-20 | "ACT7806-25 | "ACT7806-40 UNIT
MIN MAX| MIN MAX| MIN MAX
Vee Supply voltage 4.5 5.5 4.5 5.5 45 5.5 \
ViH High-level input voltage 2 2 2 \
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 ;:::pms - 1: 12 1: mA
fetock Clock frequency 50 40 25| MHz
LDCK high or low 7 8 12
4 Pulse duration ihiCK high or low 7 8 12 ns
PEN low 7 8 12
[RESET low 10 10 12
Data in (D0-D17) before LDCK? - 5 5 5
tou Setup time [FEN before LDCK? 5 5 5 ns
LDCK inactive before RESET high 5 6 6
Data in (DO-D17) after LDCK? 0 0 0
" Hold time ECK inactive after RESET high 5 6 6 ns
PEN low after LDCK? 3 3 3
[FEN high after LDCK| 0 0 0
Ta 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

VoH Vec =45V, lon =—8mA 24 \'4

Flags Vec =45V, oL =8mA 0.5
Vou v

Qoutputs |Vec=4.5V, loL =16 mA 0.5
I Vec=5.5V, V| =Vggor0 5 pl.A
loz Vec=5.5V, Vo =Vgcor0 x5 pA
lcc Vec=5.5YV, Vi=Vgc—=02Vor0 400 [17.
Algch Vcc=5.5V, Oneinputat3.4V, Other inputs at Vcc or GND 1 mA
Ci V=0, f=1MHz 4 pF
Co Vo =0, f=1MHz - 8 pF
¥ Al typical values are at Vog = 5V, Ty = 25°C.
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather 0 V or Vg,

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

SCAS208-D4024, 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 'ACT7806-20 'ACT7806-25 | 'ACT7806-40 UNIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX
frmax LDCK or UNCK 50 40 25 MHz
[ LDCKt 9 20 9 22 9 24
o4 UNCK? Any Q 6 115 15 6 18 6 20 ns
ot UNCK? 10.5
toLH LDCK? 6 15 6 17 6 19
tPHL UNCK? EMPTY 6 15 6 17 6 19 ns
tonL RESET low 4 16 4 18 4 20
tpHL LDCK} 6 15 6 17 6 19
oL UNCKt? FULL 6 15 6 17 6 19] ns
toLH 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
ton 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
toHL RESET low 3 12 3 14 3 16
ton oF Ay Q 2 9 2 10 2 il
td;_s 2 10 2 1 2 12
t All typical values are at Vo = 5 V, Tp = 25°C.
# This parameter Is measured at C_ = 30 pF (see Figure 3).
operating characteristics, Vec =5V, Tp = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
| Cpd Power dissipation capacitance per FIFO channel | Outputs enabled | C = 50 pF, f=5MHz 53 pF
R _ _
Texas WP
s INSTRUMENTS
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APPLICATION INFORMATION

"ACT7808
LDCK LDCK UNCK<] UNCK
For —( FULL ERFTY )— ERPTY
OFE —T OFE
D18-D35 > Do-D17 Q0-Qi7 > Q18-Q35
"ACT7806
LocK UNCK <
FOLT EWPTY
OE |
DO-D17 > DoO-D17 Qo-Q17 > Qo-Q17

Flgure 2. Word-Wldth Expanslon: 256 Words by 36 Bits
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e e —————

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
Vs
LOAD CAPACITANCE
8 T
typ ¥ Vcc =5V
— Tp = 25°C /’
R =5000 /
2 tp+s6
°
E
g
& typ+4 L/
[
g /
B
& typ+2
o
& /
&
;g_ typ
/
typ-2

] 50 100 150 200 250 300
C—Load Capacitance —- pF

Figure 3
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200 '
| TA=75°C s
180 CL=0 pF Vee =55V /
1% V 5V 4
cC = \
El 140
E 120 s
E V A
g 100 ////
s 80 l/// Vec =45V
3
@ g
g ® /V//
O
20
0

o 10 20 20 40 50 -] 70
felock — Clock Frequency — MHz

Figure 4
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L
calculating power dissipation

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

Py=Vee x [lccr + (N x Algg x do)] + = (Cp x Vec? 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 [leg + (N x Algg x do)] + 2 (de X Vcc2 x fi) +Z (C x Vcc2 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

C\ = output capacitive load

f; = data input frequency

f, = data output frequency

TEXAS “i?
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

—————— 3V
From Output Input ;|z 51; 1.5V
Under Test | | ov
A, - 5000 Cy=50pF h‘-tpm—’{ h—ll:riL—’_"___ av
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 5. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE)
7V
b R.=R1=R2
s1
R1
From Output Tost
Under Test Point
cL R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c t st
tozH Open
ten o 500 50 pF e
tpHz Open
tis P 500 @ 50 pF Ciosed
g 500 2 50 pF Open
t Includes probe and test fixture capacitance.
Figure 6. 3-State Outputs (Any Q)
i
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Load Clocks and Unload Clocks May Be ° Expanslon Logic for Depth Cascading
Asynchronous or Coincldent * Empty, Full, and Half-Full Flags
2048 Words by 9 Bits * 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), hatf-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 whenit is 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, andEMPTY 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 importantto 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 DATA Information Is current as of publication date. Copyright © 1992, Texas Instruments incorporated
Mdﬁ:“m -pndﬁcdompurlno‘::md mtlnw:lnnc;g
esting of ak parameters., " FrEXAS
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FN PACKAGE
(TOP VIEW)
Y o |l o
Q. L0z
Z w Zz
Se:3lEliSeuss
6 5 4 3 2 14443424140
pofJ7 3] a1
p1[Js 38} vee
D2[e sr[l Q2
GND[J10 3s[] o3
D3] 35[] GND
D4[]12 34[} Q4
Ds{]13 33[) Vee
Vec 114 a2[]as
De[]15 s1[jas
D7[]16 30[] GND
D8 []17 : 29[]a7
18 19 20 21 22 23 24 25 26 27 28
[ovwn | o | e { o | s | oo (i o | o | v [ |
ox o >—<lj EBE598
Z04a [CRs XK
2
690 ,_,_é Z>
LL)
PM PACKAGE
(TOP VIEW)
[alya]
©oZZK~ 0
o>> ccooc>>ooowoz

[ r i ra e

" 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
Nne[1e 48[INC
ao 2 47l qs
ano 3 48 [] Ve
GND [ 4 45| Ve
o[]S 44 [J UNCK
xo [0 & 43 [] TASEN
vee 07 22[INC
Vee 8@ 41[JFC
meseT [ ° 40 []EMPTY
PEN []10 39 [] FOLC
eNno O 38 (] X
anD 412 37 [] DP9
AF/AE 13 36 |] LDCK
HF [ 14 a5 [] GND
Vee []15 34[]GND
Vee 18 33| NC
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

L_JI_IL_IEII_II_H_II_JI_H:ILH_ICHJUL_I

OO

NQD(’)

(]

NC - No internal connection
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2048 X 9 FIRST-IN, FIRST-OUT MEMORY

SCAS205-D4026, FEBRUARY 1991—REVISED APRIL 1992

logic symbolt

)
FIFO 2048 x 9
SN74ACT7808
1
RESET — D RESET FULL ;_—22 FULLC
19
LocK > LDCK HALF-FULL 5
26 a
UNCK > UNCK  ALMOST FULL/EMPTY Y AF/AE
42 &
OE EN1 EMPTY EMPTY
2
PEN ———| PROGRAM ENABLE
24 a3
FL ———— D FIRST LOAD EXPANSION OUT | X0
25
CASEN — D CASCADE ENABLE
21
xi EXPANSION IN
20
DP9 DATAPIN 9
. - C
a0
Do 0 () Qo
39
D1 at
37
D2 Q2
1 38
D3 ” - Q3
D4 Data Data > 1V as
13 32
D5 as
15 31
D8 Qs
16 20
D7 Q7
17 28
D8 8 8 Qs

T 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

OE
Do-D8 d
Location 1
Read Location 2
UNCK Pointer v
2048 x 9 RAM
LDCK Write
Pointer Location 2047
Location 2048
DP9
Y Qo-Q8
\ -4
RESET — |  Reset | EMPTY
Logic >
Expansion
and FULL
PEN Status HF
Flag .
FL Logle AF/AE
TASEN X0
X
Texas W
EXAS
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2048 X 9 FIRST-IN, FIRST-OUT MEMORY

SCAS205-D4026, FEBRUARY 1991—REVISED APRIL 1992

Terminal Functions

PINNAME | 1O 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 almost 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 used in depth expansion.
Do-D8 1 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.
- || When multiple ACT7808 devices are depth cascaded, the first devios in the chain must have fts FL input tied low, and
all other devices must have their FL inputs tied high.
[ FULL O | Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high.
HF O | Half-full flag. 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 1 Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high.
xit 1 Expansion input (X) 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
xof O | tothe X of the first device in the chain.

1 See Figures 2 and 3 for application information on FIFO word-width and depth expansions, respectively.

- T RSN
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SCAS205-D4026, FEBRUARY 1991-REVISED APRIL 1992
A

offset values for AF/AE

The amost 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 memoty. Ifthe 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 DPS 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 reprograms
Y to the binary value on DO-D8 and DP9 at the time of the second LDCK low-to-high transition. Writes to the
FIFO memoty are disabled while the offsets are programmed.

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.

-"\_/
PER \ s
S5 D

v 0K xearwn X X

Figure 1. Timing Diagram to Program X and Y Separately
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A

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

Supply voltage range, Vog +-vvevviiiriiiiiiiiiiiin i i Ceereeeaaes -05Vto7V
Inputvoltage, Vi ....ccvviviiiiiiiiiiiiiiiiii i i, Ceeriasaasaas Creeraeraeerananes 7V
Voltage applied to a dlsabled 3-stateoutput ...........000el et erteeaeeer ey 55V
Operating free-air temperaturerange .......... e iaier e, Ceeeiaes Cereinaees 0°Cto 70°C
Storage temperature range ...........ccciiiiiiiiiiiiiae., Cer e, ve.... —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|
Vece Supply voltage 45 55 45 55 4.5 55 4.5 55
ViH High-level input voltage )(;Ither s 3'8: 3'8: 3'8: 3'82 \
ViL Low-level input voltage 0.8 0.8 0.8 08
loH High-level output current -8 -8 -8 -8 mA
loL Low-level output current ::gu:puls ! z ! : 12 1: mA
felock Clock frequency 50 40 33.3 25| MHz
LDCK high or low 8 9 1 13
t Pulse duration U_NCK high or low 8 9 1 13 ns
PEN low 9 9 16 13
[RESET low 10 13 16 19
Data in (D0-D8, DP9 '
before L(DCKt ) 5 5 5 5
tsu Setup time LDCK inactive 5 5 5 5 ns
before RESET high
'PEN before LDCK?
Data in (DO-D8, DP9) R
after LDCKt
LDCK inactive after 5 5 5 5
th Hold time RESET high ns
[FEN low after LDCKY 2 2 4 4
rjﬂ high after LDCK 0 0 o o
Ta Operating free-air temperature 0 70 0 70 0 70 0 70 °C
o—
TEXAS "\'P
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=== aa—— ——————————— ]

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VOH Vcc =45V, IOH ==8mA 24 v
v Flags Vec=4.5V, lo =8 mA 0.5 v

oL Qoutputs |Vec=4.5V, loL = 16 MA 05
'| : Vcc =55V, V| =Voc or0 15 p.A
|oz Vcc =55V, Vo =VCC or0 25 rA
lcc Vcc =55V, V| = Vcc —-0.2Vor0 400 pA
Algct Vec=5.5V, Oneinputat34V, Other inputs at Voc or GND 1 mA
C Vi =0, f=1MHz 4 pFE
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 6 and 7)

PARAMETER FROM TO *ACT7808-20 'ACT7808-25 | 'ACT7808-30 | 'ACT7808-40 UNIT
(INPUT) (OUTPUT) MIN TYPt MAX| MIN MAX| MIN MAX| MIN MAX
frmax LDCK or UNCK 50 40 33.3 25 MHz
tod LDCK? 5 20 5 22 5 25 5 28
tod UNCK} Any Q 45 11 15 4.5 18 4.5 20 4.5 22 ns
tod® 10
tpLH LDCKt 4 15 4 17 4 19 4 21
toHL UNCK? EMPTY 2 15 2 17 2 19 2 21| ns
teHL RESET low 2 16 2 18 2 20 2 22
tPHL LDCK? 4 15 4 17 4 19 4 21
toLH UNCK?t FOLL 4 14 4 16 4 18 4 20 ns
toLn RESET low 2 18 2 20 2 22 2 24
tod LDCK? 2 16 2 18 2 20 2 22
tod UNCKt AF/AE 2 16 2 18 2 20 2 22 ns
toLH RESET low 0 10 0 12 0 14 0 16
toLH LDCKt 2 19 2 21 2 23 2 25
toHL UNCKt HF 2 16 2 18 2 20 2 22| ns
torL RESET low 2 12 2 14 2 16 2 18
tpLH UNCK? %o 2 1 2 13 2 15 2 LA .
toHL LDCK} 2 1 2 13 2 15 2 17
ton 1 10 1 12 1 14 1 16
T O Any Q 1 ) T T 13 T 1] ™
ten XI high 3 13 3 15 3 17 3 19
Yais XO high Any Q 7] 2 3 3 I
1 All typical values are at Vo = 5V, Tp = 25°C.
¥ This is the increase in supply current for each input, excluding XI, that is at one of the specified TTL voltage levels rather O V or Vgg.
§ This parameter is measured with C = 30 pF (see Figure 4).
operating characteristics, Vcc =5V, T = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
Cod Power dissipation capacitance per FIFO channel { Outputs enabled | C; = 50 pF, f=5 MHz 91 pF
*3
TEXAS
INSTRUMENTS
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APPLICATION INFORMATION

'ACT7808
LDCK > LDCK UNCK<] UNCK
FULL _( FULL EMPTY D_ ERFTY
OE T OE
Do-D17 > Do-D8 Qo-Q8
CASEN > ae-a17
]
H
*ACT7808
= LDCK UNCK <]
EMPTY
FULL
OE |—!
Qo-Qs8 > Qo-Q8
Do-D8 > Do-D8 TASEN
T
H

Figure 2. Word-WIldth Expansion: 2048 Words by 18 Blits
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depth cascading

The SN74ACT7808 provides expansion logic necessary for cascading an unlimited number of the FIFOs in
depth. CASEN 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 FIFQ in the chain. A composite EMPTY and FULL signal
must be generated to indicate boundary conditions.

RESET
oE
v |t v | L
FL CASEN FL CASEN FL CASER
'ACT7808 "ACT7808 'ACT7808
X xo}— X X0 X X0
RESET OE RESET OE|[— RESET OE
D0-D8 Q0-Qaf— Do-D8 GO-Q8 D0-DG Q0-Q8
| pek J_ fwex ek
UNCK UNCK UNCK
FULL EMPTY FULL EMPTY FULL EWPTY
Do-D8
) - >, Qo-as
UNCK
LDCK

:
)
7

Ll

Flgure 3. Depth Cascading to Form a 6K x 9 FIFO
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TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
typ+8 v T v
=5
— RLs000 i
R Ta=25°C /
! V
g /
E
F typ+a
a
=
g v
4 typ+2
g /
5
;S, typ
/
typ-2

] 50 100 150 200 250 300
Cy - Load Capacltance — pF
Figure 4
SUPPLY CURRENT

vs
CLOCK FREQUENCY

T"L 50 Voo =55V /

140[— C_ =0 pF

Vee=5V 1~ /

g 120 V4
D44
:_,5: ” / /@ =45V
; /A
Eow //V/
§ 40 ///

20

0 10 20 30 40 50 60 70 80
feiock — Clock Frequency — MHz

Figure 5
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calculating power dissipation
With |ccr taken from Figure 5, the maximum power dissipation may be calculated using:
Py = Ve x [loor + (N x Algg x dc)] + £ (Cp x Vec? 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 Algg x dc)] + 2 (Cpg x Ve x fi) + 2 (Cp x Vg2 x fo)

lcc = power-down |gc maximum

N = number of inputs driven by a TTL device

A lgg = increase in supply current -

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

CL = output capacitive load

f; = data input frequency

f, = data output frequency

TEXAS ""P
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SCAS205-D4026, FEBRUARY 1991-REVISED APRIL 1992
R

PARAMETER MEASUREMENT INFORMATION

From Output Input 1.5V
Under Test | |
toLH 1 toHL
Ry =500Q Cy =50pF ! | T
I Output ﬂ
LOAD CIRCUIT TOTEM-POLE OUTPUTS

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

7V
b R.=R1=R2
S1
R1
From Output Tost
Under Test Point
cL 1~ R2
: VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 Ct S1
tpzH Open
5002 50 pF
fen trz1 P Closed
tpHz Open
i 5000 50 pF
s o . P! Closed
L 500 2 50 pF Open

1 Includes probe and test fixture capacitance.

Figure 7. 3-State Outputs (Any Q)

3V

ov

v

oV
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991—REVISED APRIL 1992

° Member of the Texas Instruments DL PACKAGE
Widebus ™ Family (TOP VIEW)
® Load Clock and Unload Clock May Be U h
Asynchronous or Colncident RESET E 1 %6 i OE
° Ppackaged In Shrink Small-Outline 300-mil 8:; i 2= i g];
Package (DL) Using 25-mil Center-to-Center D15 [ 4 saf] Q15
Spacing Dialls  s2flaND
° 64 Words by 18 Bits D13 [le s1{] Q14
® Low-Power Advanced CMOS Technology D12[|7 50[] Vee
° Full, Empty, and Half-Full Flags D11 []s sl Q13
°® Programmable Almost Full/Almost Empty D1offe sl a2
Flag - Vec fj10 a7flan
® Fast Access Times of 15 ns With a 50-pF g: E :12 :: % g;o

Load and All Data Outputs Switching ano[1s  4sflan

Simuitaneously D71 asfl s

¢ Data Rates From 0 to 50 MHz pef1s 42l a7

° 3.State Outputs : psflie 41flas

° Pin Compatible With SN74ACT7804 and Dafl17  4o]l s
SN74ACT7806 D3 [J1s 30|l Vee
D2[{19 3sfjQ4

description D1 fj20 s7fla3

pofla1  ssflaz

A FIFO memory is a storage device that allows HE[22  ssfl e

data to be written into and read from its array at PEN
independent data rates. The SN74ACT7814 is a flzs  sellan

. : AF/AE ]2+  33[l Qo
64-word by 18-bit FIFO for high speed and fast ek 25 s2f] unck
access times. It processes data at rates up to NG [ a1fINC
50 MHz and access times of 15 ns in a bit-parallel 26 !
format. NC[J2z  3o[INC

FOULL {28 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 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 whenthe 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 Information Is current as of Copyright © 1992, Texas Instruments Incorporated
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s o e, TEXAS
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992

description (continued)

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. 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
L3
FIFO 64 x 18
SN74ACT7814
1
RESET —| RESET
25 N 28
LbDcK ————— > 1DCK FULL 2 FOLL
32 A I
UNCK ——————F> UNCK HALF-FULL 24 HF
56 ALMOST FULL/EMPTY | ———— AF/AE
oF — D EN1 20
23 EMPTY P————— EWPTY
PEN —— PROGRAM ENABLE J
-]
21 33
po —————]o 0 Qo
20 34
D1 a1
19 36
D2 Q2
18 37
D3 Q3
17 38
D4 Qs
16 40
D5 as
15 41
D6 Q6
14 42
D7 a7
12 43
p§g ———— —————— a8
1 45
D10 —— Qio
8 47
D11 an
7 48
D12 Q12
6 49
D13 ais
5 51
D14 Q14
a4 53
D15 Qts
3 54
D16 ate
2 55
D17 ——17 17— a17

1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992

functional block diagram

OE
Do-D17 l
Location 1
Read ‘> Location 2
UNCK Polintor >
“——\ 64 x 18 SRAM
Write —/
LDCK Polnter Location 63
Location 64
Y J Qo-Q17
\/7
R - EMPTY
osot
RESET ——— Logic > sg:;s FULL
Logic
PEN g HF
AF/AE
[
i
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992

Terminal Functions

PIN
110 DESCRIPTION
NAME NO. /
Almost full/almost empty flag. Depth offset values may be programmed for this flag, or the default value
AF/AE 24 O | of8 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 (64 minus Y) or more words. AF/AE is high after reset.
po-pr7 P IENL Ly | ye.bit datainput port
EMPTY Empty flag. EMPTY is high when the FIFO memory is notempty; EMPTY is low when the FIFO memory
29 o )
is empty or upon assertion of RESET.
Fuli fiag. FULL is high when the FIFO memory is not full or upon assertion of RESET; FULL is low when
FOLC 28 (o)
the FIFO memory is full.
HF 22 O | Half<full fiag. 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, 36-38,
Q0-Q17  40-43, 45-49, O | 18-bit data output port
51, 53-65
RESET 1 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.
s
TEXAS b
INSTRUMENTS
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992

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. The AF/AE flag 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 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 LDCK will reprogram Y to
the binary value on D0-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.

RESET _\—/
PN \ L/ s /),
N\ gomteas \\WK xeay X v X

EMPTY \&&&\ /

Figure 1. Programming X and Y Separately

DoO-D

-
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1892

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

Supply voltage range, VoG «.vvvveeirseniiiisiininriiiiieiienieiieiciiiieenns
Inputvoltage, V| ...........oooiiu eeeiiereeaas
Voltage applied to a disabled 3-state output ..................................................
Operating free-air temperaturerange ................. veaasennes Cereenneaes
Storage temperature range ..... e tee i e

. -05Vto7V

.7V
55V

. 0°Cto 70°C
—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 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

'ACT7814-20 | "'ACT7814-25 | "ACT7814-40 UNIF
. MIN MAX| MIN MAX| MIN MAX
Vee Supply voltage 45 5.5 4.5 5.5 4.5 5.5 v
ViH High-level input voltage 2 2 2 \"
ViL Low-level input voltage 0.8 0.8 0.8 \'
loH High-level output current Q outputs, flags ~8 -8 -8| mA
loL Low-level output current :I:::puts ! : 1: ! : mA
felock Clock frequency 50 40 25| MHz
LDCK high or low 7 8 12
tw Pulse duration -U—'iCK high or low ! 8 12 ns
PEN low 7 8 12
RESET low 10 10 12
Data in (DO-D17) before LDCK? 5 5 5
tsu Setup time 'PEN before LDCK? 5 5 5 ns
LDCK inactive before RESET high 5 6 6
Data in (DO-D17) after LDCKt 0 0 0
" Hold time E)_CK inactive after RESET high 5 6 6 ns
PEN low after LDCK? 3 3 3
[PEN high after LDCK| 0 o 0
TA Operating free-air tsmperature 0 70 0 70 0 70 °C

otherwise noted)

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

PARAMETER TEST CONDITIONS MIN TYP¥ MAX| UNIT
VoH Vec =45V, loy =—8 mA 2.4 \'
Flags Vec=4.5V, loL =8mA 0.5
VoL \'
Qoutputs [Vec=45V, loL =16 mA 0.5
Iy Vec=5.5V, Vi=Vggor0 +5 [17.
loz Vec=5.5V, Vo =Vcgor0 +5 17
lcc Vi=Vec~0.2Voro 400 A
Algct Vec =55V, Oneinputat3.4V, Other inputs at Vo or GND 1| mA
(o V=0, f=1MHz 4 pF
Co Vo=0, T=1MHz 8 PF
# All typical values are at Vg = 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 Vcc.
CET—
i
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SN74ACT7814

64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992
L

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
frax LDCK or UNCK 50 40 25 MHz
tod LDCK?t 9 20 9 22 9 24
ta UNCK}t Any Q 6 1.5 15 6 18 6 20 ns
toa* UNCKt 10.5
toL LDCK} 6 15 6 17 6 19
toHL UNCK? EMPTY 6 15 6 17 6 19] ns
tPHL RESET low 4 16 4 18 4 20
toHL LDCKt 6 15 6 17 6 19
toLH UNCK? FULLC 6 15 6 17 6 19 ns
toLH RESET low 4 18 4 20 4 22
thd LDCK? 7 18 7 20 7 22
o UNCK?t AF/AE 7 18 7 20 7 22 ns
toLH RESET low 2 10 2 12 2 14
toLH LDCK? 5 18 5 20 5 22
tPHL UNCKt HF 7 18 7 20 7 22| ns
toHL RESET low 3 12 3 14 3 16
ton oE AnyQ 2 9 2 10 2 1 ns
gi 2 10 2 1 2 12
t Al typical values are at Vg = 5V, Ta = 25°C.
# This parameter is measured at C; = 30 pF (see Figure 3).
operating characteristics, Vgc =5V, Tp = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
EE Power dissipation capacitance per FIFO channel | Outputs enabled | C, = 50 pF, f=5MHz 53 pF

g
INSTRUMENTS
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992

APPLICATION INFORMATION

"ACT7814
LDCK o—F> ek UNCK< UNCK
ForT ——( FULL ERPTY }— EmPTY
OE T OE
D18-D35 > Do-D17 Qo-at7 ) Q18-Q35
"ACT7814
L L 1pek UNCK <
FULT EMPTY
OE
Do-D17 > Do-D17 Q0017 > Qo0-Q17

Figure 2. Word-WIidth Expanslon: 64 Words by 36 Blts
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SN74ACT7814
64 X 18 FIRST-IN, FIRST-OUT MEMORY

SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992
L

TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
Vs
LOAD CAPACITANCE
8 ]
P+ Vee=5V
- Th = 25°C /’
RL=500Q /
2 typ+8
°
E
g
8 typ+4 4
[ ]
a /
(-]
k-]
§ typ+2
& /
[
|
3 typ
typ-2
[} 50 100 150 200 250 300
CL~ Load Capacitance — pF
Figure 3
SUPPLY CURRENT
vs
CLOCK FREQUENCY
200 l
180 |- Ta=757C .
CL=0 pF Vee =55V /
160 s /
cC =
EI 140 AN
£ 120 -~
E 4 r
S 100 / // /
£ // Vec=45V
S 8o g 7
7]
. Z
)
(3]
W .
20
[

(1] 10 20 30 40 50 60 70
fe1ock — Clock Frequency —~ MHz

Figure 4
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SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992
S

calculating power dissipation

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

Py = Vee x [lccr + (N x Alge x dc)] + X (C x Ve 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[lcg + (N x Algg x dc)] + = (de x Vgg2 x fi) + 2 (C x Vg2 x o)

lcc = power-down |gc 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 {'P
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SCAS209-D4023, SEPTEMBER 1991-REVISED APRIL 1992
M

PARAMETER MEASUREMENT INFORMATION

——————— v

Input 1.5V
| . ov

e to—»i e tpL—»

Ry =5000 C=50pF | F—— 3V
- F R
= = ov

TOTEM-POLE OUTPUTS

From Output
Under Test

LOAD CIRCUIT

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

Vv
b
R =R1=R2
st -
Rt
From Output Test
Under Test Point
cL R2
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c t )
tozH Open
500 Q 50 pF
fen = P Closed
) toHz Open
tais iy 500 Q 50 pF Seeod
od 500 2 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]
X 16 Words by 5 Bits Each oE[l 1 U 200l Voo
Data Rates From 0 to 40 MHz For=z(] » 10[] EMPTY32
° Fall-Through Time ... 14 ns Typ FULL[] 3 18]] UNCK
® 3-State Outputs LbCK[] 4 17 EMPTY
* Package Options Include Plastic Doffs  1sflQo
Small-Outline Packages, Plastic Chip Diffe  1sfja1
Carrlers, and Standard Plastic 300-mil DIPs D2[} 7 14]] Q2
D3f] s 13[] @3
description Daffs  12]la4
. GND[Jt0 1[JRST
This 80-bit memory uses Advanced Low-Power
Schottky technology and features high speed and FN PACKAGE

fast fall-through times. It is 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. "~ ock e 2 ' 290 unck
Data is written into memory on a low-to-high Do []s 17[] EMPTY
transition at the load clock input (LDCK) and is D1 e 16[] @0
read out on a low-to-high transition at the unload D21]7 15[} Q1
clock (UNCK). The memory is full when the Daf[]s 9 10 11 12 1:;4[ Q2
number of words clocked in exceeds by 16 the o= Temam e T am ]

number of words clocked out. When the memory 2o |5 38

is full, LDCK signals have no effect. When the % i

memory is empty, UNCK signals have no effect.

Status of the FIFO memory is monitored by the FULL, 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 memoty 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, FOLL—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 aRST 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.

I A
PRODUCTION DATA information s current as of publication data. Copyright © 1892, Texas Instruments Incorporated
Products conform to specifications per the terms of Tems Instruments *
standard warranty. Productl ing d Include v}
tenting of al paramaters. IEXAS ”
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SN74ALS229B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 1992

logic symbolt
FIFO 16 x5
CTR
1 3
RST ————DcT=0 (CT=16) Gt ;2 FULL
s CT=14 P—— 0 FULL2
LbCK e F T(+/C2) CT=2 ;ﬂ EMPTY+2
UNCK —————— b 3- (CT=0G3p———— ENPTY
1
OE ——ENs
5 1 L 16
Do 2D avVv— Qo
) 15
D1 Qt
7 14
D2 Q2
8 13
D3 Q3
9 12
D4 ——— ——————— Q4

1 This symbol Is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but does not
showthe details ofimplementation; for these, see the logic diagram. The symbol represents the memory asf 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.
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SN74ALS229B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 1992

logic diagram (positive logic)

oE -1 D
RING
‘ COUNTER ! N
I__ ‘ CTR 2 N
5 DIVie : RN
3 c1 5T
LDCK 6 N
7
- 8
P+
Wilto 13 N
Address _\\
12—
13N
_ 11
L ds || 9er=1 15—
16
_D— R P RNG ] 18}
COUNTER ! |\
18 o1 CTR 2f—
UNCK DIVie 3
i _— 1N
5
> 6 _\
7
] N
>+ 9 N
Road 10 N
1 Addross 14 _\\
12 RAM 16 x 5
RST 13-
dcT=1 18 \ N
17 5 L 1
18 \-/_‘“\‘I—G
16
ﬁ>c3
5 . r
Do A 1A,3D m%oo
D1 —— Q1
p2 -1 13 00
8
bs =3 _::—03
D4 —— Q4
13/16E
comP,_
P ! 17
—{ ey
Q P=Q+2 s s
o> N ) For
2
Jl>c FULL=2
19
DO EMPTY+2
Pin numbers shown are for DW and N packages.
-
i
TEXAS ‘!'P
INSTRUMENTS e

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ALS229B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 1992

timing diagram
rst —

I ek |

po-D4 ///W/M/EW/WIWIE/ ' EZV//////////A

UNCK —t—r ﬂ 1 f] { In FLJ—I_
00-04 Word 1 %w«uszms}@( Word 1 XW;"’XW:"’XW:M

wv | -

|
i
i
|
|
—
|
|

|

|

T L |

FOLE —] | | | |

| | | -
|| ! | I I O

|| | . I

Initiatize Load Unload EMPTY EMPTY +2 FULL-2 FULL

Pointers W1 w2

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

SUPPIY VORGE, VG v vt e vt eetiat ettt et et e e eeteeeteeeeataneensannanesesneenasessansnennss 7V
Inputvaltage, V| ......coiiiiiiiiii e et r et 7V
Voltage applied to adisabled 3-state output ...........cciiiitiiiiiiiirniiireraieiirineaninns 55V
Operating free-air temperature FaNQE .......ovvvrenrnenreneeenenrnerernensneeseenenenns 0°Cto 70°C
Storage temperature range ...........c.veveeerenenrnenrenennacnrosrosnenssessacess -65°Cto 150°C

T Stressesbeyond 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 thoss indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

TEXAS {'
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ALS229B

16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 1992

recommended operating conditions (see Note 1)

MIN NOM MAX| UNIT

Vee Supply voltage 4.5 5 5.5 \'
\/m High-level input voltage 2 Vv
ViL Low-level input voltage 0.8 \
lon High-level output current ;;tf:‘:gs :;2 mA
loL Low-leve! output current gt::‘::t:gs 2: mA
felock Clock frequency t?l?:( g x MHz

RST low 18

LDCK low 15
tw Pulse duration LDCK high 10 ns

UNCK low 15

UNCK high 10

Data before LDCK? 8
tey Setup time [RST (inactive) befors LDCK{ 5 ns

LDCK (inactive) before RSTt 5
th Hold time Data after LDCK? 5 ns
TaA Operating free-air tamperature 0 70 °C

NOTE 1: To ensure 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|, 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 TYPt MAX| UNIT
Vik Vec =45V, lj==18 mA -1.2 \'
Von Q outputs Vec =45V, loL ==2.6mA 2.4 3.2 v
Status flags Veg =45Vt 55V, loL = -0.4 mA Vec—2
Q outputs Vec =45V, loL = 12 mA 0.25 0.4
VoL Vec =45V, loL = 24 mA 0.35 0.5 v
Status ﬂags Vec =45V, IOL =4mA 0.25 0.4
Vec =45V, loL=8mA 0.35 0.5
lozH Vec =55V, Vo=27V 20 pA
lozL Vec =55V, Vo=04V =20 pA
I Vec =55V, V=7V 0.1 mA
I Vec =58V, Vi=27V 20 nA
he Vec =55V, V=04V -0.2 mA
Io¥ Vec =55V, Vo=225V -30 -112] mA
lcc Vec =55V 85 140 mA

t All typical values are at Vog = 5V, T = 25°C.

