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Abstract

First-in first-out memories (FIFOs) have progressed from fairly simple logic functions to high-speed buffers incorporating
large blocks of SRAM. This application report takes adetailed look at the evolution of FIFO device functionality and at the
architecture and applications of FIFO devices from Texas Instruments (TI0). The first part presents the different functions
of FIFOs and the resulting types that are found. The second part deals with current FIFO architectures and the different ways
inwhich they work. Finally, some application examplesare given toillustrate the use of FIFOsfrom the T1 product spectrum.

Introduction

In every item of digital equipment there is exchange of data between printed circuit boards (PCBs). Intermediate storage or
buffering always is necessary when data arrive at the receiving PCB at a high rate or in batches, but are processed slowly or
irregularly.

Buffers of this kind also can be observed in everyday life (for example, a queue of customers at the checkout point in a
supermarket or cars backed up at traffic lights). The checkout point in a supermarket works slowly and constantly, while the
number of customerscomingtoitisvery irregular. If many customerswant to pay at the sametime, aqueueforms, whichworks
by the principle of first come, first served. The backup at traffic lightsis caused by the sporadic arrival of the cars, the traffic
lights allowing them to pass through only in batches.

In electronic systems, buffers of this kind also are advisable for interfaces between components that work at different speeds
or irregularly. Otherwise, the slowest component determines the operating speed of all other components involved in data
transfer.

Inacompact-disk player, for instance, the speed of rotation of the disk determinesthe datarate. To makethe reproduced sound
fluctuations independent of the speed, the data rate of the A/D converter is controlled by a quartz crystal. The different data
rates are compensated by buffering. In this way, the sound fluctuations are largely independent of the speed at which disks
rotate.

A FIFO isaspecial type of buffer. The name FIFO standsfor first in first out and means that the data written into the buffer
first comesout of it first. There are other kinds of bufferslikethe LIFO (last infirst out), often called a stack memory, and the
shared memory. The choice of a buffer architecture depends on the application to be solved.

FIFOs can be implemented with software or hardware. The choice between a software and a hardware solution depends on
the application and the features desired. When requirements change, a software FIFO easily can be adapted to them by
modifying itsprogram, while ahardware FIFO may demand anew board layout. Softwareismoreflexiblethan hardware. The
advantageof thehardware FIFOsshowsintheir speed. A datarateof 3.6 gigabitsper secondisspecifiedfor aTexasInstruments
(TIO) SN74ABT7819 FIFO.

This application report takes a detailed look at Tl FIFO devices. Thefirst part presents the different functions of FIFOs and
the resulting typesthat are found. The second part dealswith current FIFO architectures and the different waysin which they
work. Finally, some application examples are given to illustrate the use of FIFOs available from TI.

Tl is a trademark of Texas Instruments Incorporated.



FIFO Types

Every memory in which the dataword that iswritten in first a so comes out first when the memory isread isafirst-in first-out
memory. Figure 1 illustrates the data flow in a FIFO. There are three kinds of FIFO:

e  Shiftregister — FIFO with aninvariable number of stored datawords and, thus, the necessary synchronism between
the read and the write operations because a data word must be read every time one iswritten

* Exclusiveread/write FIFO—FIFOwith avariablenumber of stored datawordsand, becauseof theinternal structure,
the necessary synchronism between the read and the write operations

*  Concurrent read/write FIFO — FIFO with a variable number of stored data words and possible asynchronism
between the read and the write operation
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Figure 1. First-In First-Out Data Flow

The shift register is not usually referred to as a FIFO, athough it isfirst-in first-out in nature. Consequently, this application
report focuses exclusively on FIFOs that handle variable-length data.

Two €electronic systems always are connected to the input and output of a FIFO: one that writes and one that reads. If certain
timing conditions must be maintained between the writing and the reading systems, we speak of exclusive read/write FIFOs
because the two systems must be synchronized. But, if there are no timing restrictionsin how the systems are driven, meaning
that the writing system and the reading system can work out of synchronism, the FIFO is called concurrent read/write. The
first FIFO designsto appear onthe market were exclusiveread/write becausethesewere easier toimplement. Nearly all present
FIFOs are concurrent read/write because so many applications call for concurrent read/write versions. Concurrent read/write
FIFOs can be used in synchronous systems without any difficulty.



Exclusive Read/Write FIFOs

In exclusive read/write FIFOs, the writing of datais not independent of how the data are read. There are timing rel ationships
between the write clock and the read clock. For instance, overlapping of the read and the write clocks could be prohibited. To
permit use of such FIFOs between two systems that work asynchronously to one another, an external circuit is required for
synchronization. But this synchronization circuit usually considerably reduces the datarate.

Concurrent Read/Write FIFOs

In concurrent read/write FIFOs, there is no dependence between the writing and reading of data. Simultaneous writing and
reading are possible in overlapping fashion or successively. This means that two systems with different frequencies can be
connected to the FIFO. The designer need not worry about synchronizing the two systems because thisistaken care of inthe
FIFO. Concurrent read/write FIFOs, depending on the control signals for writing and reading, fall into two groups:

¢ Synchronous FIFOs
*  Asynchronous FIFOs

Metastability of Synchronizing Circuits

In digital engineering, there is the constantly recurring problem of synchronizing two systems that work at different
frequencies. Concurrent read/write FIFOs can also handle the data exchange between two systems of different frequencies,
so internal synchronizing circuits are called for. This section is a brief introduction to the problems that are involved in
synchronization.

