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IMPORTANT NOTICE

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

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

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Tl through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

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

Each advanced 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. TI's strobed style FIFO 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 also can 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 as reliable control signals and reduce the amount of external
support logic. Each Tl clocked FIFO has the empty flag synchronized to the read clock and
the 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. The
SN74ABT7819, produced in advanced BiCMOS technology, is capable of speeds up to 80
MHz. The SN74ABT7819 is also a bidirectional FIFO with two independent FIFO memories
combined on one chip to buffer data in opposite directions.

Memory organization of the FIFOs ranges in depth from 16 words to 16384 words and data
bit widths of 1, 4, 5, 8, 9, 18, 32, and 36. The under and deeper FIFOs offer a high level of
integration and board-space savings, where previously, multiple FIFOs had to be cascaded
to achieve the desired architecture. To accommodate the need to reduce package area as
data widths increase, many Tl FIFO memories are offered in thin surface-mount packages.
The SSOP and TQFP packages with 25-mil, 0.5-mm, and 0.4-mm lead pitch, respectively,
can reduce the FIFO-dedicated board area by greater than 70% over PLCC packages.

Tl continues to offer leading-edge solutions to customers’ needs in both packaging
technology and device architecture. This is evidenced by the 120-pin TQFP with 16-mm x
16-mm area to house the 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.

EPIC, EPIC-IIB, IMPACT, OEC, Widebus, and Multi-Q are trademarks of Texas Instruments Incorporated.
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PRODUCT STAGE STATEMENTS

Product stage statements are used on Texas Instruments data sheets to indicate the
development stage(s) of the product(s) specified in the data sheets.

If all products specified in a data sheet are at the same development stage, the appropriate
statement from the following list is placed in the lower left corner of the first page of the data sheet.

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.

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

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

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first
statement below is placed in the lower left corner of the first page of the data sheet. Subsequent
pages of the data sheet containing PRODUCT PREVIEW information or ADVANCE
INFORMATION are then marked in the lower left-hand corner with the appropriate statement
given below:

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.

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

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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PRODUCT OVERVIEW

FIFO Functionality
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PRODUCT OVERVIEW

FIFO Functionality (Continued)
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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 of the Electronic Industries Association (EIA) for use in the USA and by the International
Electrotechnical Commission (IEC) for international use.

operating conditions and characteristics (in sequence by letter symbols)

fmax

lcc

Alge

Icex

li(hold)

loL

Input capacitance
The internal capacitance at an input of the device

Output capacitance
The internal capacitance at an output of the device

Power dissipation capacitance
Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages):
Pp = Cpd Vec? f + loc Veo

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 Vg supply terminal of an integrated circuit

Supply current change

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than
0VorVge

Output high leakage current

The maximum leakage current into the collector of the pulldown output transistor when the output is high
and the output forcing condition Vg = 5.5 V

Input hold current

Input current that holds the input at the previous state when the driving device goes to a high-impedance
state

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

Input/output power-off leakage current

The maximum leakage current into/out of the input/output transistors when forcing the input/output to
45VandVgc=0V

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.

*Current out of a terminal is given as a negative value.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

loz

ta

tais

th

tPHL

tpHz

tpLH

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

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

Access time »

The time interval between the application of a specified input pulse and the availability of valid signals
at an output

Clock cycle time

Clock cycle time is 1/fmax.

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

The propagation time between the specified reference points on the input and output voltage waveforms
with the output changing from either of the defined active levels (high or low) to a high-impedance (off)
state

NOTE: For 3-state outputs, tgjs = tpHz or tpLz. Open-collector outputs will change only if they are low
at the time of disabling, so tgjs = tpLH-
Enable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage waveforms
with the output changing from a high-impedance (off) state to either of the defined active levels (high or
low)

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state
outputs, ten =tpzH Ortpz . Open-collector outputs will change only if they are responding to data
that would cause the output to go low, so tgn = tpH|..

Hold time

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

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

2. The hold time may have a negative value in which case the minimum limit defines the longest
interval (between the release of the signal and the active transition) for which correct operation
of the digital circuit is to be expected.
Propagation delay time _
The time between the specified reference points on the input and output voltage waveforms with the
output changing from one defined level (high or low) to the other defined level (tpq = tpHL OF tpLH)
Propagation delay time, high-to-low level output ’
The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined high level to the defined low level
Disable time (of a 3-state output) from high level
The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined high level to the high-impedance (off) state
Propagation delay time, low-to-high level output

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

*Current out of a terminal is given as a negative value.
L
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

tpLz

tpzH

tpzL

ViH

ViL

VoH

VoL

Vit

ViT-

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

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

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

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

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

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

Setup time

The time interval between the application of a signal at a specified input terminal and a subsequent active
transition at another specified input terminal

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

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 to be expected.

Pulse duration (width)

The time interval between specified reference points on the leading and trailing edges of the pulse

waveform

High-level input voltage

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

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

High-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,

will establish a high level at the output

Low-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,

will establish a low level at the output

Positive-going input 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, ViT—

Negative-going input threshold level

The voltage level at a transition-operated input that causes operation of the logic element according to
specification as the input voltage falls from a level above the positive-going threshold voltage, Vi,
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

definitions

asynchronous FIFO

Data writes are initiated by a low-level pulse on the write-enable input when the full flag is not asserted. Likewise,
data reads are initiated by a low-level pulse on the read-enable input when the empty flag is not asserted. The
empty and full flags are not synchronized to a particular clock and reflect the instantaneous comparison of the
read and write pointers.

clocked FIFO

Data is written by a low-to-high transition of a write clock when write-enable inputs are asserted and the
input-ready flag is not asserted. Likewise, data is read by a low-to-high transition of a read clock when
read-enable inputs are asserted and the output-ready flag is asserted. The input-ready flag is multistaged
synchronized to the write clock and the ouput-ready flag is multistaged synchronized to the read clock,
improving metastability.

strobed FIFO

Data is written on a low-to-high transition on the load-clock input when the full flag is not asserted. Likewise,
data is read on a low-to-high transition on the unload-clock input when the empty-flag is not asserted. The empty
and full flags are not synchronized to a particular clock and reflect the instantaneous comparison of the read
and write pointers.

synchronous FIFO

The term synchronous refers to a port-control method and does not imply that data writes and reads must be
synchronous to one another. Data is written by a low-to-high transition of a write clock when write-enable inputs
are asserted and the full flag is not asserted. Likewise, data is read by a low-to-high transition of a read clock
when read-enable inputs are asserted and the empty flag is not asserted. The empty flag is single-staged
synchronized to the read clock, and the full flag is single-staged synchronized to the write clock.
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EXPLANATION OF FUNCTION TABLES

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

H = high level (steady state)
L = low level (steady state)
T = transition from low to high level
l = transition from high to low level
— = value/level or resulting value/level is routed to indicated destination
') = value/level is re-entered
X = irrelevant (any input, including transitions)
Z = off (high-impedance) state of a 3-state output
a...h = thelevel of steady-state inputs A through H respectively
Qo = level of Q before the indicated steady-state input conditions were established
Qg = complement of Qg or level of Q before the indicated steady-state input
conditions were established
Qp = level of Q before the most recent active transition indicated by { or T
gl = one high-level pulse
L = one low-level pulse
Toggle = each output changes to the complement of its previous level on each active

transition indicated by { or T

If, in the 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, inthe input columns, a row contains H, L, and/or X together with T and/or |, this means the output is valid whenever
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state
levels. If the output is shown as a level (H, L, Qg, or Qq), 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 output is shown as a pulse, /L or LI, the pulse follows
the indicated input transition and persists for an interval dependent on the circuit.)
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EXPLANATION OF FUNCTION TABLES

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

FUNCTION TABLE
INPUTS OUTPUTS
MODE SERIAL PARALLEL
CLEAR 57 50| OO [emr momT[ A B ¢ o0 |A 9 % O
L X X X X X X X X X L L L L
H X X L X X X X X X | Qa0 QBo Qco Qpo
H H H T X X a b c d a b c d
H L H T X H H H H H Qan QBn Qcn
H L H T X L L L L L{L Qa Qen Qcn
H H L 0 H X X X X X |QBn Qcn Qpn H
H H L T L X X X X X |Qgn Qon Qpn L
H L L X X X X X X X | Qao Qo Qco Qpo

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

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

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

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input
and the shifting of previously entered data one bit; data previously at Qa is now at Qg, the previous levels of Qg and
Qc are now at Qg 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 now at Qp, the previous levels of
Qc and Qp are now at Qg and Qg, 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 high and S0 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.

s
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

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

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

circuits D and Q.

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

1 1
PRE 2—5 s 5 4 CLR -;———5 R
c —Jet c ——ct
3 _ 3
S S N
D . 1D ¢ & __o . 1D
othR —NYR PRE — s
LATCH LATCH
1 1
PRE —2—————5 s 5 a CLR —2——‘5 R
CLK 3—5 ci CLK T—_> ct
D ——11p 6 _ D —Nw
oR ——2n ¢ PRE s
FLIP-FLOP FLIP-FLOP

p————— @

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

change together.
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THERMAL INFORMATION

In digital system design, consideration must be given to thermal management of components. The small size of the
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for
various rates of air flow.