¥ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log.

TEXAS "@
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SN74ALS229B

16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3486, MARCH 1990-REVISED JUNE 1992

switching characteristics

Vec=45V1055V,
CL= 50 pF,
FROM TO R1=500Q,
PARAMETER
(NPUT) (©uTPUT) R2- 5000, UNIT
; T =0°C t0 70°C
MIN  MAX
T LDCK, UNCK %0 MHz
LDCK? B 30
pd UNCK! Any Q 6 2] "
toLH LDCK? 5 25
T~y UNCK{ : 6 27| ™
teHL R3T| EMPTY 5 26 ns
LDCK? 7 33
o UNCKT EMPTY+2 ) £
toLH RST} EMPTY+2 9 33 ns
LDCKY 7 33
o UNCKT FOLL=2 9 w] "
toLn RST) FOLL-2 9 33 ns
oL LDCK?t FULL 6 27 ns
UNCK{ 5 %%
bl FULC
ten RST} 8 3| ™
ton OEt Q 2 15 ns
™ OE} Q 1 5] ns

3-70
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SN74ALS232B
164 ASYCNHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDIS010A - D3247, FEBRUARY 1989

© Independent Asynchronous Inputs and DW OR N PACKAGE
Outputs {TOP VIEW}

o Package Optlons Include Plastic ce[r Uis[dvee
Small-Outline Packages, Plastic Chlp FULL[J2  1s[J UNCK
Carrlers, and Standard Plastic 300-mlil DIPs LDCK []3 14]] EMPTY

© 16 Words by 4 Bits Each po[fs 13[Jao

© Data Rates From 0 to 40 MHz g; EZ :f % 8;

© Fall-Through Time... 14 ns Type p3s 10fJa3

© 3-State Outputs GND [s 9|1 RST

FN PACKAGE
description (TOP VIEW)

This 64-bit memory uses Advanced Low-Power

Schottky technology and features high speed - 0o

and fast fall-through times. It is organized as 16 28855

words by 4 bits each. /S OO0
3212019

A FIFO memory is a storage device that allows LbcKk Pa 18[] EMPTY

data to be written into and read from its array pofls 170 ao

at independent data rates. This FIFO is designed NC[se 16 NC

to process data at rates from O to 40 MHz in a D107 150 Q1

bit-parallel format, word by word. p2[s 14] Q2

Data is written into memory on a low-to-high S o213

transition at the load clock input (LDCK) and is maQuUlE®

read out on a low-to-high transition at the unload e 5 zlgc

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.

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 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 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 o Copyright © 1989, Texas Instruments Incorporated
current as of publication date. Products conform to 1]
specifications psr the terms of Texas ln:tdmmants '-FEXAS
warranty. Production p ing does not
necessarily inclu?a tasting of all parameters. INST RUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-71



SN74ALS232B
16 x4 ASYCNHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDIS010A —D3247, FEBRUARY 1989

logic symbolt

FIFO 16X4
CTR
RST 9 cT=0
toek 2K e (cr-1e161 UL vy
UNCK &)—-—EE- (CT=0/G3 ST
OE “)—Lfm
009 p5 i) LW
D1 {5) (12) a1
02 18 01 g,
p3 7| (10 o3

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 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 O.

logic diagram (positive logic)

OE ) Dc

— l RING
L COUNTER
(3) 1D CTRDIV 16 1
LDCK c1 2
2
—> + [ '_D\
{ m—
WRITE [
ADDRESS 10—
SN
—dcT=1 o m—
1
s 15—
16—
’p—q R P 16
115) RING 1
UNCK :; COUNTER
CTR DIV 16
r pIvae S )
-1 N
53 RAM 16 X 4
> + 6~
N EN
— (9 READ 8| N
RST ADDRESS 101N
HINEE 1
cT=1 BN e
13
AN
16, 1,0 L
16
> C3
9
po {4 1A, 30 ZA}-12) o
(5) EEIIp
D1 a1
p2 & oy 92
b3 0 az
16 coMP
iy
1 p=a (18)
4 T ) EMPTY
P=Q+1 o——_:D"_" S —
[} {2) ——
P=0-1p— 4R P _D FuLL

Pin numbers shown are for DW and N packages.

TEXAS “'P
INSTRUMENTS
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SN74ALS232B
16x 4 ASYCNHRONOUS FIRST-IN, FIRST-OUT MERORY

SDIS010A ~D3247, FEBRUARY 1989

timing diagram
RST |
]
]
LDCK ! ;l;l;l ;l;' §|§|
[}

o0-03 N T Y T TS
| : S F LA LA L
Qo-Q3 l WORD 1 ' WORD 2 W WORD 1 @@ WORD

UNCK

] 1
| |
|
EMPTY : H I| l
‘ A : i
I | ' ] I l
FULL H \ \ '
[ I [ I
INITIALIZE LOAD UNLOAD EMPTY FULL
POINTERS w1 w2 '

absolute maximum ratings over operating free-air temperature {unless otherwise noted)

SUPPLlY VOIAGE, VO - - vt ittt i e e e e e e e e, 7V
INPUL Voltage . . ..o e e e et e 7V
Voltage applied to a disabled 3-state output . . . . ... ... .. . .. e 5.5V
Operating free-air temperature range . . . .. ... c o vttt v et e eenetoueneenanens 0°C to 70°C
Storage temperature range . ... ... .. .. otve ittt e —65°C to 150°C

recommended operating conditions (see Note 1)

MIN NOM MAX | UNIT
Vee  Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 2 \%
VL Low-level input voltage 0.8 \2
) Q outputs -2.6
loH High-level output current FOLL, EVPTY Y mA
Q outputs 24
oL Low-level output current FOLL, EMPTY 8 mA
fclockT Clock frequency ;?\f:l:( g :8 MHz
RST low 18
LDCK low 15
tyw Pulse duration LDCK high 10 ns
UNCK low 15
UNCK high 10
tu Setup time Data before LDCK? ___ 8 ns
LDCK inactive before RSTt 5
t Hold time Data after LDCK? ___ 5 ns
LDCK inactive after RSTt 5
TA Operating free-air temperature o] 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.

TEXAS ‘Q'P
INSTRUMENTS
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SN74ALS232B

16:x4 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 mMAX | UNIT
ViK Vee = 4.5V, I} = =18 mA -1.2 \4
v FULL, EMPTY Vec = 45Vt055V, Igy = -0.4 mA Vee-2 v
OH  I"q outputs Ve = 4.5V, loH = —2.6 mA 24 32
Vee = 45V, loL = 12 mA 025 0.4
tput
v Q outputs Vo = 4.5V, loL = 24 mA 035 05|
oL FOLL. EVFTY Ve = 4.5V, loH = 4 mA 0.25 0.4
! Vee = 45V, loL = 8 mA 0.35 0.5
lozH Vee = 6.5V, Vo =27V 20 rA
lozL Vee = 6.5V, Vo =04V -20 A
1 Vee = 5.5V, V=7V 01 | mA
IiH Vee = 6.5V, V=27V 20 A
/TR Vee = 6.5V, V=04V -0.2 mA
0¥ Vce = 5.5V, Vo = 2.25V -30 -112 [ mA
Icc Vee = 5.5V 80 125 mA
1 All typical values are at Voc = 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 current, los.

switching characteristics

Vee=5V, Vcc=4.5Vto 55V,
CL =50 pF, CL =50 pF,
FROM TO R1=500 Q, R1=500 Q,
PARAMETER (INPUT) (OUTPUT) R2=500 Q, R2=500 Q, unIiT
TA=26°C TaA=0°C to 70°C
MIN TYP MAX | MIN MAX
LDCK 50 40
fmax UNCK 50 20 MHz
tpd LDCK? Any Q 14 23 6 30 ns
tod UNCK? Any Q 15 23 6 30 ns
tPLH LDCKT EMPTY 13 20| 5 25 | ns
tPHL UNCKT EMPTY 15 22 6 27 | ns
tPHL RSTL EMPTY 15 21 5 26 | ns
PHL LDCKT FOLL 15 22| 6 27| s
tPLH UNCKT FOLL 13 20 5 25 | ns
tpLH RST! FULL 16 23 7 28 ns
ton OET Q 5 12 1 14| s
tdis OF! Q 5 12 1 6 | ns

3-74
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SN74ALS233B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1990-REVISED JUNE 1992

¢ Independent Asychronous Inputs and DW OR N PACKAGE
Outputs (TOP VIEW)
[ ]
16 Words by 5 Bits Each oe(l szo 1 Vee
® Data Rates From 0 to 40 MHz Fo=i [ 2 10[) EMPTYFT
° Fall-Through Time ... 14 ns Typ FULL[} 3 18]} UNCK
® 3-State Outputs LDCK[|4  17[] EMPTY
° package Optlons Include Plastic Dof} 5 16[] Q0
Small-Outline Packages, Plastic Chip Diffe 15[l
Carrlers, and Standard Plastic 300-mil DIPs D2[}7 14]] @2
D3[] s 13[] Q3
description Dafle  12]] Q4
GND[l10 11[JRST

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. LDCK 43 212 1915[ UNCK
Data is written into memory on a low-to-high Do []s 17[J EMPTY
transition at the load clock input (LDCK) and is D1 ]]e 16[] Qo
read out on a low-to-high transition at the unload D2 {}7 15[} @1
clock input (UNCK). The memory is full when the D3lls 9 10 11 12 1:;4[ Q2
number of words clocked in exceeds by 16 the s Toum oo Y Y

number of words clocked out. When the memory ga |'u'> 38
is full, LDCK signals have no effect. When the % lid
memory is empty, UNCK signals have no effect.

Status of the FIFO memory is monitored by the FULL, EMPTY, FULL, and FULL+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.

Alow 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 aRST pulse orfrom 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.

PRODUCTION DATA Information Is current as of publication date. Copyright © 1992, Texas Instruments Incorporated

Froducts comform to wpectficetions pat e tems of Taas Insirumwnta %
Sihg ot patetcs “ TEXAS
INSTRUMENTS
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SN74ALS233B

16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1990-REVISED JUNE 1992
R

logic symbolt
FIFO 16 x5
. CTR .
1
ARST ————DcT=0 (CT=16)Q1 ;—T FULL
s CT=15 k———w FULL=T
LDCK > T(+/C2) cT=1pP—— EWPTVH
18 17
UNCK > 3~ (CT=0)G3 p——— EWPTY

1

OE EN4
5 _I L 16

DO 2D 4 9] Qo
8 15

D1 Qi
7 14

D2 Q2
8 13

D3 Q3
9 12

D4 Q4

t This symbol Is in accordance with ANSINEEE 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 controlied by a single counter
whose content is the number of words stored at the time. Output data s 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

D3487, MARCH 1990-REVISED JUNE 1992

logic diagram (positive logic)

1IN
OE P
RING h
‘ COUNTER!
I_ CTR _3, N
) DIV 16 : _\\
LDCK 6™~
7\
| 8~
W+
F Writo 18 N
Addross 1" _\\
12 [\
13 N
rdcT=1 :; ER
16 [T\
RING 164,
COUNTER ! T\
18 [C2 . CTR g mN
DIV 16
UNCK 2 N
B -
6 F—
7 —
8
B>+ 0 N
Road 10 N
11 Addross 11 _\\
12 RAM 16 x5
RST 13 _\\ x
A 14 —
JCT=1 15 —J 1
1
N 2A—
16
j>cs
C
Do : 1A, 3D ZA‘—:% Qo
D1 - —?01
D2 o ?02
D3 P TQS
D4 — Q4
186 1e|:
24 COMP,_
< 17
i - Ty
Q P=Q+1 s a3
P=Q-1 ‘L D— R y:D FULL
2
Do FULLS
19
*DC EMPTY+
Pin numbers shown are for DW and N packages.
i
TEXAS ‘QP
INSTRUMENTS
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SN74ALS233B
16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487,

MARCH 1990-REVISED JUNE 1992

timing diagram

sox—FLFLAT FLFL, LA

rst —|

l l l
| LA l

l
vo-os P AV 1, bver 27 AN IAYY )E?ZV////////%
!

l l
UNCK T | I | |

S

00-04 Word meszmaW — ) DB &

|
!

|
J " b ]
- [ S
- | |
|| | ||
| l |
| | | |
Initialize Load Unload EMPTY EMPTY +1 FULL-1 FULL
Pointers W1 w2

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

SUPPlY VORAGE, YOG « e vrvrteiitettisinentretesnnnrsasssnsatesesensontstonannnssssnnsensonsns 7V
10T 0T QYo 7= To T T 7V
Voltage appliedto adisabled 3-state output ..........ccoiiiiiiiiiiiiiiiiiiiiii i 55V
Operating free-air temperature range ...........ccoiiiiiiiiiiiiiiiiinesiierneeiseinins 0°Cto 70°C
Storage temperature TaNQgE ... ..vuereietiennsrnsrsesaressstasessnssensssroessnens —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 absoluts-maximum-rated conditions for extended periods may affect device reliability.
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recommended operating conditions (see Note 1)

SN74ALS233B

16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D 10 eV ISED JuNE

MIN NOM MAX| UNIT
Vee Supply voltage 4.5 5 5.5 \'2
Vin High-level input voltage 2 Vv
ViL Low-level input voltage 0.8 \'4
loH High-level output current :t:::t:::gs ::)i mA
loL Low-level output current Q outputs 2 mA
Status flags 8
folock Clock frequency ll:l?‘lc(:.:l(( g ﬁ MHz
RST low 18
LDCK low 15
tw Pulse duration LDCK high 10 ns
UNCK low 15
UNCK high 10
Data before LDCK? 8
tau Setup time [RST (inactive) before LDCK] 5 ns
LDCK (inactive) before RST1 5
th Hold time Data after LDCK? 5 ns
Ta Operating free-air temperature 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 elockinputs.
Any excessive noise or glitching on the clock inputs that violates the V) , Vi, 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
Vix Voo =45V, L =—18 mA 12| V
Vo [Q0uuts Vo = 45V, lon=—-26mA 24 3.2 v
Status flags Vec =45Vt 5.5V, loy ==0.4 mA Veo=-2
Qoutputs Vec =45V, loL=12mA 0.25 0.4
VoL Voo =45V, loL = 24 MA 035 05|
Status flags Vec =45V, loL=4mA 0.25 0.4
Vec =45V, loL=8mA 0.35 0.5
Tozn Voo =55V, Vo=27V 20| wA
lozL Vec =55V, Vo=04V -20 BA
I Voo =55V, Vi=7V 01] mA
[ Vec =55V, vi=27V 20 pA -
I, Vec =55V, V=04V -0.2 mA
[loF Voo =558V, Vo =225V —30 —112| mA
o Voo = 55V 88 193] mA

T All typical values are at Vog = 5 V, T = 25°C.

# The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Iog.

TEXAS ‘!’P
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN74ALS233B

16 X 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3487, MARCH 1990-REVISED JUNE 1992
N

switching characteristics

Ve =45V1055V,
CL=50pF,
FROM To Ri =500,
PARAMETER UNIT
(INPUT) (OUTPUT) R2=5000,
Ta=0"C1070°C
MIN MAX
T LDCK, UNCK 40 MHz
LDCKt e G |
s UNCK] Y 6 30
toLH LDCKt 5 25
ey UNCK{ EMPTY 0 27| ™
oL =51 EVMPTY 5 B e
LDCK! 7 34
tod UNCK{ EMPTY+1 7 =l ™
o T, EPTVaT 3 3| e
LDCK{ ) 33
tod UNCK] FOL= ) 2] ™
toLH RST| FOLL-T 1 32| ns
tPHL LDCK? FOLL 6 27 ns
UNCKY 5 25
hick RST} s ) o] ™
ten OEt Q 2 15 ns
Yo OE} Q 1 15 ns
Texas WP
580 INSTRUMENTS
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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 msTll “ floE
° Data Rates From 0 to 40 MHz pofla  asfjoo
° Fall-Through Time . . . 20 ns Typlcal g‘zE : : % g;
© 3-State Outputs pa[ls 20]] @3
o Veells 19]] GND
description pallz 18l s
This 512-bit memory uses Advanced Low-Power DSE e 7 % g:
Schottky IMPACT-X™ technology and features g:[ 90 ::] ps
high speed and fast fall-through times. It is FoLL] :1 14[) ERPTY
organized as 64 words by 8 bits. Lock(] 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 N Pﬁ‘\:nKAGE
buffer to couple two buses operating at different (ro._ EW)
clock rates. This FIFO is designed to process data 58 |g 2885
at rates from 0 to 40 MHz in a bit-parallel format, DT
word by word. o2ls o 250 a2
Data is written into memory on a low-to-high Dalis 24fas
transition of the load clock (LDCK) input and is Vecp? 23fjeNp
read out on a low-to-high transition of the unload ';‘i 8 :fE 240
clock (UNCK) input. The memory is full when the D5 190 20 a5
number of words clocked in exceed by 64 the pefl 11 19l 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 O X O %> =
e . . a2 Z0 E o
residing in memory. When the the memory is Il g8<¢ g
empty, UNCK signals have no effect. - Pla
Status of the FIFO memory is monitored by the NC-No internal connecticn

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.

Alow level onthe reset (RST) input 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 (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.

—
PRODUCTION DATA Information Is current as of publication date. Copyright © 1990, Texas Instruments Incorporated
Procucts conform to specifications per the torms of Teas Instruments »
standard warranty. Produ p g does rily Include v}
S Texas WP
INSTRUMENTS
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SN74ALS2232A
64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988-REVISED MARCH 1990
.

L _
logic symbolt
FIFO 84 x 8
1 1"
RST —————DNcT=0 (CT=864) G1 p————— FUIL
12
LbCK —————> T(+/C2)
13 14
UNCK ———— >3- (CT=00G3p——— ENPTY
24
OE ———1EN4
2 | - 23
Do 2D 4yf|—————— Qo
3 2
D1 Qi
4 21
D2 Q2
5 20
D3 a3
7 18
D4 Q4
8 17
D5 Qs
9 16
D6 — —— Q6
10 15
D7 —— ——— a7

1 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 1888-REVISED MARCH 1990

logic diagram (positive logic)

o —>o

DECODE
12 D LATCH
"’Tg;
1PL
PaPL+oPH|p |
¢
1PH
DECODE
LATCH Lo
-,
unck 12 c2 taL 2 a ves
2D a=aL+8aH| o | 44 .
124104
c1
co
1aH
o] L
Do = 14,30 2Av]23 o,
D2 —3 - a2
D3 Q3
pa-L 18 g4
8 | 17
D5 o Qs
D8 16 Qe
10 [15
D7 . Q7
e
8
8,
L Low -
[oL COMP  pL.aL I-—\ P=Q
PL=QL+1 l
aL PL=QL-1 1\ R |
b—dR CTate 1
s i p———— FULL
||, — i/ _—
PH COMP  pH.QH 7\ .
PH=QH-1 CT<8
oH PH=QH+1 9 % _—J: 13 ewpry
Pin numbers shown are for the NT package.
N _ __ N
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SN74ALS2232A
64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988-REVISED MARCH 1990

timing diagram

RST v

|
woax | F1H1H] i
| |
NNWEINENENNZRZANENE)
mex || fLf1Lf1 — 1 F1 f1 1

| l | ‘ :
ao-a7 §ln:vn: Il:d SKI Word 1 Wora 2)(Word 3 "Word 1 Word 2)(Word 3)(Word 4
| | )

Do-D7

|
| | I ]
EMPTY I | | v i
i | | |
{1
FOLL | ' | I v
P I | —
! | | ] ]
Initialize Load Unload Empty Fuil

Polnters W1 w2

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

Supply voltage, Voo (SEENOIE 1) .. ..ottt it it eie it st eanssnrarsaraness 7V
7o 1T 0 1 T 7V
Voltage applied to adisabled 3-state output ...........ccoiiiiiiiiiiiiiiiii i 55V
Operating free-air temperature range ............ocoeeeiuienineeensirsnenerirnsioanesans 0°Cto 70°C
Storage temperature ranNge ... c..vvveerinitieneriiersserensneneerssssestronssssnes —-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 indicated in the “recommended operating conditions” section
of this specification 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.

X
INSTRUMENTS

3-84 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ALS2232A

64 X 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3091, FEBRUARY 1988-REVISED MARCH 1990

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4,75 5 5.5 \'2
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
1oH High-level output current gc;,c‘;:t?mm :zi mA
loL Low-level output current —;(:)U.}_‘g?uw 2: mA
foiock Clock frequency LDCK, UNCK 0 40| MHz
RST low 25
LDCK low 13
tw Putse duration LDCK high 12 ns
UNCK low 13
UNCK high 12
tsut Setup time, data before LDCK?t 5 ns
tsw Setup time, RST high (inactive) before LDCK? 5 ns
[\, Hold time, data after LDCK{ 5 ns
Ta Operating free-air temperature 0 70 °C

otherwise noted)

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

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Vik Vec =45V, | ==18 mA -1.2 \'4
v Q outputs Vec =45V, loy=—2.6mA 24 3.2 Y
OH  [FOLL, EMPTY [Voc = MIN to MAX, lon = 0.4 mA Voo—2
=45V, loL =12 mA 0.25 0.4
Q outputs Vec oL
v Vec =45V, loL = 24 mA 0.35 0.5 v
oL
Vec =45V, loL =4 mA 025 - 04
FUOLL, EMFTY
Voc =45V, |o|_ =8mA 0.35 0.5
lozH Voo =55V, Vo=27V 20 pA
lozL Vec=5.5Y, Vo=04V -20 pA
I Vec =55V, Vi=7V 0.1 mA
iy Vec =565V, Vi=27V 20| wA
CLKS -0.2
[T Othors Vec =565V, V=04V —o1 mA
Q outputs -20 -130
Io¥ Vec =65V, Vo=226V A
° FOLL, EMPTY | ' °° ° ~20 =rry
Icc Vec =565V 175 270 mA

1 All typical values are at Voo = 5V, Tp = 25°C.
# The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log.
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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, Vee=45Vto55YV,
CL=50pF, CL =50pF,
FROM TO R1=5000, R1=5002,
PARAMETER UNIT
(INPUT) (OUTPUT) R2 =500 O, R2=50090,
Tp = 25°C T = 0°C 10 70°C
MIN _TYP MAX MIN _ MAX
T LDCK, UNCK %0 %0 MHz
LDCK? 18 26 30
A
o UNCK} ny Q 8 24 | ™
. LDCK] 2 16 18
EMPTY
torL UNCK{ 12 17 o] ™
Ty BeT, EMPTY 2 17 20| ns
torL LDCK} FOLL 16 2 22| ns
UNGKT 015 18
tem RST) FULL B 19 | ™
on v OEt Q w15 7] ns
s OF} Q 017 0 ns

X
INSTRUMENTS
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SH74ALS2233A
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988 —REVISED MARCH 1990

O Independent Asynchronous Inputs and N PACKAGE
Outputs {TOP VIEW)
© 64 Words By 9 Bits gst [ EOE
© Data Rates From O to 40 MHz Do 142 Qo
p1 [s [] Qi
© Fall-Through Time . . . 20 ns Typical p2[Js [Ja2
O 3-State Outputs D3 5 a3
vee Os [] GND
description D4 L7 ] a4
ps [s 1Jas
This 576-bit memory uses Advanced Low-Power pe [Jo ] Q6
Schottky IMPACT—X™ technology and features D7 [1a7
high speed and fast fall-through times. It is p8 108
organized as 64 words by 9 bits. ALMOST FULL/EMPTY [ HALF FULL
A FIFO memory is a storage device that allows FULL [JEMPTY
data to be written into and read from its array LDCK ] UNCK
at independent data rates. The function is used
as a buffer to couple two buses operating at FN PACKAGE
different clock rates. This FIFO is designed to {TOP VIEW)
process data at rates from O to 40 MHz in a bit- N - o IIU—) W o -
parallel format, word by word. 0oQlc 000
/ | S Sy S ) GV ) Sy Dy S
Data is written into memory on a low-to-high 4 321282726
transition of the load clock input (LDCK) and is D3[]5 25(]Q2
read out on a low-to-high transition of the unload vee e 24(]as3
clock input (UNCK). The memory is full when the D47 23[JGND
number of words clocked in exceeds by 64 the D58 22[Ja4
number of words clocked out. When the memory D618 21[]as
is full, LDCK signals have no effect on the data D710 20jae
residing in memory. When the memory is empty, pgfJ1 19ja7
UNCK signals have no effect. 121314151617 18
Status of the FIFO memory is monitored by the e E S5k g 3
FULL, EMPTY, ALMOST FULL/EMPTY, and % e I % T
HALF FULL output flags. The FULL output will % Wy
be low when the memory is full and high when 3 E’é
the memory is not full. The EMPTY output will t
be low when the memory is empty and high a
when it is not empty. The ALMOST s
FULL/EMPTY flag is high when the FIFO contains z

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 vs{ords, and is low
when the FIFO contains thirty-one words or less.

IMPACT—X is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA dnnumants contain mfnrmulmn
current as of
speclhcnmns per the tarms ui Texas Instrumsnts

does not

necessarily mclu?e testing of all parameters.

TEXAS @
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1990, Texas Instruments Incorporated
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SN74ALS2233A

64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988—REVISED MARCH 1990

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

TThis symbol is in accordance with ANSV/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 O.

FIFO 64 x 9
CTR
a7 Jcr-o0 cr=32 —17 pacr FuL
ek B BT(+/c2) T = 8/CT > 56 2L ALMOST FULL/EMPTY
unck 125 (€T = 64) 61 P13 ForL
(CT = 0) G3 SR
o 128 lena
| C
0o -7z a0
p1 S | (26} 4
p2 & — e
D3 L ____ﬂ Q3
pa 7| | 122) o,
ps & 121 qg
(I — (200 ¢
py 10 {09 .
ps U | (18) g

Pin numbers shown are for the N package.
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SN74ALS2233A
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988 —REVISED MARCH 1990

logic diagram (positive logic)

o 128 ~
| >
Low WRITE
CTROIVE DECODE LATCH
o> + 17 8, % 1PL
LocK
—ACcT=1 8
‘ P=PL+8PH
P
] L.
HIGH j ]
CTROIVE
L] ent
s PH
—ot> 1+ o 1PH
b—dcra1
Low READ RAM
wove ] || s ue W
—+ 1L .
> cr-1 6
NG 1A 16a
* Q=QL+8QH
¢ CHELLYE PYQRY
HIGH
CTRDIV8
L] ent
8 OH
1+ -~ 10H
RST dcr-1 c3
st ala C d
¥
Do '(:') 14,30 2AY) % a0
D1 1261 4,
b2 @ 25 o,
03 13! (201 o
g ) (22)
ps 18 21)
e 9! (20)
oy 001 119)
o8 el o
CoMP
PL PL=QL P (]
PL-QL+1 : o 03 o
PL=OL-1 R ¢
TO+HT= tf L
| s —‘):>——“i ALMOST FULL/EMPTY
i/
»—h L
R
@ L/ A cr=8
HIGH i \ s
CoMP
PH  PH=QH |
PH=0H-1 | ) R 17 ALk FuLL
PH=QH+1 d.
QH PH=QH+4 :—D__ s

TEXAS Q’P
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timing diagram

rer |

1 .
|l | | | . |
Do-08 \\\§m&\m§m§\\msm&\ W°=Nwl“[\\ SRR MUY
| ! 1
uNek || 1 I I L L L L L S LT
l | ! | !
Q0-a8 wvaup X w

1 | |
| i | | | | | |
ewerv ]| | | ] ] ] J S—
! | | | | | | |
FULL | | 1 | | 1 | |
ALMOST ! ! 1‘ : Il ! ] 1 :
FULLIEMPTY | | | | |
| | | | | | | |
HALFFULL | | | | ! ] 1 !
1] l - l
[ | 1 | 1
1 ] | | I
INITIALIZE | | | FULL
POINTERS | | | | | |
L0AD ALMOST HALF ALMOST UNLOAD EMPTY
w1 EMPTY + 1 FULL FULL w2

0661 HOHVW Q3SIAIH—8861 ABVNHE3d ‘T60EQ

AHOWIW 1N0-1SYId ‘NI-LSHI4 SNONOYHINASY 6 X ¥9
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SN74ALS2233A
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988—REVISED MARCH 1990

absol

lute maximum ratings over operating free-air temperature range

SUPPIlY VORAGE, VO C - - -t vttt et e e e e e e e e e e 7V
L aY o LU AV € To - 7V
Voltage applied to a disabled 3-state output . . ... ... ... ... ... e 5.5V
Operating free-air temperature range . . . . . .. ..ot ittt ittt e e 0°C to 70°C

Storage temperature range

recommended operating conditions

MIN NOM MAX UNIT
Vce  Supply voltage 4.5 5 5.5 A\
ViH High-level input voltage 2 \%
VL Low-level! input voltage 0.8 \
loH  High-level output current Q outputs -2:6 mA
Flag outputs -0.4
Q outputs 24
loL Low-level output current Flag outputs 3 mA
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
tsu1  Setup time, data before LDCK? 5 ns
tsy2  Setup time, RST high (inactive) before LDCK4 5 ns
%, 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 CONDTIONS MIN TYPT MAX | uniT
ViK Vege = 45V, I} = —18 mA 1.2 \
v Flag outputs Vee = MINTO MAX, IgH = 0.4 mA Vee-2 v
OH Q outputs Voe = 4.5V, IoH = —2.6 mA 24 3.2
loL = 12 mA 0.25 0.4
t:
v Q Outputs Ver = 45V oL = 24 mA 03505
oL Fion outout cc =% loL ~ 4 mA 025 04
ag outputs ) loL = 8 mA 0.35 0.5
lozH Vee = 6.5V, Vg =27V 20 rA
loZL Vee = 6.5V, Vo = 0.4V -20 rA
i Vee = 5.5V, V=7V 01| mA
™ Vec = 5.5V, V) =27V 20 [ uA
CLKs -0.2
i Veg = 5.5V, V| =04V A
i Others cc =0 —oa | ™
Q outputs : -20 ~130
Io* Vee = 5.5V, Vo = 2.25V A
0 Flag outputs cc 0 -20 -112 m
icc Vee =65V 175 290 mA

T All typical values are at Vee = 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 current, Igg.
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SN74ALS2233A

64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

D3092, FEBRUARY 1988 —REVISED MARCH 1990

switching characteristics

Vee = 5V, Vee = 45V105.5V
Cy = 5O pF, C_ = 50 pF,
PARAMETER (::::b ( ou:'OP ) R1 = 500 @, R1 = 500 q, UNIT
R2 = 500 Q, R2 = 500 @,
Ta = 26°C TA = 0°C to 70°C
MIN TYP MAX| MIN MAX
e 2
tpd LDCK? Any Q 18 26 30 ns
thd UNCKT 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?t FULL 16 21 22 ns
tPLH UNCK? FULL 10 15 18 ns
" tpLH RSTL FULL 13 19 23 | ns
tpLH LOCK? ALMOST 22 27 ]
tPHL FULL/EMPTY 19 25 28
tpLH UNéKf ALMOST 22 27 30 ns
tPHL FULL/EMPTY 17 23 26
ALMOST
tpLH RST!L FULL/EMPTY 12 16 18
tPLH LDCKt HALF FULL 22 27 30 | ns
tPHL RSTY HALF FULL 28 32 35 ns
tPHL UNCK? HALF FULL 16 22 26 [ ns
ten OE? Q 11 15 17 ns
tdis OEl Q 1 17 19 ns
{
TEXAS *P
INSTRUMENTS
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Bidirectional Clocked FIFOs







SN74ABT7819
512X 18 X2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992

° Member of the Texas instruments * Programmable Almost 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 Coincldent Load and Simultaneous 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 Opposite Directions * Avallable 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)

GND
3637383940

2526 27 28 29 1323

-
Nm8-¢mg
—= O0=rx3
IS <L FH

Ate [
A17
B17
Bie ¥
GND
B15
B14 U
Vece
B13
B12

Widebus is a trademark of Texas Instruments Incorporated.

mowcnou DATA Information Is current as of publication data. Copyright © 1992, Texas Instruments Incorporated
mhmblpodﬁedompuﬁomﬂ was Instruments
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SN74ABT7819 ‘
512X 18 X2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS 125A-D4502, JULY 1992-REVISED AUGUST 1992

PN PACKAGE
(TOP VIEW)
%I“ 0283« ,,m20820 m‘E 2
Elepgesiizsseodaclph
o rramcararacacarirm
(" 80 7978 77 76 7574 73 7271 70 69 68 67 66 65 64 63 62 61
AFA/AEA 11 i 60 |] AF/AEB
HFA[] 2 s9[1HFB
IRA[]s ss[]IRB
GND []4 57[JGND
A0 (]s s6[]B0
A1{]e 55[] B1
Vee [J7 54 ] Vee
A2[]s 53{]B2
A3[]e 52[]B3
GND []10 51 [1GND
A4 s0[] B4
As 12 49]]B5
GND []13 48[]GND
As[14 47BBG
A7[]15 46[]1B7
GND [ 16 4SHGND
A8 []17 44|]B8
A9 []18 : 43%89
Vee (1o 42]|Vece
A10[]20 41{]B10
21 22 2324 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
| NN SN N S0 J SN S SNND S MR N A [ S ) U G SUD ) S ) S S ) 1
g g8IroeEeoRO2 230
<0<<><<0<<mm0mm>mmwu}
description

AFIFO 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/almost empty flag.