The problem of synchronizing an externa signal with alocal clock generator normally is solved by using aflip-flop (see
Figure 2), but this means violating the setup and hold times stated in the data sheets for the devices. Asaresult, the flip-flop
can go into a metastable state.

Digital System
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Clock 1
>

Asynchronous - Synchronized
Signal v D Q Signal

Figure 2. Synchronization of External Signal

WithaD-typeflip-flop, thesetup or hold timesmust be maintained. Thismeansthat for ashort timebeforetheclock edge (setup
time) and for a short time afterward (hold time) the level on the D input must not change to ensure that the function of the
flip-flop is executed correctly. If these conditions are not maintained, the flip-flop can become metastable. In an RSflip-flop,
metastable states are possible if the reset and set inputs change from the active to the inactive state at the same time. In both
cases, the flip-flop adopts an undefined and unstable, or metastable, state (see Figure 3). No defined state can be ensured on
the Q outputs. After atime, the flip-flop goesinto one of the two stable states, but it isimpossible to predict which.
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Figure 3. Timing Diagram for the Metastable State

These operating conditionsfor flip-flops can be maintained easily in synchronouscircuits. But, with asynchronouscircuitsand
insynchronizing circuits, violationsof the operating conditionsfor D and RSflip-flopsareunavoidable. Concurrent read/write
FIFOsthat are driven by two systems working asynchronously to one another must perform internal synchronization of the
asynchronous external signals.

For physical reasons, there are no ideal flip-flops with a setup and hold time of zero, so there can be no synchronizing circuit
that works faultlessly. The quality of a synchronizing circuit isindicated by its mean time between failures (MTBF). Thisis
calculated from the frequency of the asynchronoussignal (f;,), the clock frequency of the synchronizing circuit (f ), and the
length of the critical time window (tg).

1

MTBF = — 1
fin X foie X tg

@
For fox = 1 MHz, fj, of 1 kHz, and tg = 30 ps:

- 1 -
MTBF = Tz x TMAz x 30 ps ~ o0 S @
If aflip-flop is used to synchronize two signals, you can no longer expect the maximum delays stated in the data sheets.
Therefore, for reliable operation of asystem, you must know how long it is necessary to wait after the clock pulse until data
can be evaluated.

MTBF can beimproved appreciably by multilevel synchronization. Figure 4 illustratesatwo-level synchronizing circuit, and
the timing of the signalsis shown in Figure 5. The second flip-flop can only go into ametastable state if the first flip-flop is
already metastable. This metastability can considerably increase the delay of thefirst flip-flop. But if the period of the clock
signal islonger than the sum of theincreased delay plus the setup time of the second flip-flop, the second flip-flop can never
go into ametastable state.
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Figure 4. Block Diagram of Two-Level Synchronization
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Figure 5. Timing Diagram for Two-Level Synchronization

To measure metastability, conventional concurrent read/write FIFOs were operated in the metastabl e region, and the READ
CLOCK input signal and EMPTY output signal were recorded for a period of 15 hours using a storage oscilloscope.

The signal patterns for single-level synchronization are shown in Figure 6. It is easy to see that the synchronizing flip-flop
sometimes decidesfor a1 level and sometimesfor a0 level on thefirst clock edge. In some cases, the decision is obviously
difficult for the flip-flop because it takes much more time than normal. After the second clock edge, the output is stable again
in every case.

READ CLOCK i

1V/div

EMPTY

P~
A
\omrtm™

345.100 ns 370.100 ns 395.100 ns
5 ns/div

Figure 6. Signals of FIFO With Single-Level Synchronization
(Recorded for 15 Hours Under Worst-Case Conditions)



The measurement illustrated in Figure 7 was performed on a TI SN74ACT7807 FIFO. This FIFO features three-level
synchronization. Here too, the decision for ahigh level onthe EMPTY output sometimes comes one clock cycle later, but the
metastable response, with the much longer time to decide, can no longer be observed.

READ CLOCK

1 Vvidiv

EMPTY 1 l
]
D et e et i e

150.720 ns 165.720 ns 180.720 ns
3 ns/div

Figure 7. Signals of TI SN74ACT7807 FIFO With Three-Level Synchronization
(Recorded for 15 Hours Under Worst-Case Conditions)

Asynchronous FIFOs

The control signals of an asynchronous FIFO correspond most closely to human intuition and were, in the past, the only kind
of FIFO driving. The block diagram in Figure 8 showsthe control lines of an asynchronous FIFO, and Figure 9 illustratesthe
typical timing on these linesin aread and write operation.