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures.
In general, the junction temperature for any device can be calculated using using the following equation:

T, = Ron X Pr+ T,

where:
Ty = virtual junction temperature
Rgya = thermal resistance, junction to free air
Pt = total power dissipation of the device
Ta = free-air temperature
JUNCTION-TO-AMBIENT THERMAL RESISTANCE
Vs
AIR VELOCITY

130

1 T T
/— 14-Pin D Package
120

S~ 16-Pln D Packaga
110

100 Z /— 20-Pln Dw Package

/‘ 24—Pln DW Package

\
920 \
\ /— ;?.-F::ckage —
\
N

~

70

S ~——
60

50

40

30

Rg JA - Junction-to-Ambient Thermal Resistance — °C/W
3

(] 100 200 300 400 500 600
Alr Velocity - ft/min

Figure 1

Derating curves for 210-mil shrink small-outline package are shown in Figures 2 through 5.
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THERMAL INFORMATION

DERATING CURVES FOR 210-MIL SHRINK SMALL-OUTLINE PACKAGE (DB)

1100 -8 FI0 Alr Velocity 16Pin
% 1000 (linear m/sec) % 1000
; =0 T el |
é 900 ‘-s: *“ ‘.‘3‘ - b
§ 800 & 800 TG
‘@ ] _ o
2 700 8 ~ =
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;, 600 ‘g 600
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3 400 F— 3 400 (linear misec)
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R 300 — % R— |
S —— = —_———— 075
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TA - Free-Air Temperature - °C TA - Free-Air Temperature ~ °C
Figure 2 : Figure 3
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Figure 4 Figure 5
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TELECOM SINGLE-BIT FIFOS

Features

0.8-um CMOS process
Dual independent FIFOs

Separate inputs, outputs, resets, and
enables

Synchronous IR and OR flags
TI's advanced clocked interface

Empty, full, and almost-full/almost-empty
flags

—40°C/85°C characterization

Benefits

High-performance, low—bower process

Allow either a transmit and receive
configuration, two transmits, or two
receive operations

Greater design flexibility

Flag synchronization is done on chip.
Support free-running clocks with enables

Multiple status flags enables greater
system control

Industrial temperature range for field
applications



SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 — REVISED SEPTEMBER 1995

® Dual Independent FIFOs Organized as: DW PACKAGE
64 Words by 1 Bit Each — SN74ACT2226 (TOP VIEW)
256 Words by 1 Bit Each — SN74ACT2228 wetls | W) 22l 1RDCLK
® Free-Running Read and Write Clocks Can 1AF/AE (]2 23] 1RDEN
Be Asynchronous or Coincident on Each 1WRTCLK [I3 2[10R
FIFO 1WRTEN E 4 21f11Q
® Input-Ready Flags Synchronized to Write 1R s 20{] 2RESET
Clocks 1D e 19lVee
® Output-Ready Flags Synchronized to Read GND [}7 18{J2D
Clocks 1RESET (|8 17[J2Ir
® Half-Full and Almost-Full/Almost-Empty 2a [fo 16[J 2WRTEN
Flags 20R [J10  15[]2WRTCLK
® Support Clock Frequencies up to 22 MHz 22RT3%!|E_E E :12 :; %ga’;’ AE
® Characterized for Operation Over the

Industrial Temperature Range:
—40°C to 85°C

® Access Times of 20 ns
® Low-Power Advanced CMOS Technology
® Available 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 (1R 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 can be asynchronous to one another.

Each input-ready flag (1IR or 2IR) is synchronized by two flip-flop stages to its write clock (1IWRTCLK or
2WRTCLK), and each output-ready flag (10R or 20R) is synchronized by three flip-flop stages to its read clock
(1RDCLK or 2RDCLK). This multistage synchronization ensures reliable flag-output states when data is written
and read asynchronously.

A half-full flag (1HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half
the depth of the FIFO. An almost-full/almost-empty flag (1 AF/AE or 2AF/AE) is high when eight or less bits are
stored in its FIFO and when eight or fewer empty locations are left in the FIFO. A bit present on the data output
is not stored in the FIFO.

The SN74ACT2226 and SN74ACT2228 are characterized for operation from —40°C to 85°C.

For more information on this device family, see the application report FIFOs With a Word Width of One Bit in
the 1996 High-Performance FIFO Memories Designer’s Handbook, literature number SCAA012A.

PRODUCTION DATA Information Is current as of publication date. Copyright © 1995, Texas Instruments Incorporated
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 - REVISED SEPTEMBER 1995

logic symbolst

[
FIFO 64 x 1
SN74ACT2226
RESET RESET 5
1RESET IN RDY 1R
1WRTCLK S WRTCLK 1
HALF FULL ;T
WRTEN
1WRTEN 2 ALMOST FULL/EMPTY o5 |AFIAE
1RDCLK - > RDCLK OUTRDY 10R
1RDEN RDEN
6 1 - 21
D —— F— 1o
20
2RESET — RESET 17
RDY 2IR
2WRTCLK — WRTCLK N 13
SWRTEN WRTEN HALF FULL o 2
‘ 12 ALMOST FULL/EMPTY 2AF/AE
2RDCLK > RDCLK 10
1 OUT RDY 20R
2RDEN RDEN
m C
18 9
20 ——f —— 22
)
FIFO 256 1
SN74ACT2228
RESET RESET 5
1RESET INRDY 1R
1WRTCLK WRTCLK
HALF FULL ;T
1WRTEN WRTEN
24 ALMOST FULL/EMPTY S, 1AFIAE
1RDCLK " > RDCLK OUT RDY 10R
1RDEN RDEN
6 1 L 21
D — — 1a
20
2RESET — RESET 17
2WRTCLK — > WRTCLK N RDY T
SWRTEN WRTEN HALF FULL | o 2F
12 ALMOST FULL/EMPTY 2AF/AE
2RDCLK > RDGLK 10
1 OUT RDY 20R
2RDEN RDEN
‘ 18 L C 9
20 — F— 20

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 - REVISED SEPTEMBER 1995

SN74ACT2226 functional block diagram (each FIFO)

D

RDCLK
RDEN

WRTCLK
WRTEN

AF/AE
HF
IR

Location 1
Synchronous > Read |—A\| Location2
ReadControl | __ _| Pointer
Dual-Port
SRAM
Synchronous > Write 64x1
Write Control o—] Pointer Location 63
Y ﬂi Location 64
o
Status
Reset
Logic >
>

SN74ACT2228 functional block diagram (each FIFO)

RDCLK
RDEN

WRTCLK
WRTEN

OR

AF/AE
HF
IR

Location 1
Synchronous [—» Read [—\| Location2
ReadControl | 1 Pointer |~
Dual-Port
SRAM
Synchronous > Write 256 x1
Write Control L ¢—| Pointer L /™| otion 255
Y A Location 256
Register Q
Status
Reset
Logic >
L

OR

ﬂ’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-5



SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B ~ JUNE 1992 — REVISED SEPTEMBER 1995

Terminal Functions

TERMINAL
1o 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 6 .
2D 18 | Data input
GND 7 Ground
1HF 1 Half-full flag. HF is high when the number of bits stored in memory is greater than or equal to half the FIFO depth.
(0] .
2HF 15 HF is set low after reset.
1R 5 Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the FIFO is full and
2R 17 O | writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of WRTCLK
after reset.
10R 22 Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When ORis low, the FIFO is empty
20R 10 [e) 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 asserted high to indicate ready data.
1RDCLK 24 Read clock. RDCLK s a continuous clock and can be independent of any other clock on the device. A low-to-high
| transition of RDCLK reads data from memory when the FIFO RDEN and OR are high. OR is synchronous with
2RDCLK 12 . ™
the low-to-high transition of RDCLK.
1RDEN 23 | 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 1 of RDCLK.
{RESET 8 Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK must
JRESET 20 | occur while RE§ET is low. This sets HF, IR, and OR low and AF/AE high. Before it is used, a FIFO must be reset
after power up.
Vce 19 Supply voltage
1WRTCLK 3 Write clock. WRTCLK is a continuous clock and can be independent of any other clock on the device. A
JWRTCLK 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 . . i g ’ "
SWRTEN 16 | Write enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition of WRTCLK.

2-6
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1

CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 — REVISED SEPTEMBER 1995

RESET

WRTCLK

WRTEN

D

RDCLK
XXX XXX XX XD

OR Don’t Care

AF/AE Don't Care

HF % Don'’t Care &
XXX XX

Figure 1. FIFO Reset
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1

CLOCKED FIRST- IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 — REVISED SEPTEMBER 1995

RESET

-

WRTEN _|

AF/AE

HF

DATA BIT NUMBER BASED ON FIFO DEPTH

DEVICE

DATA BIT

A B C

SN74ACT2226
SN74ACT2228

B33 B57 B65
B129 B249 B257

Figure 2. FIFO Write
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 — REVISED SEPTEMBER 1995
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DATA BIT NUMBER BASED ON FIFO DEPTH