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 CSA 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 CSA is low, W/RA is low, RENA is high, and the ORA flag is high.

TEXAS "@
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ABT7819
512X 18 X2 CLLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992

description (continued)

The state of the BO—B17 outputs is controlled by CSB and W/RB. When both CSB 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, TSB) 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 aport'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.

Theinputready 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 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 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.
TEXAS &9
INSTRUMENTS
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SN74ABT7819
512 X 18 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992
e P

functional block diagram

PENA
RENA ——————
WENA——— | PortA
TS ———— | Control L
WHA ———————  Loglc
cLkA———— .| Read
RSTA "1 Polnter
4
. v " 512x 18
——| Register Il: a Dua'l:—ll;gr;fARAM Reglster
18 L [ "
Write
Polnter P
Flag - »— IRB
ORA —¢ Loglc »— AF/AEB
FIFOB-A »— HFB
- £ a
AO-A17 —¢>—¢
8 ¢ BO-B17
AFIAEA — : o
< glc —— ORB
HFA —e FIFOA-B
o] Wiite [
Pointer
+ I
s Y 512x18
Register Dual-Port SRAM Register
FIFOA-B . I_.j
3
Read <
Polnter <+— HSTB
4 [———<—— CLKB
PortB —+— TSB
Control — WRB
logle [ WENB
<4 RENB
—<¢— PENB
_
i
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SN74ABT7819

512 X 18 X2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS125A-D4502, JULY 1992—REVISED AUGUST 1992

logic symbolt
CLKA

CSA
W/RA

WENA

RENA

ORA
HFA

AF/AEA

Ao

2ERE

AS

A7

A10
At1
A12
A13
A14
A15
At16
A17

76 L4 69
CLOCKA FIFO512x18x2  CLOCKB
80 r SN7T4ABT7819 ) 65
1o O
79 OE1 OE2 66
& |wriTE wrme| & A
ENABLE ENABLE
144 FIFOA-B FIFOB-A 68
& |peap Reap| &
ENABLE ENABLE
75 FIFOB-A FIFOA-B 70
LN 64
" RESET FIFO A-B RESET FIFO B-A 4——83
———— ™ PROGRAM ENABLE PROGRAM ENABLE l—————
s FIFO A-B FIFO B-A 6o
INPUT READY INPUT READY |——
7 PORTA PORT B 7
OUTPUT READY OUTPUT READY
s PORTA PORT B 61
HALF-FULL HALF-FULL
3 FIFOA-B FIFOB-A 62
ALMOST FULL/EMPTY  ALMOST FULL/EMPTY
FIFOA-B FIFOB-A
| C
58
‘0 o
8 57
10 55
1 54
13 . 52
14 51
16 a9
17 as
19 1v 2v 48
20 Data Data s
22 a3
23 a2
25 a0
26 39
28 a7
29 38
31 34
32 33
17 17

t This symbol is in accordance with ANSIIEEE Std 91-1984 and |EC Publication 617-12.
Pin numbers shown are for the PH package.

I

CLKB

W/RB

WENB

RENB

IRB
ORB
HFB

AF/AEB

82xgREBER2Y

B10
B11
B12
B13
B14
B15
B16
B17
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enable logic diagram (positive logic)

CSA

P
4

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

W/RA ) WEN FIFOA-B
WENA | J
— 1\
)—o Output Enable (A0-A17)
L
RENA :>——— REN FIFOB-A
) —— TSB
WEN FIFOB-A P W/RB
|\ WENB
Output Enable (B0O-B17) j \‘ E
REN FIFOA-B —-—( RENB
FUNCTION TABLES
SELECT INPUTS
— — A0-~-A17 A Port Operation
CLKA CSA WHWA WENA RENA ort Operatio
X H X X X High Z None
t L H H X HighZz | Write AO-A17 to FIFOA-B
t L L X H Active | Read FIFOB-A to A0—A17
SELECT INPUTS
e | Bo-B17 B Port Operati
CLKB CSB_W/RB WENB RENB ort Operation
X H X X X High 2 None
t L H H X HighZ | Writs BO—B17 to FIFOB-A
t L L X H Active | Read FIFOA-B to BO—-B17
.
s
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 19892

Terminal Functions

PIN NAME

/0

DESCRIPTION

A0-A17

/0

Port A data. 18-bit bidirectional data port for side A

AF/AEA

FIFOA-B almost full/almost empty fiag. Depth offsets may be programmed for this flag, or the default value of 128 may
be usad for both the almost empty offset (X) and the almost 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 Is forced high when FIFOA-B [s reset.

AF/AEB

FIFOB-A almost full/almost empty flag. Depth offsets may be programmed for this flag, or the default value of 128 may
ba uead for both the almozst empty offsat (X) and ths almost full offsst (Y). AF/AEB is high when X cr Isss words or (512
minus Y) or more words are stored in FIFOB—-A. AF/AEB is forced high when FIFOB-A is reset.

BO-B17

/0

Port B data. 18-bit bidirectional data port for side B

CLKA

Port A clock. CLKA is a continuous clock that synchronizes all data transfers through port A to its low-to-high transition
and may be asynchronous or coincident to CLKB.

CLKB

Port B clock. CLKB is a continuous clock that synchronizes all data transfers through port B to its low-to-high transition
and may be asynchronous or coincident to CLKA.

CSA

Port A chip select. C'S?K must be low to enable a low-to-high transition of CLKA to either write data from A0-A17 to
FIFOA-B or read data from FIFOB-A to AO—A17. The AO-A17 outputs are in the high-impedance state when TSA is
high.

TSB

Port B chip select. CTB must be low to enable a low-to-high transition of CLKB to either write data from B0O-B17 to
FIFOB-A or read data from FIFOA-B to BO—B17. The BO—B17 outputs are in the high-impedance stats when TSB is
high.

HFA

FIFOA-B hatf-full flag. HFA is high when FIFOA-B contains 256 or more words and is low when FIFOA-B contains 2556
or less words. HFA is set low after FIFOA-B is resst.

HFB

FIFOB-A halt-ful flag. HFB is high when FIFOB-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 resst.

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. When IRBIs low, FIFOB-A is full, and
writes to its array are disabled. IRB is setlow during a FIFOB—A reset and is sst high on the second low-to-high transition
of CLKB after reset.

ORA

Port A output ready flag. ORA s synchronized to the low-to-high transition of CLKA. When ORA is low, FIFOB~A Isempty,
and reads from its array are disabled. The last valid word remains on the FIFOB-A outputswhen ORA is low. Ready data
is presant for the AO~A17 outputs when ORA is high. ORA s 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 s synchronized to the low-to-high transition of CLKB. When ORB is low, FIFOA-B isempty,
and reads from its array are disabled. The last valid word remains on the FIFOA-B outputswhen ORBis low. Ready data
is presant for the BO—B17 outputs when ORB is high. ORB is 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. Aftsr FIFOA-B is reset and before a word is written to its array, the binary value on A0-A7 is
latched as an AF/AEA offset when PENA is low and CLKA Is high.

AF/AEB program enabls, Aftsr FIFOB-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 CSAis low, W/HA 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.

WENA

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 [RA is high.

TEXAS '*?
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992

Terminal Functions (continued)

PINNAME | 1/0 DESCRIPTION

WENB ) 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

WIRA I | tow-to-high transition of CLIKA when RENA is high, CSA is low, and ORA is high. The AO~A17 outputs are in the
high-impedance state when W/HA is high.
Port B write/read select. A high on W/RB enables BO—~B17 data to be written to FIFOB~A on a low-to-high transition of
W/RB I CLKB when WENB is high, CSB is low, and IRB is high. A low on W/RB enables data to be read from FIFOA-B on a

low-to-high transition of CLKB when RENB is high, TSB is low, and ORB is high. The BO~B17 outputs are in the
high-impedance state when W/RB is high.

timing diagrams

CLKA 1 2 3 4 1

HFA;;‘;‘;‘;‘;‘;‘Z
AF/AEA VM

t FIFOB-Ais reset in the same manner.

Figure 1. Reset Cycle For FIFOA-Bt

N L

TEXAS {?
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992
N Ty T T T T T S TN R LRI

wn /NN N

wma 7/ o
v 7777772277 7 | 777272277222] RO (R

AO-A17 /// Q(Word 1t @( Word 2f Word 3t Word 4t

t Written to FIFOA-B

Flgure 2. Write Timing — Port A

NS

|

| I
W/RB VM i i W “%
wene 7770000 "’/////// "'///////////////// "////// "//

# Written to FIFOB-A

Figure 3. Write Timing — Port B

TEXAS 3{9
INSTRUMENTS
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R

‘ |

|
CSA |
W/RA i
WENA W
CLKB 1 2 | 3

3

AN
N !
ReNB 77 v ”‘W/////////////////,

h—t,,d—u |

B0-B17 _——<2;;;,;,.;,.;z;;;;;;;;;;};;;;;;;;;;% W1 From Port B

Figure 4. ORB Flag Timing and Flirst Data Word Fallthrough When FIFOA-B Is Empty!

T‘
€
-
T_
€
v

1 Operation of FIFOB-A Is identical to that of FIFOA-B

0 = 0O =

TEXAS "'?
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|
l 1
TsB | 0
|
| 1
W/RB | o
|
|
|
Bo-B17 X From FIFOA-B

tpa ¢ :r——ﬂ— o ,
wena 7770 szl ;'\’///////////////////////A
WA |

°
I

w1 T X

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

TEXAS @
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read timing diagrams

w SN AN\

ORA

I

I

|
WHA

|
-

- l /
|
i

nena 7 Kz ]~ e 777

e —."—dl ot — o ton
AO-A17 —( Word 1t ‘X Word 2t X Word 3t X Word 4t )——

t Read from FIFOB-A

Figure 6. Read Timing — Port A

/N

1

ORB 0

- | o

mem Wl '
nene 77000 ) : o e ez

ton _+—.= Iﬂ— tpa —': -—-’I Ih—— tais
B0-B17 ——( Word 1# X Word 2% X Word 3% X Word 4% )—

* Read from FIFOA-B

Figure 7. Read Timing — Port B
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L0

L
§wz7 &wxz-v\ 513-¥ t\:\\w.m Nak

77
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]

£

L
)

X Is the aimost empty oftset and Y Is the almost full offsot for AF/AEA.

Flgure 8. FIFOA-B (HFA, AF/AEA) Asynchronous Flag Timing
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992
offset values for AF/AE

The almost full/aimost empty flag of each FIFO has two programmable 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 a word 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 broughtlow after FIFOA-Bis 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—A7 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 returns
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 B0O-B7.

= 200 A2 Lz
A i 4
wra 700000004

wew 700 770N

Figure 9. Timing DIagfam to Program X and Y Separately for AF/AEA

TEXAS ‘t’.’
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992

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

Supply voltage range, Vog - cvvviiiiiiiiiniiiinnin e i e, -05Vto7V
Input voltage range, Vi (see Note 1) ... ...cviivniiiniiiiiiiiiiiiiiiinnass -05VtoVge+05V
Voltage range applied to any output in the high state or power-off state, Vo ..........co0n -05Vto55V
Current into any output in the low state, lo ........... s tieisireriieiae. 4BMA
Input clamp current, Ik (V} <0) ..... et ettt et e et e e e et —-18 mA
Output clamp current, Iogk (Vo <0) cvviiiiiiiiiiiiii ittt iainasaas P LU (17:
Storage temperature range ........c.ciuiiiiiii it e s 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.

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 5 55 v
ViH High-level input voltage 2 v
ViL Low-level input voltage 0.8 v
T Input voltage 0 Vee \
loH High-evel output current -12 mA
loL Low-level output current 24] mA
AY AV Input transition rise or fall rate 5] nsV
Ta Operating free-air temperature 0 70 °C

otherwise noted)

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

PARAMETER TEST CONDITIONS MIN TYP¥ MAX| UNIT

Vik Vec =45V, lj==18 mA -1.2 \Y

Vec =45V, loH==3mA 2.5
Vou Vec =5V, loy==3mA ) 3 v

Vec =45V, loH==12mA 2
VoL Vec =45V, loL =24 mA 0.5 \'4
Iy Vec =55V, V| = Vg or GND +1 pA
lozu® Vec =55V, Vo=27V 50 pA
lozL § Vec =55V, Vo=05V -50 A
Io! Vec =55V, Vo=25V -40 -100 -180[ mA

Outputs high 15
lcc Vec =55V, lo=0, V| =Vec or GND | Outputs low 95 mA
' Outputs disabled 15
G Control inputs Vi=25Vor05V 6 pF
Co Flags Vo=25Voro5Vv 4 pF
Cio A or B ports Vo=25Vor0.5V 8 pF
+ All typical values are at Voo = 5V, Tp = 25°C.
§ The parameters loz4 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 &P
INSTRUMENTS -
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992

-

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

'ABT7819-12 | 'ABT7819-15 | "ABT7819-20 | "ABT7819-30 UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
foock  Clock frequency - 80 67 50 333| MHz
ty Pulse duration CLKA, CLKB high or low 4.5 6 8 11 ns
A0-A17 before CLKA} and 3 : 4 5 5
BO-B17 before CLKB?t
CSA before CLKAt and 6 6 7 7
CSB before CLKBt
W/HA before CLKA¢ and 6 6 7 7
W/RB before CLKBt
" WENA before CLKAt and
tu  Setuptime WENB before CLKB1 4 4 5 5 ns
RENA before CLKAt and 5 5 5 6
RENB before CLKB?
PENA before CLKA? and 3 4 5 5
PENB before CLKB?
RSTA or RSTB low before first 3 4 5 5
CLKAt and CLKB} T
A0-A17 after CLKAt and o 0 o o
B0-B17 after CLKBt
[CSA after CLKAT and
TSB after CLKB¢ 0 0 0 0
W/RA after CLKAt and
W/FB after CLKB? 0 0 0 0
t Hold time as:g :2:: gtg: and 0 0 0 0 ns
RENA after CLKAt and
RENB after CLKB} 0 0 0 0
PENA after CLKA low and 2 2 2 2
PENB after CLKB low
RSTA or RSTB Tow after fourth 3 3 4 4
CLKA? and CLKBt t
1 To permit the clock pulse to be utilized for reset purposes.
msu— p—— e—
TEXAS b
INSTRUMENTS
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SCBS125A-D4502, JULY 1992-REVISED AUGUST 1992
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)

S ARAMETER FROM To "ABT7810-12 “ABT76t6-15 | "ABTze1920 | ABTrE19%0 [
RAM (NPUT) (OUTPUT) MIN TYPt MAX]| MIN MAX| MIN MAX| MIN MAX
To CLKA of CLKB 80 67 50 23.3 MHz
CLKAT AO_AI7 3 7 9 210 7 12 L]
td CLKBY Bo-B17 3 7 9 210 3 12 2 14
. CLKAf AO—A17 ) -
tod CLKBY Bo-B17 5
CLKAT RA ] ) 2 10 7 12 i
e CLKBY IRB ] ) 10 4 12 7 14
CLKAt ORA 35 5| 35 1o 35 12| 35 1a|
o CLKBY ORA 35 o a5 10| 35 12| 35 14
CLKAf ) 7 8 17 8 18 8 20
AF/AEA
e CLKB! / 8 7| 8 17| 8 18] 8 20|
in BSTA AFIAEA 2 12 3 14 2 15 4 16| ne
CLKAT B 7 8 17 8 18 8 20
AF/AEB
tod CLKBT d 8 17 8 17 8 18 s 20| ™
N RSTB AFIAEB % 12 3 14 4 15 7]
LH CLKAt HFA 8 17 8 17 8 18 8 20
CLKBY 8 17 8 17 8 18 B 20
teHL BSTA ) 12 4 14 715 ramTy
rey CLKA? FB ) 17 8 17 8 18 8 20| ns
o CLKBY e ] 7 8 17 8 18 8 20|
orL RSB ) 12 3 14 % 15 4 16
TSA 25 8| 25 o] 25 10| 25 11
> AO-A17
fen W 25 8] 25 o 256 1] 25 u| ™
TSB 25 8| 25 9| 25 10] 25 1
= BO-B17
fen W/RB 25 8| 25 o| 25 1o} 25 u| ™
TEA 25 8| 25 o 25 10} 25 11
, >/ 0-A17
lais WRA A 25 8| 25 sl 25 10| 25 1u]| ™
[o:] 25 8] 25 5| 25 10| 25 11
= BO-B17
dis WRB 2.5 8] 25 5] 26 10| 25 1] ™

T All typical values are at Vg = 5V, Tp = 25°C.
# This parameter measured with a 30-pF load (ses Figure 10).

TEXAS *9
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TYPICAL CHARACTERISTICS
PROPAGATION DELAY TIME
vs
LOAD CAPACITANCE
Vee =| 5V 4

typ + 6|~ Tp = 25°C
f HL =500 Q » /
E
F; typ+4 //
§ | A
5 P
(A typ+2 /
g /
&
;g. typ

/
typ-2

1] 50 100 150 200 250 300
C\. — Load Capacitance - pF

Figure 10
SUPPLY CURRENT
vs
CLOCK FREQUENCY
160 T 1
Ta= 75°C [ | |
C_L=0pF Vee =55 V/
140 P’ /
< | @
El 120 7
- Vee =5V 7] L~
o Dol
2 A AT
E‘. 80 /VA/ //
a v
lo 60 /é/,/ VCC =45V
S d
2%
407
20

10 15 20 25 30 35 40 45 50 55 60 65 70
fciock — Clock Frequency — MHz

Figure 11
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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:

Pt=Vcc x llccr] + £ (Cp x Vc? x fo)
maximum Ig¢ per clock frequency

lccr =
CL = output capacitive load
fo = dataoutput frequency
PARAMETER MEASUREMENT INFORMATION
3y
Input
7V \I 1.5V % 1.5V
L R_=R1=R2 tm_b. - +————°V
st | :4_ b |-
Al | P ~35V
From Output Tost | l | |
Undor Tost Polnt Output | 15V R -2
—a— Vo
cL R2 o —D{ lq_xp..z o ¢ Toav
| v _ Vou
| r-
= Output 15V 03V
=0V
LOAD CIRCUIT FOR VOLTAGE WAVEFORMS
3-STATE OUTPUTS
PARAMETER A1, R2 Ct s1
tpzH Open
ten r— 500 Q 50 pF ——
, teHz Open
tais iz 500 Q 50 pF Sosad
tod 500 O 50 pF Open

t includes probe and test fixture capacitance.

Figure 12. Load Circuit and Voltage Waveforms

TEXAS Q’P
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® Member of the Texas Instruments
Widebus ™ Family

® Independent Asynchronous inputs and
Outputs

® Produced in Advanced BICMOS
Technology

° Two Separate 512 x 18 FIFOs Buffering
Data In Opposite Directions

® Programmable Almost Full/Aimost Empty
Flags

SBA
GND

¢ Empty, Full, and Half-Full Flags

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

¢ Supports Clock Rates Up To 67 MHz

¢ Avallable In 80-Pin Quad Flat Package (PH)
and Space-Saving 80-Pin Shrink Quad Flat
Package (PN)

PH PACKAGE

GND
SAB
GAB

©ONOUGA WON

O 8079787776757473727170 69 €8 67 66 65

2526 27 28 2930 3132 33 34 35 36 37 38 39 40 J

~
641 RSTB
6311 PENB
62 ] AF/AEB
610 HFB
6o FULLB
591 GND
s8 J BO

57 B1
ssd Vee
550 B2
540 B3
53[0 GND
521 B4
51{1 B5
501 GND
49 EI B6

48] B7
470 GND
461 B8
4s[J B9

44 Ve
43 B10
42P B11
411 GND

0 I N N N O N

2
<

A12

Widebus is a trademark of Texas Instruments Incorporated.

Vee
Al4
A15

GND
Al6
B17
B16

B15
B14
B12

[m] QM
z ox
0] >a

PRODUCTION DATA information ks current as of publication dats.
Products conform to specifications per the terms of Texas Instruments
standard warranty, P does arlty Inchude
festing of all parameters.

Copyright © 1992, Texas Instruments Incorporated
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]
PN PACKAGE
(TOP VIEW)
© <
i< .. oS 2E $9
g5 28258888 zsggsgl
cOow (D =TT > > > woao
| NSRS S S SN SN GO U ) G J S S A S ) SO G (S S SO ) ) —
® g0 797877 76 75 74 73 72 71 70 63 68 67 66 65 64 63 62 61
AF/AEA [] 1 60 (1 AF/AEB
HFA D 2 so [ HFB
FULLA D 3 s [] FULLB
. GND [J 4 57 [ GND
A0O[ls5 56 [] BO
A1ps 55 ] B1
Vec B 7 54 [] Vee
A2]]s 53 [] B2
A3 o 52 [] B3
GND [ 10 51 [] GND
A4 1 50 [} B4
A5 [ 42 49 [ B5
GND [1 13 48 [] GND
As |1 14 47 [ Bs
A7 15 46 (] B7
GND [J 16 45 [] GND
As ] 17 4 [ B8
A9 [] 18 43 [] B9
Vec P 19 42 [} vee
A10 [ 20 41 [] B10
212223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
A yrararrrarararroararararmrar9

description

A12
A13
Al4
A15
GND
Al6
A17
B17
B16
GND
B15
B14
Vee
B13
B12
GND
B11

8
=

AN
GND

A FIFO memory is a storage device that allows data to be written into and read from its aray 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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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992
S

AT
Terminal Functions
NAME /0 DESCRIPTION
AO-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 almost fuli 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 value of 128
AF/AEB O | may be used for both the almost 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.
BO-B17 1/0 | Port B data. 18-bit bidirectional data port for side B. [
WPTYA | o | FIFOAempiyfiag. EMPTYA is low when FIFO A is empty and high when FIFO Als not empty. EMPTYA s set low after
FIFO Ais reset.
EMPTYE o FIFO B empty m is low when FIFO B is empty and high when FIFO B is not empty. EMPTYB is set low after
FIFO Bis reset. -
[ FOLLA (o] FIFO A full flag.FUIDX is low when FIFO A is full and high when FIFO A is notfull. FOLLA s set high after FIFO Aisreset.
[ FOLE | O |FIFOBllflag, FULLE islow when FIFO Bis fulland high when FIFO B is notfull, FULLB is sethigh after FIFO Biis reset.
GAB | Port B output enable. BO-B17 outputs are active when GAB is high and in the high-impedance 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.
HFA o FIFO A half-full flag. HFA is 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.
HFB o FIFO B half-full flag. HFB is high when FIFO B contains 256 or more words and is low when FIFO B contains 255 or less
words. HFB is set low after FIFO B is reset.
LDCKA 1 Fli.=0 Aload clock. Data is written into FIFO A on a low-to-high transition of LDCKA when FOLLA is high. The first word
written into an empty FIFO A is sent directly to the FIFO A data outputs.
LDCKB I FIFO B load clock. Data is written into FIFO B on a low-to-high transition of LDCKB when FOLLB s high. The first word
written into an empty FIFO B Is sent directly to the FIFO B data outputs.
PENA I FIFO A program enable. After reset and before a word is written into FIFO A, the binary value on AO—A7 is latched as
an AF/AEA offset value when PENA is low and LDCKA is high.
PENB ! 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 PERB 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 | FIFO B reset. A low level on RSTB 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. Ahigh
level selects the FIFO A output.
SBA | Port A read select. SBA selects the source of AO—A17 read data. A low level selects real-time 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 | FIFO B unload clock. Data is read from FIFO B on a low-to-high transition of UNCKB when EMPTYB is high.
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SN74ABT7820

512 X 18 X2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

logic symbolt
FIFO
66 512x18x 2
saB ——————11 SN74ABT7820
79 MODE
sBA ——— o
85
GAB EN1
GBA EN2
1 e
RSTA ——hz RESETA RESET B 4—————63 RSTB
PENA —— D PROG ENA PROGENB ' ———— PERB
77 . 68
LDCKA > LDCKA 1DcKB <}———— 1DCKB
69 . 76
UNCKA > UNCKA UNCKB <}———— UNCKB
5 60
FUITA —————< FULLA FULLBP————— OB
70 75
EMPTYA ————<] EMPTYA EMPTYB >————— EMPTYB
3 ALMOST FULL/ ALMOST FULL/ 62
AF/AEA ) ALMOSTEMPTYA  ALMOST EMPTY B o AF/AEB
HFA — ] HALF-FULLA HALF-FULL B HFB
m | C
58
A0 0 0 BO
57
Al B1
10 55
A2 B2
1 54
hs 13 52 B3
As B4
14 51
AS B5
16 49
A8 B6
17 a8
A7 B7
19 a6
A8 B8
Ao 22 ADATA B DATA 5 oo
at0 2 3 B0
an 2 a2 Bi1
25 20
A12 B12
26 39
A13 Bi13
28 a7
A14 B14
29 36
A15 B15
31 34
A16 B16
32 33
A7, 17 17 B17

T This symbol is in accordance with ANSI/IEEE Std 91-1984.

Pin numbers shown are for the PH package.
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

— —

logic diagram (positive logic)

SAB ll> I
SBA K o
l/
[}
HFB < FAFOB b 4 RSTB
512x18
AF/AEB < o, < PENB
EMPTYB < e o—— > FULLB
UNCKB P > < LDCKB
| L
GBA —D | Q :;: D < <> BO
[3]
[4]
| H
1 of 18 Channels 5]
16
v To Othor Channels J’ 4' : 17}
[7g]
GAB —-D
i3]
ASTA ———>——0 FAFOA > HFA
PENA ——>»—— S512x18 > AF/AEA
FOLA —1—<4+——( > > ENMPTYA
LDCKA > <] < UNCKA
m| L
A0 ¢ > D [l a 1
[2]
[3]
[4] |
H
1 of 18 Channols
[15) -
[16] -
vV To Other Channels v
[7] '
[18]
EEDEREDT I,

TEXAS &@
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 57



SN74ABT7820

512 X 18 X2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

operating modes

FIFO A
IN ouT
BUS A BUS B BUS A BUSB
FIFOB
ouT IN
GBA SAB SBA GAB GBA
L X X L L
BUS B BUS A BUSB
GBA SAB SBA GAB GBA
H H L H H

BUSA BUSB BUS A BUSB
GBA SAB SBA  GAB GBA
L L H H H
BUSA BUS B BUSB
H SAB SBA  GAB GBA
H H H H
'
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SN74ABT7820
512 X 18 X2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

e
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 Ato B bus
H H FIFO B to A bus FIFO A to B bus
OUTPUT-ENABLE CONTROL TABLE
CONTROL OPERATION
GBA GAB A BUS B BUS
L L Isolationfinputto 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 "@
INSTRUMENTS o
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SN74ABT7820

512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

timing diagram for FIFO At

5-10
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SN74ABT7820
512X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

offset values for AF/AE

The almost full/almost empty flag of each FIFO has two programmable 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 flagis high whenits 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—A?7 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 pulse 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.

ook AN\

st L0000 ey X v X v

Figure 1. Timing Diagram to Program X and Y Separately for AF/AEA
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SN74ABT7820
512 X 18 X2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

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

Supply voltage range, Vog v .vvvviiiiiiininnn, e AR G AT
Input voltage range, Vi (seeNote 1) .........ciiiiiiiiiiiiiiiiiiiiiii e -05VtoVec+ 0.5V
Voltage range applied to any output in the high state or power-off state, Vo .............. -05Vto55V
Current into any outputinthe lowstate, lg ........coviiiiiiiii i e 48 mA
Input clamp current, Ik (VI <0)  virir it it i ettty -18 mA
Output clamp cumrent, lox (Vo <0) +.vvviiiniiiniiiiiiiiiniinieins R e -50 mA
Storage temperature range .........cocvivverierinnserrerariansiissisisnansensesis. —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.