FULL €¢—] —» EMPTY

Asynchronous
WRITE CLOCK —P] y FIFO l4—— READ CLOCK

INPUT DATA ) > OUTPUT DATA

CLEAR

Figure 8. Connections of an Asynchronous FIFO
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Figure 9. Timing Diagram for Asynchronous FIFO of Length 4

The control linesWRITE CLOCK and FULL are used to write data. When adataword isto be written into an asynchronous
FIFQ, itisfirst necessary to check whether thereis space availableinthe FIFO. Thisisdoneby querying the FULL statusline.
If free space isindicated, the dataword is applied to the datainputs and written into the FIFO by aclock edge onthe WRITE
CLOCK input.

Inanal ogousfashion, thecontrol linesREAD CLOCK and EMPTY areusedtoread data. Inthiscase, theEMPTY statusoutput
has to be queried before reading, because data can be read out only if it is stored in the FIFO. Then, a clock edgeis applied
to the READ CLOCK input, causing the first word in the data queue to appear on the data outpuit.

Thetiming diagramin Figure 9 showstheresetting of the FI FO that i salwaysnecessary at thebeginning. Then, threedatawords
arewrittenin. Thedatawords D1 through D3 appear oneafter theother ontheINPUT DATA inputsand clock edgesareapplied
toWRITE CLOCK for transfer of the data. Oncethefirst dataword hasbeenwritteninto the FIFO, the EMPTY signal changes
from low level to high level. Another two data words are written into the FIFO before the first read cycle. The subsequent
reading out of the first data word with the aid of a clock edge on READ CLOCK does not alter the status signals. With the
writing of another two data words, the FIFO isfull. Thisis indicated by the FULL signal. Finaly, the four data words D2
through D5 remaining in the FIFO are read out. Thus, the FIFO is empty again, so the EMPTY status line shows this by low
level.

The disadvantage of a FIFO of thiskind isthat the status signals cannot be fully synchronized with the read and write clock.
An example of thisis shown in Figure 10.
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Figure 10. Asynchronism When Resetting FULL Signal

If thereisspaceinthe FIFO for only onedataword, the next write cycle setsthe FUL L signal. Then, thewriting system queries
theFULL signal withtheaid of itsD flip-flop and waitsuntil thereisagain spaceinthe FIFO. When adatawordisread, READ
CLOCK resetsthe FULL statusline. Thisreset issynchronouswith thereading system but asynchronousto thewriting system.
Inthe worst case, the setup or hold time of the flip-flop in the writing system isviolated. Thisflip-flop goesinto ametastable
state, the results of which were discussed previously.

The problem described above also occurs with the EMPTY status signal. EMPTY should be synchronous with the reading
system, but it is reset by the writing system. So, the resetting of EMPTY isinevitably asynchronous to the reading system.

This asynchronism is a result of the system, and synchronization is not possible within the asynchronous FIFO. If
synchroni zation becomes necessary, the designer must provideit externally. Neverthel ess, there are wide-ranging application
possibilities for asynchronous FIFOs.



Synchronous FIFOs

Synchronous FIFOs are controlled based on methods of control proven in processor systems. Every digital processor system
workssynchronized withasystem-wideclock signal . Thissystem timing continuesto run evenif no actionsarebeing executed.
Enablesignals, also often called chip-select signal s, start the synchronous execution of writeand read operationsin thevarious
devices, such as memories and ports.

The block diagram in Figure 11 shows all the signal lines of a synchronous FIFO. It requires a free-running clock from the
writing system and another from the reading system. Writing is controlled by the WRITE ENABL E input synchronous with
WRITE CLOCK. The FULL statusline can be synchronized entirely with WRITE CLOCK by the free-running clock. In an
anal ogous manner, data words are read out by alow level on the READ ENABLE input synchronous with READ CLOCK.
Here, too, the free-running clock permits 100 percent synchronization of the EMPTY signal with READ CLOCK.

Free-Running Free-Running
WRITE CLOCK READ CLOCK
WRITE ENABLE —p 4—— READ ENABLE
Synchronous

FULL +— FIFO —» EMPTY

INPUT DATA ) > OUTPUT DATA

CLEAR

Figure 11. Connections of a Synchronous FIFO

Thus, synchronous FIFOs are integrated easily into common processor architectures, offering complete synchronism of the
FULL and EMPTY status signals with the particular free-running clock.

Figure 12 shows the typical waveform in a synchronous FIFO. WRITE CLOCK and READ CLOCK are free running. The
writing of new dataintothe FIFQisinitialized by alow level onthe WRITE ENABLE line. Thedataarewritteninto the FIFO
with the next rising edge of WRITE CLOCK. In ana ogous fashion, the READ ENABLE line controlsthe reading out of data
synchronouswith READ CLOCK.

All status lines within the FIFO can be synchronized by the two free-running-clock signals. The FULL line only changesits
level synchronously with WRITE CLOCK, evenif the changeisproduced by thereading of adataword. Likewise, theEMPTY
signal is synchronized with READ CLOCK. A synchronous FIFO isthe only concurrent read/write FIFO in which the status
signals are synchronized with the driving logic.

All TI synchronous FIFOs feature multilevel synchronization of the status lines as described previously.
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FIFO Architectures

All the kinds of FIFOs described in FIFO Types can be implemented in different hardware architectures. The architecture of
conventional FIFOs has constantly been developed. Initially, FIFOs worked by the fall-through principle. Today, FIFOs are
nearly alwayshbased onan SRAM, which produced aconsiderabl eincreaseinthenumber of datawordsstored, despitethefaster
speed. All possible hardware architectures also are found in software FIFOs.