DATA BIT
A B [+ D E F
SN74ACT2226 | B33 B34 BS56 BS7 B64 B65
SN74ACT2228 | B129 B130 B248 B249 B256 B257

Figure 3. FIFO Read

DEVICE

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

Supply VOItaGE range, VGG « -t vveerientnenteetn e tieeeteatataenteneneneneasanenen -05Vto7V
Input voltage range, Vi (seeNote 1) .....ooveiiiiiiiiiiiii ittt et -05VtoVgc+05V
Output voltage range, Vo (seeNote 1)  .......oeiiiiiiiiiiiiiiiiiiiinienenn, -05VtoVgc+05V
Input clamp current, ik (V<O OrVi>VEE) cvvniniiiiiiiiiiiiiiiiiiiii it iiineneaenes +20 mA
Output clamp current, lok (VO <00rVO>VEE) cveverriininiiiiiiiiiiiiiianiaiaeineaenss +50 mA
Continuous output current, o (VO =0t0VGE) +vvvveriniiniiiiiiiiiiii it ... 50 mA
Continuous current through Vg orGND .....oviiiiiiiiii it +200 mA
Operating free-air temperature range, TA - ...vvvvereenrnnreenrnrneneieneeeeneannnns -40°C to 85°C
Storage temperature range, Tetg - -« ..« «veeeererrnnuunteeereiiiiiiia e, -65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of 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 voltage ratings may be exceeded provided that the input and output current ratings are observed.
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
"CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B ~ JUNE 1992 — REVISED SEPTEMBER 1995

recommended operating conditions

MIN MAX| UNIT
Voc  Supply voltage 45 55| Vv
VIH High-level input voltage 2 Vv
VIL Low-level input voltage 0.8 \
IoH High-level output current Q outputs, Flags -8 mA
loL Low-level output current Qoutputs 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 Voo =45V, lIoH=-8mA 2.4 \
Flags Vec=45V, loL=8mA 0.5
VoL v
Qoutputs |Voc=45V, loL = 16 mA 0.5 ]
1] Vecc=55V, Vi=Vggor0 +5| pA
loz Vcc=55V, Vo=Vggor0 5| pA
Icc VI=Vggc=-0.2Vor0 400 | pA
AlgcH Voc=55V, One inputat 3.4V, Other inputs at Vo or GND 1 mA
G V| =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 when each input is at one of the specified TTL voltage levels rather than 0 V or Vgc.

timing requirements over recommended ranges of supﬁly voltage and operating free-air
temperature (unless otherwise noted) (see Figures 1 through 3)

MIN  MAX | UNIT
folock  Clock frequency 22| MHz
, 1WRTCLK, 2WRTCLK high or low 15
tw Pulse duration - ns
1RDCLK, 2RDCLK high or low
1D before IWRTCLKT and 2D before 2WRTCLKT
1WRTEN before 1WRTCLKT and 2WRTEN before 2WRTCLKT
tsu Setup time 1RDEN before 1RDCLKT and 2RDEN before 2RDCLKT
1RESET low before 1WRTCLKT and 2RESET low before 2WRTCLKTS
1RESET low before 1RDCLKT and 2RESET low before 2RDCLKTS
1D after IWRTCLKT and 2D after 2WRTCLKT
1WRTEN after IWRTCLKT and 2WRTEN after 2WRTCLKT
th Hold time 1RDEN after IRDCLKT and 2RDEN after 2RDCLKT
1RESET low after IWRTCLKT and 2RESET low after 2WRTCLKTS
TRESET low after IRDCLKT and 2RESET low after 2RDCLKTS
§ Requirement to count the clock edge as one of at least four needed to reset a FIFO

e
(4]

ns

ns

ojlojojojojojlojo|jo]lo
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992'- REVISED SEPTEMBER 1995

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

FROM TO
PARAMETER (NPUT) (OUTPUT) MIN  MAX | UNIT
1WRTCLK, 2WRTCLK,
fmax or 1RDCLK, 2RDCLK 22 MHz
tod 1RDCLKT, 2RDCLKT 1Q,2Q 2 20| ns
tod 1WRTCLKT, 2WRTCLKT 1IR, 2IR 1 20| ns
tod 1RDCLKT, 2RDCLKT 10R, 20R 1 20| ns
: 1WRTCLKT, 2WRTCLKT 3 20
tod 1AF/AE, 2AF/AE ns
1RDCLKT, 2RDCLKT 3 20
tPLH 1WRTCLKT, 2WRTCLKT 2 20
1HF, 2HF ns
tPHL 1RDCLKT, 2RDCLKT 3 20
t - 1 2
PLH {RESET, 2RESET low VAFIAE, BAFIAE il IR
tPHL 1HF, 2HF 1 20
PARAMETER MEASUREMENT INFORMATION
——— 3V
Clock Input
ov
From Output
Under Test | |
| l VOH
RL =500 Q | i 51;
VoL

I CL=50pF Output

LOAD CIRCUIT

VOLTAGE WAVEFORMS

Figure 4. Load Circuit and Voltage Waveforms
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 - REVISED SEPTEMBER 1995
TYPICAL CHARACTERISTICS
SINGLE FIFO SUPPLY CURRENT

18
16
14
12

10

I ccmn Supply Current - mA

> o0 ©

calculating power dissipation

Data for Figure 5 is taken with one FIFO active and one FIFO idle on the device. The active FIFO has both writes
and reads enabled with its read clock (RDCLK) and write clock (WRTCLK) operating at the rate specified by
felock- The data input rate and data output rate are half the fgock rate, and the data output is disconnected. A
close approximation to the total device power can be found by using Figure 5, determining the capacitive load
on the data output and determining the number of SN74ACT2226/2228 inputs driven by TTL high levels.

With Icgs) taken from Figure 5, the maximum power dissipation (Pt) of one FIFO on the SN74ACT2226 or

SN74ACT2228 can be calculated

vs
CLOCK FREQUENCY

T

— fi=1/2fclock
TA=75°C

Vee=5V s

- CL=0pF 1 __ Vgc=55V

v

o

L

v

[~ Vec=45V |

A/

Vi

0 5 10 1

fclock — Clock Frequency — MHz

Figure 5

by:

Pt = Ve x llce) + (N x Alge x de)] + (C x Vo2 x fo)

0 25

2-12

where:
N = number of inputs driven by TTL levels
Alcc = increase in power supply current for each input at a TTL high level
dc = dutycycle of inputs at a TTL high level of 3.4 V
CL = output capacitive load
fo = switching frequency of an output
u’
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SN74ACT2226, SN74ACT2228
DUAL 64 x 1, DUAL 256 x 1
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS219B - JUNE 1992 — REVISED SEPTEMBER 1995

APPLICATION INFORMATION

An example of concentrating two independent serial-data signals into a single composite data signal with the use of
an SN74ACT2226 or SN74ACT2228 device is shown in Figure 6. The input data to the FIFOs share the same average
(mean) frequency and the mean frequency of the SYS_CLOCK is greater than or equal to the sum of the individual
mean input rates. A single-bit FIFO is needed for each additional input data signal that is time-division multiplexed
into the composite signal.

The FIFO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO almost-full/almost-empty
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay.

SN74ACT2226
or
SN74ACT2228 SYS_CLOCK
+5V |
1HF
Serlal 1WRTCLK 1RDCLK » READY_1
Data 1WRTEN  1RDEN |« SELECT 1
Stream 1D 1Q -1 DATA_1 Co it
: mposite
Time-Division
Serlal 2WRTCLK 2RDCLK Multiplexer Data Stream
ot Data 2WRTEN  2RDEN |« SELECT 2
ream | — 12p 2Q - DATA 2

2HF ’—" READY_2

Figure 6. Time-Division Multiplexing Using the SN74ACT2226 or SN74ACT2228
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 — REVISED SEPTEMBER 1995

® Dual Independent FIFOs Organized as: DW PACKAGE
64 Words by 1 Bit Each - SN74ACT2227 (TOP VIEW)
256 Words by 1 Bit Each — SN74ACT2229 He W) 10k
® Free-Running Read and Write Clocks Can ; AF1/ AE [ ; 23 ]1RDCLK
Be Asynchronous or Coincident on Each
FIFO RS
® |nput-Ready Flags Synchronized to Write 1rls 2010
Clocks 1i0fJe  23[loRESET
® Output-Ready Flags Synchronized to Read GND[l7 22Vec
Clocks anofls  21flvge
® Half-Full and Almost-Full/Almost-Empty 1'—RESETE 9 20 %20
Flags 2Qy1o 19l2IR
® Characterized for Operation Over the 20R ] 11 18[]2WRTEN
Industrial Temperature Range: 2rRDEN{j12  17[lawRTCLK
-40°C to 85°C 2rockl}1s  1sfloar/AE
® Support Clock Frequencies up to 60 MHz 2014 1sflonHF

® Access Times of 9 ns

©® 3-State Data Outputs

® Low-Power Advanced CMOS Technology
@ Available in 28-Pin SOIC (DW) Package

description

The SN74ACT2227 and SN74ACT2229 are dual FIFOs suited for a wide range of serial-data buffering
applications including elastic stores for frequencies up to OC-1 telecommunication rates. Each FIFO on the chip
is arranged as 64 x 1 (SN74ACT2227) or 256 x 1 (SN74ACT2229) and has 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 aimost full/almost empty (1AF/AE or 2AF/AE).

Serial data is written into a FIFO on the low-to-high transition of the write-clock (1WRTCLK or 2WRTCLK) input
when the write-enable (1WRTEN or 2WRTEN) input and input-ready flag (1IR or 2IR) output are both high.
Serial data is read from a FIFO on the low-to-high transition of the read-clock (1RDCLK or 2RDCLK) input when
the read-enable (1RDEN or 2RDEN) input and output-ready flag (10R or 20R) output are both high. The read
and write clocks of a FIFO can be asynchronous to one another. A FIFO data output (1Q or 2Q) is in the
high-impedance state when its output-enable (10E or 20E) input is low.

Each input-ready flag (1IR or 2IR) is synchronized by two flip-flop stages to its write clock (1WRTCLK or
2WRTCLK), and each output-ready flag (10R or 20R) is synchronized by three flip-flop stages to its read clock
(1RDCLK or 2RDCLK). This multistage synchronization ensures reliable flag-output states when data is written
and read asynchronously.

A half-full flag (1HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half
the depth of the FIFO. An almost-full/almost-empty flag (1AF/AE or 2AF/AE) is high when eight or less bits are
stored in its FIFO and when eight or fewer empty locations are left in the FIFO. A bit present on the data output
is not stored in the FIFO.

The SN74ACT2227 and SN74ACT2229 are characterized for operation from —40°C to 85°C.

For more information on this device family, see the application report FIFOs With a Word Width of One Bit in
the 1996 High-Performance FIFO Memories Designer’s Handbook, literature number SCAA012A.

