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I N THIS MONTH'S COL
UMN, we would like to dis
cuss the transfer of data be-

tween digital devices whose data
handling speeds are mismatched.
This is a common problem in com
puter interfacing, especially when
the rate of data generation bya digi
tal instrument is either considerably
faster or else considerably slower
than the rate of data acquisition by a
computer.

The most common solution to
mismatched data rates is to employ a
buffer memory, between the digital
device and the computer, which
"blocks" the data into groups of 64
or 128 words for subsequent trans
mission to the computer. The com
puter software required to handle
such data blocks is usually simpler
than that required to handle the
individual data bits.

The evolution of digital circuits
to accomplish such a task is an inter
esting story in itself. Early circuits
employed read/write memories,
either core or semiconductor, but
were difficult to use since it was
necessary to "read" (transmit data
to the computer) and "write" (re
ceive data from the instrument)
simultaneously. Two separate ad
dressing schemes were required, one
for reading and the other for writing,
and the control circuitry was rather
elaborate. The advent of shift regis
ters-digital memories in which
memory cells are arranged in se
quence and cannot be addressed

individ ually-improved matters
somewhat, but they were still cum
bersome. With static shift registers,
data recirculation between the read
and write operations was required,
and it became difficult to time the
write operation so that new data fol
lowed immediately behind previous
ly stored data. In dynamic shift regis
ters, which differ from static shift
registersin that information isstored
in the form of charge rather than in
flip-flops, data continuously circu
lated and special control circuitry
were required to synchronize the
read and write operations. Manufac
turers of semiconductor devices
eventually realized that it would be
very useful to incorporate both the
control circuitry and the associated
memory within a single integrated
circuit chip; hence the evolution of a
rather remarkable device known as
the first-in first-out (FIFO) serial
memory.

The operation of a typical FIFO
memory can best be seen with the
aid of the 64-word by 8-bit/word
FIFO shown schematically in Figure
1. Eight digital data bits are indepen
dently clocked in parallel into the
FIFO memory via the clock input.
Upon entering the FIFO, the data
bits immediately "ripple" or "bub
ble" through the memory (from left
to right in the figure), and stack up at
the output terminals. A strict se
quential order is maintained be
tween the data bits, Le., the first data
bits that enter the FIFO are the first
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Figure 1 Schematic diagram of an 8-bit/word FIFO memory as an input buffer to a
UART.
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Figure 2 Circuit diagram fora pair of3341 FIFOsas input buffers toa UART.
3341 (FAIRCHILO)

the memory and stop at the last
empty word location. IR then re
turns to a logic 1 state, which indi
cates that the device is ready to
accept new data. If the memory is
full, IR will remain at logic O.

When data exist at the four out
put lines at pins 10 through 13, the
output ready (OR) flagat pin 14 will
go to logic 1.Data are strobed out of
the memory by a logic 0 to logic 1
transition at the shift output (SO)
pin 15. This causes OR to go to logic
0, but again nothing happens until
SO returns to logic 0, at which time
new data are shifted to the output
pins. If the memory has been
emptied, OR will remain at logic 0;
otherwise, it will return to logic 1,
indicating that additional data are
availableat the output.

The operation of the remaining
part of the circuit in Figure 2 can be
summarized as follows. The DART!
begins its transmission sequence as
soon as it receives a "data strobe"
signal generated by the output of
monostable 1, which is triggered by
the output ready (OR) flag of the
FIFO. When the DART has finished
transmission of the character, pin 24
(EOT) on the DART goes to logic 0,
triggering monostable 2, which in
turn generates an "output shift
pulse" (OS) to shift the next data
word into the FIFO output. If there
are additional data in the FIFO, they
move to the output register of the
FIFO and the OR flag triggersmono
stable 1 for another DART trans
mission. If there are no additional
data in the FIFO, the OR flag
doesn't trigger inonostable 1. Op
erating in this manner, data can be
strobed into the FIFOs at
asynchronous rates up to one million
8-bit words/sec. When there are data
in the FIFO, the DART transmission
operates at any speed up to its full
data rate (determined by its clock)
until the FIFO is empty. A sche
matic diagram demonstrating the use
of a pair of 3341 FIFOs as an output
buffer for a DART receiver is avail
able from the authors c/o American
Laboratory.
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bursts to a computer, thus pro
moting the more efficient use of the
computer.