Fall-Through FIFOs

Fall-through FIFOswerethefirst FIFO generation. The customers queuing at the checkout point of asupermarket could easily
havebeenthemodel for thisvariant. Thefirst customer goesright up to the checkout point, whileall othersqueuebehind. Once
the first customer has paid and left the front of the queue, the other customers all move up one place.

Architecture

Figure 13 shows one possible design for afall-through FIFO asimplemented, for example, in the SN74S225. In the top hal f
of theillustration, there is arow of latches for storing the data words. The clock generator in the bottom half controls data
transfer, the shifting of data, and the data output of the chain of latches. When anew word is written into the FIFO, it “falls
through” the entire row of latchesand is stored at the last free location. The reading out of aword causes the remaining words
to be shifted one position in the direction of the output. A fall-through FIFO, like any other FIFO, hasto be reset beforeit is
used so that the clock generator isin adefined initial state.

Di1 DO1

WRITE
CLOCK

READ

FULL | — ] — CcLOCK
- 01 Q2 Q3 Q4
CLEAR

Figure 13. Circuitry of 4 x 5 Fall-Through FIFO

Theinternal states produced by this clock generator when shifting in a word are shown in Figure 14. The clock pulses are
generated entirely by the internal gate propagation delays.

In Figure 14, it is possible to see how the clock generator, when writing in aword, produces a clock pulseat C1, C2, C3, and
C4, inturn. With these clock pulses, the dataword is shifted through the latchesto thelast one that isfree. The clock generator
al so producesthe necessary statusinformation for each dataword, specifying whether adatalatch aready containsavalid data
word or is empty.

Thetime required for a data word to be shifted from the input to the output is called the fall-through time.

11
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Figure 14. Timing Diagram of 4 x 5 Fall-Through FIFO in Figure 13



Advantages and Drawbacks

There must be a status flip-flop for each dataword; therefore, the effort involved in controlling the data latches isjustifiable
only for very short FIFOs. With long FIFOs, thereisalso an enormousincreasein fall-through time. For the 16 x 5fall-through
FIFO SN74S225, amaximum delay of 400 nsis specified from the READ CLOCK to the FULL signal. A 1024 x 18 FIFO,
such as SN74ACT7881, requires a multiple of this time with fal-through architecture. The existence of fal-through
architecture has a historical basis. New devel opments no longer use this principle.

FIFOs With Static Memory

To counter the disadvantage of along fall-through time in long FIFOs, the architecture should no longer shift the data words
through all memory locations. The problem is solved by a circular memory with two pointers.

Inacircular FIFO concept, the memory address of theincoming dataisin the write pointer. The address of thefirst dataword
inthe FIFO that isto beread out isintheread pointer. After reset, both pointersindicate the same memory location. After each
write operation, the write pointer is set to the next memory location. The reading of a data word sets the read pointer to the
next dataword that isto be read out. The read pointer constantly follows the write pointer. When the read pointer reachesthe
write pointer, the FIFO isempty. If thewrite pointer catches up with theread pointer, the FIFO isfull. Figure 15illustratesthe
principle of acircular FIFO with two pointers.

Input Data ‘

Figure 15. Circular FIFO With Two Pointers

Architecture

In the hardware implementation of acircular memory, adual-port SRAM isused for data storage. The pointerstake theform
of binary counters, which generate the memory addresses of the SRAM. It isan advantage if the number of memory locations
is 2n because a pointer can be implemented as an n-bit binary counter whose carry can be ignored.

Figure 16 shows ablock diagram of a FIFO with static memory. Read addresses are generated by the READ POINTER and
write addresses by the WRITE POINTER. Thewrite-control and read-control blocks control operation during write and read
access. The FULL and EMPTY status signals are generated by separate flag logic. Some FIFOs also offer the status signals
HALFFULL,ALMOST FULL,and ALMOST EMPTY. A FIFO with static memory also hasto beinitialized beforeitisused
to set the two pointers and the status logic to defined initia states.

13
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Figure 16. Block Diagram of FIFO With Static Memory

Advantages and Drawbacks

Unlike afal-through FIFO, the fall-through time of a FIFO with static memory is independent of its length. Therefore, it is
possibleto createfast FIFOswith alength of several thousand words. The effort that goesinto the circuitry of the control logic
does not increase to any significant degree with length because only the two pointers and parts of the flag logic have to be
expanded. Today’s new developments use only the architecture of the FIFO with static memory.

FIFOs From TI

TI produces asynchronous FIFOs (e.g., ACT2235) and synchronous FIFOs (e.g., ACT7881). All of the circuits offered are
concurrent read/write FIFOs with static memory.

Features

Data Outputs With Latches

The data outputs of Tl FIFOs are buffered in alatch (see Figure 17), so the output signal is always valid. The outputs can be
placed in the high-impedance state by a separate input signal (OE).