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 4.5 6.5 \'
VIH High-level input voltage 2 \'4
ViL Low-level input voltage 0.8 v
Vi Input voltage 0 Vee \'
loH High-level output current -12| mA
loL Low-level output current 24 mA
AYAv  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
Vix Voo =45V, II=—18 mA —12] V
Vec =45V, loy==3mA 25
Vou Vec =56V, loy=—3mA 3 \'
Vec =45V, lon=—12mA 2
VoL Vec =45V, loL =24 mA 0.55 \'4
I Vec =55V, V) = Vgg or GND +5 HA
lozn® Vec =55V, Vo=27V 50 (1.
loz. § Vec =55V, Vo =05V -50| pA
Io1 Vec =55V, Vo=25V -40 -100 -180| mA
Outputs high 15
lcc Vec =55V, lo=0, Vi = Vgc or GND ] Outputs low 95 mA
Outputs disabled - 15
Ci Controlinputs | V|=25Vor0.5V 6 pF
Co Flags Vo=25Voro5V 4 pF
Cio A or B ports Vo=25Vor0.5V 8 pF

+ All typical values are at Vg = 5V, Ta = 25°C.

S The

parameters loz4 and loz. include the input leakage current.

T Not more than one output should be tested at a time, and the duration of the test should not exceed one second.

5-12
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

timind% characteristics over recommended operating free-air temperature range (unless otherwise
note

'ABT7820-15 | 'ABT7820-20 | 'ABT7820-25 | 'ABT7820-30
MIN MAX MIN MAX MIN MAX MIN MAX UNIT

feock  Clock frequency 67 50 40 33 MHz
[ LDCKA, LDCKB high 2 6 9 [T

LDCKA, LDCKB low 4 6 9 1
tw Pulse duration | UNCKA, UNCKB high 4 6 9 11 ns

UNCKA, UNCKB low 4 6 9 11

RSTA, RSTE low 6 8 10 12

AO-A17 before LDCKA and 3 4 o .

B0-B17 before LDCKB?t

"PENA before LDCKA? and 5 s 5 5
tsy Setup time PENB before LDCKB? ns

LDCKA inactive before RSTA high

and LDCKB inactive before RSTB 3 3 4 4

high

A0-A17 after LDCKA?t and 0 0 0 o

I2__0—317 after LDCKB?
tn  Holdtime % DOk low and 2 2 2 2 ns

LDCKA inactive after RSTA high and R 3 4 4

LDCKB inactive after RSTB high
L _

3
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SN74ABT7820
512X 18 X2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

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

FROM To "ACT7820-15 "ACT7820-20 | 'ACT7820-25 | 'ACT7820-30
PARAMETER UNIT
(INPUT) (OUTPUT) MIN TYP! MAX| MIN MAX| MIN MAX| MIN MAX
frvax LDCK, UNCK 67 50 40 333 | MHz
'I-_ggKK';ff 4 14 4 15 4 18 4 20
tod ONGIA B/A ns
UNCKB;' 4 o 12 4 135 4 15 4 7
UNCKA?
1 1
td UNCKBY B/A 8 ns
LDCKAT,
toLH 4 14 4 15 4 a7 4 19
llJ.zg'él.;T EMPTYA, ns
tPHL UNCKB? 4 13 4 14 4 16 4 18
tonL R’STBHSI“II?::JV' EEMPTYB“" TYA, 6 16 6 16 6 18 6 20| ns
- I[%gigf{ FULLA, FULLB 6 13] 6 14| & 16| 6 18| ns
%ﬁg’;’;’t 6 15 6 15 6 17 6 19
toLH —————eeee{ FULLA, FULLB ns
”sm'm'”s'g 8 20 8 20 8 22 8 22
tgg:gt 8 16 8 17 8 18 8
tod AF/AEA, AF/AEB ns
UNCKAT,
UNGKBY 8 16 8 17 8 18 8
toLy IESIJIImIlSIB AF/AEA, AF/AEB 2 12 2 14 2 18 2 18] ns
toLy 'I'_%g':("gt :’;’; 8 15 8 15 8 17 8 19| ns
UNCKA, UNCKB 8 15 8 15 8 17 s 19
[ RSTAlow, | HFA HFB
terL HSTBE‘:,\« 2 12 2 14 2 16 2 18] ™
SAB/SBAS 2 10 2 1 2 12 2 14| ns
B/A
pd A/B / 2 9 2 10 2 1N 2 13
ton GBA/GAB A/B 2 65 2 8 2 10 2 12| ns
GBA/GAB A/B 2 11 2 12 2 13 2 14| ns

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$ All typical values ere at 5 V, Ty = 25°C.

1 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.
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SN74ABT7820

512 X 18 X2 FIRST-IN, FIRST-OUT MEMORY

SCAS206A-D4503, AUGUST 1991-REVISED AUGUST 1992

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME

vs
LOAD CAPACITANCE
. Vee =I5 \'4 A
typ + 8] Ta =25°C
@ R_=500Q /
3 4
E
F typ+4 /
z /
K] /
E P
g typ+2 /
- /
o
a .
[
0 typ
&
typ-2
0 50 100 150 200 250 300
C - Load Capaclitance — pF
Figure 2
SUPPLY CURRENT
' vs
CLOCK FREQUENCY
160
T LT
CL=OPF Vee = .5V/
140 <
y // e
E 120
.‘IE VCG =5V -> // /
g 100 L% //
=3 V’ >
3] V.
E‘_ 80 /// ,1
=3
& L7
| // c=4.
o el IAA ] [Vep=t5Y
e AT
o
407
20

10 15 20 25 30 35 4045 50 55 60 65 70

feiock — Clock Frequency ~ MHz

Flgure 3
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SN74ABT7820
512 X 18 X 2 FIRST-IN, FIRST-OUT MEMORY

SCAS208A-D4503, AUGUST 1991—-REVISED AUGUST 1992

calculating power dissipation

With Igcr taken from Figure 3, the maximum power dissipation based on all outputs changing states on each
read may be calculated using:

Py=Vec x [lccH + 2 (Cp x Vec? x fo)

lccrp = maximum lgg per clock frequency
C_ = output capacitive load
fo = dataoutput frequency
PARAMETER MEASUREMENT INFORMATION
3V
™ oV
|> RL=R1=R2
st
~35V
From Output Test
Under Test | Pglm VoL
CL A
Vou
~0V
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R1, R2 c t S1
tozH Open
ton on 500 Q 50 pF oo
) torz Open
tais s 500 50 pF —_—
'N 500 Q 50 pF Open
t Includes probe and test fixture capacitance.
Flgure 4. Load Circuit and Voltage Waveforms
{i’
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SN74ACT2235
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1930-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 Aimost Full/Almost Empty
Flag
FN PACKAGE
(TOP VIEW)
O<cpmm O
¥z256685568n
| U § SN ) S} G ) SR ) R S ) | A ) - -
‘A3 6543214 4. ez
A4 ag[] B3
A5 36[} Vec
AB asf1BS
A7 34[]1B6
A8 B7
GND B8

7 29
181920 21 222324 25 28 27 28

oL w
5m¢<5|‘9m
= (s (23 (2] [=]
2 Tic

m

<

=g
(4
5 =)

LDCKB

put
o
>
T8

UNCK
EMP

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 contral 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 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.

PRODUCTION DATA Information Is current es of ontion date. Copyright © 1991, Texas Instruments Incorporated
Products conform 1o specifications per the terms of Texas instruments .
standard warranty. Production p ing does ly include 1/
tosting of all parameters. I EXAS
INSTRU 7
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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, B0-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
and EMPTYB) and the half-full flags (HFA and HFB) low. The full flags (FULLA 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 (B0-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 (B0O-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 unload clock B(UNCKB). When the FIFOs
are empty, unload clock signals have no effect on data residing in memory.

output enables (GAB, GBA) v
The output enables (GAB, GBA) control the transceiver functions. When GBA is low, the A bus (A0-AS8) is in
the high-impedance state. When GAB is low, the B bus (B0-B8) is in the high-impedance state.

gelect 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 (A0-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 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 highwhen
they are not empty.

full flags (FULLA, FULLB)
The full flags (FULLA, 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/almost empty flags (AF/AEA, AF/AEB)

The almost full/aimost empty A flag (AF/AEA) is defined by the almost full/aimost 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 W
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functional description (continued)

programming procedure for AF/AEA

SN74ACT2235

1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991
e —————————————ama

The almost full/almost empty flags (AF/AEA, AF/AEB) are programmed during each reset cycle. The almost
full/almost 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. If RSTAis not already low, take RSTA low.

Step 3.  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 symboif

)]
FIFO
SAB 44 " 1024 x9x2
» MoDE SN74ACT2235
SBA
43
GAB EN1
2
GBA —————EN2
22 23
RSTA m——b- RESET A RESET B 4—; RSTB
DAF ——— D DEFAFLAG DEF B FLAG ——  DBF
17 28
LDCKA = LDCKA LDCKB LDCKB
26 19
UNCKA —18————-—> UNCKA UNCKB < . UNCKB
oA 2 Arua rrep——2% roos
25 20
EMPTYA —————<| EMPTYA EMPTYB P———— ENPTYB
15 ALMOST FULL/ ALMOST FULL/ 0 :
AF/AEA " ALMOST EMPTY A ALMOST EMPTY B " AF/AEB
HFA HALF FULLA HALF FULL B HFB
-] C
4 4
A0 0 0] BO
Al 5 ad B1
A2 : 3 B2
38
A3 B3
8 <A DATA> < B DATA > 37
As 10 35 B4
A 1 34 8s
A8 B6
12 33
A7 B7
13 32
A8 8 8 B8
T This symbol is in accordance with ANSI/IEEE Std 91-1984.
R T YT
Texas WP
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SN74ACT2235
1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991

logic diagram (positive logic)

. N
SAB j P ¢
—ED
sBA N .
- [
HFB > FAFOB | < ASTB
1024 x 9
AF/AEB — P < DBF
EMPTYE : < 's o———>»—— FULB
UNCKB > > <] LDCKB
m| L
aBA D | D < <> BO
|
1 of 8 Channels
v vy
To Other Channels
GAB rl>
@
RSTA ————>»——0O FIFOA - HFA
DAE . O 1024 x 9 > AF/AEA
FOLA —————<—0 o > EMPTYA
LDCKA > < < UNCKA
A0 <> > o Q |
|
1 of © Channels
v
vy To Other Channels
ERE—— -
i
TEXAS ‘V
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SN74ACT2235

1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991

operating modes

FIFO A
IN  our
BUSA BUS B
FIFO B
our N
SAB SBA  GAB GBA
0 X 1 0 X X ) )

BUS AGRE

SAB

BUSB

BUSA

SAB

BUS B

SBA GAB GBA

BUSA

SAB

BUSB

SBA GAB GBA

BUS A

SBA

GAB

BUS B

GBA

BUSB

GBA

SBA GAB

TEXAS ‘Q?
INSTRUMENTS
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timing diagram, FIFO A

| L]
» T Il hmh h Sy s
o UL LA L LL L
SN G\ 5NN N N E NN\ E
-1 Tl
Qo-as wlnu):( E m: | l ){”_E ey S "fs"ﬁ""&? ‘( e )I( :m
| | | | ] ! ! | ! L
e R =
AF/AEA i | i i E | i | % i i
I .

t Operation of FIFO B is identical to that of FIFO A
¥ Last valid data stays on outputs when FIFO goes empty due to a read.
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SN74ACT2235

1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1890-REVISED APRIL 1991

SELECT-MODE CONTROL TABLE
CONTROL OPERATION
SAB SBA A BUS B BUS
L L Real-time B to A bus Real-time A to B bus
L H FIFOBtoAbus Real-ime A to B bus
H L Real-time B to A bus FIFO Ato 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 Isolation/input to A bus B bus enabled
L L Isolation/input to A bus | Isolation/input to B bus

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

Supply voltage range, Ve ««« v vvvvvreninninnsicninans
Input voltage: Control iNPUES .. ....ovitiie it it cii i n i ie e

70 0 oo 1 -
Voltage applied to adisabled 3-stateoutput ........... ...
Operating free-air temperature range ............ooiiiiiiiiiriiiiiitiiiiinriiiniaenarns
Storage temperaturerange ...........cco0inn i
Maximum junction temperature ........ e

.. =05Vto7V

7V

55V
0°Cto 70°C
—65°C to 150°C
vive... 150°C

1 Stresses beyond those listed under “absclute maximum ratings” may cause permanent damags to the device. Thésa are stress ratings only, and
functional operation of the device at these or any othor conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

R
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SN74ACT2235
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991

recommended operating conditions

*ACT2235-20 | "ACT2235-30 | 'ACT2235-40 | 'ACT2235-60 UNIT
MIN MAX| MIN MAX| MIN MAX] MIN MAX
Vco | Supply voltage 45 55| 45 55| 45 55| 45 55| V
ViH High-level input voltage 2 2 2 2 v
ViL Low-level input voltage 0.8 0.8 0.8 o8] V
A or B ports -8 ~8 -8 -8
High-level t -~
loH gh-level output curren Status fags ry wry ey ry mA
Aor B ports 16 16 16 16
| Low-level ut nt A
oL ow-level output curre Status flags 8 8 8 s] ™
LDCKA or LDCKB . 50 33 25 16.7
foiock  Clock frequency UNGKA or UNCKB 50 3 3 2
RSTA or RSTB low 20 20 25 25
LDCKA or LDCKB low 8 10 14 20
LDCKA or LDCKB high 8 10 14 20
W Pulse duration UNCKA or UNCKB low 8 10 12 20 ns
UNCKA or UNCKB high 8 10 14 20
DAF or DBF high 10 10 10 10
Data before LDCKA or '
LDCKBY 4 4 5 5
Define AF/AE: DO-D8 5 5 5 5
before DAF or DBF}
Define AF/AE: DAF or
DBF| before RSTA or 7 7 7 7
tsu 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¢
Data after LDCKA or
LDCKBt 1 1 2 2
Define AF/AE: DO-D8
after DAF or DBF} 0 0 0 0
Define AF/AE: DAF or
th Hold time DBF low aftsr RSTA or 0 0 0 0 ns
RSTBt
Define AF/AE (default):
DAF or DBF high after 0 0 0 0
RSTA or RSTB¢
Ta Operating free-air temperature 0 70 0 70 0 70 0 701 °C

TEXAS *@
INSTRUMENTS
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SN74ACT2235
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991

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

PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT
VoH Vec =45V, loq=—8mA 2.4 A"
Vec=4.5V, loL=8mA 0.5
VoL \"
1/O ports Vec=45V, loL =16 mA 0.5
Iy Veec=5.5V, Vi=Vgcor0 +5 A
loz Vec=5.5V, Vo =Vgcor0 =5 pA
ICC: V|=Voc—0.2VOl’0 10 400 }I.A
Alec’ Vcc = 5.5V, Oneinputat 3.4V, Other inputs at Vgg or GND 1 mA
G V=0, f=1MHz 4 pF
Co Vo=0, f=1MHz 8 oF

T All typical values are at Vg = 5V, T = 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 0 V or Ve,

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 UNIT
(INPUT) (OUTPUT) MIN TYP' MAX{ MIN MAX| MIN MAX| MIN MAX
LDCK 50 33 25 16.7
f
max UNCK % 33 25 6.7 MHz
tod LDCKt, LDCKB¢ BorA 8 22 8 22 8 24 8 26] ns
UNCKAt,
toa UNCKB1 BorA 12 17 25 12 25 12 35 12 45| ns
EMPTYA,
toLH LDCKt, LDCKB? EMPTYB 4 15 4 15 4 17 4 19| ns
UNCKA¢, EMPTYA,
toHL UNCKB! ENMPTYE 2 17 2 17 2 19 2 21| ns
EMPTVA,
toHL RSTA}, RSTB) EMPTYE 2 18 2 18 2 20 2 22| ns
toHL LDCK}, LDCKBt | FULLA, FULLB 4 15 4 15 4 17 4 19| ns
UNCKAt,
toLH UNCKB? FULLA, FULLB 4 15 4 15 4 17 4 19| ns
tory RSTA|, ASTB) FULLA, FULLB 2 15 2 15 2 17 2 19| ns
toLH RSTA},RSTB| | AF/AEA, AF/AEB 2 15 2 15 2 17 2 19| ns
toLy LDCK?, LDCKB? HFA, HFB 2 15 2 15 2 17 2 19| ns
UNCKAY,
ton UNCKB? 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 " 1 1 1 12 1 14] ns
tod AorB BorA 1 11 1 11 1 12 1 14] ns
tog LDCKt, LDCKBt | AF/AEA, AF/AEB 2 18 2 18 2 20 2 22| ns
UNCKA¢,
tod UNCKBt AF/AEA, AF/AEB 2 18 2 18 2 20 2 221 ns
ten GBA or GAB AorB 2 11 2 11 2 13 2 151 ns
‘ Yis 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.
s
i
TEXAS ‘b
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SN74ACT2235
1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991

operating characteristics, Vec =5V, Ty = 25°C

PARAMETER TEST CONDITIONS TYP UNIT
Outputs enabled Il
Cpd Power dissipation capacitance per 1 Kbits Outputs disabled Cp =50 pF, f=5MHz = pF

PARAMETER MEASUREMENT INFORMATION

—————— 3V
Input 1.5V
From Output | | GND
Under Test ¢ > J | |
R = 5000 C,=50pF o I H———D:— tpa
: | +—— 3V
) ) ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 1. Standard CMOS Outputs (All Flags)
3V
Input 1.5V 1.5V
_________ ov
A I
_I_ Vee tz —» | —>i [tz
S1 .
R
From Output
Under Test

" v

VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER Ry Cc t S1 S2
tpzH Open Closed
- 500 50 pF
fen ton P Closed Open
toHz Open Closed
s oLz s00e 50 pF Closed Open
fgort - 50 pF Open Open

t Includes probe and test fixture capacitance.

Figure 2. 3-State Outputs (A0-A8, B0-B8)

TEXAS *’?
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SN74ACT2235

1024 X9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991

tpq— Propagation Delay Time —ns

‘i)d - Power Disslpation Capacltance - pF

typ+8

typ+6€

yp+4

typ+2

typ-2

typ+2

typ+1

typ

typ-1

typ-2

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME
\{:
LOAD CAPACITANCE

Vee =I5V

— Tp = 25°C
R =500Q

0 50 100

150 200 250 300

C, ~ Load Capacltance - pF

Figure 3

POWER DISSIPATION CAPACITANCE

vs

SUPPLY VOLTAGE

Vee=5V
fi= 5MHz
Ta=25°C

e

e

/

o

T T T T
45 468 4.7 48 49

T 1 T T
5 51 52 53 54 55

Vcc — Supply Voltage -V

Figure 4

TEXAS ‘:5
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

527



SN74ACT2235
1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS148A-D3568, DECEMBER 1990-REVISED APRIL 1991

calculating power dissipation

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

Py=Vee x [lccr + (N x Alge x de)] + Z (CL x V2 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 [lcc + (N x Algg x do)] + £ (Cpq x Vee2 x fi) + 2 (C x Vc? x fo)

lcc = power-down Igc maximum

N = number of inputs driven by a TTL device

A Igc = 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

fo = data output frequency

X3
INSTRUMENTS
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SN74ACT2236
1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990
N —

® 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 Almost Full/Almost Empty * 3-State Outputs
Flag .
FN PACKAGE
(TOP VIEW)
[a] < M [=]
i
$z26c83888%
| WD J SN § St § S ) NN ) W ) SRS § S ) - ) -
Asgﬂ" 5432 14443424190 Hp,
A4l]s ag[]B3
Ve[l o ar[]B4
As[]10 3s[] Vee
As[] 11 35[} B5
A7[] 12 34[] B
A8[] 13 33[] B7
GND[] 14 32[} B8
AF/AEA[] 15 31 [| GND
HFAT] 16 30[] AF/AEB
LDCKA {] 17 20[{ HFB
1819 20 21 22 23 24 25 26 27 28
|—|r—||—u—n—||—|r—|r'1|—'|r—1r-|

A FIFO memory is a storage device that allows data to be written into and read from its array 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.

description

PRODUCTION DATA Information Is current as of publication date. Copyright © 1990, Texas Instruments Incorporated

Products conform to specifications per the terms of Teas Insruments ¢
S o et TEXAS
INSTRUMENTS
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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS 149-D3489, APRIL 1990-REVISED DECEMBER 1990

functional description

bus lines (A0O-A8, B0-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 (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 (B0-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 (B0O-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 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 inthe 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 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 highwhen
they are not empty.

full flags (FULTA, FULLB)
The full flags (FULLA, FULLB) will be low when their corresponding memories are fufl, 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 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.

TExXAS “'3
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SN74ACT2236
1024 X9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

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/almost 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 AO thru A8 as X.
Step 2. If RSTA is not already low, take RSTA high.
Step3.  With DAF held low, take RSTA high. This defines the AF/AEA 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.

logic symbolf

(]
FIFO
1024 x 9 x2
SN74ACT2236
a4
SAB 1
1 MODE
sBA ——— o
a3
DIR —ﬁ 3EN1 [BA]
3EN2 [AB]
2
oF — N a3 23
meE 22— NResera RESETB [—— FSTB
21 ET—.A
DAF —_—  NIDEFAFLAG DEF B FLAG 25 DBF
LDCKA 17—> LDCKA LDCKB<_19 LDCKB
26 19
UNCKA —— > UNCKA UNCKB <] 27 UNCKB
18 N % mos
"AICLA FULLA FULLB 2
25 N <9
EMPTYA T____A EMPTYA EMPTYB ” ENMPTYB
AF/AEA ~—————— ALMOST FULL/ ALMOST FULL/ |————— AF/AEB
16 ALMOST EMPTY A ALMOST EMPTY B 20
HFA ——————HALFFULLA HALF FULL B |—————— HFB
- -
4 4
Ao o|1v 2vio}—— Bo
5 40
Al ——————— - B
6 39
A2 —————— L B2
As 7 B b
Ad 8 ADATA B DATA 37 B4
10 35
AS 1 34 Bs
A8 B6
12 33
A7 13 32 87
A8 —— 18 8} ———— Bs
1 This symbo! Is in accordance with ANSI/IEEE Std 91-1984.
]
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SN74ACT2236

1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

logic diagram (positive logic)

SAB {> -I
SBA |I>‘I
[ 3
AF/AEB < 1024x9 Pp———<—— DBF
EMPTYE < q S > rumB
UNCKB > <t——————  LDCKB
1 L
l Q D < <+»— Bo
|
1 of 9 Channels
To Other Channels v
. e
T OE
ASTA > 4 2 > HFA
FIFOA
DAF > J 1024xe > AF/AEA
FULLA < Q O » EMPTYA
LDCKA > < UNCKA
q C
AQ0 —4- > > D Q 1
|
L 1 of 9 Channels
vy To Other Channels v
o -
I
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1024 X 9 X 2 ASYNCHRONOUS

SN74ACT2236
FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

operating modes

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

BUSB
SAB SBA DR OE
X X X 1
BUSB
SAB SBA DIR OFE
X [+ 0 [+]
BUSA .3 BUSB
SAB SBA DIR OE
1 X 1 o
SAB SBA DIR OE
X 1 0 0
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timing diagram, FIFO A

R 7 R R R R Y

)

Pl Lt L L

e

| | T
I | |
| | |
UNCKA ; ; |
| | | | | l
y f d [ 4 \ : |
co-ee G D Co
I I | l | ; [ 1
| | 1 | - : : | ' o
EMPTYA | | | | L | | | [ !
I I | I I ! | L I | | l
| I 1 A T T T
FULLA : I I I ) I { : I ! : |
| | | ' | I ! I |
] | | : , | ! L
HFA | | | | | | | I |
4 ] ] | 4 ] N 1
T T I | T | T T
| I | | | | i | |
T I T ! T t
AF/AEA | | | ! | | |
| n , | | ; | Lo
' ' ' I ' | | ' | | seTFLAGTO
| | | | [ | l | [ EMPTY +X/
| | | | i I | ] | FULL-X
|
EMPTY
SET FLAG TO EMPTY + 256/ EMPTY HALF FULL FULL FULL HALF EMPTY
FULL - 256 (DEFAULT) +258  FULL -256 -256 FULL +258 II;OL:D "N’ INTO
G REGISTER
(0 =X = 511)

U Operation of FIFO B is identical to that of FIFO A
1 Last valid data stays on outputs when FIFO goes empty due to a read.
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~ SN74ACT2236
1024 X9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990
T A e SN SRS SR ARREIR)

R
SELECT-MODE CONTROL TABLE

CONTROL OPERATION

SAB SBA A BUS B BUS
L L Real-time B to A bus Real-time A to B bus
L H FIFOBto Abus Real-time A to B bus
H L Real-time B to A bus FIFO Ato Bbus
H H FIFO B to A bus FIFO A to B bus

OUTPUT-ENABLE CONTROL TABLE

CONTROL OPERATION

DIR OE 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 VOIAgE FANGE, VoG - v v vt v iet it eiei e tiatentetenaeraneeiaernesnnnencerneeens -05Vto7V
Input voltage: Control INPUS . ......viiiiiiiiiiii et ieiiiiete it ne e rnnnsssannaseanens e TV

0 T £ 55V
Voltage applied to a disabled 3-state OULPUL . .. ...vvveiii it i ieienienanenenananenanennes 55V
Operating free-air temperature range ...........c.cevuiiiiiiiitiiiiieieiiieisnieieennins 0°C to 70°C
Storage temperature range ............coiiiiiiiiiiiiiiiiiiiiii i Ceereiiaaes ~65°C to 150°C
Maximum junction temperature ..........ccovvieiniiiieeriarisssieiesieeiiirsiessransansessss 150°C

T Stresses beyond those listed under *absolute maximum ratings” may cause permanent damage to the device. These are stressratings 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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SN74ACT2236
1024 X 9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

recommended operating conditions

'ACT2236-20 | 'ACT2236-30 | 'ACT2236-40 | 'ACT2236-60 UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Vce Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 4.5 5.5 \4
ViH High-level input voltage 2 2 2 2 \'
ViL Low-level input voltage 0.8 0.8 0.8 0.8 \'2
loH High-level output current :t::uas :::: :: :2 :z :2 mA
loL Low-level output current Aor B ports 16 16 18 16 mA
Status flags 8 8 8 8
LDCKA or LDCKB 50 33 25 16.7
foock  Clock frequency UNCKA or UNCKB 50 33 25 T67] MHe
RSTA or RSTB low 20 20 25 25
LDCKA or LDCKB low 8 10 14 20
4 Pulse duration LDCKA or LDCKB high 8 10 14 20 . ns
UNCKA or UNCKB low 8 10 14 20
UNCKA or UNCKB high 8 10 14 20
[DAF or DBF high 10 10 10 10
E;thbBe;ore LDCKA or 4 4 5 5
Define AF/AE: DO-D8 5 5 5 5
before DAF or DBF|
Define AF/AE: DAF or
DBF} before RSTA or 7 7 7 7
tsu Setup time RSTB?t ns
Define AF/AE (default);
DAF or DBF high before 5 5 5 5
RSTA or RSTB¢
[RSTA or RSTB inactive
(high) before LDCKA or 5 5 5 5
LDCKB?
E;?g ;::r LDCKA or 1 1 2 2
Define AF/AE:
after DKF/or Uggfoe 0 0 0 0
" Define AF/AE: DAF or
b Hold time .| oBF low a/fber RSTA or 0 0 0 0 ns
HSTBt
Define AF/AE (default):
DAF or DBF high after 0 0 0 4]
HSTA or HSTB¢
Ly Operating free-air temperature 0 70 0 70 0 70 0 70] °C
E——
TEXAS "’)
INSTRUMENTS
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SN74ACT2236

1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

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

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT

Vou Vec=45V, loH==8mA 2.4 \
Flags Vec =45V, lo =8 mA 0.5

VoL - v
1/O ports Voo =45V, loL =16 mA 0.5

Iy Vec =556V, Vi =Vgcor0 +5 pA

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

loct . Vi=Vec—-0.2Vor0 10 400 HA

Al glt}:;rtisfputs Vee =5.5V, Oneinputat3.4V, Other inputs at Vg or GND f mA

[*] Vi=0, f=1MHz 4 pF

Co Vo =0, f=1MHz 8 pF

T Al typical values are at Voo = 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 0 V or 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 To *ACT2236-20 *ACT2236-30 | 'ACT2236-40 | 'ACT2236-60 UNIT
M (INPUT) (OUTPUT) MIN TYP! MAX| MIN MAX{ MIN MAX| MIN MAX
LDCK 50 33 25 16.7
MH

fmax UNCK 50 ) 2 16.7 i
tod LDCK}, LDCKB¢t BorA 8 23 8 23 8 25 8 27 ns

UNCKAt,
tod UNCKB? BorA 10 17 25 10 25 10 35 10 45 ns

EMPTYA,

toLH LDCKt, LDCKB? EVPTYE 4 15 4 15 4 17 4 19| ns

UNCKAt, EMPTYA,
tpHL UNCKB1 EVMPTYE 2 17 2 17 2 19 2 21| ns
oL RSTA|, RSTB} EWMPTYB 2 18 2 18 2 20 2 22 ns
toHL LDCKt, LDCKBt | FULLA, FULLB 4 15 4 15 4 17 4 19| ns

UNCKAL,
oL UNCKB1 FULLA, FULLB 4 15 4 15 4 17 4 19| ns
toLH RSTA},RSTB| | FULLA, FULLB 2 15 2 15 2 17 2 19| ns
trLH RSTA}, RSTB| | AF/AEA, AF/AEB 2 15 2 15 2 17 2 19| ns
toLH LDCK$, LDCKB? HFA, HFB 2 15 2 15 2 17 2 19] ns

UNCKAt,
teHL UNCKB? HFA, HFB 4 19 4 19 4 21 4 23| ns
toHL RSTA|, RSTB| HFA, HFB 1 15 1 15 1 17 1 19| ns
tod SAB or SBA! BorA 1 11 1 11 1 13 1 15| ns
tod AorB BorA 1 11 1 11 1 13 1 15| ns
toy LDCKt, LDCKB?t | AF/AEA, AF/AEB 2 19 2 19 2 21 2 23| ns

UNCKAt,
tod UNCKB} 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
tyis DIR, OE AorB 1 10 1 10 1 12 1 14| ns

T These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
Texas W
EXAS
INSTRUMENTS
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SN74ACT2236

1024 X 9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

operating characteristics, Vec =5V, Tp = 25°C

PARAMETER TEST CONDITIONS TYP UNIT
Outputs enabled 71
dissipati ! = =5
Cpd Power dissipation capacitance per 1 Kbits Outputs disabled C_ =50pF, f=5MHz = pF
PARAMETER MEASUREMENT INFORMATION
—————— 3v
Input 1.5V
Frsmeu_ltplsl: | GND
nder Te: —F—J
R_=500Q C_ =50 pF o | —s—
| +—— 3av
e AN
- - oV
LOAD CIRCUI‘f TOTEM-POLE OUTPUTS
Figure 1. Standard CMOS Outputs (All Flags)
I Vee
S1
From Output Ry
Under Test
VOLTAGE WAVEFORMS
LOAD CIRCUIT ENABLE AND DISABLE TIMES
PARAMETER R, c.t st s2
tezit Open Closed
fen toz1 S0 0 80 pF Closed Open
tpHz Open Closed
i 500 Q
s oLz 50pF Closed Open
toq Or & - 50 pF Open Open

1 Includss probe and test fixture capacitance.

Figure 2. 3-State Outputs (A0-A8, B0-B8)

'IEXAS{?
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SN74ACT2236

1024 X9 X 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

t pd— Propagation Delay Time -~ ns

Gd - Power Disslpation Capacitance — pF

]

typ-2

typ+2
typ+1

typ

typ-1

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME
vs

LOAD CAPACITANCE
Vee =I 5V P
— TA =25°C /
Ry =500Q /|
/
/)
0 50 100 150 200 250 300

Cp - Load Capacitanco - pF

Flgure 3

POWER DISSIPATION CAPACITANCE
v8
SUPPLY VOLTAGE

Vee=5V

f,=5MHz
Ta=25°C

b

T T T T T T T T !
45 46 47 48 49 5 51 52 53 54 55

Vce — Supply Voltage -V

Figure 4
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SN74ACT2236
1024 X9 X2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS149-D3489, APRIL 1990-REVISED DECEMBER 1990

calculating power dissipation

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

Py = Vee x [lecr + (N x Algg x de)] + 2 (Cp x Ve x fo)

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

Pi=Vee x[lce + (N x Alge x do)] + = (de x Vg2 x fi) + Z (Cp x Vg2 x o)

lcc = power-down |gc 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

Cy = output capacitive load

f; = data input frequency

fo = data output frequency

TEXAS ‘t’f
INSTRUMENTS
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SN74ALS2238

32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL

FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990

Independent Asychronous Inputs and
Outputs

Bidirectlonal

32 Words by 9 Bits Each
Programmable Depth

Data Rates from 0 to 40 MHz
Fall-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
designedto 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 providedto
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 contro! 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 foad
clock input (LDCKA or LDCKB) and is read out on
a low-to-high transition at the unload clock input
(UNCKA or UNCKB). The memory is fullwhenthe
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.