PRODUCTION DATA information Is current as of publication date.

Froductsconforn 0 speiioatonspor e termeofToras e i
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INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-15

Copyright © 1995, Texas Instruments Incorporated



SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 — REVISED SEPTEMBER 1995

logic symbolst

(]
FIFO 64 x 1
9 SN74ACT2227
{RESET — | RESET 5
3 IN RDY
1WRTCLK > WRTCLK
HALF FULL
1WRTEN WRTEN 2
27 ALMOST FULL/EMPTY p”
>
1RDCLK - RDCLK OUT RDY
10E EN1
26
1RDEN RDEN
-1 C
0 64| 7] 24
23
2RESET ————517 RESET
2WRTCLK E> WRTCLK 19
" IN RDY "
2WRTEN ” WRTEN HALF FULL o
2RDCLK » > RDCLK Al MOST FULL/EMPTY ”
20E ” EN2 OUT RDY
2RDEN RDEN
20 -] L 10
0 — v f——
[}
FIFO 256 x 1
° SN74ACT2229
1RESET — L RESET 5
3 IN RDY
1WRTCLK > WRTCLK 1
HALF FULL
1WRTEN WRTEN 2
oo 2 ALMOST FULL/EMPTY p”
1 =~ RDCLK
” OUT RDY
10E EN1
26
1RDEN RDEN
- C
o —6——-| 7] 24
23
2RESET ——517 RESET
2WRTCLK > WRTCLK 19
p IN RDY s
2WRTEN ” WRTEN HALF FULL >
2RDCLK » > RDCLK  ALMOST FULL/EMPTY "
20E " EN2 OUT RDY
2RDEN RDEN
-1 C
20
w2 T wvp—19

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

1R
1HF
1AF/AE
10R

1Q

2IR
2HF
2AF/AE
20R

2Q

1R
1HF
1AF/AE
10R

1Q

2R
2HF
2AF/AE
20R

2Q
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B — JUNE 1992 — REVISED SEPTEMBER 1995

SN74ACT2227 functional block diagram (each FIFO)

OE
D

RDCLK
RDEN

WRTCLK
WRTEN

Location 1
Synchronous > Read |—A\| Location2
ReadControl | _1 Pointer |/
Dual-Port
SRAM
Synchronous > Write 64x1
Write Control ¢—| Pointer L /T | ccation 63
Y a Location 64
Register Q
AF/AE
Status HF
Reset Logic IR
v OR

SN74ACT2229 functional block diagram (each FIFO)

OE
D

RDCLK
RDEN

WRTCLK
WRTEN

Location 1
Synchronous > Read |—A\] Location2
ReadControl | _| Pointer |/
Dual-Port
SRAM
Synchronous > Write 2561
Write Control ¢—| Pointer | /T | ccation 255
Y a Location 256
Register Q
AF/AE
Status HF
Reset Logic IR
i OR
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 ~ REVISED SEPTEMBER 1995

Terminal Functions

TERMINAL
o DESCRIPTION
NAME NO.
1AF/AE 2 o Almost-full/aimost-empty flag. AF/AE is high when the memory is eight locations or less from a full or empty
2AF/AE 16 state. AF/AE is set high after reset.
1D 6 .
2D 20 | Data input:
GND 7,8 Ground
1HF 1 Half-full flag. HF is high when the number of bits stored in memory is greater than or equal to half the FIFO depth.
(0] .
2HF 18 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 FIFQO is full
2R 19 O |and writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of
WRTCLK after reset.
10E 28 | Output enable. The data output of a FIFO is active when OE is high and in the high-impedance state when OE
20E 14 is low.
10R 25 Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK. When OR is low, the FIFO is
20R 1 O | empty 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 asserted high to indicate ready data.
1RDCLK 27 Read clock. RDCLK is a continuous clock and can te independent of any other clock on the device. A
2RDCLK 13 | low-to-high transition of RDCLK reads data from memory when the FIFO 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
2RDEN 12 transition of RDCLK.
{RESET 9 Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of WRTCLK
e | must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. Before it is used, a FIFO must
2RESET 23
be reset after power up.
Vee 21,22 Supply voltage
1WRTCLK 3 Write clock. WRTCLK is a continuous clock and can be independent of any other clock on the device. A
2JWRTCLK 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 . . N . -
SWRTEN 18 | Write enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition of WRTCLK.
‘V TEXAS
INSTRUMENTS
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 - REVISED SEPTEMBER 1995

WRTCLK

WRTEN

REERRRREERRRRRELELRRRLRRRR KIGAKH KRR

A

]

NZNAZN7 N N N N N NN N N NZAZN7 0 00 5 0N 5 0 0 0 0 0 0 0 0 N N NN/ NN\ NZACNAN NN N N N
SRR Bt Cares RO
& 0200 2020 020 2020 202020 202020 20 %020 2020 % 202

00202000 202020202020 2020 %0 2020 %0 20202020 D0 %%

PAVAVAVAN

O

|
RDCLK 4 | 4 1 A

RDEN

1
T
| | ,
SRR
D000 0.9 6.9.90.0.0.90.9.0.0.90.0.0.0.0.9.0.0.0 |

OE

RRARRERRRERRAXRRRRRRRRRR

% SRLRLKRKS
000000702070 2070 %020 %020 %0 %0 % %0 %0 220 %020 % 2%

QAL LN

RAN LR8N

OR Don’t Care

X X X XX '0'0'0'0'0'0'0'O'OW'OVO'O'O'O'Q
0.0.0.9.90.0.0.0.0.0,.0.0.0.0 s 9.0.0.0.0.¢,
@ O Don’t Care (<X

SRRERRHERKERKRRK RIS L0 RRRRRRK

BRI R LB EIEEE
QRIRIRHERIRHRIIIRRK

Pal

o

Pal

ST
CRIRIRRKAIHAIX 03
GRIRIRIIIRIKAIIX KRR
&' “A‘A.A,A’A‘A’A‘A’A‘A‘A’A‘A’Q’A’A’Q‘

020002050 2020 2% 2% 20 %0 %0 20 %0 20 %

TS

KRS

02000020 0% 2% %%

AFIAE S Do care
9 ’ 9,
HF 90 Don’t Care ’Q‘

QSELRILEEAANIRIAX RIS R I KRN

ZRRRRR, DAt Care 56X

Figure 1. FIFO Reset
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 — REVISED SEPTEMBER 1995
=

-

RESET

WRTEN _| i

O -

N/N\/N\/\"\¢
RRREREELRRRRRRR

AF/AE

HF

DATA BIT NUMBER BASED ON FIFO DEPTH
DATA BIT

A B C

SN74ACT2227 | B33 B57 B65

SN74ACT2229 | B129 B249 B257

Figure 2. FIFO Write

DEVICE
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 ~ REVISED SEPTEMBER 1995
S

! 1
RESET 0

N N/ AN\ NN\ N\ NZ N N 50 NN 5 0 0 5 0 5 07 5 0 0 0 0 0 0 5 5 0 0 0 0 0 0 0 0 N N N\
D FBSEEEEERRRRREILKRRRLKERRRLKRRRRLRRRLLLZRLRKS

OE

({4

' -+ +
| I |
| | |
| | |
| | |
l
B1 X B2 X B3 B9 XB1oo, AX B . ¢ X D, EX F
| !
[ I
I I
I

[>]

L l

OR

AF/AE

HF

DATA BIT NUMBER BASED ON FIFO DEPTH

DATA BIT
A B C D E F
SN74ACT2227 | B33 B34 B56 B57 B64 B65
SN74ACT2229 | B129 B130 B248 B249 B256 B257

Figure 3. FIFO Read

DEVICE
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B ~ JUNE 1992 - REVISED SEPTEMBER 1995

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

Supply VORAGE range, VOG « v v viernr it ittt ittt iiiiii i i aiaeiieaaeanans -05Vto7V
Input voltage range, Vi (see Note 1) ...t -0.5VtoVgc+0.5V
Output voltage range, Vo (see Note 1) ...l -05VtoVgc+0.5V
Voltage applied to a disabled 3-state output ........... i 55V
Input clamp current, Ik (V<O OrVi>VoE) cvvieiiiiiiiiiii i i it +20 mA
Output clamp current, lok (VO <0 0rVO>VEE) vvvvviriiiiiiiiiiiiiiiiiiiiiiiiii i +50 mA
Continuous output current, Io (Vo =0t0VEE) tvvviiiiiiiiiiiii e +50 mA
Continuous current through Voo Or GND . ..eeiie it +200 mA
Operating free-air temperature range, To . ..cvviiiiiiiiiii it —40°C to 85°C
Storage temperature range, Tgtg «« - e vvnneerrnireeiinit i -65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
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 voltage ratings may be exceeded provided that the input and output current ratings are observed.

recommended operating conditions

MIN MAX | UNIT
Vece Supply voltage 45 55 \
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \Y
I0H High-level output current Q outputs, Flags -8 mA
loL Low-level output current Qoutputs 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 TYP¥ MAX| UNIT
VOH Vcc=45V, IoH=-8mA 2.4 \
VoL Flags Vocc =45V, loL=8mA 0.5 v

Qoutputs |Voc=45V, loL=16mA 0.5
Iy Vec =55V, Vi=Vggor0 5] pA
loz VoG =55V, Vo=Vccor0 5] pA
Icc Vi=Vcc-02Vor0 400 pA
AlgcS Vcc=55V, One inputat 3.4V, Other inputs at Vo or GND 1 mA
Ci V| =0, f=1MHz pF
Co Vo=0, f=1MHz pF