Typical Industry TI FIFOs

X Stable W %( Stable >@ Output Valid X Valid X Valid

Figure 17. Waveforms on FIFO Outputs
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Synchronization of Flags

InTI FIFOs, theflagsALMOST EMPTY, HALF FULL, and ALMOST FULL often areimplemented in addition to the FUL L
and EMPTY statusoutputs. The conditionsfor ALMOST EMPTY and ALMOST FULL areusually programmable. Theflags
of the TI synchronous FIFOs bear the following designations:

EMPTY = OR (OUTPUT READY)

FULL = IR (INPUT READY)

As shown in the Asynchronous FIFOs section, the status outputs of asynchronous FIFOs cannot be synchronized entirely
because of factorsin the system. The resetting of the status outputsis alwaystriggered by signalsthat are asynchronousto the
status signal:

¢  WRITECLOCK signal resetstheEMPTY statusoutput, but EMPTY should be synchronouswith READ CLOCK.
¢ READ CLOCK signal resetsthe FULL status output, but FULL should be synchronous with WRITE CLOCK.

The status outputs of al T1 synchronous FIFOs go through multilevel synchronization when the flags are reset, as described
in the Metastability of Synchronizing Circuits. Thus, the resetting of the status outputs is delayed by a few clock cycles.
Figure 18 showsthistaking the OR (OUTPUT READY) flag of SN74ACT7881 as an example. However, in most cases, this
delay isinsignificant, because it does not affect the datarate either in writing or reading. The status outputs are set without a
delay because the status outputs are triggered by a synchronous signal.

= /

INPUT READY A /

WRITE ENABLE / \

INPUT DATA X D1 X D2 X D3 X
OUTPUT READY i / \

READ ENABLE /

OUTPUT DATA X D1 X D2 X D3
[ [ [
‘ Reset } ‘ D1-D3 } ‘ D1-D3 ‘
\ FIFO \ \ Write \ \ Read \

Figure 18. Signals in Synchronous FIFO SN74ACT7881
With Multilevel Synchronization of Status Outputs
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Edges of Outputs

The patented output edge control (OECO) circuit simultaneously limits the current across Ve, GND, and the outputs,
reducing noi se caused by switching operations. Thisoffersthe best possibl e protection against noise on waveformsand against
alteration of memory contents.

Extending Word Width

All typesof FIFOsarevery easy to cascadeintheir word width, as shownin Figures 19 and 20. The control inputsof all FIFOs
used are connected in parallel. In theory, for the status outputs it is sufficient to look at just one FIFO because all
parallel-connected FIFOs must always show the sameinternal state. But, it is safer to consider the statuslines of all FIFOs so
that differencesin delay between the FIFOs do not lead to malfunctions. This can be taken care of simply with AND or OR
gates.

Asynchronous

FIFO
WRITE CLOCK ﬂ—’- WRCLK RDCLK 4—T7 READ CLOCK

INPUT DATA | > DO...Dx QO...Qx > OUTPUT DATA

FULL EMPTY

Asynchronous
FIFO

A 4

WRCLK

FULL

FULL 4_L

RDCLK

DO ...Dx QO0...Qx

EMPTY

A

:>—> EMPTY

b

CLEAR

Figure 19. Extending Word Width of Asynchronous FIFOs

OEC is a trademark of Texas Instruments Incorporated.
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Synchronous
. FIFO
Free-Running Free-Running
WRITE CLOCK —————@—— P WRCLK RDCLK READ CLOCK
WRITE ENABLE ® »{ WRTEN RDEN |-« 4 READ ENABLE
INPUT DATA > DO...Dx Q0...Qx > OUTPUT DATA
IR OR
A
Synchronous
FIFO
»-{ WRCLK RDCLK |«
»{ WRTEN RDEN |-«
>D0...Dx QO0...Qx

FULL o EMPTY
I ( IR OR )

CLEAR

Figure 20. Extending Word Width of Synchronous FIFOs

Extending Memory Depth

Thememory depth of synchronous FIFOsiseasily extended. Figure 21 showsthat theindividual FIFOs are configured by the
fall-through principle. An additional clock signal isrequired to transfer the datafrom thefirst FIFO to the second. This clock
signal can bethe WRITE CLOCK, the READ CLOCK, or another free-running clock signal, and the frequency of this clock
signal determines the fall-through time. The higher the frequency of the clock signal, the faster isthe fall-through time of the
overall system. However, this fall-through time does not degrade the data rate when reading or writing.

CLOCK
Synchronous Synchronous
Eree RUNN FIFO FIFO Eree-RUNN
ree-Running ree-Running
WRITE CLOCK ——»{ WRCLK RDCLK WRCLK RDCLK j4¢——— READ CLOCK
WRITE ENABLE €¢——] WRTEN OR WRTEN OR |———» EMPTY
FULL «¥—]IR RDEN IR RDEN |¢——— READ ENABLE

INPUT DATA M Do .. Dx QO0...Qx DO...Dx Q0...0Qx > OUTPUT DATA

ST

CLEAR

Figure 21. Extending Memory Depth of Synchronous FIFOs
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Application Examples
In this section, a number of application examplesillustrate the versatility and performance of Tl FIFOs.