N PACKAGE
(TOP VIEV/)

RSTA[] 1 U40]FISTB
DAF[|2 30|l DBF
Aof]s s3sflBO
Afla  s7flB1
A2[]s  sef} B2
GND[]s  a5f] GND
A3l 7 ] B3
Adfls ] B4
As[ls a32[lB5
Asfl1o a1[lBs
GND[l11  a0f] GND
Vec[] 12 29f] Ve
A7[l1s 28|l B7
As[l14 27[I B8
LDCKA[| 15 26|] LDCKB
FOLEA [} 16  25[] FOOOB
UNCKB [{ 17  24[] UNCKA
EMPTYB[| 18 23[] EMPTYA
SAB[} 19  22[] SBA
GAB[l20 21[]] GBA
FN PACKAGE
(TOP VIEW)

<
Du.‘l—’l—lu.ﬂ
Zz 0o Z —
§E<°zo|go:sro(58m

;65432 14nea4 g
8 3s[] GND
9 a7[] Vec
10 36[] B3
1 35[] B4
12 34[] B5
13 33[]Bs
14 32[ GND
15 31 Vec
16 30[] B7
17 29[} B8
1819 20 21 22 2324 25 26 27 28
ot o | o o T oo U o o o T oo [ v |

ngmm<< §_'
[BEERRBALEE

4
[&]
(a]
a

n_
5=
2lE

IMPACT-X is a trademark of Texas Instruments incorporated.

PRODUCTION DATA Information Is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard vnmmy Production processing does not necessarlly Include
fasting of all parameters.
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SN74ALS2238
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 hlgh whenthey
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
L0
FIFO
22 R2xIx2
SBA O o SNT4ALS2238
SAB —2 1
GAB :: EN1
GBA — EN2
RSTR — RESETA RESETB L 2° WSTB
DAF I DEF A FULL perBruLLp—*° DEF
15 26
LDCKA LDCKA LDCKB ————— LDCKB
24 7
UNCKA > UNCKA UNCKB <f———— UNCKB
FR 18 FULLA FuLLBp——=" FOLIIB
18
ENPTVA 2> EMPTYA EMPTYB B—————— EWPTYB
s B o
Ao - [ &7
Mo L~ B
A2 % m
7 33
A3 = — B
As L~ B
: v (Emmy v =
SERT) "
A6 " B8
13 28
A7 - — B7
14 27
A8 8 st————— ps

T This symbol is In accordance with ANSI/IEEE Std 91-1984.

Pin numbers shown are for the N package.
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SN74ALS2238
32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990

.
logic diagram (positive logic)
SAB l'> -I
SBA N ‘
_V_LDO—
o
FIFOB ‘
32x90 <— HSTB
< <+— DBF
FULIB
UneKE —_ -~ 9 “— LpckB
i ~ -l r . - B
GBA —-D I < Q D —< <>
l <
1 of 9 Channels
v To Other Channols vy
7N
GAB ll>
\ 4 <
» FIFO A
RSTA a2x0
DAF
FULLA —< ENMPTYA
LDCKA > < <— UNCKA
-] C
A0—¢> Q {
]
1 of 9 Channels
wf v To Other Channels v
. . .- .- R R PR S TR
Texas WP
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SN74ALS2238

32X 9 X2 ASYNCHRONOUS BIDIRECTIONAL

FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990

operating modes

BUS A

SBA

GAB

GBA

BUSB

BUS A

SAB

FIFO A
out

ouTt

SBA

FIFOB

GAB

BUS B

GBA

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

BUSB BUS A BUS B
SAB SBA GAB GBA SAB SBA GAB GBA
X L L H H L H H
BUS A BUSB BUS A BUS B
SAB SBA GAB GBA SAB SBA GAB GBA
H X H L L H H H
BUS A BUSB BUSB
SAB SBA GAB GBA
’ SAB SBA GAB GBA
X H L H
H H H H
Texas WP
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timing diagram

FAFO ‘A’ OPERATION
RSTA _I |_’
|
o |
! -

|

I

|
P I = V2 N oA,

Lo

N

A0-4o mzm &EV////AMWJ. D=7, 5525777,
- : L, YY) Ny
|

EMPTYA : [ |l I | L

| |
| |
| |

FULLA i | l i I I
l |

Depth set to default (32) Load "X Into depth roglsmr* Depth setto 32— X

T Operation of FIFO B is the same as shown above.
¥ Xincludes A0 through A4 only. A5 through A8 are ignored.

TVYNOLLO3HIAIg SNONOHHONASY 2 X 6 X ¢E
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SN74ALS2238
32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990

SELECT-MODE CONTROL TABLE
CONTROL OPERATION
SAB SBA A BUS B BUS
L L Real-time B to A bus Real-time A to B bus
L H FIFOBtoAbus Real-time A to B bus
H L Real-time B to A bus FIFO Ato 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 Isolationfinput to B bus
H L Isolation/input to A bus B bus enabled
L L Isolationfinput to A bus | Isolation/input to B bus

programming procedure for depth of FIFO At

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.

Step 2. With DAF held low, pulse the RSTA signal low. On the low-to-high transition of RSTA, FIFO A is set
to a depth of 32 minus ‘X', where X is the value of A0-A4 stored above.

Step3. Toredefine the depth of FIFO Ato 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)*

SUPPIY VORAGE, YOG + vt vemeraetint ettt iatessnttnaieentossssaernssssnisnnnnssnnes —-05Vto7V
Input voltage: Control INPULS ... oo i s i it i e e 7V

0 T £ 55V
Voltage applied to adiabled 3-state output ........... ..o iiiiiiiiiiiiiiiiiii e e e 55V
Operating free-air temperature range . ........cvveiieiiiinirreiirsnennsantnrereesnise 0°Cto 70°C
Storage temperature range .........ccvietrieerenireiantinnresssaresneseaneennsens ~65°Cto 150°C
Maximum junction temperature ..........c.oeiiin ittt i e e 150°C

# 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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SN74ALS2238

32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990

recommended operating conditions (see Note 1)

MIN NOM MAX] UNIT
Vee Supply voltage 4.5 5 5.5 v
ViH High-level input voltage 2 \4
ViL Low-level input voltage 0.8 \4
loH High-level output current :t::ui :::: __013 mA
loL Low-leve! output current Aor B ports 24 mA
Status flags 8
fuock  Clock frequency EZEKK;ZZ '[J%%KI?B g :g MHz
RSTA or RSTB low 17
LDCKA or LDCKB low 12.5
5 LDCKA or LDCKB high 10
tw Pulse duration ns
UNCKA or UNCKB low 12,5
UNCKA or UNCKB high 10
DAF or DBF high 10
Data before LDCKA or LDCKB? 7
Define depth: D4-DO before DAF or DBF} 6
tsu Setup time Define depth: DAF or DBF} before RSTA or RSTB? 45 ns
' | Define depth (32): DAF or DBF high before RSTA or RSTBt 32
LDCKA or LDCKB (inactive) before RSTA or RSTBt 5
Data after LDCKA or LDCKB?¢ 3
Define depth: D4-DO after DAF or DBF} 4
tn Hold time Define depth: DAF or DBF low after RSTA or RSTB?t 0 ns
Define depth (32): DAF or DBF high after RSTA or RSTB} 0
LDCKA or LDCKB (inactive) after RSTA or HSTBt 5
Ta Operating free-air temperature 0 70 °C

NOTE 1: Toensure proper operation of this high-speed FIFO device, itis necessary to provide a clean signal to the LDCKA or LDCKB and UNCKA
orUNCKB clockinputs. Any excessive noise or glitching on the clockinputs (which violates the V), V4, or minimum pulse duration limits)
can cause a false clock or improper operation of the internal read and write pointers.
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SN74ALS2238
32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL

FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1890

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

otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPt . MAX| uNIT
Vik Veo =45V, I =-18 mA -12] v
Status flags Vec=45V1to55V, lon =—0.4 mA Vee=2
Vcc =45V, IOH =—2mA Voo—z
Vou v
A or B ports Vec =45V, lon=—3mA 24 3.2
~ Vec =45V, loH =—15mA 2
Vec =45V, loL = 12mA 0.25 04
Vo A or B ports Vec =45V, oL = 24 mA CEICE]
Status fiags Vec =45V, loL=4 mA 025 04
Vec =45V, loL = 8 MA 035 05
DAF, DBF, RSTA, RSTB, GAB, GBA, SAB, 0.1
I SBA, LDCKA, LDCKB, UNCKA, UNCKB’ Vec =55V, V=7V ] maA
A or B ports 0.2
DAF, DBF, RS 1A, RSTB, GAB, GBA, SAB, 20
I | SBA, LDCKA, LDCKB, UNCKA, UNCKB Vec =55V, V=27V BA
A or B ports¥ 40
DAF, DBF, RSTA, RSTB, GAB, GBA, SAB, —02
W SBA, LCKA, LDCKB, UNCKA, UNCKB Vec =55V, V=04V “] mA
A or B portst -0.4
3 - .
1o gt::uz :::: Vec =55V, Vo=2.25V _f: _:zg mA
lec Vec =55V 190 350 mA

t All typical values are at Vgg = 5 V, Ty = 25°C.
% For I/O ports, the parameters |4 and I;,_ include the offstate output current.
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, log.
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SN74ALS2238
32 X9 X2 ASYNCHRONOUS BIDIRECTIONAL
FIRST-IN, FIRST-OUT MEMORY

D3501, APRIL 1990

switching characteristics (see Note 2)

Vec =45Vt 5.5V,
CL =50 pF,
FROM TO R1=5009,
PARAMETER UNIT
(INPUT) (OUTPUT) R2 = 500 Q,
Ta = MIN to MAX
MIN TYP' MAX
frmax LDCK, UNCK 40 MHz
LDCKAt, LDCKB? 7 22 33|
B
td UNCKA{, UNCKB1 A 7 2 2| ™
[ LDCKAt, LDCKB 5 12 22
EMPTYA,
[y UNCKAY, UNCKB! EMPTYE 5 12 22|
teHL RSTA|, RSTB| EMPTYA, EMPTYB 5 12 22 ns
[~ LDCKATY, LDCKB? FULLA, FULLB 5 12 22| ns
UNCKAt, UNCKB? 5 12 23
FULTA, FULLB
teLn ASTA|, RSTB, 5 15 2|
SAB/SBA¥ 2 11 18
B/A
o A/B / 2 8 15 ns
ton GBA/GAB A/B 2 6 15 ns
tais GBA/GAB A/B 1 5 12 ns
t All typical values are at Voc = 5 V, Ta = 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 voitage waveforms are shown in Section 1 of the LS/ Logic Data Book, 1986.
N
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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 Coinclident 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 Reglster for Each FIFO ° Passive Parity Checking on Each Port
Dynamic Port B Bus Slzing of 36 Bits (Long ® Parity Generatlon Can Be Selected for Each
Word), 18 Bits (Word), and 9 Bits (Byte) Port
Selection of Big- or Llttle-Endian Format for ° L ow-Power Advanced BICMOS Technology
Word and Byte Bus Sizes ° Supports Clock Frequencles up to 67 MHz
Three Modes of Byte Order Swapping on ° Fast Access Times of 10 ns
Port B : * Avallable In 132-Pin Quad Flatpack (PQ) or
Almost Full and Almost Empty Flags Space-Saving 120-Pin Shrink Quad
Microprocessor Interface Control Loglc Flatpack (PCB)

description

The SN74ABT7815 is a high-speed, low-power BICMOS bidirectional clocked FIFO memory. It supports clock
frequencies up to 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 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 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 PREW! Ew lmomd lon concerns products In the formative or Copyright © 1992, Texas Instruments Incorporated
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PCB PACKAGE
(TOP VIEW)
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functional block diagram

ODD/EVEN > Dovico Control |+ RESET
CLKA
CSA Port A -
WRA ———— Control ¥
MBA Loglc .| Read
ENA | ~ | Pointer
-i l Byto
Rogister ‘_| Parlty | i DuaIG:o’:tassﬂAM 2 Reogistor [ 36| Swap
o =1 .7
9 | Geonerate 7 FIFO 2 “ I | Bus
__I f A Slzo
PGA
e - il
FSO > Pointer
Fsi >  FIFO2 > FFB
EFA < Flag »- AFB
AEA —< Loglc
MBF2 <
1 .38
.38 — Parity |, 36 | Mal2 | 35
’ Gonerate| ° Register 7
36 t Parl PEFB
Chock |-
PEFA—¢ Pnrlt}'(
»-{ Chocl
3 44> B0-B35
A0-A35 —¢>¢ .36 Malll | 36 4| Parity 36, 1L, 8
4 "1 Reglster | 7 Generate ! 4
36, || (
Yy 7 A
AFA < > MBF
FFA < FIFO1 > AEB
Flag > EFB
> Logilc
v r—>1
Write |
Polntor Partty
ar|
v ! Genorato [+ PGB
36 64 x 36 38 38
#@ Dual-Port SRAM [ > styte @Isﬂnrl . CLKB
FIFO 1 i — 4+ TSB
Bus . I ¢ W/RB
Ty Size PortB [— <4 ENB
Polntor T Control —<¢—— BE

4‘ Loglc ——<¢— sJ20
¢ siz1
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Terminal Functions

PINNAME | 1/0 DESCRIPTION
A0-A35 /0 | Port A data. 36-bit bidirectional data port for side A.
FIFO2 almost empty flag. KEK Is synchronous to CLKA and is low when the number of 36-bit long words in FIFO2 is less
AEA o
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 isless
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,
AFB o FIFO2 almost full flag. AFEB 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.
BO~-B35 /0 | Port B data. 36-bit bidirectional data port for side B.
BE 1 Big-endian sslect. Selects the bytes on port B for use with byte 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 transfers 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 continuous clock that synchronizes all data transfers through port B and may be asynchronous
CLKB 1 or coincident to CLKA. Port B byte swapping and data port sizing operations are also synchronous to the fow-to-high
: transition of CLKB. EFB, FFB, AFB, and AEB are synchronous to the low-to-high transition of CLKB.
=K 1 PortA chip select. CSA mustbe low to enable alow-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.
=SB [ Port B chip select. CSB must be low to enable a low-to-high transition of CLKB toread or write data on port B. The BO~B35
outputs are In the high-impedance state when CSB Is high.
FIFO2 empty flag. EFA is synchronized to the low-to-high transition of CLKA. When EFA s 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 emptyflag. EFBIs synchronized to the low-to-high transition of CLKB. When EFBIs low, FIFO1 isempty, and reads
EFB O | are disabled. EFB is forced low when FIFO1 is reset 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 1 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, FIFOT is full, and writes to
FFA O | itsarray are disabled. FFA goes low when FIFO1 is resetand goes high on the second low-to-high transition of CLKA after
reset.
FIFO2 full flag, FFB Is synchronized to the low-to-high ransition of CLKB. When FFB Is low, FIFO2 Is full, end writes to
FFB O | itsarray are disabled. FFB goes low when FIFO2 is reset and goes high on the second low-to-high transition of CLKB efter
reset.
FS0. FS1 : Flag offset selects. The low-to-high transition of RESET latches the value of the FSO and FS1, which selects one of four
' preset values for the aimost empty and almost full offsets.
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 selscts data from the mail2 register for ouipm, and alow level selects FIFO2 data
for output.
Mailt register flag. fag. MBF1 Is set low by the low-to-high transition of CLKA that writes data to the mell1 register. MBF1 is |
MBFT O | setback high by a low-to-high transition of CLKB when a port B read is selected and both SIZ1 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 alow-to-high transition of CLKA when a port A read is selected and MBA Is high. MBF2 Is set high when
FIFO2 s 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 salects the typo of parity gensrated for each port if parity generation is enabled for
read operations.
- ———
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Terminal Functions (continued)

PINNAME | VO DESCRIPTION

Port A parity error flag. When any byte on AO—A3S fails parity, PEFA is forced low. Bytes are organized as AO—A8,
PEFA O | A9-A17, A18-A26, and A27~A35, with the most significant bit of each byte serving as the parity bit. The type of parity
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 tho most significant bit of each byte serving as the parity bit. A byte is valid when

=FE ° 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.
PGA I 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 [ Port B parity generation. A high on PGB selects parity to be generated for data read from port B. The level on the

ODD/EVEN parity select input determines the type of parity generated.

Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur while
RESET I RESET is low. This sets the AFA and AFB flags high and the EFA, EFB, AEA, AEB, FFA, and FFB flags low. The low-to-high
transition of RESET latches the status of FS1 and FSO for almost full and almost empty offset selection.

Port B bus size selects. A low-to-high transition of CLKB latches the value of $1Z0, SIZ1, and B_E for a bus size 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

Slzo, siz1 ! be selected from long word, word, and byte. A high on both SIZ1 and SIZ0 directs a write or read on port B to a mailbox
register.
Port B byte swap selects. At the beginning of each long word transfer, one of four modes of byte order swapping is selected
SWo, swi1 | by SWO0 and SW1. The four modes of byte order swapping are no swap, byto swap, word swap, and byte-word swap. Byte

order swapping is possible with any bus size selection.

W/HA | 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 A0O—-A35 outputs are in the high-impedance state when W/HA is high.

Port B write/read select. A high selects a writo 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.

W/RB |

FIFO function

The state of the AO—A35 outputs is controlied 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 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 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 controlled by CSB and W/RB. When both CSB and W/RB are low, the outputs
are active. The outputs are in the high-impedance state when either CSB 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 S120 or SIZ1
is low.

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 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 flag (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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FIFO function (continued)

Whenthe fullflag (FFA, FFB) of a port is low, the FIFO 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
amail 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 TSA is low, W/RA is high, ENA is high, and MBA is high.
B0~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 S120 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 aread is selected for port B and both SI20 and SIZ1 are 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 the BO—B35 outputs are active, mail1 data is output if both SI120 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 A0-A35.

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 (MBF1, 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 almost empty flags

Four preset values are available for the offsets of the almost full and aimost empty flags of the SN74ABT7815.
The flag select inputs (FSO0, 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 FSo0 | RESET OFFSET

H H t 16
H L t 12
L H t 8
L L 1 4
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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
little-endian formats to read data from FIFO1 orinput 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 (SI20, 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 regardiess of the bus size. The port B empty flag (EFB) and full flag (FFB) are based on
the bus size selection.
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A35 A27 A26 A18 A17 A9 A8 A0

BYTE ORDER ON PORT A: A B c D
B35 B27 B26 Bi8 B17 B9 B8 BO

BE 1r4] SIZo A B c D

X L L
(a) LONG WORD SIZE
B35 B27 B2 Bi18 B17 B9 B8 BO
/
w | s | sm . - | W W
/ g
L L H B35 B27 B26 B18 Bi17 B9 B8 BoO
| °| Y4 U
(b) WORD SIZE-BIG ENDIAN

B35 B27 B26 Bi8 B17 B9

B8 BO

BE Siz1 SlZzo / /) % C D
H L H B35 B27 B26 Bi8 B17 B9 B8 BO
L/
7/ 7/ EE
(c) WORD SIZE-LITTLE ENDIAN
B35 B27 B26 Bi18 B17 B9 Bf BO
BE SIZ1 Sizo A % 7///// /////

| W w4 v

B35

B27 B26 B18 B17 B9

.

%

Y

(d) BYTE SIZE-BIG ENDIAN

Figure 1. Dynamic Bus Slzing

Wirits to FIFO2/Read From FIFO1

Read From FIFO1/Wirite to FIFO2

1st: Read From FIFO1/Write to FIFO2

2nd: Read From FIFO1/Wilte to FIFO2

1st: Read From FIFO1/Write to FIFO2

2nd: Read From FIFO1/Wrlte to FIFO2

1st: Read From FIFO1/Wrlte to FIFO2

2nd: Read From FIFO1/Write to FIFO2

3rd: Read From FIFO1/Write to FIFO2

4th: Read From FIFO1/Write to FIFO2
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B3s B27 B2e B18 B17 B9 B8 BO

BE sizt sizo /// V//A 7//// D ‘| 1st: Road From FIFO1/Write to FIFO2

H H L B35 B27 B26 BI8 BI7 B9 B8 BO
Y /
7/ // % [ 2nd: Read From FIFO1/Writo to FIFO2
i v,

B35 B27 B26 B18 B17 B9 B8 BO

// % % B | 3rd: Road From FIFO1/Writo to FIFO2

B35 B27 B 18 B17 B9 B8 BO

7/ % % A 4th: Read From FIFO1/Write to HFO?

(o) BYTE SIZE-LITTLE ENDIAN

Figure 1. Dynamic Bus Slzing (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 (SW0, 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
alow-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 Ai8

A17 A9 A8 A0

sSW1 SWo A B c D
B A h
L L
A B c D
B35 B27 B26 Bis Bi7 B9 B8 BO
(a) NO SWAP
ASS A27 A26 A18 A17 A9 A8 A0
sw1 SWo A B c D
L H
D c B A
B35 B27 B26 BI18 Bi7 B9 BS BO
(b) BYTE SWAP
A35 A27 A26 A18 A17 A8 A8 A0
swi SWo A B c D
H L
c D A B
B35 B27 B26 B18 BI7 B9 Bs BO
(c) WORD SWAP
A35 A27 A28 A18 AI7 A9 A8 A0
swi SWo A B
H H
B A

B35 B27 B26 Bi8
(d) BYTE-WORD SWAP

B17 B9 Bs BO

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—A35 fails a parity check. The bytes are arranged
as A0O—A8, 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 B0O—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
Vece Supply voltage 4.5 55 v
ViH High-level input voltage . 2 \'
ViL Low-level input voltage 0.8 \
lon High-level output current -4 mA
loL Low-level output current 8] mA
Ta Operating free-air temperature 0 70 °C

TEXAS ‘4’2&
INSTRUMENTS
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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

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C; = 30 pF (unless otherwise noted)

PARAMETER FROM To "ACT7815-15 | 'ACT7815-20 | 'ACT7815-25 | 'ACT7815-40
(INPUT) (OUTPUT) MIN MAX| MIN MAX| MIN WAX| MIN max| o1
Trooe CLKA or CLKB 67 50 40 25 MHz
~ CLKA{ A0-A35 10 12 14 16
CLKBY Bo-B35 10 12 14 16
td CLKA{ EFA, FFA, ACA, AFA 10 12 14 16
CLKB! EFB, FFB, AEB, AFB 10 12 14 w| ™
MBA AC—A35 T 12 14 16
oo SIz1, sizot BO—B35 1 12 14 16
o MEA AB, A17, A26, A35 14 15 17 il
SIZ1, SIZ0 B8, B17, B26, B35 14 15 17 19
tonL CLKA} 10 12 14 16
L CLKB] MBFT ) T 13 ] ™
torL CLKB1 10 12 14 16
toLr CLKAt MBF2 ) T 13 B "™
AO—A35 — PEFA 13 14 16 18
tod — ns
BO-B35 FEFB 13 14 16 18
PEFA 12 13 15 17
tod ODD/EVER PEFB 12 13 15 7| ™
tPHL RE_g_ET AEA, AEB ns
trLH RESET —_Mém}?%:% - ns
TSA, WA AO-A35
fon TSB, WRB BO-B35 ne
TSA, WRA AO-A35
s | <SB,WiRs BO—B35 ns

1 Selecting between FIFO1 and maill output with SIZ1 and SIZ0 ,
% Parity generation is selected when reading a bypass register.

TEXAS Q‘
INSTRUMENTS
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SN74ABT7816
64 X 36 X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS129-JULY 1992

® Free-Running CLKA and CLKB May Be ° Passive Parity Checking on Each Port

Asynchronous or Coincident ° Parlty Generatlon Can Be Selected for
° Two Independent 64 x 36 Clocked FIFOs Each Port

Buffering Data In Opposite Directlons ° Low-Power Advanced BICMOS Technology
°© Almost Full/Almost 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 memory. 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.

PRODUCT PREVIEW | products In the farmative or Copyright © 1992, Texas Instruments Incorporated
design phase of development Characterisfic data and other o,
;o&l‘aﬂmn are design goals. Texas Instruments reserves the rightto {i’p
ange or discontinue these products withoutnofics. I EXAS
INSTRUMENTS s
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SCBS129-JULY 1992
R

SN74ABT7816
64 X 36 X2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

PCB PACKAGE
(TOP VIEW)

120 [1 A24
119 {1 A25
18 [0 A26
17 {3Vce
116 P A27
115 {1 A28
114 {J A29
113 J GND
112 0 A30
111 [3 A31
110 [J A32
109 J A33
108 [J A34
107 [J A35
106 [J GND
105 [J B35
104 [J B34
103 [J B33
102 0 B32
101 |J B31
100 [J B30

(=]
s
O©ONOO DN =

99 [0 GND
g8 [0 B29
97 [ B2s
96 [0 B27
95 D Vee
94 [0 B26
93 [1 B25
92 [ B24
91 2 B23

SO838858BAF YIS ILELBRAS

uubtbuuuuuduuduibuouoty

aﬁagggggﬁgggﬂgg

upuudoddduduoddouioouououduoudouy

< < oo0ooo0om

|<|<| EOé’<N<v—82[E
Wi Z¥|e O@LL oo ‘m ZZZzZz=z@O
L [00] W
<kBugsSrestizes====2
on:
[a]
(@]
NC—No internal connection
.
i
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SN74ABT7817
64 X 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS128—JULY 1992

Almost Full and Almost Empty Flags
Microprocessor Interface Control Logic
FF and AF Flags Synchronized by CLKA
EF and AE Flags Synchronized by CLKB
Passive Parity Checking on Each Port

Parity Generation Can Be Selected for Each
Port

Member of the Texas Instruments
Widebus+™ Family

Free-Running CLKA and CLKB May Be
Asynchronous or Coincident

64 x 36 Clocked FIFO Buffering Data From
Port Ato Port B

® Mallbox Register in Each Direction
° Dynamlic Port B Bus Sizing of 36 Bits (Long

Word), 18 Bits (Word), and 9 Blts (Byte) ® Low-Power Advanced BICMOS Technology
° Selection of Big- or Little-Endlan Format for : 'S:uptp:rts Clo;k Freq;l::cles up to 67 MHz
Word and Byte Bus Sizes ast Access Times of 11 ns
* Three Modes of Byte Order Swapping on ° Avallable In 132-Pin Quad Flat «
Port B Package (PQ) or Space-Saving 120-Pin

Shrink Quad Flat Package (PCB)

description

The SN74ABT7817 is a high-speed, low-power BICMOS clocked FIFO memory. 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 flag (AF) of the FIFO are two-stage synchronized to CLKA. The empty flag (EF)
and almost empty flag (AE) of the FIFO are two-stage synchronized to CLKB.

Widebus + is a trademark of Texas Instruments Incorporated.

IR
PRODUCT PREVIEW Information concemns products In the formative or Copyright © 1992, Texas Instruments Incorporated
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SN74ABT7817
64 X 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY
WITH BUS MATCHING AND BYTE SWAPPING

SCBS128-JULY 1992

PCB PACKAGE
(TOP VIEW)

4100 OND %o-—wggg%mwmmv—o%&g{;o%gag

38305385552338582 883588808838

iminininininizisisizizinininisisisisinisizininisinininininlin

ReeLePIoyroB88588288588858833885
A23 O 1 90 J B22
A22 0 2 89 0 B21
A21 3 88 [1 GND
GND [ 4 87 P B20
A20 O 5 86 |J B19
At9 6 85 |1 B8
A8 7 84 [1 B17
A17 s 83 [J B1e
Ale 09 82|J B15
A1s ] 10 81 P B14
A14 O 1 8o 1 B13
A13 12 79 P B12
A12 013 78 & B11
A1l O] 14 77 0 B10
At0 Q15 76 0 GND
GNDE:g 75389
A9 740 Bs
As O 18 73 B7
A7 Q19 72:'VCC
Vee 0 20 71 Bs
As 21 700 Bs
As [ 22 69 B4
A4 ] 23 68 P B3
A3 24 67 2 GND
GND O 25 66 |0 B2
EE i
Al 64 Bo
Ao [} 28 63 EFB
Nc [ 20 62 7 AEB
NC [} 30 ‘ 61 [ NC

SB35 8RITIAIVLLLERIISNRZIBELRIS

LlLJLH_IL.II_II_H_ILIL]LJUI_ILILILJLILH_ILJULILILILJLJI_]LIULJ

u &0 3E ED%"°ﬁﬁ mmomgmmo
EEgzsEsap M REER R

NC—No internal connection
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SN74ABT7818
64 X 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY

- SCBS127-JULY 1992
® Free-Running CLKA and CLKB May Be ® Passlve Parity Checking on Each Port
Asynchronous or Colncldent ~ © Parity Generation Can Be Selected for
® 64 x 36 Clocked FIFO Buffering Data From Each Port

Port A to Port B

Almost Full and Almost Empty Flags
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)

Low-Power Advanced BICMOS Technology
Supports Clock Frequencles up to 67 MHz

description

The SN74ABT7818 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 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.

PRODUCT PREVIEW Information concerns products In the formative or Copyright © 1992, Texas Instruments Incorporated
design phase o: dwdwmogl Characterisic data :dﬂm i
esign goals. reserves the
change of discontinue thees products without nofice. I EXAS
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SN74ABT7818
64 X 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY

SCBS127-JULY 1992

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 VIEV/)
— 256 Words by 1 Bit Each — SN74ACT2228 W)
1HF [ 24[]1RDCLK

Free-Running Read and Write Clocks May 1aF/AE [ 2 23f] 1RDEN
Be Asynchronous or Colncldent on Each
FIFO 1WRTCLK ({3 22{]10R

WRTEN[}4  21l1a
Input Ready Flags Synchronized to Write 1R[s 20{] 2AESET
Clocks 10[le 19l Ve
Output Ready Flags Synchronized to Read GaNDl]7 18[l2D
Clocks 1RESET[}s  17[]2R
Half-Full and Almost Full/Aimost Empty 2afje 16[] 2WRTEN
Flags 20R[J10  1s[l2WRTCLK
Support Clock Frequencies Up To 15 MHz ZR%%EQE :12 :: %ZG';/AE

° Characterized for Operation Over the 2 2

Industrial Temperature Range (-40°C
to 85°C)

° Access Times of 20 ns
° Low-Power Advanced CMOS Technology
® Avallable 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),
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 (11R 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.