¥ All typical values are at VGG = 5 V, Ta = 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.
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 ~ REVISED SEPTEMBER 1995

timing requirements over recommended ranges of sup
temperature (unless otherwise noted) (see Figures 1 throug

ﬁlg voltage and operating free-air

MIN MAX | UNIT
_f_q!gck Clock frequency 60| MHz
R 1WRTCLK, 2WRTCLK high or low 5
tw Pulse duration - ns
1RDCLK, 2RDCLK high or low 5
1D before 1WRTCLKT and 2D before 2WRTCLKT 4.5
1WRTEN before IWRTCLKT and 2WRTEN before 2WRTCLKT 4.5
tsu Setup time 1RDEN before 1RDCLKT and 2RDEN before 2RDCLKT 4 ns
1RESET low before 1WRTCLKT and 2RESET low before 2WRTCLKTT 6
1RESET low before 1RDCLKT and 2RESET low before 2RDCLKTT 6
1D after IWRTCLKT and 2D after 2WRTCLKT 0
1WRTEN after IWRTCLKT and 2WRTEN after 2WRTCLKT 0
th Hold time 1RDEN after {RDCLKT and 2RDEN after 2RDCLKT 0 ns
1RESET low after IWRTCLKT and 2RESET low after 2WRTCLKTY 6
1RESET low after 1RDCLKT and 2RESET low after 2RDCLKTt 6

T Requirement to count the clock edge as one of at least four needed to reset a FIFO

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

FROM T0
PARAMETER (INPUT) (OUTPUT) MIN MAX | UNIT
TWRTCLK, 2WRTCLK,
fmax or 1RDCLK, 2RDCLK 60 MHz
tod 1RDCLKT, 2RDCLKT 1Q,2Q 2 9| ns
tod TWRTCLKT, 2WRTCLKT 1R, 2IR 1 8| ns
tod 1RDCLKT, 2RDCLKT 10R, 20R 1 8| ns
TWRTCLKT, 2WRTOLKT 3 14
t 1AF/AE, 2AF/AE ns
pd TRDCLKT, 2RDCLKT 3 14
N TWRTCLKT, 2WRTOLKT
PLH 1HF, 2HF 221
tPHL 1RDCLKT, 2RDCLKT 3 14
PLH AESET oRESET1 TAF/AE, 2AFIAE A
tPHL ’ ow 1HF, 2HF 1 18
fen 10E, 20E 1Q,2Q 0 8l s
tdis 0 8
INSTRUMENTS
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 — REVISED SEPTEMBER 1995

PARAMETER MEASUREMENT INFORMATION

7V
L R ———av
s1 RL=R1=R2 Clock Input
oV
" I |
From Output
Under Test < Test Point : : _____ VOH
oL /= R2 Output * | * VoL
G—Jl tPLH tPHL H
LOAD CIRCUIT VOLTAGE WAVEFORMS
3V
Input 1.5V 1.5V
N A
tpzL—»l |~ |
|| iz e
| | | =35V
Output : sy oLl
——=x— VoL
_J l‘t_sz > t 03V
tpzH
| ¥ — — Vou
Output 15V E 03V
=0V
VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES
PARAMETER R1, R2 C|_T S1
t Open
ten 22 s000 50 pF P
tpzL Closed
tPHZ Open
tdi 500 Q 50 pF
ds oz P Closed
tod 500 Q 50 pF Open
1 Includes probe and test-fixture capacitance
Figure 4. Load Circuit and Voltage Waveforms
‘b TEXAS
INSTRUMENTS
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B — JUNE 1992 — REVISED SEPTEMBER 1995

TYPICAL CHARACTERISTICS
SINGLE FIFO SUPPLY CURRENT
Vs
CLOCK FREQUENCY
40
E 35 Veg=55V v
! 30 Vecoc=5V—_ / >
: P
3 A
2> / //Vcc =45V
g 2 e
(7]
= 15 /
8 7
f| =1/2 fc|°ck
5 TpA=75°C

CL= 0’pF

0 10 20 30 40 50 60

fclock — Clock Frequency - MHz

Figure 5

calculating power dissipation

Data for Figure 5 is taken with one FIFO active and one FIFQ idle on the device. The active FIFO has both writes
and reads enabled with its read clock (RDCLK) and write clock (WRTCLK) operating at the rate specified by
fclock- The data input rate and data output rate are half the ok rate, and the data output is disconnected. A
close approximation to the total device power can be found by Figure 5, determining the capacitive load on the
data output and determining the number of SN74ACT2227/2229 inputs driven by TTL high levels.

With Icc(s) taken from Figure 5, the maximum power dissipation (Pt) of one FIFO on the SN74ACT2227 or
SN74ACT2229 can be calculated by:

P =Voc xllcc() + (N x Algg x do)] + (CL x Veg? x fo)

where:
N = number of inputs driven by TTL levels
Alcc = increase in power supply current for each input at a TTL high level
~dc = dutycycle of inputs at a TTL high level of 3.4 V
CL = output capacitive load
fo = switching frequency of an output

Jiwi TEXAS
INSTRUMENTS
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SN74ACT2227, SN74ACT2229
DUAL 64 x 1, DUAL 256 x 1
FIRST-IN, FIRST-OUT MEMORIES

SCAS220B - JUNE 1992 — REVISED SEPTEMBER 1995

APPLICATION INFORMATION

An example of concentrating two independent serial-data signals into a single composite data signal with the use of
an SN74ACT2227 or SN74ACT2229 device is shown in Figure 6. The input data to the FIFOs share the same average
(mean) frequency and the mean frequency of the SYS_CLOCK is greater than or equal to the sum of the individual
mean input rates. A single-bit FIFO is needed for each additional input data signal that is time-division multiplexed
into the composite signal.

The FIFO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO almost-full/almost-empty
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay.

SN74ACT2227
or
SN74ACT2229 SYS_cLock
+5V |
1HF
Serlal 1WRTCLK 1RDCLK »-{ READY_1
Data 1WRTEN 1RDEN [« SELECT_1
Stream 1D 1Q -] DATA_1
Time-Division g:;:%‘:f::m
Serlal 2WRTCLK 2RDCLK Multiplexer
st Data 2WRTEN 2RDEN |« SELECT_2
ream | — 12 2Q »-{ DATA 2

2HF l—" READY_2

Figure 6. Time-Division Multiplexing Using the SN74ACT2227 or SN74ACT2229

‘@’ TEXAS
INSTRUMENTS
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REDUCED-WIDTH FIFOS

Features

Frequencies up to 40 MHZ

3-state outputs
Depths available from 16 to 64 words

Package options include SOIC, PLCC,
and DIP

Benefits
Multiple frequencies for greater
system-performance flexibility
Disable output from the data path
Shallow depths for elastic store

Multiple package options for high-volume
production requirements



SN74ALS232B
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS251 — FEBRUARY 1989 — REVISED SEPTEMBER 1993

® Independent Asynchronous Inputs and DW OR N PACKAGE
Outputs (TOP VIEW)

® 16 Words by 4 Bits oe s v

® Data Rates From 0 to 40 MHz roc 2 Uﬁ%K

® Fall-Through Time. .. 14 ns Typ Lock I 3 EMPTY

® 3-State Outputs po [}« Qo

® Package Options Include Plastic D1 [s Q1
Smali-Outline Packages (DW), Plastic Chip D2 []6 Q2
Carriers (FN), and Standard Plastic 300-mil D3 f}7 Q3
DIPs (N) GND [} 8 RST

description FN PACKAGE
(TOP VIEW)

This 64-bit memory use advanced low-power
Schottky technology and features high speed and
fast fall-through times. It is organized as 16 words
by 4 bits each.

A first-in, first-out (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. D2

EMPTY
Qo
NC
Qi
02

8 14
9 10 11 12 13
B s | s [ o |

Data is written into memory on a low-to-high
transition at the load-clock (LDCK) input and is ® Aol ®
read out on a low-to-high transition at the A
unload-clock (UNCK) input. The memory is full .
when the number of words clocked in exceeds by NC - No internal connection
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.

Status of the FIFO memory is monitored by the FULL and EMPTY output flags. The FULL output is low when
the memory is full and high when it is not full. The EMPTY output is low when the memory is empty and high
when it is not empty.

Alow level on the reset (RST) input resets the internal stack-control pointers and also sets EMPTY low and sets
FULL high. The Q outputs are not reset to any specific logic level. The first low-to-high transition on LDCK, after
either a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the
Q outputs. Itis important to note that the first word does not have to be unloaded. Data outputs are noninverting
with respect to the data inputs and are at high impedance when the output-enable (OE) input is low. OE does
not affect 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 SN74ALS232B is characterized for operation from 0°C to 70°C.

PRODUCTION DATA Information Is current as of publication date. . Copyright © 1993, Texas Instruments Incorporated
Products conform 1o specifications per the terms of Texas Instruments I
standard warranty. p g does not Include

testing of all parameters.

INSTRUMENTS
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SN74ALS232B

16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS251 - FEBRUARY 1989 — REVISED SEPTEMBER 1993

logic symbolt
FIFO 16 x 4
9 CTR
RST T——B CT=0
LDCK oy > T(+/C2)
UNCK >3-
1
OE EN4
4 M| C
Do 2D 4v
5
D1
6
D2
7
D3

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 controlied 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 DW and N packages.