Asynchronous Operation of Exclusive Read/Write FIFOs

In use, the SN74LS224A exclusive read/write FIFO timing conditions on the write (WRITE CLOCK) and read
(READ CLOCK) inputsmust be maintained to ensure proper functioning of thedevices. Concurrent read/write FIFOsarealso
offered on the market that, for their empty or full state, require timing conditions between thewrite and read inputsthat ensure
error-freeoperation of theFULL and EMPTY flags. Figure22 showsthetiming conditionsfor thetwo signalsWRITE CLOCK
and READ CLOCK in exclusive read/write FIFOs. In addition to the minimum pulse widths for the two signals
(WRITE CLOCK 60 nsminimum, READ CLOCK 30 ns minimum), it is necessary to ensure that alternating write and read
instructions are separated by atime window of at least 50 ns.

READ CLOCK * ;f STg

\ \ \
{¢— 30 ns Pi4¢— 50 ns —pi4- 30 ns —P{4¢— 50 ns —P|
\ \

WRITE CLOCK Sk )(

Figure 22. Timing Conditions for WRITE CLOCK and READ CLOCK

If thewriteand read signal soriginatefrom two sourcesthat work asynchronously to oneanother, asynchronizingcircuit should
be used as shown in Figure 23. This ensures correct operation even if the two signal's appear at the sametime.

G1
WRDY 4CC
VL FF1 FF2
D Q D Qe
WRITE ——> a — a G3
—Q —Q
CLR CLR p———— WRITE CLOCK
G2 _
RRDY 4CC
VL FF3 FF4
D Q D Q
READ ——M > : *—I> a Ga
—Q —Q—
CLR CLR p———— READ CLOCK

CLK

2

Figure 23. Synchronizing Circuit for Generating WRITE CLOCK and READ CLOCK Signals
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The positive edge of the WRITE signal first setsflip-flop FF1. Flip-flop FF2 is set by the next edge of the CLK signal. If the
clock signal goeslow again, the WRITE CLOCK signal appearson the output of gate G3. Itslengthisdetermined by how long
the clock signal islow level. The circuit for generating the READ CLOCK signa worksin the same way. To avoid conflicts
if theWRITE and READ signalsappear at the sametime, the READ function hashigher priority. To producethis, the Q output
of flip-flop FF4 disablesgate G3whenthe READ CLOCK signal isbeing generated, andthe WRITE CLOCK signal isdelayed
by one clock period. There are also the WRDY and RRDY outputs, which are low level during awrite or read cycle.

Figure 24 shows the timing in the circuit. In this case, the WRITE and READ signals appear simultaneously. As mentioned
previously, the READ function has higher priority; first, the READ CLOCK signal isgenerated, then, inthe next clock period,
the WRITE CLOCK signal is generated.

CLK

READ

FF3

FF4

READ CLOCK

WRITE

FF1

FF2

WRITE CLOCK

Figure 24. Timing of Signals in Synchronizing Circuit

Finally, the maximum possible frequency of the CLK signal must be determined. The WRITE CLOCK signal, according to
the data sheet, should be at least 60 nsin length. Thus, the minimum time (t,y; ) during which the clock signal must below is
defined. According to Figure 22, there must be a time window of at least 50 ns between the WRITE CLOCK and READ
CLOCK signals. This corresponds to the minimum time (t,,) that the clock signal must be high.

The READ and WRITE signalsare asynchronousto the CLK signal, so the setup and hold timing conditions of flip-flops FF2
and FF4 arenot maintained. But if flip-flopsof the SN74AL Sseriesare used, thetime (twH) is sufficient to prevent metastable
states that can occur with these flip-flops (MTBF > 1000 years).

Therefore, if t,| andt,y are 60 nseach, the maximum clock frequency becomes 1/(tyy,_ + tyH) =8 MHz. This, inturn, means
that the maximum write frequency and the maximum read frequency are 4 MHz.
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Connection of Peripherals to Processors

Modern processors are often considerably faster than peripherals that are connected to them. FIFOs can be used so that the
processing speed of aprocessor need not be reduced when it exchanges data with a peripheral. If the peripheral is sometimes
faster than the processor, a FIFO can again be used to resolve the problem. Different variations of circuitry are possible,
depending on the particular problem.

In some cases, the processor reads input data over a unidirectional peripheral, for example, from an A/D converter (see
Figure 25). A FIFO can buffer a certain amount of input data, then use an interrupt so that the processor reads the data. This

interrupt can be triggered by aHALF FULL, ALMOST FULL, or FULL flag.

AN

[

[

Data Bus I
N\ AN
Address Bus I
N
Control Lines I
NS /ii NS /ii iE\/
Address
Processor Memor Decode FIFO
Y and SN74ACT7881
Control

L —

Control

4

Input Port

i

Figure 25. Connection of Unidirectional Peripheral With the SN74ACT7881 FIFO
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Often the connected peripheralsare bidirectional, like aparallel port, aserial port, ahard-disk controller, or theinterface with
a magnetic-tape drive. In these cases, there is the possibility of using a bidirectional FIFO like SN74ACT2235. Two
independent FIFOs are implemented in this device, each with a word width of 9 bits and memory depth of 1024 words.
Figure 26 shows a block diagram for such an application.