IR,
PRODUCT PREVIEW Informstion concerns products In the formative o Copyright © 1992, Texas Instruments Incorporated
design phase of development. Charactadsic data and other »
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SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
——

logic symbolst

)
FIFO 84 x 1
s SN74ACT2226 .
RESET RESET 5
! IN RDY 1IR
1WRTCLK > WRTCLK 1
WRT w HALF-FULL . 1HF
1WRTEN RT
2 EN  ALmosT FuLLEMPTY - 1AF/AE
1RDCLK ” > RDCLK OUT RDY 10R
1RDEN RDEN
6 m C 21
D — ————— 10
20
2RESET T—B RESET 1
2WRTCLK p” > WRTCLK IN RDY 13 2R
2WRTEN WRTEN HALF-FULL | ” 2HF
12 ALMOST FULL/EMPTY 2AF/AE
2RDCLK > RDCLK 10
1 OUT RDY 20R
2RDEN RDEN
18 1 L 9 .
» 2] L
<D
FIFO 256 x 1
8 SN74ACT2228
RESET ——— RESET 5
! 3 IN RDY 1IR
1WRTCLK > WRTCLK . 1
IWRTEN — WRTEN HALPFULL 2 1HF
24 ALMOST FULL/EMPTY " 1AF/AE
1RDCLK " > RDCLK OUT RDY +oR
1RDEN RDEN
6 m L 21
i ——— ———— 10
20
2RESET 15——5 RESET 17
2WRTCLK o > WRTCLK IN RDY 13 2R
2WRTEN WRTEN HALF-FULL " 2HF
12 ALMOST FULL/EMPTY 2AF/AE
2RDCLK > RDCLK 10
1 OUT RDY 20R
2RDEN RDEN
18 ! - 9
w2 " =
T These symbols are in accordance with ANSI/IEEE Std 91-1984 and |IEC Publication 617-12.
L
l
TEXAS ’b
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SN74ACT2226, SN74ACT2228

DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES
JUNE 1992
SN74ACT2226 functional block diagram (each FIFO)
P Y
Location 1
RDCLK ——0—{ Synchronous > Road |—N\] Location2
RDEN Read Control | — Pointer |/
Dual-Port
SRAM
WRTCLK Synchronous > Writo 631
WRTEN Writo Control o— Polnter | __ ~ Location 63
Y A Location 64
:
AF/AE
L Status HF
Roset
L:glc R IR
RESET———— " OR
SN74ACT2228 functional block diagram (each FIFO)
P Y
Location 1
RDCLK Synchronous > Read Location 2
RDEN Read Control | ___ | Pointer
Dual-Port
SRAM
WRTCLK Synchronous > Writo 2581
WRTEN Write Control 0—]| Pointer } Locatlon 255
Y 4 Locatlon 256
:
AF/AE
S— Status HF
Reset
L:;fc R IR
RESET—— - OR
R
Qip
TEXAS
INSTRUMENTS
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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/almost 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 | Data input
GND 7 Ground
1HF 1 o Half-fullflag. 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 Inputready 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 02 Outputready flag. OR s synchronized to the low-to-high transition of RDCLK. When OR is 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 24 Read clock. RDCLKIs a continuous clock and may be independent of any other clock on the device. Alow-to-high
SRDCLK 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 23 | Read enable. When the RDEN and OR of a FIFO are high, datais read from the FIFO onthe low-to-high transition
2RDEN 1" of RDCLK.
1RESET 8 I Reset. Toresstthe FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must
2RESET 20 occur while FESET is low. This sets HF, IR, and OR low and AF/AE high.
Vee 19 Supply voltage
JWRTCLK 3 Wirite 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 . . . .
SWRTEN 16 | Write enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition of WRTCLK.
6-24 INSTRUMENTS
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SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMJ?@I&?

L
timing diagrams

WRTCLK p E | a2 b 3 ‘L 4 1 a2
WHTEN i //By‘///I // i
:
RDCLK A in 1 A i 2 A 3 A 4 A a E A 4—

© 0000000007 //////////
Z;;;;;//I////?ZZ;?Z?ZZ

PIMASSES

HF on’'t care

Flgure 1. FIFO Reset

TEXAS "J
INSTRUMENTS
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SN74ACT2226, SN74ACT2228

DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES
JUNE 1992
FESET o

|
]
|
]
| | | T
OR ] | T |
l | | [ |
| | | |
1 l 1 {
AF/AE | | | |
|
HF [
|
|
IR |
DATA BIT NUMBER BASED ON FIFO DEPTH
DEVICE DATA BIT
BA BB BC
SN74ACT2226 | B33 BS7 B65
SN74ACT2228 | B129 B249 B257
Figure 2. FIFO Write
L. I

' TEXAS “i}‘
606 INSTRUMENTS
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SN74ACT2226, SN74ACT2228
DUAL 64 X1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992

1
RESET 0

ST I e N vy R e PR e PN s IR O o Y
|

!
WRTEN—rL !
p 4 _er S T P P A A v e

STy Wy N P B T W

| L

[ |
I 1
[
I L 14
Q B1 X B2 X B3 B9 X Bto, BAX BB | BC X BD, BEX BF
LR

1 I
I I T I ) | 12 I
| | | I I

orR | | [ I I
| | I [ [ _
] { | I '

AFAE | | l | J

! | I
) !

HF | I
| |

DATA BIT NUMBER BASED ON FiFO DEPTH

DATA BIT
BA BB BC BD BE BF
SN74ACT2226 | B33 B34 B56 B57 Be4 B65
SN74ACT2228 | B129 B130 B248 B249 B256 B257

DEVICE

Figure 3. FIFO Read

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

Supply VORage range, Vo ««vvvveinnrns i iiiine ittt ioninrenieiininesiisinsaesans -05Vto7V
INPUEVOIAGE, V| ot e e e i e e i i e 7V
Operating free-air temperature range ...........ccvuieetrncerieennernnrsnreneronessans —40°C to 85°C
Storage temperature range .. .......oveuuiseirenernssierniernranssnraritionssransnns —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stross 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 Q’Iﬁ '
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SN74ACT2226, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992

recommended operating conditions

MIN MAX| UNIT
Vee Supply voltage 4.5 5.5 \
Vin High-level input voltage 2 A"
ViL Low-level input voltage 0.8 \
lon High-level output current Q outputs, flags -8 mA
loL Low-level output current Q outputs 16 mA
Flags 8
Ta Operating free-air temperature —40 85 °C

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

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VOH Vcc =45V, lon=—8mA 2.4 \%
Flags Vec=45V, lop =8 mA 0.5
Qoutputs |Vcc=4.5V, loL =16 mA 0.5
I VCC =55V, Vi =Vcc or0 +5 nA
|oz Vcc=56.5 v, Vo =Vcc or0 +5 uA
lec Vi=Vege=0.2Vor0 400 pA
Alect Vec=56.5V, Oneinputat3.4V, Other inputs at Vo or GND 1 mA
Gi Vi=0, f=1MHz ) PF
Co Vo =0, f=1MHz 8 pF

t All typical values are at Voo = 5V, 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 TYPt MAX| UNIT
Trmax 1WRTCLK, 2WRTCLK, or 1RDCLK, 2RDCLK 15 MHz
tog 1RDCLK?, 2RDCLK} 1Q, 2Q 20] ns
oy 1WRTCLK?, 2WRTCLK} 11R, 2IR 20f ns
tod 1RDCLK?, 2RDCLK? 10R, 20R 20| ns
tod 1WRTCLK?, 2WRTCLK? 1AF/AE, 2AF/AE 20| ns
tod 1RDCLKY, 2RDCLK} 1AF/AE, 2AF/AE 20[ ns
toLn 1WRTCLK?, 2WRTCLK} 20
oL TRDCLK, 2RDOLK] THF, 2HF o] ™
1AF/AE, 2AF/AE
feLn 1RESET, 2RESET low AE, 27F) he
toHL 1HF, 2HF
operating characteristics, Ve =5V, T = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
| Cod Power dissipation capacitance | Outputs enabled | C, = 50 pF, f=5MHz pF
i
TEXAS b
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SN74ACT2225, SN74ACT2228
DUAL 64 X 1 AND DUAL 256 X 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

JUNE 1892

PARAMETER MEASUREMENT INFORMATION

______ 3v
Input 1.5V

From Output | | oV
Under Test | |

ton _ﬁ‘—d
RL=500Q C_=50pF : 'q_‘b:'—tpm_
- - ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS

Figure 4. Load Clrcuit 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 J
1HF [ 1 28 [110E
® Free-Running Read and Write Clocks May
1AF/AE]]2 27[]1RDCLK
Be Asynchronous or Coincldent on Each AWRTCLK[]2 26[] 1RDEN
FIFO 1WRTEN[|4 25[J10R
° Input Ready Flags Synchronized to Write 1R[s afl1a
Clocks 1Dffe  23[]2RESET
° Output Ready Flags Synchronized to Read GND[]7 22[1Vee
Clocks ( GNDlls  21fJvee
~ ® Half-Full and Almost Full/Almost Empty 1RESET[|o 20[]2D
Flags 2allio  19fl2R
* Characterized for Operation Over the 20R[[11  18[]2WRTEN
Industrial Temperature Range (-40°C 2RDEN[J12  17[]aWRTCLK
to 85°C) ZRDCLKE 13 16 %ZAF/AE
° Support Clock Frequencles Up To 60 MHz ZOE. 14 15(2HF
° 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 onthe chip
is arranged as 64 x 1 (SN74ACT2227) or 256 x 1 (SN74ACT2229) 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),
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
whenthe write enable (1WRTEN or 2WRTEN) input and input ready flag (11R 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 anocther. 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 Information concems products In the formative or Copyright © 1992, Texas Instruments Incorporated
M& phase of development Characterisfic data and other o
cations are design gosls. Taxas instruments reserves the right to y ]
nge or these procucts ’rEXAS %&
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
logic symbolst
@
FIFO 64 x 1
9 SN74ACT2227
{RESET — D RESET 5
IN RDY 1R
1WRTCLK > WRTCLK 1
HALF-FULL 1HF
1WRTEN WRTEN 2
27 CDOLK ALMOST FULL/EMPTY = 1AF/AE
1RDCLK > RDC
o OUT RDY 10R
10E EN1
26
1RDEN RDEN
| C
6 24
o ——| 1Wh— 1a
23
2RESET —— RESET
17
19
2WRTCLK - E> WRTCLK IN RDY = 2R
2WRTEN " WRTEN HALF-FULL 2 2HF
2RDCLK > RDCLK Al mOST FULL/EMPTY 2AF/AE
14 1
20E 12 EN2 OUT RDY 20R
2RDEN RDEN ’
20 -1 C 10
2 ——] 2vl——— 20
)
i FIFO 256 x 1
o SN74ACT2229
1RESET —— D RESET 5
3 IN RDY 1R
1WRTCLK ————> WRTCLK
4 HALF-FULL 1HF
IWRTEN —— | WRTEN 2
27 ALMOST FULL/EMPTY 1AF/AE
1RDCLK ————}> RDCLK 25
2 D OUT RDY 10R
10E ——— | EN1
26
1RDEN RDEN
6 -1 C 24
o —— 1Vl 1a
23
2RESET — L RESET
17
19
2WRTCLK p > WRTCLK IN RDY 2 2R
2WRTEN 13 WRTEN HALF-FULL o HF
2RDCLK ” > ROCLK 5] MOST FULL/EMPTY L 2AFiE
20E o EN2 OUT RDY 20R
2RDEN RDEN
20 -1 L 10
20— 2vf—— 20

1 These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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SN74ACT2227, SN74ACT2229

DUAL 64 X 1 AND DUAL 256 X 1

FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992

SN74ACT2227 functional block diagram (each FIFO)

OE
P Y
Location 1
RDCLK Synchr g Read |—\_ Location 2
RDEN Road Control | Polnter —
Dual-Port
SRAM
WRTCLK Synchronous > Writo 64x1
WRTEN Write Control e—| Polnter |~ N ton 63
Y a Location 64
a
AF/AE
L | Status HF
Reset Logic IR
RESET——— i OR
SN74ACT2229 functional block diagram (each FIFO)
OE
° Y
Location1 -
RDCLK Synchr > Read |—\_ Location 2
: Read Control Pointer
RDEN — —V
Dual-Port
SRAM
WRTCLK Synchronous > Wrlte 2561
WRTEN Write Control o— Polnter -/ Location 255
Y a Location 256
a
- AF/AE
| Status HF
Resoet Loglc IR
RESET———— " OR
.
i
TEXAS ‘v
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992
Terminal Functions
PIN
Lo DESCRIPTION
NAME NO. .
1AF/AE 2 o Almostfull/almost empty flag. AF/AE is high when the memory is eightlocations or less from a full or empty state.
2AF/AE 16 AF/AE is set high after reset.
1D, 2D 6, 20 1 Data input
GND 7.8 Ground
1HF 1 o Half-full flag. HF is high when the number of bits stored in memory is greater than or equal to halfthe 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 19 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.
10E 28 I 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. -
10R 25 Outputready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR islow, the FIFO is empty
20R 1 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 24 o Data outputs. After the first valid write to empty memory, the first bit is output on the third rising edge of RDCLK.
2Q 10 . OR for the FIFO is also asserted high at this ime to indicate ready data.
1RDCLK 27 Read clock. RDCLKis a continuous clock and may be independentof any other clock on the device. Alow-to-high
2RDCLK 13 | 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 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 occur while RESET is low. This sets HF, IR, and OR low and AF/AE high.
Vee 2212 Supply voltage
TWRTCLK 3 Wirite clock. WRTCLK is a continuous clock and may be independent of any other clock on the device. A
JWRTCLK 17 | 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 . " —_— . .
SWRTEN 18 | Wirite enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition of WRTCLK.
—
TEXAS "!)
o4 INSTRUMENTS
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1
FIRST-IN, FIRST-OUT MEMB@IEJ?

timing diagrams

WRTEN D359 7 i
D
RDEN 7 I D{n/'t/czﬁ{ l/ | i
o
Y77pppidddd222ddddZzdz
o /S Z |
wne 20T | i
w s E |

IR on't care
%//////%A

Figure 1. FIFO Reset
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SN74ACT2227, SN74ACT2229
DUAL 64 X 1 AND DUAL 256 X 1

FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992

" RDEN | i ! , i 1
t T T T 1]
I | | | |
y } ; } } 1
OE | | | | | °
1 1 1 1
oW b
T T T T
| | ] t
OR
| | | | |
[ | I f
i | P }
AF/AE | | | |
{
HF |
|
J
IR |
DATA BIT NUMBER BASED ON FIFO DEPTH
DATA BIT
DEVICE
BA BB BC
SN74ACT2227 | B33  B57  B6S
SN74ACT2229 | Bi2s B249 B257
Figure 2. FIFO Write
Texas WP
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SN74ACT2227, SN74ACT2229
DUAL 64 X1 AND DUAL 256 X1
FIRST-IN, FIRST-OUT MEMORIES

JUNE 1992

1
RESET 0

WRTCLK f l { I } 1 l f 2 lS‘, 4_|__‘(, r-l_“ mm
|
V/RTEN ——}—I

o 4 _8F Y/ 7 T P T T T

o UL Ly FLy 1y F1F1

I |
RDEN |

[]
m

-

I
|
|
|

[+
ofF—F—-

I

OR

' :
I !
| I
1 |
{ |
| («
X B1o, BAY BB  BC X BD . BEX BF
13 7
? !
| |
| |
! L
L |

AF/AE

HF

L
LD

DATA BIT NUMBER BASED ON FIFO DEPTH

DATA BIT
BA BB BC BD BE BF
SN74ACT2227 B33 B34 B56 B57 Be4 B6S
SN74ACT2229 | B129 B130 B248 B249 B256 B257

DEVICE

Figure 3. FIFO Read

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

Supply voltage range, VoG« -vvvvviie it e it i i e -05Vto7V
g o TH L Vo] = To = TR 7V
Voltage applied to a disabled 3-state output ..........ccoiiiiiii i e e 55V
Operating free-air temperature range ...........cc.ovueiiiieriienrnrisieesinssnneennss —40°C to 85°C
Storage temperature FaNge ..........cviiieeiiernnrerrersensteennesaneeasosssnnnns -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 ‘553
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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
Veo Supply voltage 4.5 55 \'
Viy High-level input voitage 2 v
ViL Low-level input voltage 0.8 \'/
loH High-level output current Q outputs, flags -8 mA
oL 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 (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP' MAX| UNIT

Vou Vec=45V, loH=-8mA 2.4 \'4
Flags Vec=45V, lo =8 mA 0.5

VoL \
Qoutputs |Vcc=45V, loL=16mA | 0.5

I Vec=565V, V| =Veg or 0 +5 pA

loz Vec=55V, ' Vo =Vggor 0 +5 pA

lee Vj=Vgc—-0.2Vor0 400 pA

Alcct Voc=5.5V, Oneinputat3.4V, Other inputs at Vg or GND 1 mA

C V=0, f=1MHz 4 pF

Co Vo =0, f=1MHz 8 pF

T All typical values are at Vg = 5 V, Ty = 25°C.
# This s the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vog.

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 (NPUT) (OUTPUT) MIN TYP! MAX| UNIT
frmex 1WRTCLK, 2WRTCLK, or 1RDCLK, 2RDCLK 60 MHz
tod 1RDCLK?, 2RDCLK? 1Q, 2Q 12| ns
tod 1WRTCLKY, 2WRTCLK? 1R, 2IR 10 ns
tod 1RDCLK?, 2RDCLKT 10R, 20R 10| ns
tod 1WRTCLK?, 2WRTCLK? 1AF/AE, 2AF/AE 17| ns
tod 1RDCLK?, 2RDCLK} 1AF/AE, 2AF/AE 18] ns
toLn 1WRTCLK?, 2WRTCLK? 15
3 21
HL TRDCLK{, 2RDCLK] 1HF, 2HF 1w ™
toLH 1AF/AE, 2AF/AE :
RESET, 2
vy 1 RESET low FE BFF ns
fen 10E, 20E 10,20 Lol [N
Yis 14
operating characteristics, Voc =5V, Tp = 25°C
PARAMETER TEST CONDITIONS TYP | uNIT
Cg Power dissipation capacitance I Outputs enabled | C, = 50 pF, f=5MHz pF
——
Texas W
o INSTRUMENTS
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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 1.5V 1.5V
'\__/l —— —— oV

51|> R.=R1 = R2 tz —l e I
| [ toz —¥ [«

R | l | ~35V
F Output Output 1.5V | |
romOutput ¢ Tost Point Y
Under Tost — VoL

I
| A
R2 | — {o.av

oy M e L ¥ _ v,

< | anld
Output 15V toav
LOAD CIRCUIT -0V

VOLTAGE WAVEFORMS

CL’

Al

ENABLE AND DISABLE TIMES
PARAMETER R1, R2 Ct 3
ten tz’: 500 @ 50 pF c?::d
tais Z[‘; 500 Q 50 pF c?::d
(" 500 2 50 pF Open

1 Includes probe and test fixture capacitance.

Flgure 4. Load Circult and Voltage 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

Read Retransmit Capabliity From FIFO on
PortB

° Mallbox Bypass Reglster for Each FIFO

Programmable Almost Full and Almost
Empty Flags
Microprocessor Interface Control Loglc

IRA, ORA, AEA, and AFA Flags

Asynchronous or Coincldent Synchronized by CLKA
* Two Independent 512 x 32 Clocked FIFOs ° IRB, ORB, AEB, and AFB Flags
Buffering Data In Opposite Directions Synchronized by CLKB

Low-Power 0.8-Micron Advanced CMOS
Technology

Supports Clock Frequencles up to 67 MHz
Fast Access Times of 12 ns

Avallable In 132-Pin Quad Flatpack (PQ) or
Space-Saving 120-Pin Shrink Quad
Flatpack (PCB)

PCB PACKAGE
(TOP VIEW)
Q.S quilt o= TS0 o |- 0RO m, . Op o
5&8%&]‘&{%9%’&’9%% &%E&'@ﬁ%’%@%ié%w
minininisisisisinisizisizisinisisisinisisisisininininininin)
Q220 nd-23858838858385883885
csAfy TTFFFFFEEETRRRERRRRRR ooh 3B
W/HRAL 2 8o 0 WRB
ENAL3 88 [d ENB
CLKA O 4 87 J CLKB
Vec 45 86 |1 GND
A31 06 85 1 B31
A30}7 84 [ B30
GNDOs 83 ] B29
A29 9 82 P B2s
A28 [ 10 8t 0 B27
A27 0 11 aog B26
A28 ] 12 79 Vee
A25[] 13 78 0 B25
A24 ] 14 770 B24
A3 15 76 0 GND
GND [ 16 750 B23
A22 17 74 0 B22
Vec O 18 730 B21
A21 019 720 B20
A20 [ 20 71 P B19
A19 21 701 B18
A8 [} 22 69 [1 GND
GND O 23 es {0 B17
A17 24 671 B16
\ Ale [ 25 66 [1 Veo
A15[] 26 651 B15
A14 ] 27 641 B14
A13[] 28 631 B13
Vee 29 620 B12
A12[] 30 61 1 GND
"TNOLTDOMNODNANO T ANOTND OMNDHDO ~NMLINDNONDODDO
MOOMOOOOO0O0OTETTITIETTTTITONDODONDDWOINIWININIWO
02958590932 95°900C 00 08 R BaE"
== gl < o m QmAm e =
6<<<<<<%<<<>0 <<§ % ke oo
NC - No internal connection
PRODUCTION DATA Information Is current as of publicaion date. Copyright © 1992, Texas Instruments Incorporated
ﬁo&d:caﬂumbwodﬁuﬁmpqh-‘mof ‘exas Instruments i
Saing of s pasieers. 9 inchide TEXAS '&P
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SN74ACT7821
512 X 32X 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

JUNE 1992

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
flagsto 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.

TEXAS {if
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SN74ACT7821
512 X 32 X2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

JUNE 1992

functional block diagram

CLKA — *
CSA— ] PortA
W/RA Control »| Road
ENA Logic Polinter
MBA
! !
o S N 2 e
Registor < Dual-Port SRAM Reglster
| Einncnell I B FIFO2
&
:
FSo > Pointer
Fs1 > fAFo2 |« R5T2
ORA < Flag »- IRB
AEA < Logic » AFB
MEBF2 <
M a2 4 —— RDYB
] , 32 Mall2 32
4 Registor i
a2 N
9
’ 3 == B0O-B31
AO-A31 =4 — .32 Malll 9 32, 32
A 7 | Reglstor 11
HDYK—‘—{ 32, E
YYY 7 v
—1 A
AFA T < > MBFi
IRA o—1 FIFO1 > AEB
RSTT > Flnlg > ORB
Write |, Logle
Pointer |
‘ ' 3
v
32 512x 32 32
. FIFO1
4 <+— MBB
“— ENB
Read ‘ PortB “— W/RB
Control —<— TSB

Loglic —<— CLKB

TEXAS ‘&?’
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SN74ACT7821

512 X 32 X2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

JUNE 1992
Terminal Functions
PIN NAME | 110 DESCRIPTION
AO-A31 1/0 | Port A data. 32-bit bidirectional data port for side A.
FIFO2 almost empty flag. Programmable flag synchronized to CLKA. itis low when the number of words in FIFO2 is less
AEA o
than or equal to the selected value.
FIFO1 almost empty flag. Programmable flag synchronized to CLKB. Itis low when the number of words in FIFO1 is less
AEB o
than or equal to the selected value.
AFA o FIFO1 almost full flag. Programmable flag synchronized to CLKA. It is low when the number of empty locations in FIFO1
is less than or equal to the selected value.
FIFO2 almost full flag. Programmable flag synchronized to CLKB. ltis low when the number of empty locations in FIFO2
AFB o
is less than or equal to the selected value.
B0-B31 /O | Port B data. 32-bit bidirectional data port for side B.
CLKA I 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.
A | 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.
SB | PortB chip select. CSB mustbe low to enable a low-to-high transition of CLKB to read or write dataon port B, The BO —B31
outputs are in the high-impedance state when CSB 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 FS0 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 FS0 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 inputready flag. IRAis synchronized to the low-to-high transition of CLKA. When IRAislow, FIFO1 is full and writes
IRA o to its array are disabled. When FIFO1 is in retransmit mode, IRA 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 is 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 transition of CLKA that writes data to the mail1 register. MBFT 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 | sethighby alow-to-high transition of CLKAwhen a portAread s selected and MBA is high. MBF2 is sethigh 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 fow when
FIFO2 is reset and goes high on the third low-to-high transition of CLKA after a word is loaded to empty memory.
TEXAS ‘gﬁ”
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Terminal Functions (continued)

PIN NAME | 1O 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
FIFO1 is reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory.

EDVA o Port A ready. A high on W/RA selects the inverted state of IRA foroutput on RDYA, and alow on W/RA selects the inverted

state of ORA for output on RDYA.

RDVE o PortBready. Alow on W/RB selects the inverted state of IRB for outputon FTWB, and a high on W/RB selectsthe inverted
state of ORB for output on RDYB.

REM I FIFO1 read from mark. When FIFOT1 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.

HSTT | FIFOT1 reset. To reset FIFO1, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur
while RSTT islow. The low-to-high transition of RSTT latches the status of FS0 and FS1 for AFA and AEB offset selection.

RST2 | FIFO2 reset. To reset FIFO2, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur

while RST2 is low. The low-to-high transition of RS T2 latches the status of FS0 and FS1 for AFE and AEA offset selection.

FIFO1 retransmit mode. When RTM is high and valid data is present on the output of FIFO1, a low-to-high transition of
RTM 1 CLKB selocts the data for the beginning of a FIFO1 retransmit. The selected position remains the initial retransmit point
until a low-to-high transition of CLKB occurs while RTM is low, which takes FIFO out of retransmit mode.

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

W/RA ! transition of CLKA. The AO—A31 outputs are in the high-impedance state when W/RA is high.
W/RB | 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—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 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 CSA 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 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 TSB 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 IRBflag is high. Datais read from FIFO1 tothe 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, 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 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 theinput 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 fiag 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. Inthis way, a high on the output ready flag indicates that new datais 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 circumvent the 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 TSB
is low, W/RB is low, ENB is high, and MBB is high.

When data is written to a mail register, its mailbox flag (MBFT, MBF2) is set low. The MBFT flag is set back high
on alow-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 amailbox 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 intemnal 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 almost 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
simultaneously 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 1to 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 fiag 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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retransmit

FLAG PROGRAMMING TABLE

Fs1 Fso | RSTT | AST2 FIFO1 OFFSET FIFO2 OFFSET

H H t X X

H H X t 64

H L t X X

H L X t 16

L H t X X

L H X 1 8

L L { 1 Programmed from port A | Programmed from port A

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 45 55 Vv
Vin High-level input voltage 2 \'4
ViL Low-level input voltage 0.8 v
loH High-level output current -4 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 TYPt MAX| UNIT
Vou Vec =45V, loH==—4mA 24 v
VoL Vec =45V, lo,. =8mA 05 \'/

Iy Veec =55V, Vi=Vecor0 +5 WA
loz Vec=5.5V, Vo =Vgcor0 +5 pA
|oc Vcc =55 V, V| = Vcc -0.2Vor0 400 plA
Algc¥ Vec =55V, One inputat3.4V, Other inputs at Vo or GND 1 mA
[ Vi =0, f=1MHz 4 pF
Co Vo =0, f=1MHz 8 pF
T All typical values are at Vo = 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 Vcc.
TEXAS ‘Q’P
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C; = 30 pF (unless otherwise noted)

PARAMETER FROM To "ACT782115 | 'ACT7621-20 | 'ACT7821-25 | "ACT78210 |
(INPUT) (OUTPUT) MIN MAX| MIN MAX| MIN MAX| MIN MAX
T CLKA or CLKB 67 50 20 25 MHz
- CLKA? AO—A31 12 13 15 17
CLKB1 BO—B31 12 13 15 17
CLKA? IRA 12 13 15 17
CLKB1 IRB 12 13 15 17
CLKA? ORA 12 13 5 17
td ns
CLKB1 ORB 12 13 15 17
CLKA? AFA 12 13 15 17
CLKBt AFB 12 13 15 17
CLKA? AEA 12 13 15 17
CLKB1 AEB 12 13 15 17
vy CLKA? — 1 12 14 1 -
tin CLKB1 11 12 14 16
torL CLKB1 T 12 14 16
T CLKAT WMBF2 T 2 14 ] ™
MEA AO-A31 T 12 14 16
tod MBB BO-B31 T 12 12 | ™
RoT1 AED
toHL T A ns
RSTT AFA
toLH RST2 3 F5 ns
, RSTT MBFT
i FST2 WBF2 ne
TSA, WA A0-A31
ten TSB, WRB BO—B31 ns
CSA, WA AO-A31
ais TSE, WRB Bo—Ba1 ns
. L ]
TEXAS "\’f
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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 ¢ Low-Power 0.8-Micron Advanced CMOS
Buffering Data in Opposite Directions Technology
© Mailbox Bypass Register for Each FIFO ° Subporis Clock Frequencies up to 67 MHz
© Programmable Almost Full and Almost © Fast Access Times of 12 ns
Empty Flags o Available in 132-Pin Quad Flatpack (PQ) or
© Microprocessor Interface Control Logic Space-Saving 120-Pin Shrink Quad
[ J

IRA, 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 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.

PRODUCT PREVIEW information concerns products In the formative or Copyright © 1992, Texas Instruments Incorporated

dosgn phams ot Sevlopment Crancirictc dite it i
<l of discontinue ":pm:m: wlmutmﬂcr:.m " MS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 6-49

PRODUCT PREVIEW



M3IA3Hd 109NAO0Hd

SN74ACT7822

512 X 36 X2 CLOCKED FIRST-IN, FIRST-OUT MEMORY

JUNE 1992
PCB PACKAGE
(TOP VIEW)
0% g1 < < ok |E<'F-'- D.-IEEDE opm® nomEn? ,
sosspes SEfede p5 o Be SEEERZ RS2 S 8
mininisisinisinisisisininisinisininininisinialisinininisininl
22k nN 2885883 885838588588 5
Ay " TTTTTTTTTTTTTT T TT 90 {1 B35
A34 2 8o [1 B34
A33 03 ss H B33
A320] 4 87 K B32
VccES 86 |2 GND
A31 s 852 B31
Ao 7 841 B30
GNDOs 83|d B29
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A19 O 21 70 ] B18
A18 [ 22 69 0 GND
GND [ 23 68 1 B17
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Ale ] 25 66]Vcc
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A4 27 641 B14
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functional block diagram
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r_l' !
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Terminal Functions
PINNAME | 1/0 DESCRIPTION
A0-A35 1/0 | Port A data. 36-bit bidirectional data port for side A.
FIFO2 almost empty flag. Programmable flag synchronized to CLKA. itis low when the number of words in FIFO2isless
AEA o]
than or equal to the selected value.
FIFO1 almost empty flag. Programmable flag synchronized to CLKB. Itis low when the number of words in FIFO1 is less
AEB (0]
than or equal to the selected value.
FIFO1 almost full flag. Programmable flag synchronized to CLKA. Itis low when the number of empty locations in FIFO1
AFA o |.
is less than or equal to the selected value.
FIFO2 almost full flag. Programmable flag synchronized to CLKB. Itis low when the number of empty locations in FIFO2
AFB o |.
is less than or equal to the selected value.
B0-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. IRA, ORA, AFA, and AEA are all 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.
CSA | PortA chip select. TSAmustbe 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 hlgh-lmpedance state when CSA is high.
SB i Port B chip select. TSBmustbe lowto enablea 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 write data on port A.
ENB I 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 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 FS0 and FS1 are low when RST1 and RST2
go high, the first four writes to FIFO1 program the almost full and almost empty offsets for both FIFOs.
FIFO1 inputready flag. IRAis synchronized to the low-to-high transition of CLKA. When IRA s low, FIFO1 is full, and writes
IRA O |toitsarray are disabled. 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|RBis low, FIFO2 s full, and writes
IRB O |toitsarray are disabled. IRBis 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 alow 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—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. MBF1 is set low by the low-to-high transition of CLKA that writes data to the mail1 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.
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 a low-to-high transition of CLKAwhen a portA read is selected and MBA is high. MBF2 is also 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 datais present on the outputregister 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 & word is loaded to empty memory.
Texas WP
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Terminal Functions (continued)
PIN NAME | /O DESCRIPTION
FIFO1 outputready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORBis low, FIFO1 isempty,
ORB (o] and reads are disabled. Ready data is present on the output register of FIFO1 when ORB is high. ORB is forced low

when FIFO1 isreset and goes high on the third low-to-high transition of CLKB after aword is loaded to empty memory.

