Application Briefs

HANDLING VARIABLE DATA RATES WITH SERDEX
FAST-TO-SLOW, SLOW-TO-FAST, STEADY-TO-BURST, BURST-TO-STEADY

by David G. Larsen and Dr. Peter Rony

The use of on-line data acquisition and control in the research
laboratory has experienced dramatic changes since the intro-
duction of the general-purposc small computer in the carly
1960’s. The cost was, of course, prohibitive for the first few
years, for processing, memory, and - - to a lesser extent - - for
analog/digital data-acquisition equipment. Then, as the cost
tumbled at the rate of about 40% per year for a constant price/
performance ratio, the use of a minicomputer became accept-
able to more and more laboratorics.

There were still rather serious limitations on the usc of a mini-
computer for the average rescarch laboratory. The basic mini-
computer was, and still is, only a small parc of the system’s
cost. kn addition to the central processing unit (CPU), inter-
face hardware, and data-acquisition circujtry, software was also
required. These additional requirements were so expensive, if
purchased as a turnkey system, that in many instances a deci-
sion was madc to build a *homemade’ interface system. For
most laboratories, this almost always proved to be disastrous:
the amount of efforc needed to write software at an assembler
level and build interface hardware was, and will continue to be,
underestimated by factors of five to ten times. Some of the
very large corporate research labs were able to absorb the time,
cost, and range of talent (from analog circuit design to digital
software) and have very viable automation systems. However,
most groups who buile “homemade™ systems discovered that
their final operating system required an overall investment that
had been substantially underestimated.

Recendy’ , the SERDEXTM SERjal Data EXchange modules
have become available.* 1t is clear that the use of asynchronous
serial ASCll-coded data, along with optically-isolated standard
20mA current loops, the two most important characteristics of
SERDEX, will permic substantial savings of time and moncy
associated with computer interfacing. With the SERDEX
modules, only digital signals are transmiteed; only a single
twisted pair of wire is required for each remate location; both
data and control commands can be cither transmitted or re-
ceived on cach channel; no hardware interface to teletype-
writers or to telctypewriter ports is required;all programming
may be done in a high-level language, such as BASIC; high
noise-immunity exists; and -- finally - serial data can be
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transmitted at the rate of 20,000 bits per second, which cor-
responds to 1800 ASCIJ characters per sccond.

The advantages of using asynchronous serial ASCIl-coded
data are almost overwhelming, In fact, the only disadvantage
that such a technique has, when compared to parallel data-
transmission systems, is speed. With serial ASCll-coded data,
we will occasionally encounter situations where a loss of data,
owing to amismatch in the speed at which data can be handled.
occurs, somewhere between the point at which such data is
acquired and the point at which it enters the minicomputer.

An obvious source of rate-limiting is the teletypewriter itsclf,
which can only handle data at the rate of 10 ASCII characters/
second. (However, most minicomputers have available as options
telecommunications ports that will aperate at up to 20kbit/s.)
A second rate-limiting step can occur when high-level lan-
guages are employed; such languages can require appreciable
time to perform several digital multiplications and divisions, and
this time will naturally limit the rate ac which data can be ac-
cepted by the minicompucer.

For the resolution of dilemmas such as these, the user may
find First-In First-Out serial memories (FIFO’s) to be conven-
ient buffers berween digital devices whose data-handling speeds
are mismatched. The principle of operation of the FIFO is
straightforward:

® Digital data bits are independently clocked into the FIFO
memory via the input clock. The data entry proceeds as long as
the memory remains not completely full.

® The dara bits, upon entcring the FIFO, immediacely rip-
ple through the memory and stack up at the output terminals.

® The data bits arc subsequently clocked out of the FIFO
at a clock rate that js vsually (and can be substantially) dif-
ferent from the input clock rate.

® A strict sequential order is maintained between the
entering and leaving data bits: the first data bits to enter the
FIFO are the first ones to lcave.

The term, “first-in first-out memory” is certainly an apt de-
scription of this interesting LSI chip.