I Data Bus I
N ZON —
I: Address Bus I
N
[ Control Lines I
NS /ii NS /ii ii NS N\
Address
Processor Memor Decode FIFO
Y and SN74ACT2235
Control
T Control

4

1/O Port

V38

Figure 26. Connection of Bidirectional Peripheral With the SN74ACT2235 FIFO

TheSN74ACT 2235 a so can becombinedwithaDMA controller. Without aFI FO, the DM A controller normally requestsfrom
the processor control of the busfor the entire duration of datatransfer. The processor must wait for the end of the transfer and
cannot work inthe meantime. A FIFO (see Figure 27) permitsblock transfer of the data. The FIFO collectstheincoming data.
When it has stored enough data, the FIFO usesthe HALF FULL, ALMOST FULL, or FULL flag to request data transfer to
RAM of theDMA controller. So, thelatter requirescontrol of thebusonly during datatransfer from FIFOto RAM, after which
control can be returned to the processor. The data are transferred block by block from the FIFO into the RAM.
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Data Bus

N\ AN AN
[ Address Bus
N\ N

[ Control Lines

NS ii NS ii ii NS NN iE NS
Address
Decode DMA FIFO

Processor Memory and Controller SN74ACT2235

Control
T Control

4

1/0 Port

V30

Figure 27. Connection of Bidirectional Peripheral With DMA and SN74ACT2235 FIFO

A FIFO can be used in the same way to optimize data transfer from a processor or RAM to a peripheral.

Asapractical example of the connection of afast peripheral to aprocessor, consider the compression of adigitized video signal
with the TM S320C30 signal processor. Thevideo signal isdigitized by an A/D converter (ADC), then the pictureinformation
contained in the video signal is compressed by the signal processor. In addition to picture information, a video signal (see
Figure 28) includes pulses for horizontal and vertical synchronization, as well as the porch. But only the pure picture

information is of interest for further processing by the TMS320C30 signal processor.

Picture
5
e SE—

HORZ SYNC Pulses

Figure 28. Video Signal With Picture Information and Porch
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Thedatarate of the digitized pictureinformationistoo high for direct acceptance by the TM S320C30. But, becausethe picture
information accounts for only part of the video signal, the time of one scanning line is quite sufficient for receiving the data.
If aFIFO isused to buffer the data, the computing time that is gained can even be made use of to compress the data.

Thecircuit shownin Figure29first digitizesthevideo signal with theaid of the ADC. The clock generator producesthetiming
for the ADC from the video signal. The cycle generator transfers the clock signal to the FIFO only for digitized picture data,
not for data originating from the porch or synchronization. Once there are enough databuffered in the FIFO, the HALF FULL
flag starts data transfer by means of the direct memory access (DMA) controller.

Signal
Video Signal —e—p- ADC e FIFO > Processor > Output
TMS320C30

HALF FULL »{DMA
A A {}
- Clock Cycle Memor
v Generator Generator y

Figure 29. Digitizing and Compressing a Video Signal With the TMS320C30 Signal Processor

Block Transfer of Data

Dataare often split into blocks and transmitted on datalines. Computer networks and digital tel ephone-switchinginstallations
are examples of this application. If such a conversion into blocks has to be made at very high speed, it is possible only with
appropriate hardware, not through software.

A simple solution to this hardware problem is the use of FIFOs (see Figure 30). A FIFO withaHALF FULL flag should be
selected.

Send
Controller
—_— T EAD Free-Running
— e »|CLEAR CLOCK |¢—o—
CLEAR Send Clock
START SEND | ¢

SEND ENABLE

SN74ACT7881
. »-| RESET
Free-Running »| WRCLK RDCLK |«

WRITE CLOCK
WRITE ENABLE 4t: WRTEN1 RDEN1
WRTEN2 RDEN2 :j
Output
INPUT DATA DO...Dx QO0...Qx > 512-Byte
I Data Blocks
FULL IR HALF FULL

Figure 30. Block Transfer of Data With Synchronous SN74ACT7881 FIFO

Furthermore, memory depth should correspond to twice the size of ablock. Assoon asthe HALF FULL flag is set, the send
controller starts sending the data block. The send controller consists, in this case, of acounter and some gatesand isvery easy
to implement with just one PAL. The writing of datainto the FIFO can be carried on continuously and is independent of the
transfer of data blocks.
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Programmable Delay

WithFIFQs, itispossibletoimplement aprogrammable, digital delay linewith minimum effort. Because of the programmable
AF/AE (ALMOST FULL/ALMOST EMPTY) flag of the SN74ACT7881, only one inverter in addition to the FIFO is
necessary (see Figure 31).