FIFO1 reset. Toreset FIFO1, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur
RST1 1 while RSTT is low. The low-to-high transition of RSTT latches the status of FSO and FS1 for AFA and AEB offset
solection.

FIFO2 reset. To reset FIFO2, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur

RST2 | while RST2 is low. The low-to-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA offset
selection.
W/RA | Port A write/read select. A high selects a write operation and a low selects aread operation on port A for a low-to-high
transition of CLKA. The AO—A35 outputs are in the high-impedance state when W/RA is high.
W/RB | Port B write/read select. A low selects a write operation and a high selects aread 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 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 CTSA or W/RA is high. Data is written to
FIFO1 from port A on the low-to-high transition of CLKA when CSA 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 CSA 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 controlled by CTSB and W/RB. When CTSB is low and W/RB is high, the
outputs are active. The outputs are in the high-impedance state when either CTSB is high or W/RB is low. Data
is written to FIFO2 from port B on the low-to-high transition of CLKB when CSB is low, W/RB is low, MBB is low,
ENBiis high, and the IRB flag is high. Data is read from FIFO1 tothe 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, 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 areliable synchronous controi signal. CLKA
synchronizes the status ofthe 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-bitword may be exchanged between ports and circumvent the 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 amailbox register remains intact after it is read and changes only when new data is writtento 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 withrespect
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 almost 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 (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 flag default value at the time
of the rising edge of RST1 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 FS0 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 fiags in the order of AEA, AEB, AFA and AFB. The
offsets may be programmed from 1 to 508. The IRB fiag 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 FSO0 | RSTT | RST2 FIFO1 OFFSET FIFO2 OFFSET
H H t X 64 X
H H X H X 64
H L t ) X 16 X
H L X 1 X 16
L H 1 X 8 X
L: H X t X 8
L ] L t 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 voltage range, Voo <+ .vten e e e, T e CAA G AT
InpuUtvVoltage, V| ... e e i e e e 7V
Voltage applied to a disabled 3-state output .......... e 55V
Operating free-air temperature range ......... Chenaeeees Ceereeanes Cieraeees ciiiisene.., 0°Cto70°C
Storage temperature range .......c.uvueiiiienririiitinientariitieratiesiioreaines —65°C to 150°C

t Stressas beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings cnly, and
functional opsration 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

MIN MAX| UNIT

Vee Supply voltage 4.5 55 \'4

ViH High-level input voltage 2 \'

ViL Low-level input voltage 0.8 \

loH High-level output current -4 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 TYP? MAX| UNIT
VoH Vec =45V, lon==4mA 2.4 v
Vo|_ Vcc =45V, IOL =8mA 0.5 \"

] Vocc =55V, Vi=Vgcor0 +5 pA
|oz Vcc =55V, Vo = Vcc or0 +5 pA
|oc Vcc =55V, V| = VCC -0.2Vor0 400 pA
Algc’ Veec =55V, Ono inputat 3.4V, Other inputs at Vg or GND 1 mA
G Vi =0, f=1MHz 4 pF
C, Vo =0, f=1MHz 8 pF
# All typical values are at Vog = 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 Ve
— — —
TEXAS {’”
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switching characteristics over recommended ranges
temperature, C; = 30 pF (unless otherwise noted)

of supply voltage and operating free-air

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

FROM To "ACT7822-15 | 'ACT7822-20 | 'ACT7822-25 | 'ACT7822-40
PARAMETER (INPUT) (OUTPUT) MIN MAX| MIN MAX| MIN MAX| MIN MAX UNIT
T CLKA or CLKB o7 50 40 25 MHz
CLKA? AO—A35 12 13 15 17
CLKB1 BO—B35 12 13 15 17
CLKA? IRA 12 13 15 17
CLKBt IRB 12 13 15 17
CLKA? ORA 12 13 15 17
tod ns
CLKB! ORB 12 13 15 17
CLKA{ AFA 12 13 15 17
CLKBY AFB 12 13 15 7
CLKA?t AEA 12 13 15 17
CLKB? AEB 12 13 15 17
tomL CLKA? 11 12 14 16
B CLKBY MBFT T 12 14 Bl ™
ey CLKBt T 12 14 16
toin CLKA? MBF2 T 12 14 ] ™
MBA AO-A35 T 12 14 16
b MBB Bo-B35 T 2 4 3
RSTT AEB
toHL FST2 EA ns
ST AFA
teun RS12 AFB ns
RSTT WBFT
tPLH T2 TEF2 ns
TSA, WRA A0-A35
fon TSB, WRB Bo-B35 ns
TSA, WRA AO—A35
ais TSB, WRB BO-B35 s
. -]
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Member of the Texas Instruments
Widsbus+™ Family

® Free-Running CLKA and CLKB May Be
Asynchronous or Coincldent

® 1024 x 36 Clocked FIFO Buffering Data
From Port Ato Port B

® Retransmit Capabllity
® Mallbox Reglster In Each Direction
® Programmable Almost Full and Aimost

Microprocessor Interface Control Logic
IR and AF Flags Synchronized by CLKA
OR and AE Flags Syn\chronlzed by CLKB

Low-Power 0.8-Micron Advanced CMOS
Technology

° Supports Clock Frequencles up to 67 MHz
Fast Access Times of 12 ns

Avallable In 132-Pin Quad Flatpack (PQ) or
Space-Saving 120-PIn Shrink Quad

®© © o o

Empty Flags Flatpack (PCB)
PCB PACKAGE
(TOP VIEW)
of g o  olgk0o,-SS o . 00kopEnd ,
2oosBe s S BEib R i Eo0B2BERLE S 3
misinininiuininininininizsininisinisizizislaininisininlisislsl
R22-erxnd - 2385883 3358385883385
%11 = PR 90 |1 B35
A3402 89 |1 B34
A33[]s 88 P B33
A320]4 87 [ B32
VCCC 5 86 |1 GND
A310se 85 [J B31
As0}7 84 P B30
GND O 8 83 H B29
A29 09 82 |20 B28
A28 10 81 P B27
A27 O 11 80 1 B26
A26 ] 12 79 P Vee
A25 13 78 1 B25
A24T] 14 770 B24
A23 ] 15 76 P GND
GND [ 1e 75 1 B23
A22 017 740 B22
Vec O 18 731 B21
A21 19 720 B20
A200] 20 710 B19
A19 21 70 0 B18
A18[] 22 69 0 GND
GND [ 23 68 [1 B17
A170 24 67 [ B16
Aled 25 66 {1 Voo
A150 26 651 B15
A14 3 27 641 B14
A13([] 28 631 B13
Vec g 29 621 B12
A120 30 61 [J GND
EOERI885R3ITVRILLLER23 033 B85833
0055 R 80539 9V 908 AR08 aE 8RO
Trl<scE L 8= oo Q@ 2=
<< 5 0 5 5 ° @
NC — No internal connection
Widebus + is a trademark of Texas Instruments Incorporated.
PRODUCT PREVIEW Information concerns products In the formative or Copyright © 1992, Texas Instruments Incorporated
dul.g ase of development Characterisfc data and other o
;." w?‘"‘ud“'g.‘m’z'lfm“m"‘"“” %
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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 Ato 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 s:mple 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.

=g functional block diagram
g CLKA
TEBA— pPonta
O W/HRA ————— ] Control »| Read
c ENA —— — | Loglc Polinter
2 MBA ———————— ! v
o | IPEL] 1K x 38
o l Roglstarl - > DuaI-Po)r(t SRAM Reglster
m 38 A
36
m y > Write
S FSo > Polnter
FS1 »>- < HST
g IR < - < ATM
AF < ag < RFM
WBF2 < Logle > OR
36 > AE
A > MBF1
A0-A35 —¢ — o] Malll 2, >
Reglster | > BO-B35
1 , 36 Mall2 36,
‘Q, < Y Register ’
A l ¢
MBB
PotB [ ¢ ENB
Control < W/RB
Logic -———<— ©SB
< CLKB
]
i
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FIFO function

The state of the AO—A35 outputs is controlled 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 CSB 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, 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 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 controi 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 almost 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 amail 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 (VBF1, MBF2) is set low. The MBF1 flag is set
high onthe low-to-high transition of CLKB when aread 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 (MBF1, 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 fiag 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 flag’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 | RAST AF and AE
H H t 64
H L t 16
L H 1 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 aretransmit. 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 is selected after taking the FIFO out of retransmit mode by putting the device in retransmit mode
again.
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Terminal Functions

PINNAME | /O DESCRIPTION
A0-A35 1/0 | Port A data. 36-bit bidirectional data port for side A.
AE o Almost empty flag. Programmabile flag synchronized to CLKB. it is low when the number of words in the FIFO is less than
or equal to the selected value.
AF o Almost full flag. Programmable flag synchronized to CLKA. Itis low when the number of empty locations in the FIFO is
less than or equal to the selected value.
B0--B35 1/0 | Port B data. 36-bit bidirectional data port for side B.
CLKA 0 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 clock. CLKB is a 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.
CSA I Port A chip select. CSA mustbe low to enable alow-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.
osB | PortB chip select, CSB mustbe law to enable alow-to-high transition of CLKB to read or write data on port B. The BO-B35
outputs are in the high—-impedance state when CSB 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 R?T latches the states of FSO and FS1. If either 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 almost full and almost empty flags.
! If both FSO and FS1 are low when RST goes high, the firsttwo writes to the FIFO program the almost full and almostempty
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 o 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 secand low-to-high
transition of CLKA after reset.
MBA | Port A mailbox select. A high level chooses a mailbox 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 write operation. When the BO-B35
MBB | outputs are active, a high level on MBB selects data from the mail1 register for output, and a low level selects FIFO data
for output.
F— o | Maill register flag. MBFT is set low by the low-to-high transition of CLKA that writes data to the mail1 register. MBFT 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.
WGB3 o |Mail2register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to 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 FIFOis empty, and reads
OR O | aredisabled. Ready datais present on the outputregister 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 i Read from mark. When the FIFQ 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.
ST | Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of CLKB must occur while
RST is low. The low-to-high transition of RST latches the status of FS0 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
RTM | CLKB selects the data for the beginning of a retransmit. The selected position remains the initial retransmit point until a
fow-to-high transition of CLKB occurs while RTM is low, which takes the FIFO out of retransmit mode.
W/RA | 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 I 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
Vce Supply voltage 4.5 5.5 v
ViH High-level input voltage 2 \'4
ViL Low-level input voltage 0.8 v
lon High-level! output current ~41 mA
loL Low-leve! output current 8 mA
Ta Operating free-air tsmperature 0 70 °C

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

‘| PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT

Vo Vec =45V, lo=—4mA 24 Vv

VoL Vec =45V, loL=8mA 0.5 v

] Vec =55V, =Vggor0 +5 A
loz Vec=5.5V, Vo =Vgcor0 +5 pA
lec Vec =55V, Vi=Vgc=-0.2Vor0 400 pA
Algct Vec =55V, One inputat3.4V, Other inputs at Vg or GND 1] mA
Cj V=0, f=1MHz 4 pF
S Vo=0, f=1MHz 8 PF

1 All typical values are at Vog = 5 V, Ty = 25°C.

¥ This is the supply cutrent for each input that is at one of the specified TTL voltage levels rather 0 V or V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, C_ = 30 pF (unless otherwise noted)

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

FROM T0 "ACT7823-15 | 'ACT7823-20 | 'ACT7823-25 | "ACT782340
PARAMETER UNIT
(INPUT) (OUTPUT) MIN MAX| MIN MAX| MIN MAX| MIN MAX
fmax CLKA or CLKB 67 50 40 25 MHz
CLKBY B0-B35 12 13 15 17
CLKAt IR 12 13 15 17
toa CLKBY OR 12 13 15 7] ns
CLKAt AF 12 13 15 17
CLKBt AE 12 13 15 17
oL CLKAt 1 12 14 16
T CLKBf WEFT I 12 14 Bl ™
[y CLKBt — 1 12 14 il .
oL CLKAY 1 12 14 16
1 MBB B0-B35 1 12 14 16| ns
tPHL RST AE ns
AF
teLH RST WBFT, MBr2 ns
N CSA, WRA A0O—A35 10 11 12 iEl .
n CSB, W/RB BO-B35 10 1 12 13
) CSA, WRA A0-A35 10 1 12 13 ns
tais CSB, W/RB B0-B35 10 11 12 13
TEXAS ‘b’
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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 SN74ALS2232A 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
addressing, 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.

|L’— f«n M —>|
~__ D O
EMPTY
OE
(Qo[-,g";l, 8:; 3( Word X X Word (X + 1)
tn=12ns tw2=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 an increase in the number of outputs switching from high to low, anincrease
in output load capacitance, and an increase in Voc. 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 SN74AL.S2232A and SN74A1LS2233A, 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 SN74ALS2233A 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 a device are controlled by eliminating voltage
reflections due to transmission line effects.

In an unusually noisy environment 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 logiclevel, a very quick voltage transient (about 3 to 5 ns) caused by ground noise can trigger a pulse on the one-shot
output. A Jow-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.
UNCKor _ L ,
LDCK 3)_—4(_ CLK Pulse

-

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 FULL 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.

g SYS2 Clock
READ Enable

SYS1 Clock 2 SN74ALS2232A
or
WRITE Enablo . SN74ALS2233A

1>ECK UNCK<‘|—‘
Q Q 4 FULL ENPTY > Q > Q
D D ———| L D D

Do-D7,D8 | > | DATA> > Qo-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-bitinput 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.
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1K x 9 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).

DAF —

UNCKA —

LDCKA —
RSTA —]
SBA —]
GBA —

AO-A8 Y

HFB

FULLB

\) FULLA
Flag EMPTYA
Logic AF/AEA
HFA
TA
Road Location 1
Polnter >
Write 1024 x 9 RAM
Polnter >
Location 1024
()] .
2 7K
1K= N a3 — SAB
2:1 MUX L 3 EN4 — GAB
B 4V ¢ Bo-B8
’ 2:1 MUX
Location 1024
< Writo | _ UNCKB
Pointer
1024 x 8 RAM
< Read — LDCKB
Polinter
Location 1
VAN
Flag — RSTB
Logic — DBF

EMPTYB
AF/AEB

7Y

Figure 1. SN74ACT2235 Block Dlagram
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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 anunload 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 Vo and Vg, levels. Two-stage
synchronization of the flags reduces the probability of a metastable-induced failure.

°- o

Sys Sys
Cli1 ? ? cik2
'ACT2235

Write Write'
EN1 LDCKA LDCKI EN2

UNCKB  UNCKA
GBA GAB

H-$—]sAB SBA H
P e G

FULLA _FULLB
— EMPTYB EMPTVA |—

e ‘= AC-AB B0-B8

"ACT2235
LDCKA LDCK 18-Bit
UNCKB  UNCKA L ﬁ L oa
GBA GAB 1 Read

e sabrw e
ez i
EMPTYB EMPTYA

AO-AB Bo-B8

18-Bit
Data

Note: Two devices are used for 18-bit width expansion.

Flgure 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 amaximum 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 = t(:ycle + tpd min — tpcl max (63
Data from an *’ACT2235 operating at a 50-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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For ’ACT2235-20: t;g min = 12 ns, t,g max =25ns, ty=7ns

Flgure 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
unbrokenstream. 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.

m—-o—Do———Bc e

r
MUX
c
AO-AB it p Q a1
. C . r
9
et T <2 15 by AF/AE Oftsot
9 4 Value (X)
Default Value wplomed 4
of 256

Figure 4. AF/AEA Flag Programming Loglc 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 A0-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 Igy, and an 8-mA Iog 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 indoing 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 Vcc 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 Vcc lines. The *ACT2235 has four
GND and two Vg pins in parallel. The resulting ground inductance is about 1/4 that of a single connection, and Ve
inductance is divided in half.

Reducing di/dt per output transistor is another way to minimize voltage transients. TI’s patented 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 .1

The result of a Vo p test on the >ACT2235 is shown in Figure 6. Vop 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 measured. 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.

1 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 Increasing 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 Imstruments 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 adjustments 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 foruse 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
captures 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 metastable 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:
L
ex(z)

MIBF, = ——F
! tn fc f d
where
t, = flip-flop constant representing the time window during which changing data will invoke a failure
t; = resolve time allowed in excess of the normal propagation delay
v = flip-flop constant related to the settling time of a metastable event
f. = clock frequency
fa = 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.

The MTBF decreases as clock and data frequency increase and as the time allowed for a metastable event to settle (t;)
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. o

Clock > Q |—> Qf—— Sync

Flag

Async
Flag

Figure 2. Two-Stage Synchronizer
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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:

t, +%-— t,
exp| —7—
MIBF; = ——————————
z Lo fe fa
where
tp = propagation delay of the first flip-flop.
/TN /
READ WRITE \ h |
CLOCK f CLOCK
wN v m
SYNC SYNC
EMPTY FULL
Lu‘?".m 378,100 55,160 ~37.450 M-az.sse 57,660
5 ns/div 3 ns/div
1.=50MHZ 14=5MHZ V=5V 1.=667MHz f3=67MHz V=5V
(a) ONE-STAGE SYNCHRONIZATION (b) TWO-STAGE SYNCHRONIZATION

Figure 3. Storage Oscllloscope 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 SN74ACT7807 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

CLOCK CYCLE
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 x 18
SN74ACT7804 , 512x 18
SN74ACT7806 No 256 x 18 20, 25, 40 56 SSOP
SN74ACT7814 64x18
64 SQFP
SN74ACT7807 Yes 2K x9 15, 20, 25, 40 44 PLCC
64 SQFP
SN74ACT7808 No 2Kx9 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 in2, while two
56-pin SSOP packages cover only 0.59 in2,

1
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0.4

0.3
0.2
0.1

64 SQFP 56 SSOP 80 SQFP 32 PLCC 44 PLCC 68 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. Bidirectlonal 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 number of timing constraints.

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 0r 36

SSOP = shrink small-outline package
PLCC = plastic leaded chip carrier
SQFP = shrink quad flat pack

QFP = quad flat pack

This application report discusses several topics concerning the FIFO packages listed in Table 1:

o The thermal resistance, Rgja, 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. Raja 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 (Ty) can
be determined using equation 1.

Ty = RejaxPr+Ty M
where

T; = chip junction temperature (°C)

Rgja = thermal resistance, junction to free-air (°C/watt)

Pr = 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, Rgja, for. FIFO Packages

LEAD Reya ('C/W)

PACKAGE FRAME OLFPM 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 32.7 27.8
64-pin SQFP Copper 92,5 87.8 N/A 729 57.8
80-pin SQFP Copper 87.8 79.1 N/A 67.3 54,2
120-pin SQFPT Copper 49.6 443 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 aresult,
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 turnto steam and expand rapidly. The stress
caused by this expanding moisture can result ininternal 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 resealed 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 floorlife 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

SHIPPING METHOD

PACKAGE T DRY PACK
TUBE TAPE/REELT | TRAYS'
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 N/A 50 Yes
120-pin SQFP N/A N/A 50/848 Yes
80-pin SQFP N/A N/A 50 Yes
T Texas Instruments reserves the right to change any of the shipping quantities at any
time without notice.

# 18 packagescanbe packed in a single tube when pin isused as atap, or 19 packages
can be packed in a tube when plug 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 Paclkage 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 paperisintended 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 TI 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 alatch or a flip-flop. In a synchronous system, the data will always have a fixed relationship with respect to the clock.
Aslong 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
go to anintermediate 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 (tp) 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 remain 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 thatit must be valid foruse (forexample, as an inputto another
stage). Therefore, the amount of resolve time allowed a device plays a large role in calculating its failure rate.

Transmission
Gato

Data —
Input % »— Output

Clock

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

Flt) = e(~4/7) e

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 events can be calculated by taking the
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:

(te/7)
1 _ MIBF, = — 2
failure rate Fi = ty fc £y @
where
t. = the resolve time allowed in excess of the normal propagation delay time of the device
1 = the metastability time constant for a flip-flop )
to = aconstant related to the width of the time window or aperture wherein a data edge will trigger a metastable

event
f. = the clock frequency
fg = the asynchronous data edge frequency



The parameters tp 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:

th — t
12 1l
T = 3
In(N1/N2) ®)
where
t1 = resolve time 1
tp = resolve time 2
N1 = the number of failures relative to tg
N2 = the number of failures relative to t;3

After determining the value for T, tg may be solved for directly.
The formula for calculating the MTBF of a two-stage synchronizer is merely an extension of equation 15:

e(trlﬁ) (t /'c)
F, = —— X e\ 12 4
2ty fe £y
where
t;1 = theresolve time allowed for the first stage of the synchronizer

tz = theresolve time allowed in excess of the normal propagation delay external to the device
fe, f4, 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 1,5, 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
ratesindependent 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
1o 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 to the write clock 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



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 generated in a similar manner at the empty boundary condition and is synchronized to the read clock through a
three-stage synchronizing circuit. .

Internal .
Asynchr D a DO DC D aQf—> :Z?uf I:g
Flag Signal p

CLK Internal Loglc 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
to one another, the potential for the output of the first stage of the synchronizer to go to a metastable state exists. If this
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
undertest(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, is 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 182 clocked FIFO
and an SN74ACT7807 2K x 9 clocked FIFO. The device is initially written full to set IR low at the boundary condition.
Avread clockis 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 ns 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 generate a metastable occurrence on the 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,, and the resulting failure rates were recorded.



Test Resuits
SN74ABT7819 Fallure Rates'

RESOLVE TIME, NUMBER OF NUMBER OF MTBF
12 (n8) FAILURESHOUR FAILURES/SECOND (SECONDS)
0.27 890 0.2472 4.04
0.39 609 0.1692 5.91
0.53 396 0.1101 9.08

Voo =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 t. Because the individual flip-flops comprising the two-stage synchronizer cannot be measured
separately, it is first assumed that the values fort and t 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;3. 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:

1%] = 3.94 ns (5.24-ns clock period — 1.3-ns setup and delay time)
to = 0.27 ns (set externally at IR output by CLK1)

f. = 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 tg 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
: T (ns) 1o (ps) T (ns) %o (ps)
45V 0.33 16.9 0.50 113
25°C 50V 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.

MTBF Comparison

With the constants T and tg 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 tg 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, = 16ns (30-ns clock period — 9-ns propagation delay — 5-ns tgy)
f. = 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,

tr = 6 ns (20-ns clock period — 9-ns propagation delay — 5-ns tgy)

fo = S0MHz

fag = 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-pm 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,

t;1 = 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 tgy)
f. = 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 Comparisonst
CONDITIONS ACT 1-STAGE ABT 1-STAGE ACT 2-STAGE ABT 2-STAGE
fo=33MHz, f3=8MHz 8400 years 8.1 x 109 years 262 x 1055 years | 4.77 x 1047 years
fo= 40 MHz, f3=10 MHz 92 days 1400 years 3.56 x 10 years | 2.18 x 1034 years
fo =50 MHz, fy=12MHz 2 hours 4.90 x 100 years | 1.00 x 1027 years
fo=67 MHz, fy=16 MHz 417 years 1.28 x 10° years
fo = 80 MHz, f4=20MHz 2900 years

t Assumptions for the MTBF comparisons:
1) The values for t and t are those given previously for both the ABT and ACT devices with Vo= 4.5V, Ta = 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 a device) may be predicted to give an indication of overall system reliability. Certain parameters of a device (tp and 1)
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 avalilability 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 FN 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. Unlque Circult Description

Must contain nine or ten characters
(from individual data sheet)

3. Package
Must contain one to three letters:

DL, DW = plastic small-outline 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 lettsr R and valid for surface-mount packages only.
All orders for tape and reel must be for whole reels.

TEXAS "@
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MECHANICAL DATA

DL028, DL048, and DL056
plastic small-outline packages

Each of these small-outiine 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.

DLO28, DL048, and DLO56 Deslgnation per JEDEC Std 30:
(48-pin package used for lllustration) PDSO-G28
PD
PDS0.a55
< A —p ’
Ry = PINS :
HAfaARARAARGAAAAAAAGARAE b 20 | 4 | s
soen | | 8 | |
.299 (7,59) 0.370 0.620 0.720
3,—2,% AMIN ©40) | (1575) | (18,29
1y
@HHHHHHHHHHHHHHHHHHHHHILE -

4°: 4°

0.110 (2,79)
[~ 0.005 (2,a1)

3

T‘ 0.040 (1,016)

0.020 (0,508)

0.009 (0,229) gge Note G
0.005 (0,12

¢ 1)_—— %

4 |

i 1

A 4 l U- 'n-n-nln-n-[]-"-[l[]-nilluul g J HI'J'U'U.U

0.016 (0,406) —> ﬁ
0.008 (0,203, 0.025 (0,635) TYP

D e eetows | 0012035

0.008 (0,203)

| &

NOTES: A. Allinear dimensions are in inches with millimeters in parentheses.
B. Leads are within 0.0035 (0,089) 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, protrusion, or gate burr.
E. Mold flash, protrusion, or qate burr shall not exceed 0.015 (0,381).
F. Interlead flash shall be controlled by Tl statistical process control (additional information available through Tl 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

DWo016, 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.

DWO016, DVW020, DVV024, and DV/028 Designation per JEDEC Std 30:
(20-pin packago usad for illustration) R-PDSO-G16
R-PDSO0-G20
R-PDS0O-G24
< A b R-PDSO-G28
T HAAAAAAAAT
0.419 (10,65)
0.400 (10,16)
0.289 (7,59)
0.203 (7,44)

noooooonog

X {
0.104 (2,65) — —
e piininlnlninininlnlnl { ny
0.012 (0,30) —> ‘—l 44
0.004(0,10) Mg | 0.020 (0,508) 0.012 (0,305) 0.050 (1,27)
0.014 (0,356 X 0.016 (0,40)
0.050 (1,27) TYP (0,356) 0.009 (0,230) (0,40)
Soo Noto B
PINS
DIM 16 20 24 28
0.410 0.510 0.610 0.710
AMAX ©41) | (1295 | (1549 | (18,03)
AMIN 0.400 0.500 0.600 0.700
" (10,16) | (12,70) | (15,24) | (17,78)
NOTES: A. Alllinear 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 Tl Statistical Process Control (additional information available through local T! sales office).
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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.

(seo table on following page fo} additional dimensions)

FN020, FN028, FN044, FN052, FN068, and FN084 Designation per JEDEC Std 30:
(20-pin package used for illustration) S$-PLCC-J20 S-PLCC-J28
¢———— p———p S-PLCC-J44 S-PLCC-J52
[#]o.18 0.00n BB O] -EG@) S-PLCC-J68 S-PLCC-J84
Dy (see Note B) ~——p [=] (see Note D)
KaBTO HEl S o Ay ™ Seating
0.51 (0.020) R. Mk
[LT 002 inmy (8] 951 (4.020) R. Mex . [=] (eeNoteB)
1,42 0.058) [=)
(see Note C) 1070042~ n4(o°45) A.TYP
oo I e Nt I s I s |
o:m 002 1\ ﬁ
3 2 1 2019 qg]] [# o8 0.00n B[BE[AS] *'—E l
2 Sides (see Nots E)
7 ] i | (see tha [3)
16| 1,27 (0.050) TP. — (”e = F)
oh tSides ]
¢ [#]o38 0015 GG
14 ] (see Nots C)
9 10 11 12 13
e e gy o o
—> 0,51 (0.020) MIN.
{s0e Noto ©) 038 °_-°’ (Includes Lead FirisH)
SUM OF DAM BAR PROTRUSIONS [+
TO BE 0,18 (0.007) MAXIMUM PER LEAD &
?
1.53 (0.060)
I MIN.
(=
-
0,53(0.021 I
8,330 L 0,64 (0.025) MIN,
[#]o.18(0.00n B[ FGB)]
[#]o18(0.00n) B[ DEB)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Alldimensions conform to JEDEC Specification MO-047AA/AF.-Dimensions and tolerancing are per ANSI Y14.5M — 1982.
B. Dimensions D and E4 do notinclude mold flash protrusion. Protrusion shall notexceed 0,25 (0.010) on any side. Centerline of center
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).

'nmpo

. Datums and for center leads are determined at datum [ —H—|.

EI-EI is located at top of leads where they exit plastic body.

. Location of dahIms “ and - to be determmed atdatum I—L_T;]
. Determined at seating plane .

s
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MECHANICAL DATA

FNO020, FN028, FN044, FN052, FN068, and FN084
plastic J-leaded chip carriers (continued)

JEDEC |No.OF A A D, E Dy, E4 D,, Ez D3, E3
OUTLINE | PINS { miN MAX MIN MAX MIN MAX MIN MAX MIN MAX | BASsIC

MO0aTAA | 20 4,19 4,57 2,29 3,05 9,78 | 10,03 | 8,89 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)

$10-047AB | 28 4,19 4,57 2,29 305 | 1232 [ 1257 | 1143 [ 11,58 | 9,91 1092 | 7,62
d (0.165) § (0.180) | (0.0%0) | (0.120) | (0.485) | (0.495) | (0.450) | (0.456) | (0.390) | (0.430) | (0.300)

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)

419 | 508 | 229 | 330 | 1994 | 2019 | 19,05 | 19,20 | 17,53 | 18,54 | 1524
(0.165) | (0.200) | (0.090) | (0.130) | (0.785) | (0.795) | (0.750) | (0.756) | (0.690) | (0.730) | (0.600)

4,19 5,08 2,29 3,30 25,02 25,27 24,13 24,33 22,61 23,62 20,32
{0.165) | (0.200) } (0.090) | (0.130) } (0.985) | (0.995) } (0.950) | (0.958) | (0.880) | (0.930) | (0.800)

419 | 508 | 229 | 3,30 | 30,0 | 30,35 | 29,21 | 29,41 | 27,69 | 28,70 | 25,40
(0.165) | (0.200) | 0.090) | (0.130) | (1,185) | (1,195) | (1,150) | (1,141) | (1.090) | (1.130) | (1,000)

MO-047AC 44

MO-047AD 52

MO-047AE €8

MO-047AF 84

NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M-1982.
F. Determined at seating plane .
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MECHANICAL DATA

O

NO14, N016, and N020

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, N016, and NO20
(16-pin package used for {llustration)

A

D

[ ™ M 0

Designation per JEDEC Std 30:
R-PDIP-T14
R-PDIP-T16
R-PDIP-T20
PINS

DIM 14 16 20
0775 | 0775 | 0.975
A MAX (19,69) | (19,69) [ (24,77)
0745 | 0.745 | 0.940

AMIN

(18,92) | (18,92) | (23.88)

0.200 (5,08) MAX

LT T T T T L)

4— 0.035 (0,89) MAX —

— 0.070 (1,778) MAX

L

1

Seating !
Plane
0.020 (0,51)
MIN

V

0125(3175) ¢ 100 (2,54) TYP
MIN SeoNote B 0.033(0,83) MIN  0.021(0,533)

RE

0.015 (0,381)
See Note C and D

G
—

0240610

g
0.310 (7,87)
0.290 (7,37) —

0.260 (6,60) —

105°
90°

0.014 (0,356) v
0.010 (0,254)

See Note C

[pm——]

— -
End Pin Detall - 14 Pin

NOTES: A. Alllinear 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 lsads.
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.