13
12
1
10

2
CT=16)G1 p———
(CT =0) G3 p————— EMPTY

Qo
Qt
Q2
Q3

3-4
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SN74ALS232B
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS251 - FEBRUARY 1989 — REVISED SEPTEMBER 1993

logic diagram (positive logic)

1 [\
OE
v Ring 1
Gr Counter , N
[ Y N
D DV16 o —
tock 2 c1 : 0
7 __\
8 .
>+ 9
Write 1? —\\
Address {2 —
13 .
J der=1 s
L—ds = 15—
16
—®— R P Ring ] 16
15 Counter N\
UNCK c2 cTR 2\
DIV16 | N\
2D 41—
[— g RN
' 7=
8 —
+ 9 —
_ Read 11—
RST Address :g — RAM 16 x 4
14 EN
__\\
qQCT=1 15 16 ]
16— ~—~— 1A1—6
16, 1
2A 16
#> c3
m ) C
DO : 1A,3D 2A % Qo
D1 s ——Ti— Q1
D2 7 T Q2
D3 — Q3
16, 16 COMP
P=Q p 14
P ! ,3 EMPTY
o P=0st 8 )
P=0-1 R b —D FULL
—_—
Pin numbers shown are for the DW and N packages.
‘b TEXAS
INSTRUMENTS
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SN74ALS232B
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS251 — FEBRUARY 1989 ~ REVISED SEPTEMBER 1993

timing diagram
RST __|
|
oo | FLELA L, 11
S T T S R L T 3 ST
po-D3 XXX I K] XXX, on't Eare $6XXd Ko KXo o X
[ W1 w2 w3 Wi W2 W15 W16

)
[
UNCK | ﬂ { 4l—| !
|
l ' 'vvv\ 4
Q0-Q3 J¥all word 1 Y Word1 |
|
|
|

><
><

Word2 Word3 |
d

[
L L
T T
FULL (. _I
I Load
I wi | |
Initialize Unload Empty Full
Pointers w2

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

SUPPIY VORRAGE, VGG  « ottt vttt ittt it ettt i ettt e enaans 7V
INPUEVORAGE, V| o i e et e i e 7V
Voltage applied to a disabled 3-state output ...t e e 55V
Operating free-air temperature range, TA  «.cvvvvnttintiiiiiiiiii it iien e eneenas 0°C to 70°C
Storage temperature range . .......o.viii i e i e —65°C to 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.

‘tif TEXAS
INSTRUMENTS
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SN74ALS232B

16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS251 - FEBRUARY 1989 — REVISED SEPTEMBER 1993

recommended operating conditions (see Note 1)

MIN NOM MAX| UNIT

Vee Supply voltage 4.5 5 55 v

VIH High-level input voltage 2 Vv

ViL Low-level input voltage 0.8 v

I0H High-level output current _____ri_o_mp_—_—uts 26 mA
FULL, EMPTY -0.4

loL Low-level output current _______Cl?gp__uts 24 mA
FULL, EMPTY 8

folock? ~ Clock frequency b‘:g; g :g MHz
RST low 18
LDCK low 15

tw Pulse duration LDCK high 10 ns
UNCK low 15
UNCK high 10

te Setuptime Data before LDCKT _ 8 ns
LDCK inactive before RSTT 5 :

. Data after LDCKT 5

th Hold time — —— ns
LDCK inactive after RSTT 5

TA Operating free-air temperature 0 70 °C

t The maximum possible clock frequency is 40 MHz. The maximum clock frequency when using a 50% duty cycle is 33.3 MHz.
NOTE 1: Toensure proper operation of this high-speed FIFO device, itis necessary to provide a clean signal to the LDCK and UNCK clock inputs.
Any excessive noise or glitching on the clock inputs that violates limits for maximum V|, minimum V|H, or minimum pulse duration can
cause a false clock or improper operation of the internal read and write pointers.

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP¥ MAX| UNIT

VIK Vecc =45V, lj==18 mA -1.2 \i
VOH Qﬂtputs Vec =45V, IoH =-2.6 mA 2.4 3.2 v

FULL, EMPTY |Vgoc=4.5Vto55V, loH =-0.4 mA Vec-2

Q outputs Voo =45V loL=12mA 0.25 0.4
VoL loL =24 mA 0.35 0.5 v

FUIL, EMPTY | Voo =45V loL =4 mA 0.25 0.4

loL=8mA 0.35 0.5

lozH Voc =55V, Vo=27V 20| pA
lozL Vocc=55V, Vo=04V -20 pA
] Voc =55V, Vi=7V 0.1] mA
IIH Vcc =55V, V=27V 20 uA
L Vcc =55V, V=04V -02]| mA
108 Voc=55V, Vo =225V -30 -112| mA
Icc Vcc =556V 80 1251 mA

% All typical values are at VoG =5 V, 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, Ing.

‘@‘ TEXAS
INSTRUMENTS
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SN74ALS232B
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS251 -~ FEBRUARY 1989 — REVISED SEPTEMBER 1993

switching characteristics (see Figure 1)

Veg=5VY, Voc=45Vto55V,
CL =50pF, CL=50pF,
R1 = 500 R1 = 500
PARAMETER (;:,%'fr) (ou11.'gur) R2 = 500 3 R2 = 500 2 UNIT
Ta = 25°C Ta = MIN to MAXT
MIN TYP MAX MIN  MAX
fmax LDCK, UNCK. 50 40 MHz
; LDCKT AnvQ 14 23 6 30 ns
pd UNCKT w 15 23 D)
tp LDCKT 13 20 5 25
tpl}-:_ UNCKT EMFTY 15 22 6 27 ne
tPHL RSTL EMPTY 15 21 5 26 ns
tPHL LDCKT FOLL 15 22 6 27 ns
L L&KT — 13 20 5 25 s
RSTL 16 23 7 28
ten OET Q 5 12 1 14 ns
tdis OEl Q 5 12 1 16 ns

't For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

“if TEXAS
INSTRUMENTS
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SN74ALS232B
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SCAS251 ~ FEBRUARY 1989 — REVISED SEPTEMBER 1993

. PARAMETER MEASUREMENT INFORMATION

v SWITCH POSITION TABLE
l Open TEST s1
S1 tPLH Open
tPHL Open
R1=500Q tpzH Open
From Output Test Point tpzL Closed
Under Test tpHZ Open
CL =50pF - R2=500Q
(see Note A) | tpLZ Closed
LOAD CIRCUIT FOR 3-STATE OUTPUTS ——_  asvV
High-Level 13V 1.3V
Puilse | i 03V
— ty —»
Timing a5V I :

35V
Input / 13V Low-Level | 18V 13V
—__':_ 03V Pulse . - 0.3V
tou et~ f——— o
Data | d— — — 35V VOLTAGE WAVEFORMS
Input 13V 13V PULSE DURATION
0.3V

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Output
Control
Input ST T~ 35V
(see Note B) 13V 13v
| I 03V
—>| —>—t
tPLH | PHI"I Waveform 1
In-Phase I — — VOH S1 Closed
Output 13V (see Note C)
| VoL

| H—-—bi-— tPLH

tPHL
| | VoH Waveform 2
Outof-Phase 13V 13V $10pen
utput L —— VoL (see Note C)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. Cy includes probe and jig capacitance.
. Allinput pulses are supplied by generators having the following characteristics: PRR<1 MHz, Zo =50 Q,ty <2 ns, tf< 2 ns.
. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuit and Voltage Waveforms

O Ow
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SN74ALS234
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDAS106B — OCTOBER 1986 — REVISED SEPTEMBER 1993

® Asynchronous Operation DW OR N PACKAGE
(TOP VIEW)
® Organized as 64 Words by 4 Bits
® Data Rates From 0 to 30 MHz ol 16 Vec
©® 3-State Outputs R0z 15[ SO
® Package Options Include Plastic siffs 14flor
Small-Outline Packages (DW), Plastic po [} 4 13l Qo
J-Leaded Chip Carriers (FN), and Standard D1 s 12l at
Plastic 300-mil DIPs (N) p2lls 11PQz
paflz toflas
description GND [l 8 o [| RST

The SN74ALS234 is a 256-bit memory utilizing
advanced low-power Schottky IMPACT™

technology. It features high speed with fast Fgg:?,féﬁf
fall-through times and is organized as 64 words by

4 bits. clge >8 2

A first-in, first-out (FIFO) memory is a storage

device that allows data to be written into and read sifs® 2 " ®"%%or
from its array at independent data rates. The Do f]s 17[] o
SN74ALS234 is designed to process data at rates NC [ 6 1s[] NC
from 0 to 30 MHz in a bit-parallel format, word by p1 f7 15[ Q1
word. p2ps 9 10 11 12 1314[ @2
Data is written into memory on the rising edge of o | | | |

the shift-in (SI) input. When Sl goes low, the first 82258
data word ripples through to the output (see g4z
Figure 1). As the FIFO fills up, the data words
stack up in the order they were written. When the
FIFO is full, additional shift-in pulses have no
effect. Data is shifted out of memory on the falling edge of the shift-out (SO) input (see Figure 2). When the FIFO
is empty, additional SO pulses have no effect. The last data word remains at the outputs until a new word falls
through or reset (RST) goes low.

Status of the SN74ALS234 FIFO memory is monitored by the output-ready (OR) and input-ready (IR) flags.
When ORis high, valid data is available at the outputs. OR is low when SO is high and stays low when the FIFO
is empty. IR is high when the inputs are ready to receive more data. IR is low when Sl is high and stays low when
the FIFO is full.

When the FIFO is empty, input data is shifted to the output automatically when Sl goes low. If SO is held high
during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3).

NC - No internal connection

Whenthe FIFO is full, data can be shifted in automatically by holding SI high and taking SO low. One propagation
delay after SO goes low, IR will go high. If Sl is still high when IR goes high, data at the inputs are automatically
shifted in. Since IR is normally low when the FIFO is full and S! is high, only a high-level pulse is seen on the
IR output (see Figure 4).

IMPACT is a trademark of Texas Instruments Incorporated.

PRODUC‘I'ION“D:TA Information Is current as of publication date.