CLOCK 4
SN74ACT7881
CLEAR »{ RESET
\V4 »-1 WRCLK RDCLK |-«

t: WRTEN1 RDEN1
WRTEN2 RDEN2
INPUT DATA DO...Dx  QO0...Qx OUTPUT DATA

DAF » | DAF AFIAE

Figure 31. Programmable Digital Delay With the SN74ACT7881

First, program the AF/AE flag according to the required delay of n clock cycles to the value n — 2. To obtain a 64-bit delay
line, program AF/AE to 62. When datawords arewritten tothe FIFQ, it constantly fills. When the number of stored datawords
corresponds to the programmed value, the AF/AE flag changes two clock cycles later to low level. The delay of two clock
cycles results from the integrated, multilevel synchronization of the AF/AE flag. This flag then starts, with the aid of the
inverter, reading datawords on the output of the FIFO. Subsequently, the FIFO works like ashift register of fixed length. The
timing of the signalsin this programmable digital delay isillustrated in Figure 32.

o) /
& \/

CLOCK
INPUT
DATA X 5 X DlX D2X D3 X D4X D5X D6 X D7X D8X D9 XDlOX DllXDlZXD13
OUTPUT
DATA XQl XQZXQ3XQ4XQ5XQ6
AF/AE \

Figure 32. Timing of Signals in Programmable Digital Delay With the SN74ACT7881

Collecting Data Before an Event

Some applicationsrequiredatathat appear before an event to be collected. Thiscan be solved with theaid of acircular memory
whose data intake is stopped by the event. A FIFO makes an excellent basis for a device to fulfill this function. The device
shownin Figure 33isan extension of the programmable delay in Figure 31. Thetiming of thesignalsinthecircuitisillustrated
in Figure 34.
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SYSTEM CLOCK ®

SN74ACT7881
CLEAR »{ RESET
»1 WRCLK RDCLK |«

N | READ ENABLE
TRIGGER WINDOW 4& WRTEN1 RDEN1
WRTEN2 RDEN2
INPUT DATA po.. . bx  Qo0...0x > OUTPUT DATA
»

AFIAE ———{:::)C%————————
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Figure 33. Collecting Data Before an Event With the SN74ACT7881
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Figure 34. Timing of Device Shown in Figure 33
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After the device has been reset, the AF/AE flag is programmed with the aid of the DAF input signal. The programmed value
n correspondsto the number of datawordsto be stored before the event. When the TRIGGER WINDOW input signal changes
to high level, the FIFO starts to store data. Because of the integrated mulltilevel synchronization, the AF/AE flag takes effect
two clock cycles after the set value. From that time on, the FIFO beginsto read out the excess datawords. Thus, there always
aren+ 2 datawordsstoredinthe FIFO. When theevent occursand the TRIGGER WINDOW input signal changestolow level,
another dataword is read out, and the AF/AE signal isreset. This terminates data output. The READ ENABLE input signal
enablesthe reading out of the required data so that adataword appearson the OUTPUT DATA outputswith each rising clock
edge.

Collecting Data Before and After an Event

By extension of the device in Figure 33, data words can be collected both before and after the occurrence of an event (see
Figure 35); 1024 datawords are always collected. With the aid of the programmable AF/AE flag, it is possible to specify the
number of datawords that are collected before and after the event.

SYSTEM
cLOCK *
SN74ACT7881
CLEAR » | RESET
RS_FF »| WrRcLK RDCLK |¢—!
r—————— q
s ol READ
_ 1 WRTEN1 RDEN1 ENABLE
TRIGGER | [ | WRTEN2 RDEN2 ]
winDow @ | |
I [ |
° ) | |
| R |
-
INPUT OUTPUT
DATA DO...Dx  QO0...Qx >DATA
IR AF/AE 4I>07 )
DAF »| DAF OR » EMPTY

Figure 35. Collecting Data Before and After an Event With the SN74ACT7881

Until the appearance of the event, the circuit works like that in Figure 33. Here, an RS flip-flop is used to drive the WRTEN
input. The TRIGGER WINDOW sets this RS flip-flop and permits data capture. When the event occurs, and the
TRIGGER WINDOW signal goestolow level, dataare captured until theinput-ready (IR) flagislow level and the RSflip-flop
is reset. Also, there is an AND gate in the signal path from the AF/AE output to the RDEN1T/RDEN2 input. This prevents
continued reading out of data after the event. When all the data have been captured, the collected data words can be read out.

Figures 36 and 37 show the timing of the signals in this circuit with the AF/AE flag programmed to n = 6. In such a case,
(n+ 2) = 8 datawords are collected before the event and (1022 —n) = 1016 data words are collected after the event.
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Figure 36. Timing of Signals in the SN74ACT7881 During Initialization and Start of Data Capture
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Figure 37. Timing of Signals in the SN74ACT7881 at End of Data Capture and Start of Readout
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Summary

Because of their versatile possibilities of use, FIFOs present solutions to many different applications.

There are different kinds of FIFOs according to their functions. Especially attractive features are offered by asynchronous
FIFOs and synchronous FIFOs.

The choi ce between these depends on the application for which they areintended. With asynchronous FIFOs, the flags cannot
be entirely synchronized. Wherever possible, the synchronous FIFO should be given preference becauseit isthe only FIFO
that offers entirely synchronized flags. All FIFOs can be designed with different architectures. The FIFO architecturethat is
established firmly today is the FIFO with static memory.

Fall-through FIFOs present no advantages, but have some serious disadvantages compared to FIFOs with static memory.

Tl offersonly concurrent read/write FIFOs with static memory. T1 FIFOs, include asynchronous and synchronous FIFOs for
virtually every kind of application and every speed requirement.
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