NO028, N040, N048, and N052 Doglgnation por JEDEC Std 30:
(28-pin package used for lllustration) R-PDIP-T28
R-PDIP-T40
A R-PDIP-T48
28 15 R-PDIP-T52

S s I s e e s v I s e s 5 s e v 6 I e

i

. 0.550 (13,97
v b m(A;' )
Either or
Both
Index Marks

| SN QNN [ NSO SN g O R [ Ny N S NN [y SR Sy VNN et |
1 14

2

¢

0.610 (15,49)

0.200 (5,08) MAX 0.610 (15,49)
0.020 (0,51) MIN 0.125(3,17) MIN 0.500 (14,99)
I
Seating
Plane

|
—
Pin Spacl _J L 9
0100 (zp,;:)nTgvp —le| L* 0.033 (0,84) MIN

Pt

¢

See Noto B r—v\\t‘
0.062 (1,58) 0.014 (0,36)
0.043(1,22) g,021 (0,533) 0.008 (0,20)
0.015 (0,381) ' 28 Places
28 Placos Soo Notos C and D
Soe Notos C and D
PINS
DIM 28 40 48 52

1440 | 2090 | 2450 | 2650
AMAX | 3558) | (53,09) | (6223) | (67.31)

1380 | 2020 | 2380 2.580
(35,05) | (51,31) | (60,45) | (65,59)

AMIN

NOTES: A. All linear dimensions are in inches with millimeters in parentheses.
B. Each pin centerline 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 atleast 0.020 (0,51) above seating plane.
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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
addtional cleaning or processing when used in soldered assembly.

NT024 and NT028 Designation per JEDEC Std 30:
(24-pin package used for lllustration) ’ R-PDIP-T24
R-PDIP-T28
PINS
A d DIM 24 28

OO OGN B OO DN NN 1260 | 1.425

AMAX | (32,04) | (36,20)

1.230 1.385
AMIN @31,24) | (35.18)
0310 | 0315
= B MAX
7.8 (8,00)
Y oYY YL 0292 s
BMIN @an | @.49)
—— 0.200 (5,08) MAX —>»| |[¢— 0.070 (1,78) MAX
y ¢ ¢
[ \ B —b
vV | 0280 (,11)
] Mt 0.250 (6,35)
Seating Plane ‘J
0.020 (0,51) MIN v
e L- 0.021 (0,533) 1050
0.125(3,18) MAX  0.100(2,54) TYP  0.033 (0,84) MIN 0.015(0,381) °0°
See Note B See Notes C and D
0.014 (0,356) —pl¢—

-~ ﬂ 0.010 (0,254)
( See Note C

Alternate Standoff Design

NOTES: A. Alllinear 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-dipped leads are specified, dipped area of the lead extends from the lead tip to atlsast 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 ' Dosignation per JEDEC Std 30:
" 31,45 S-PQFP-G120
30,95 7 >
2810 g
7750 ©
[ 23,2NOM o} —>|
30 1 Index Corner
L~ Chamfer or Dot
H HH il
31 ] o 120
IE
iF
60 I 91
3,42 NOM 0,15 NOM
e __L
61 90 I ]
0,45 y
—b| |+ 0,80 NOM P o025
s T T
0,25 MIN s
Seating 0,65
Pl
_I_ j1|||||||1||||||||||||||||||||||||||||||||||||||||||||||;s;!gg ane
-------------------------- Detall A
Sco Dotall A _7
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS

NOTES: A. Maximum deviation from coplanarity is 0,1 mm.
B. All dimensions and notes for JEDEC outline MO-x0000x apply.
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MECHANICAL DATA

PCB120
JEDEC metric plastic shrink 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 0,40-mm centers with a 0,535-mm foot
length. Leads require no additional cleaning or processing when used in soldered assembly.

NOTES: A. All linsar dimensions are In millimstars.
B. Datum plane located at top of mold parting line and coincident with top of laad. Whers lead exits plastic body.
C. Datum | A | and l D | to be determined where center leads exit plastic body at datum plane .

D. Body dimensions (X and Y) do not include mold protrusion. Allowable mold protrusion is 0,253mm.
_

TEXAS *p
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MECHANICAL DATA

PCB120 Designation per JEDEC Std 30:

[ ]o1 |c[aB8 ®| @] _ S-PQFP-G120

-
@ o1 = O O =T 60
] —
P =] 4 ) ==
] = —
== —
@ == ! ==
== —
@ —— —
= —
| < | == =
1} == ==
| © ] —— X —
- === | e o
| =L =
@ — = |
— o 1 —
| s e —1—
— —
== ==
14,10 TvP | o e ——}
— —— —
13,90 e ' =
== ——
== —
== =
[ \_ - —
1 31

ﬁ
(S
O

=]
L L

0,288
0,25R REF : 0128
0,152 REF 0128 1,68 REF
0,15
Gago Plane l ) _{ 0,10
y
K
0,254 —T 33— g 9615
0,455
Dotall A

TEXAS '*’P
INSTRUMENTS
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MECHANICAL DATA

PHO080
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.

PH080 Deslgnation per JEDEC Std 30:
R-PQFP-G80

»

|2

)
Y

DR | e

18,0 120
17,2 NOM e 0

14,0 o |
NOM [ |

| e
| —
| — -
—r]
| —— |
| — e |
| mmen =
| o

I §

T

T

T
]
| —-

2,8 0,2
26 0,1
= ‘_l_ 0°-10°
4 )
2,85 MAX T—
. L7
‘ T OIMN o8
——— = — gububutdaHoHoagauoaaudo Seating

Plane
See Detall A —/ Detall A

NOTES: A. Alllinear dimensions are in millimeters.
B. Maximum deviation from coplanarity is 0,1 mm.
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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 lead.. Where lead exits plastic body.

. Datum LA_B I and L_D_ | 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.
A-B D-

TEXAS {'P
INSTRUMENTS
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MECHANICAL DATA

L __
PMé4, PN80, and PZ100 Designation per JEDEC Std 30:
(80-pin package used for lllustration) S-PQFP-G64
S-PQFP-G80
S-PQFP-G100
[ @01 [c[as @G|
- D N|
B TYP
60 41
4 /4 N\
— }
@ 61 =] a0
a o e |
. = T
@ ] T
] ! o |
7 (= —_
< T 1
o | =] o e
L~ | e v o
- —f ] I -]
5 A || _ —4— _ _ 1= I B~ |
| ] | 1
.$. o e o
L ] [~
] ——
e T
=] 1 = —
E T T
TYP o e
e s T
tmt::L O =1 21
|
k\; - Z
1 20
— o f— 226 1yp
O5TYP ——p — 0,16
it
[+ [
1 A AT v O] oz |
A
0,16 1.5 REF.
PINS 0,04
DIM 64 80 100 -+ F
122 | 142 | 162 02 R REF
b 8 | 138 15,8
10,1 12,1 14,1 o177
RAL 570 s/} 117
E 9,9 1,9 139 _l__ o1
F 10.8 REF| 12.8 REF| 14.8 REF 2222 ‘-f 7
0,3
Dimensions apply in both X and Y axis. Detall A
T {i’
EXAS
INSTRUMENTS
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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 Doslgnation per JEDEC Std 30:

(100-pin package used for llfustration) S-PQFP-G100
S-PQFP-G132
S-PQFP-G164

Detalls of Pin 1 ID and
Chamfer are Optional 1,14 (0.045) x 45° Chamfer

—b{|¢— 0,10 (0.004) NOM

1,88 (0.074)

- -—L_L:o-e'

0,76 (0.030)
0,51 (oozo)

o17a 0.007
0140(00055)

3

j\l_t— []0,2000.000)® [c[ A®-BE| D B)]

1,02 (0.040)
4 0,51 (0.020)
o —j

«

(0.140)
NOM 4,57 (0.180)
B1 4,06 (0.160)
[Bloz0000e® [c[2a®-BG[0B)] ZS]0:1000:009)]
(see Note B)
D2 f »
(seo Note D)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Datums and - to be determined where center leads exit plastic body at plane .
B. Dimension to be determined at plane .
C. Dimension to be determined at plane .
D. Dimension to be determined at plane ; dimension does not include 0,254 (0.010) maximum mold protrusion per side.

E. Dimensions and tolerance per ANSI Y14.5M-1982,
F. Tolerances: X,XX+0,12 (X.XXX +0.005)
X, XXX+0,050 (X XXXX £0.002) unless otherwise specified.

TEXAS &'f"
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MECHANICAL DATA

PQ100, PQ132, and PQ164
JEDEC plastic quad flatpacks (continued)

8-18

LEADS
100 132 164
DIM
JEDEC OUTLINE MO-69AD MO-69AE 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)
D1 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)
D2 MAX 22,94 (0.903) 28,01 (1.103) 33,10 (1.303)
MIN 22,78 (0.897) 27,86 (1.097) 32,94 (1.297)
03 NOM 24 @0,64 (0.025) | 32@ 0,635 (0.025) | 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)
TEXAS *’P
INSTRUMENTS
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TI North
American Sales
Offices

ALABAMA: Hurntsville: (205) 837-7530
AREZONA: Phoenbx: (602) 995-1007
CALIFORHIA: Irvine: (714) 660-1200
e e

ike: (31
Woodland Hllls: (818) 704-8100
COLORADO: Aurora: (303) 368-8000
CONNECTICUT: Wallingtord: (203) 269-0074
FLORIDA: Altamonte Spﬂngt (407) 260-2116
Fort Lauderdale: (305) 873-8502
Tampa: (813) 882-0017
GEORGIA: Norcross: (404) 662-7900
ILLINOIS: Arlington Helghts: (708) 640-3000
INDIANA: Carmel: (317) 573-6400
Fort Wayne: (219) 482-3311
JOWA: Cedar Raplds: (318) 395-9550
KANSAS: Overland Parkc (913) 451-4511
MARYLAND: Columbla: (301) 964-2003
MASSACHUSETTS: Waltham: (617) 895-9100
MICHIGAN: Farmington Hills: (313) 553-1500
WINNESOTA: Eden Pralrie: (812) 828-9300
KISSOUR!: St. Louls: (314) 821-8400
NEW JERSEY: bselln: (201) 750-1050
NEW IIE)OCO Albuqum]uc. (505) 345-2555
NEW YORK: gzorzcuu (315) 483-9291
Flshkill: (91 4) 897~
Melville: (516) 454-6600
Pittstord: (716) 385‘6770
NORTH CAROLINA: Charlotte: (704) 527-0930
Raleigh: (919) 876-2725
OHIO: Beachwood: (216) 464-6100
Beavercreek: (513) 427-6200
OREGON: Beaverton: (503) 843-6758
PENNSYLVANIA: Blue Bell: (215) 825-9500
PUERTO RICO: Hato Rey: (809) 753-68700

TEXAS: Austin: (512) 2506769
Dalies: (214) 9171
Houston: (7 )nassez

UTAH: s.n Lake Clty: (801) 466-8973
WASHINGTON: Redmond: (206) 881-3080
wnscousm: Waukesha: (414) 796-1001
CANADA: N ga: 3) 726-1970
Richmond HIl: (416) 684-0181

St. Laurent: (514) 335-8392

TI Regional
Technology
Centers

CALIFORNIA: lrvine: (714) 660-8140

Santa Clara: (408) 748-2220

GEORGIA: Norcross: (404) 662-7850
ILLINOIS: Arlington Helghts: (708) 640-2009
INDIANA: Indlanapolls: (317) 573-6400
MASSACHUSETTS: Waltham: (617) 885-9196
MEXICO: Mexico Clty: 491-70834
MINNESOTA: Minneapolla: (612) 828-8300
TEXAS: Dallas: (214) 917-3681

CANADA: Nepsan: (613) 726-1970

Customer
Response Center

TOLL FREE: (800) 336-5236
OUTSIDE USA:  (214) 995-6611
(8:00 a.m. —5:00 p.m. CST)

TI Authorized
North American
Distributors

Alllance Electroriics, Inc. (miltary product only)
Almac/Amow
Anthem Electronics
/Schweber
Future Electronics (Canada)
GRS Electronics Co., Inc.
Hall-Mark Electronics
Marshall Industries
Newark Electronics
Rochester Electronics, tnc.
(obsolete product only (508) 462-9332)
le Laboratories

Zeus Components

MICHIGAN: Detrolt: Arow/Schweber (313) 462-2290;
Hall-Mark (313) 462-1205, Marshall (313) 525-5850;
Newark (313) 967-0600.

MINNESOTA: Anthem (612) 844-5454; Arrow/Schweber
(5861 2’)2294: -5280; Hal-Mark (812) 841-2600; Marshall (612)
MISSOURI: Arrow/Schweber (31 4) 567-6888 HalFMark
(314) 291-5350; Marshall (314) 29

NEW EV‘ Anthemn (201) 227- 7

row/Schweber
gtﬂsos sgs-aooo Hall-Msrk (201) 515-3000,
arshall (201) 882-0320),
609
NEW uExlco . Alllance (505) 292-3360.
NEW YORK: Long lsland: Anthe S]
Arrow/Schweber (516) 231-1000; Hal Mark 5516
737-0600; Marshall (516) 273-2424, Zeus (914) 937-7400.

Rocheater: Arrow/Schweber (716) 427-0300; Hall-Mark
{716) 425-3300; Marshall (716) 235-7620.

Syracuse: Marshall (507) 785-2345,

NORTH CARO ow/Schweber (318) 876-3132;
Hall-Mark (919) 3724)712 Marshall (319) 878-8882.
OHIO: Cleveland: Amow/Schwebe! 216; 248-3990;
Hall-Mark (216) 3494632, Marshalt (216) 248-1788,
columhm Hall-Mark (614) 888-3313.

T1 Distributors

ALABAMA: Arrow/Schweber (205) 837-8955; Hall-Mark
(205) 837-8700; Marshall (205) 881-8235.
ARIZONA: Arthem (602) 966-8600; Arrow/Schweber (602)
437-0750 Hall-Mark (602 431-0030; Marshall (602)
96-0290; Wyle (602 -2088.

cAu ORNlA. Los AngolnlOnngo County: Anhe
(818) 775-1333, (714) 768-4444; Arrow/Schweber

714) 836-5422 Hall-Mark me) 773-4500 14)
727-6000 Marshall (818) 878-7000, (714) 458-530°
(818) 830-9000 4] )863-9953‘st(714)921 9000
818) 889-3838;

Sacramento: Anthem (916) 624-9744; Hall-Mark (916)
sz-wm Marshall (916) 635-6700; Wyle (316) 6366282

mEmEE

a.y a: Arthem (408)
/sameber (406) 441-9700, (408) AT,
408) 432400; Marslall (408) 942-4600;
Wyle (403)72 2500; z.sus( 7

COLORADO: Anthem 2 790-4500; Arrow/Schwel
(303) 799-0258; Hall-Mark 303) 790-1662; Marshall (303)
451-8383; Wyle (303) 45

9006; Armow/Schwebe
619) 268-1201; Marshall 3819)
171; Zeus (619 ) 277

Arrow/Schweber (513) 435-5563; Marshall (513)
89&-4480 Zeus (513) 283-6162.
OKLAHOMA: Ammow/Schweber (918) 252-7537; Hall-Mark
(918) 254-6110.
OREGON: Almac/Arrow (503) 629-8090; Anthem (503)
643-1114; Marshall (503) 644-5050; Wyle (50@) 643-7900.
PENNSYLVANIA: Anthem (215) 443-51
Arrow/Schweber (21 5L23-1 800; GRS (21 5) 922-7037;
(6089) 964-8560; Marshall (412) 7!
TEXAS wa/sdmeber ﬁ512) 835-41 80;
Hall-Mark (512) 258-5848; Marshall (512) 8371 991 Wyle
(512) 345-8853;

Dallas: Arthem (214) 235-7100; Arrow/Sctwaber Szu)
380-6464; Hall-Mark (214) 553-4300; Marshall (21
233-5200; Wyle (214) 235-8953; Zeus (214) 7s:+7o1o
Houston: Arrow/Schweber (713) 530-4700; Hall-Mark
] 781-6100; Marshall (713) 835-9200; Wyle (713)

UTAH: Anther (80 297343555 row/Schweber (801)
§73-6913; Marshall (801) 973-2288; Wyle (eot)mwssa
WASHINGTON: Almac/Arrow (206) 643-9992, (509)
§24-8500; Arthem (206) 483—1700 Marshall (206)
486-5747: Wyle (206) 631-1150.

WISCONSIN: Arrow/Schweber (414) 792-0150; HalFMark
(414) 797-7844; Marshall (414) 797-8400.

CANADA: Calgary: Future (403) 235-5325;

Edmonton: Futura (403) 438-2858;

CONNECTICUT: Amhem (2@) 575-1 575;
g20@) 265-7741; Hall-Mark (203) 271 -2344 Marshall (206)

FLORIDA. Fort Lauderdale: Arrow/Schweber (:
429-8200; HallF-Mark (305) 971-8280; Marshall
977-4880.

Orlando: Arrow/Schweber (407) 333-9300; Hall-Mark (407)
830-5855; Marshall (407) 767-8585; Zeus (407) 365-
Tlmu: Hall-Mark (813) 541-7440; Marshall (813)

eeonem. Arrow/Schweber (404) 497-1300; Hall-Mark
(404) 623-4400; Marshall (404) m5750

ILLINOIS: Anthemn (706) 884.0200; Artaw/Sctweber (708)
250-0500; Hall-Mark oa)asoaeoq Marshall (312)
490-0155 Newark (a 2)7845100.

INDIANA: Arrow/Sciwebel 531292992071 Rali-Mark
(317) 872-8875; Marshall (317)

JOWA: Arrow/Schweber (318) 386-7230.

KANSAS: Arrow/Schweber (913) 541 -9542 HalkMark
(913) 888-4747; Marshall (913) 492-31

MARYLAND: Anthem (301) 995-6640; An' //Schwe

(301) 596-7800; Hall-Mark (301) 988-9800; Mershall (301)
622-1118; Zeus (301) 997-1118.

MASSACHUSETTS: Anthemn (508) 657-5170;
667-0902; &”&Lﬁ?&m 658-081 o‘&ryb (agsgsa)vn 7300;
Zeus (817) 246-8200.

Texas
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(514) 421-7411; Future (514)
694-7710; Marshall (514) 694-8142
Ottawa: Arrow/Schweber (613) 226-6903;
Future (613) 820-8313.

Toronta: Arrow/Schweber (416) 670-7769;
Future (416) 612-8200; Marshall (41 .
Vancouver: rowISChweber (604) 421-2333;
Future (604) 284-11

TI Die Processors

Chip Supply (407) 298-7100
Elmo Semiconductor (818) 768-7400
Minco Technology Labs  (512) 834-2022

D0392

©1992 Texas Instruments Incorporated




TI Worldwide
Sales Offices

ALABAMA: Huntsville: 4960 Corporate Drive,
Suite N-150, Huntsville, AL 35805-6202,
(205) 837-7530.
ARIZONA: Phoenix: 8825 N. 23rd Avenue,
Suite 100, Phoenix, AZ 85021, (602) 995-1007.
CALIFORNIA: Irvine: 1920 Main Street, Suite
900, Irvine, CA 92714, (714) 660-1200;
Rosevllle: 1 Sierra Gate Plaza, Suite 255B,
Roseville, CA 95678, (916) 786-9208;
San Diego: 5625 Ruffin Road, Suite 100,
San Diego, CA 82123, (619) 278-9600;
Santa Clara: 5353 Betsy Ross Drive,
Santa Clara, CA 95054, (408) 980-9000;
Woodland Hills: 21550 Oxnard Street, 'Suite 700,
Woodland Hills, CA 91367, (818) 704-8100.
COLORADO: Aurora: 1400 S. Potomac Street,
Suite 101, Aurora, CO 80012, (303) 368-8000.
CONNECTICUT: Wallingford: 9 Barnes Industrial
Park Road, Wallingford, CT 06492, (203) 269-0074.
FLORIDA: Altamonte Springs: 370 S. North Lake
Boulevard, Suite 1008, Ai!amonte Springs,
FL 32701, (40 260-2116
Fort Lauderdale: 2950 N W. 62nd Slreei
Suite 100, Fort Lauderdale FL 3331
gos) 97&8502' Tampa: 4803 George Road,

uite 390, Tampa, FL 33634-6234, (813) 8820017
GEORGIA: Norcross: 5515 Spaldmg Drive,
Norcross, GA 30092, (404) 662-7900.
ILLINOIS: Arilngton Helghts: 515 W. Algonquin,
Aslington Helghts, IL 60005, (708) 640-3000.
INDIANA: Carmel: 550 Congressional Drive,
Suite 100, Carmel, IN 46032, (oa? 573-6400;
Forthyne 118 E. Ludwig R Suite 102,
Foit Wayne, IN 46825, (219 482-3311.
IOWA: Cedar Raplds: 373 Collins Road N.E.,
Suite 201, Cedar Rapids, |A 52402, (319)
395-9550. )
KANSAS: Overland Park: 7300 College
Boulevard, Lighton Plaza, Suite 150, Overland
Park, KS 66210, (913) 451-4511.
MARYLAND: Columbla: 8815 Centre Park Drive,
Suite 100, Columbia, MD 21045, (301) 964-2003.
MASSACHUSETTS: Waltham: 950 Winter Street,
Suite 2600, Waltham, MA 02154, (817) 895-9100.
MICHIGAN: Farmington Hllls: 33737 W. 12 Mile
Road, Farmington Hills, M1 48331, (313) 553-1500;
MINNESOTA: Eden Prairle: 11000 W. 78th Street,
Suite 100, Eden Prairie, MN 55344, (612)
828-9300.
MISSOURI: St. Louls: 12412 Powerscourt Drive,
Suite 125, St. Louis, MO 63131, (314) 821-8400.
NEW JERSEY: IselIn: Parkway Towers,
485 E. Route 1 South, Iselin, NJ 08830,
(908) 750-1050.
NEW MEXICO: Albuquerque: 2709 Pan
A  NE. Abug

(505) 345-; 2555
NEW YORK: East &ﬁacuu' 6365 Collamer

rive, East Syracuse, NY 13057, (315) 463-9291;
Fishkill: 300Wesinge Business onier, Suite 140
Fishkill, NY 12524, (914) 897-
Molville: 1895 Wait rlman Hoad Melville,
NY 11747, (516) 454-6600;

Plttsford: 2851 Clover Stree’i Pittsford, NY 14534,
716) 385.6770.
NORTH CAROLINA: Charlotte: 8 Woodlawn
Green, Charlotte, NC 28217, (704) 527-0933;
Ralelgh 2809 Highwoods Boulevald Suite 100
Raleigh, NC 27625, (919) 876-2725.
OHIO: Beach d: 23775 C
Beachwood, OH 44122, (216) 464-6100;
Beavercreek: 4200 Colonel Glenn Highway,
Suite 600, Beavercreek, OH 45431,
(513) 427-6200.
OREGON: Beaverton: 6700 S.W. 105th Street,
Suite 110, Beaverton, OR 97005, (503) 643-6758.
PENNSYLVANIA: Blue Bell: 670 Sentry Parkway,
Blue Bell, PA 19422, (215) 825-9500

, NM 87107,

ark Road,

PUERTO RICO: Hato Rey: 615 Mercantil Plaza
Building, Suite 505, Hato Rey, PR 00918,
(809) 753-8700.
TEXAS: Austin: 12501 Rosearch Boulevard,
Austin, TX 78759, (512) 250-
Dnllas 7839 Churchlll Way, Dallas, TX 75251,

214) 917-1264; Houston: 9301 Southwest

reeway, Suite 360 Houston, TX 77074, (713)
778-6592. ,
UTAH: Salt Lake City: 1800 S. West Temple
Street, Suite 201, Salt Lake City, UT 84115,
(801) 466-8973
WASHINGTON: Redmond: 5010 148th Avenue
N.E., Building B, Suite 107, Redmond, WA 98052,
(206) 881-3080.
WISCONSIN: Waukesha: 20825 Swenson Drive,
Suite 900, Waukesha W1 53186, (414) 798-1001.
CANADA: Nepean: 301 Moodie Drive, Mallom
CeMer, Nepean, Ontario, Canada K2H9C4

613) 726-1970; Richmond Hill: 280 Centro Strest
1, Richmond Hill, Ontario, Canada L4C 1B1,

@ 6) 884-9181; St. Laurent: 9460 Trans Canada
Highway, St. Laurent, Quebec, Canada
H4s 1R7, (514) 335-8392.

AUSTRALIA (& NEW ZEALAND): Texas
Instruments Australia Ltd., 6-10 Talavera Road,
North Ryde (Sydney), New South Wales,
Auslralla2113 2—878—9000 14th Floor 380 Street,
Kilda Road, N Victoria, A lia 3
3-696-1211; 171 Philip nghway, Elizabeth,

South Australia 511 2,8255-2066.

BELGIUM: S.A. Texas Instruments Belgium N.V.,
11, Avenue Jules Bordetlaan 11, 1140 Brussels,
Belgium, (02) 242 30 80.

BRAZIL: Texas Instruments Electronicos do Brasil
Lida., Av. Eng, Luiz Carlos Berrini, 1461-110,
andar, 04571 Sao Paulo, SP, Brazil, 11-535-5133.
DENMARK: Texas Instruments A/S, Borupvang
2D, DK-2750 Ballerup, Denmark, (45) 44687400.
FINLAND: Texas Instruments OY, P.O. Box 86,
02321 Espoo, Finland, (0) 802 6517.

FRANCE: Texas Instruments France, 8-10 Avenue
Morane Saulnier-B.P. 67, 78141 Vellzy Villacoublay
cedex, France, (1) 30 701

GERMANY: Texas lnslruments Deutschland
GmbH., Haggertyst 1,8050 F (08161)
80-0 od. Nbst; Kurfurstendamm 195-196, 1000
Berlin 15, 030) 8 82 73 65; Dusseldorfer Strasse
40, 6236 Eschbom 1, (06196) 80 70; Kirchhorster
Strasse 2, 3000 Hannover 51, (0511) 64 68-0;
Maybachstrasse I, 7302 Ostfildern 2 (Nellingen),
(0711) 3403257; Gildehofcenter, Hollestrasse 3,
4300 Essen 1, (201) 24 25-0.

HOLLAND: Texas Instruments Holland B.V.,
Hogehilweg 19, Postbus 12995, 1100 AZ
Amsterdam-Zuidoost, Holland, (020) 5602911.

Texas
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HONG KONG: Texas Instruments Hong Kong Ltd.,
8th Floor, World Shipping Center, 7 Canton Road,

- Kowloon, Hong Kong, 7351223.

HUNGARY: Texas Instruments International,
Budaorsi u.42, H-1112 Budapest, Hungary,

(1) 1666617

IRELAND: Texas Instruments Ireland Ltd.,
7/8 Harcourt Street, Dublin 2, Ireland,

(01) 481677.

ITALY: Texas Instruments ltalia S.p.A., Centro
Direzionale Colleoni, Palazzo Perseo-Via
f(’gg)celso 12, 20041, Agrate Brianza (M), ltaly
63221; Via Castello della Magliana, 38, 00148
Rome, Italy (06) 6572651, Via Amendola, 17,
40100 Bologna, Haly (051) 554004.

JAPAN: Texas Instruments Japan Ltd., Aoyama
Fuji Buikling 3-6-12 Kita-Aoyama Minato-ku, Tokyo,
Japan 107, 03-3498-2111; MS Shibaura

Building 9F 4-13-23 Shlbaura Minato-ku, Tokyo,
Japan 108, 03-3769-8700; Nissho-wal Buﬂdmg 5F,
2-5-8 Imabashi, Chuou-ku, Osaka, Japan 541,
06-204-1881; Dai-ni Toyola Building ishi-kan 7F,
4-10-27 Meieki, Nakamura-ku, Nagoya, Japan 450,
052-583-8691; Kanazawa Oyama-cho Daiichi
Seimei Buﬂdmg 6F, 3-10 Oyama-cho, Kanazawa,
Ishikawa, J: 920, 0762-23-5471;

Matsumoto Showa Bulldlng 6F, 1- 2-11 Fukashi,
Matsumoto, Nagano, Japan 390, 0263-33-1060;
Daiichi Olymplc Tachikawa Building 6F, 1-25-12,
Akebono-cho, Tachikawa, Tokyo, Japan 190,
0425-27-6760; Yokohama Business Park East

Tower 10F, 134 Gondo-cho, Hodogava-ku,
Yokohama, Kanagawa 240, Japan, 045-338-1220;
Nihon Seimei Kyoto Yasaka Buildin, 5F, 843-2,
Higashi Shiokohjicho, Higashi-iru, lshmoioh-m.
Shiokohji-dori, Shirmogyo-ku, Kyoto, Japan 600,
075-341-7713; Sumitomo Seimei Kumagaya
Building 8F, 2-44 Yayoi, Kumagaya, Saitama,
Japan 360, 0485-22-2240; 2597-1, Aza Ha!udal
Oaza Yasaka, Kitsuki, Olla Japan 873
09786-3-3211.

KOREA: Texas Instruments Korea Ltd., 28th Floor,
Trade Tower, 159-1, Samsung-Dong, Kangnam-ku
Seoul, Korea, 2 551 2800.

MALAYSIA: Texas Instruments, Malaysia, Sdn.
Bhd., Asia Pacific, Lot 36.1 #Box 93, Menara
Maybank 100 Jalan Tun Perak, 50050 Kuala
Lumpur, Malaysia, 2306001.

MEXICO: Texas Instruments de Mexico S.A. de
C.V., Alfonso Reyes 115, Col. Hipodromo Condesa,
MExico, D.F., 06170, 5-515-6081.

NORWAY: Texas Instruments Norge A/S, PB 106,
Refstad (Sinsenveien 53), 0513 Oslo 5, Norway,
(02) 155080,

PEOPLE'S REPUBLIC OF CHINA: Texas
Instruments China Inc., Beijing Representative
Office, 7-05 CITIC Bmidmg 19 Jianguomenwai
Dajje, Beumg, China, 500-2255, Ext. 3750.
PHILIPPINES: Texas Instrumenis Asia Ltd,
Philippines Branch, 14th Floor, Ba-Lepanto Building,
Paseo de Roxas, Makati, Metro Manila, Philippines,
2-8176031.

PORTUGAL.: Texas Instruments Equipamento
Electronico (Portugal) LDA., 2650 Moreira Da Maia,
4470 Maia, Portugal (2) 948 1003.

SINGAPORE (& INDIA, INDONESIA, THAILAND):
Texas Instruments Smgapore (PTE) ld Asia
Pacific Division, 101 Thomson Road, 3—01
United Square, Singapore 1130, 3508100.

SPAIN: Texas instruments Espana S.A., c/Gobelas
43, Ctra de La Coruna km 14, La Florida, 28023,
Madrid, Spain, (1) 372 8051; ¢/Diputacion,

279-3-5, 08007 Barcelona, Spain, (3) 317 91 80.
SWEDEN: Texas Instruments International Trade
Corporation (Sverigefilialen), Box 30, S-164 93
Kista, Sweden, (08] '% 75258 00.

SWITZERLAND: Texas Instruments Switzerland
AG, Riedstrasse 6, CH-8953 Dietikon, Switzerland,
(01) 74 42 811.

TAIWAN: Texas Instruments Taiwan Limited, Taipei
Branch, 10th Floor, Bank Tower, No. 205 Tung Hua
N. Road, Taipei, Taiwan, Republic of China,
2-7139311.

UNITED KINGDOM: Texas Instruments Ltd.,
Manton Lane, Bedford, England, MK41 7PA,

(0234) 270 111.
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