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include TEXAS

INSTRUMENTS

testing of all parameters.

Copyright © 1993, Texas Instruments Incorporated

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-11



SN74ALS234
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDAS106B - OCTOBER 1986 — REVISED SEPTEMBER 1993

description (continued)

The FIFO must be reset after power up with a low-level pulse on the master reset (RST) input. This sets IR high
and OR low signifying that the FIFO is empty. Resetting the FIFO sets the outputs to a low logic level (see
Figure 1). If Sl is high when RST goes high, the input data is shifted in and IR goes low and remains low until
S! goes low. If Sl goes low before RST goes high, the input data will not be shifted in and IR goes high. Data
outputs are noninverting with respect to the data inputs and are at high impedance when the output-enable (OE)

input is high. OE does not affect the IR or OR.
The SN74ALS234 is characterized for operation from 0°C to 70°C.

logic symbolt
FIFO 64 x4
sl —ta & 54+/C1 o 3CT>0 " OR
>
s G2 (€T>0)G4
To) —-C 4
- 2
PGS 2CT <64 IR
(CT<64)G5 +
CT=0
___ 9 I E
RST p R
OF —— D ENs
4 1 L 13
Do 1D 16w Qo
5 12
D1 Qi
6 1
D2 Q2
7 10
D3 Q3
t This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12.
functional block diagram
4
Do — 12 a0
D2 6 :"53 —\] 62x4Bit —\| o':::g" 1 g;
D3 —L Stage V| Register | stage 10 a3
IR —2—— Input- Register- Output- +«——5 so
Control M Control K Control
sl 3 Logic N— Logic N— Logic 14 OR
meT 2 i i ?
Pin numbers shown are for the DW and N packages.
‘b TEXAS
INSTRUMENTS
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SN74ALS234

64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDAS106B — OCTOBER 1986 — REVISED SEPTEMBER 1993

sjnding eleq

ul —4—

€9 10 ¢ Se aweg
1 9- v spiom
b

! ] =
e S % | g
| 1
o
5
°
S
]

oa

€9 PIOM 9 PIOM
30

(o160] annisod) weibeip o160]
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SN74ALS234 .
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDAS106B - OCTOBER 1986 — REVISED SEPTEMBER 1993

timing diagram

| —
R

|
s I [
T
R | |
A IAAANAN/ y, RNANAAAN] N AL ..U L AAAANANA LA/
D3-DO R w2 RO Bon't Care K wr o wa [okweek] wes o] wi KL
o1 | | |
so | I/ I"]_I"I L [
| [ | [ |
[ | | L |
Q3-Qo I ! Word 1 *ordzl mvaiigt M Word 1% )'( Word 2 Word 3
| | I
[ '
IR
I |
|

Clear | Shift Out
Shift In w2
w1 Empty

1 The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO.
¥ While the output data is considered valid only when the OR flag is high, the stored data remains at the outputs. Any additional words written into
the FIFO will stack up behind the first word and will not appear at the output until SO is taken low.

“5‘ TEXAS
INSTRUMENTS
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, SN74ALS234
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDAS106B - OCTOBER 1986 — REVISED SEPTEMBER 1993

S|

X

| | I
I ' M-tPHL ™ e tpLy 51

D3-DO

IR Full i
le 1
PHL tPLH ——
[ — !
OR i Empty |
| T
b tpg —>1| e tpd —-——1
Q3-Qo X £
NOTE: SO'is low.

Figure 1. Master Reset and Data-In Waveforms

o] ____j_—
OR E I l

Ih—--— tPLH——— [ tPHL —¥]

[— tPLH —

IR Full |
1
f— tasoL-ax)
| |
tdis ¥ ~ {‘_'en lh—t,,d——Jl
OE
NOTE: Slis low.

Figure 2. Data-Out Waveforms
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|
|
|
SO
—I lq—! tPLH

OR Empty

|
—
h_tw_.

|
l'—ﬂl td(QV-ORH)
@3-Q0 Invalid X

Figure 3. Data Fall-Through Waveforms

]e] I I
S —J h— tPLH —’I w |.___
IR Full I I Full

QALK

R 0200000002020 202020 20 02020202

Figure 4. Automatic Data-In Waveforms

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

Supply voltage, Vog (S8 NOtE 1) ..ottt i e e e e e et e it 7V
LT o TU Lo = o [ T 7V
Voltage applied to a disabled 3-state output ............cciiiiiiiiii e 55V
Operating free-air temperature range, TA - .. cuveveet ettt i ieiee i et eaeneanananns 0°C to 70°
Storage temperature range . .........eeeeetneieeeeeeeenenreeneneneareneeeeenenen, —-65°C to 1560°C

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

NOTE 1: All voltage values are with respect to GND.
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recommended operating conditions

MIN  NOM MAX | UNIT
Vce Supply voltage 45 5 5.5 \]
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
’ Q outputs -26
loH High-level output current 'R and OR ~oa mA
Q outputs 24
loL Low-level output current R and OR 3 mA
folock  Clock frequency Slor SO 0 30 | MHz
tw Pulse duration -—S.;I—il SO High or low 1 ns
RST Low 15
Data 0
tsu Setup time before SIT T l Figh (nactive) s ns
th Hold time, data after SIT 17 ns
TA Operating free-air temperature 0 70 °C

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

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
ViIK Voc=45V, lj=-18 mA -1.2 Vv
lIoH=-1mA
Any Q Voc =45V
VoH "y co 1OH = 2.6 MA 24 32 v
IR,OR [Vog=45V, IOH =-0.4 mA 2.7 3.4
loL=12mA 0.25 0.4
AyQ |Vog=45V oL
v loL = 24 mA 03 05|
OL loL=4mA 025 04
IR, OR Voo =45V
loL=8mA 035 05
lozH Voc =565V, Vo=27V 20 pA
lozL Vec =55V, Vo =04V -20 [ pA
I} Vocc=5.5V, Vi=7V 0.1 mA
1] Vec =55V, Vi=27V 20 pA
m Voc =55V, V|=04V -01 | mA
o Vce =565V, Vpo=225V -30 -112 mA
Low 100 145
lcc Vee=55V High 97 142 mA
Disabled 103 148

1 All typical values are at VG =5 V, Ta = 25°C.

4 The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.
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switching characteristics (see Figure 5)

Veg=5V, Vcc=45Vto 55V,

C( =50 pF, CL =50 pF,

R1 =500 R1 =500

PARAMETER (Iil:%ﬁ) (ouzgm) R2 = 500 g R2 = 5003 UNIT
TA =25°C TA = MIN to MAXT
MIN TYP MAX MIN  MAX
sl 35 30 ;

fmax SO 35 30 MHz
twi IR high 15 8 ns
tw§ OR high 19 8 ns
td(QV-ORH) Q valid before ORT 6 9 -5 12 ns
td(soL-Qx) Q valid after SOl 13 4 ns
tod s Q 600 800 350 1000 ns
tPHL SIT ) R 20 26 8 30 ns
tPLH s 16 21 6 25
tpLHT s ‘OR 600 800 350 1000 ns
tod SO Q 13 17 4 22 ns
tPHL sot oR 23 27 7 33 s
tPLH sol 20 24 6 30
tpLHT sold IR 600 800 350 1000 ns
tPHL RSTL OR 22 26 10 34 ns
tPLH IR 17 21 [3 27
tPHL RSTL Q 14 17 5 19 ns
tdis OET Q 7 13 2 15 ns
ten OE! Q 6 12 2 13 ns

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 The IR output pulse occurs when the FIFO is full, Sl is high, and SO is pulsed (see Figure 4).

§ The OR output pulse occurs when the FIFO is empty, SO is high, and Si is pulsed (see Figure 3).

1 Data throughput or fall-through times
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PARAMETER MEASUREMENT INFORMATION

7v SWITCH POSITION TABLE
J, Open TEST st
S1 tPLH Open
tPHL Open
R1=500Q thH °pen
From Output p Test Point tpzL Closed
Under Test tpHZ Open
CL =50 pF R2=500Q 4 Closed
(see Note A) PLZ
LOAD CIRCUIT FOR 3-STATE OUTPUTS o 35V
High-Level 1.3V 1.3V
Pulse | | 0.3V
— tw —»
Timing 38V | | 35V
Input 13V , Low-Level | 13V | -
A - 0.3V Pulse : 13V
tsu—ﬂ_’l‘——ﬂ_ ‘h - = 03V
Data | N — — — 35V VOLTAGE WAVEFORMS
Input 13V 13V PULSE DURATION
0.3V
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES 35V
Output
Control [
. 03V
nput o\ T~ 35V toz1 —p!
(see Note B) 13V 13V ‘ PzL I 1=
| [ 0.3V
tPLH —le—>| fe—>— tpyr.
PLH | Waveform 1 |
In-Phase S1 Closed |
Output (see Note C) |
[¢—>— tpLH tpzH
tPHL —fe—> | -»|

| | VOH Waveform 2
°“"°fg"t”i 13V 13V $10pen
utpu L _ _ voL (see Note C) ov
VOLTAGE WAVEFORMS ’ VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. Cy includes probe and jig capacitance.

. All input pulses are supplied by generators having the following characteristics: PRR< 1 MHz, Zg = 50 Q, ty <2 ns, tf< 2 ns.

. Waveform 1 is for an qutput with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

. The outputs are measured one at a time with one transition per measurement.