4. Data from a digital instrument
can be stored in a FIFO for subse
quent print-out on a teletypewriter
at the slow rate of 10 ASCII words/
sec. When high speed digital data are
collected, as from a high speed A/D
converter, we must provide suffi
cient memory, such as connecting
several FIFOs in series, to handle the
entire data burst.

The Fairchild 3341 is a 64-word
by 4-bit/word FIFO that is built
with metal-oxide-semiconductor
(MOS) technology in a standard
16-pin Ie package and is fully TTL
compatible. Two such chips are
employed in the input buffer to a
DART shown in Figure 2. When the
input ready (IR) flag at pin 2 is at
logic 1, data on the 4 input lines at
pins 4 through 7 may be strobed into
the FIFO by applying a logic 0 to
logic 1 transition at the shift input
(SI) pin 3. This causes IR to go to
logic 0, but nothing happens until SI
returns to logic 0, at which time the
four bits of data "bubble" through
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ones to leave. Finally, the data bits
are subsequently clocked out of the
FIFO at a clock rate that is usually
quite different from the input clock
rate. In the figure, the output clock
signal is provided by the DART!
transmitter, which can accept eight
parallel data bits. Data can be
entered into and removed from the
FIFO at the same time. Data entry
into the FIFO proceeds as long as the
memory is not full; when it is, no
new data can be entered until some
of the existing data leaves.

The advantages of a FIFO
memory as a buffer between digital
devicesare asfollows;

1. Data occurring at irregular time
intervals from a digital instrument
can be collected and stored in a
FIFO for transmission to a computer
when it is convenient.

2. High speed data from a digital
instrument can be collected in bursts
and stored in a FIFO for transmis
sion to a computer at considerably
slower rates.

3. A slow flow of data from a digi
tal instrument can be collected and
stored in a FIFO and transmitted in
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In a laboratory that has a number
of slow or fast data-generating sys
tems, which require on-line data
logging and perhaps a minimum of
control, it would be verydesirable to
use a FIFO input buffer on a DART
transmitter to store blocks of data
and thus reduce the number oftimes
that an instrument needs to be
servicedby the computer. Suppose a
gas chromatograph output is such
that one data point per second is an
adequate sampling rate. If an auto
rangingdigital voltmeter contained 3
digits BCD (0.1% resolution) and
one decimal point, 16 data words
could be stored in the 64-word FIFO
before any data were lost. It would
then take a CPU asynchronous port,
operating at 20,000 bits/sec, a total
of 35.2 sec 1:0 read the entire mem
ory contents of the FIFO. Thiscor
responds to 35.2-msec transmission
in a 16-sec period, which is a much
more efficient way to handle data
than to have the CPU service the
voltmeter once a second.

Typical prices at the time of
writing range from $8.50 to $20 for
3341-type 64 X 4 FIFOs in quanti
ties of 1, and as low as $5.50 in
quantities of 100 from American
Microsystems. For additional infor
mation on the FIFO, refer to pages
68 through 79 in the Fairchild
"Optimos" IC chip catalog (Sept.
1972); to a two-page summary in
Analog Dialogue 8, 2 (1974) (avail
able from Analog Devices, Inc.),
which discusses the use of FIFOs
connected to their SERDEX®
modules; or to the manufacturer's
specifications for Western Digital's
4O-word by 9-bits/word FIFO or
Signetics' 32-word by 9-bits/word
FIFO.
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