Figure 5. Load Circuit and Voltage Waveforms
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APPLICATION INFORMATION

IR so—e—{r so|—<—{IR SO < S0
sl OR}|—>—{si OR|—»—si OR
—{ oo Qo DO Qo DO Qo
—] D1 Qt D1 Q1 D1 Qt
—{ D2 Q2 D2 Q2 D2 Q2
— b3 Q3 D3 Q3 D3 Q3
RST RST RST
I I\ )\
IR ——C_ IR so|—« IR so|—«¢ IR SO -
1| —s OR|—>—s! OR|—>—sl OR —  )—or
— Do Qo DO Qo DO Qo L/
—{D1 Q1 D1 Qi D1 Qi
—{ D2 Q2 D2 Q2 D2 Q2
—{ b3 Q3 D3 Q3 D3 Q3
RST RST RST
I ] ]
IR so}—<e—{ IR so|—<—{IR SO
sl > S| OR}—>—{si OR|—>—]si OR
—{po Qo Do Qo Do Qo
— bt at D1 Q1 D1 Qi
—] b2 Q2 D2 Q2 D2 Q2
—] b3 Q3 D3 Q3 D3 Q3
RST RST RST
| 1 é < RST
Figure 6. 192-Word by 12-Bit Expansion
‘b TEXAS
. INSTRUMENTS
3—

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ALS236
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY

SDAS107A ~ OCTOBER 1986 — REVISED SEPTEMBER 1993

® Asynchronous Operation DW OR N PACKAGE
(TOP VIEW)
© Organized as 64 Words by 4 Bits
® Data Rates From 0 to 30 MHz ne [ 1 J 16 [l Voo
® 3-State Outputs mrOz2 15f1s0
® Package Options Include Plastic sif]s 1flor
Small-Outline Packages (DW), Plastic Do ]« 13l Qo
J-Leaded Chip Carriers (FN), and Standard pifls 12l a1
Plastic 300-mil DIPs (N) p2lle nfla
o p3fl7 1woflas
description GND [ 8 9 [IRST
The SN74ALS236 is a 256-bit memory utilizing
advanced low-power $chottky IM_PACTrM FN PACKAGE
technology. It features high speed with fast (TOP VIEW)
fall-through times and is organized as 64 words by :
4 bits. 2289
A first-in, first-out (FIFO) memory is a storage 32 1201
device that allows data to be written into and read sS4 18[J OR
from its array at independent data rates. The DO []s 17[] Qo
SN74ALS236 is designed to process data at rates NC [l 16[] NC
from 0 to 30 MHz in a bit-parallel format, word by D1[]7 15[] Q1
word. D2[]s 14[] @2
9 10 11 12 13
Data is written into memory on the rising edge of 1 H |
the shift-in (SI) input. When Sl goes low, the first 8225 7 g
data word ripples through to the output (see o
Figure 1). As the FIFO fills up, the data words NG - No internal connection

stack up in the order they were written. When the

FIFO is full, additional shift-in pulses have no

effect. Data is shifted out of memory on the falling

edge of the shift-out (SO) input (see Figure 2). When the FIFO is empty, additional SO pulses have no effect.
The last data word remains at the outputs until a new word falls through or reset (RST) goes low.

Status of the SN74ALS236 FIFO memory is monitored by the output-ready (OR) and input-ready (IR) flags.
When OR is high, valid data is available at the outputs. OR is low when SO is high and stays low when the FIFO
is empty. IR is high when the inputs are ready to receive more data. IR is low when Sl is high and stays low when
the FIFO is full.

When the FIFO is empty, input data is shifted to the output automatically when Sl goes low. If SO is held high
during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3).

Whenthe FIFOis full, data can be shifted in automatically by holding SI high and taking SO low. One propagation
delay after SO goes low, IR will go high. If Sl is still high when IR goes high, data at the inputs are automatically
shifted in. Since IR is normally low when the FIFO is full and Sl is high, only a high-level pulse is seen on the
IR output (see Figure 4).

IMPACT is a trademark of Texas Instruments Incorporated.

1o specifications pov the terms of Texas instruments
standard warranty. p does not Include
testing of ali parameters.

mwcnon DATA Information !s current as of publication date. ‘ Copyright © 1993, Texas Instruments Incorporated
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description (continued)

The FIFO must be reset after power up with a low-level pulse on the master reset (RST) input. This sets IR high
and OR low signifying that the FIFO is empty. Resetting the FIFO sets the outputs to a low logic level (see
Figure 1). If Slis high when RST goes high, the input data is shifted in and IR goes low and remains low until
Sl goes low. If SI goes low before RST goes high, the input data will not be shifted in and IR goes high. Data

outputs are noninverting with respect to the data inputs.
The SN74ALS236 is characterized for operation from 0°C to 70°C.

logic symboit

functional block diagram

FIFO64 x4
3 CTR 14
] —————E> 54+/C1 3CT>0 OR
15 G2 (CT>0)G4 +
SO —E> 4-
— 2
G3 2CT <64 IR
(CT<64)G5 +
[i CT=0
___ 9
RST R
4 m L 13
D0 — 1D 1 Qo
5 12
DI ——— Q1
6 11
D2 — Q2
7 10
D3 ——] Q3
1 This symbol is in accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12.
po —2 13
D1 — FIFO N ~| FIFO 12
D2 s Input A 62 4 Bit A Output 1
D3 —L Stage Reglster Stage 10
2 15
IR ——<4—— Input- Register- Output- <
Control K 1 Control K 3] Control
sl 3 Logic N— Logic [N— Logic 14
AsT 0 bt by by

Pin numbers shown are for the DW and N packages.

Qo
Q1
Q2
Q3

SO

OR
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logic diagram (positive logic)

Word 1

Word 2

Word 3

Word 63

Word 64

smdmo ejeq

——02
— Q3

SO
OR
IR

S

————— e

T

éiéi?

I
|

e

T____T______—“—“______T____r

|
i

|
$

o )

|
i

Words 4 -6
Same as 3 or 63

B
=8

—_——
—f

?§

sinduj ejeq

m_r__—_——_~—_

D2 —
D3

=

Si

AT —>o
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timing diagram

a
=

|
o L m ML
1
P | |
D3-D0 XXX wr ko] wz P Bont Care XXX % ] weaJGeq wr BOSR
R r_;._.ll | '
Y} | I ! | ' l l | | I’]
| i | ! [ (I |
| | I I | ] | I
a5-00 ._I | Word 1 )IQordzl invaliat IX Word 1# )|( Word 2 Word 3
b
L !
R T LT LT i
| |

!
T
|
I
l |
OR | |
| L
|
Clear | shiftout |
ShiftIn w2 |
w1 Empty
1 The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO.
1 While the output data is considered valid only when the OR flag is high, the stored data remains at the outputs. Any additional words written into
the FIFO will stack up behind the first word and will not appear at the output until SO is taken low.
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S|

RIZTTTTS
D3-D0  ORRRRRRS X

! 1
I tPHL ¥ ¢ tPLH -»f

IR Full ! |
|
1PHL ¥ tPLH ——
- N
OR | Empty |
| T
e~ tpd > ———tpd —!

@3-Qo \l\ }If—

NOTE A: SO s low.

Figure 1. Master Reset and Data-In Waveforms

SO l I
|
) E—
e teu s —tPHL—

IR Full |
|

! tasoL-ax)

e tpa —]

— tpLq —»l

OR

NOTE A: Sl is low.
Figure 2. Data-Out Waveforms
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Si

|
1
so | le—tpL1 el |

H td(QVv-ORH)

Q3-Qo Invalid X

OR Empty

Figure 3. Data Fall-Through Waveforms

SO I |
I
I

sl ——] lh— tPLH -—-)I L———

r“"‘w—'i

IR Full | Full

IR
RRRKKRRKS)

D3-DO

Q

ATRRIIRRITIRIS
RRRRHKRRRRRRKKKS

Figure 4. Automatic Data-In Waveforms

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

Supply voltage, Voo (888 NOtE 1) .ottt e e et 7V
INPUEVOItAGE, V| oo e e 7V
Operating free-air temperature range, TA « .. .vuvuretentnee it ie it ieeieaen e eannnnns 0°C to 70°
Storage temperature range . ....... ..ot e e —65°C to 150°C

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

NOTE 1: All voltage values are with respect to GND.
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recommended operating conditions

. MIN NOM MAX | UNIT
\Ze'e] Supply voltage 4.5 5 55 \"
VIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
| High-level output current Q outputs 26 mA
igh- u u
OH 9 P IR and OR ~04
Q outputs 24
loL Low-level output current i mA
IR and OR 8
folock  Clock frequency Slor SO 0 30 | MHz
Sl or SO High or low 15
tw Pulse duration — J ns
RST Low 15
X Data 0
tsu Setup time before SIT BEF TFigh (nactve) | 15 ns
th Hold time, data after SIT 17 ns
TA Operating free-air temperature 0 70 °C

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

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VIK Voo =45V, I|==18mA -1.2 \
loH=-1mA
Any Q Voc=45V OH ik
VOH IoH=-2.6 MA 2.4 3.2 \'
IR,OR [Vgc=45V, IOH =—-0.4 mA 27 34
loL=12mA 025 04
AyQ |[vog=45V oL-"=m
VoL IOL = 24 mA 03 05]
oL = 4 mA 025 0.4
IROR |Vog=45V oL=_m
loL =8mA 035 05
Iy VoG =55V, V=7V 01| mA
IIH VoG =55V, =27V 20 | pA
L Vecc=55V, Vi=04V -0.1 mA
0¥ Vcc=55V, Vo=225V -30 -112 | mA
Low 100 145
1 Vcg=55V A
cC ce High o7 a2 |

1 All typical values are at Vo =5 V, 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, Ios.
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switching characteristics (see Figure 6)

Vee=5YV, Vec=45Vto55Y,
CL =50pF, CL =50 pF,
FROM TO R1 =500, R1=50<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>