One of the popular FIFO's is the Fairchild Semiconductor 334]
64-word by 4-bit FIFO, which can operate at TMHz shift-in
shift-out data rates. According to the manufacturer:* “An
ideal usc of the 3341 FIFQ’s is with two systems or subsys-
tems of differing data or unsynchronized data rates that must
talk to each other. Data can be entered or removed in stcady
strcams, bursts, or irrcgular patterns, or a combination of
these.” In our example, which involves the transmission of

2Fairchild Semiconductor: OPTIMOCS  manual, Scptemiber, 1972,
pp. 74-79,
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digital information from a digital instrument, via a SERDEX
transmitter module, to either a telctypewriter, teletypewriter
port, or telecommunication serial minicomputer port, we can
envision the following situations:

A. Irregular data can be collected from a remote location
and stored in a FIFO for transmission by a SERDEX trans-
mitter module when it is convenient.

B. High-specd data can be collected in bursts from a remote
location and storcd ina FIFO for transmission by a SERDEX
transimijtter module at considerably slower data rates.

C. A slow flow of stcady data can be collected from a re-
mote location and stored in a FIFO which, with the aid of a
SERDEX transmitter module (STX1003), rc-transmits the
data in bursts to the minicomputer, thus promoring more-
efficient usc of che CPU.

D. Data for printout on a teletypewriter can be loaded into
a FIFQ, frccing the SERDEX transmitter module and allowing
the teletypewriter to proceed at its own slower pace.

To illustrate item C above, let us consider a laboratory that has
2 number of slow data-generating systems that require on-line
datalogging (but perhaps minimal immediate control responsc).
[t would be very desirable to use FIFO’s berween the sources
of data (including converters or multiplexers) and the parallel
n-digit BCD (binary-coded dccimal) input ta the SERDEX
transmitter module; these n FIFO’s would store parallel BCD
data and thus reduce the number of times the SERDEX trans-
mitter would nced to be serviced by the minicomputer.

For cxample, let us assume chat a liquid chromatograph output
is such that one data-point per sccond is an adcquate sampling
rate. [f the A/D converter output were 4 digits BCD (0.01%
resolution), then, by muldiplexing, 16 data points could be
stored in a single 3341 FIFO without losing any data. It
would then take a CPU asynchronous port, operating at
20,000 bits/sccond, a total of 35.2ms 1o recad the 16 ASCII
characters cransmitted by the SERDEX transmitter module,
operating at a similar 20,000b/s data rate. This corresponds to
one 35.2ms transmission in a 16s period, which is a much more
efficient way of handling data than to cause a CPU to seevice
the transmitter module once a second. Using external memorics
at the parallel BCD data source, as suggested in this example,
allows us much more flexibilicy in timing constraints when we
write softwarc, to service both a number of on-line instruments
that are slow, and also those instruments that gencerate data at
avery fast rate, but intermiteently.
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The figurc shows a FIFO memory -- which can accepe
three BCD data bits and store 64 words - - used with the SER-
DEX transmitter. Of course, a FIFO can be added for each
additional BCD character that is desired. The system works in
the following manner (a moreconcrete functional description
appcars in the Appendix):

® To input data into the memory: A clock pulse (shift
data in) must be provided when the desired (‘“ready”) BCD
data is present at the FIFO inputs. The data may be entered
at word rates from dc to 1MHz. At any time the FIFO is full,
additional data points will simply be lost, until data has been
shifted out to make room for new data.

® To transmit data, the STX1003 is used in the normal
way: When an ASCII “?” is received, trigger C3 will initiate
transmission by being nand-ed with the FIFO data-rcady flags,
and trigger the STX transmitter at C1. J{ there is no data
in the FIFO, no transmission will occur when the ASCIK
“2” is received.

APPENDIX

First Data In, First Data Out (FIFO) Memory

The Fairchild 3341 is built with MOS technology and mounted
in a 16-pin dual inlinc integrated circuit package, and it is
fully TTL-compatible. The name truly defines the system
operation in terms of data flow. The 3341 is a 4-bit, 64-word
FIFO: the first word entercd will bubble to the output and
be the first data removed as 2 4-bit parallel word. Both input
and output are asynchronous and independent in operation.
The maximum data transfer rate of 4-bit words is 1MHz; how-
ever the input and the output can operate at the same or at
different rates simultaneously.

DATA INPUT: When the Input Ready Flag (pin 2, “IR”) is
high, data on the 4 Input lines (pins 4, 5, 6, 7) may be strobed
in by externally applying a low-to-high transition at the Shift
Input (pin 3, “SI”). The “IR” input goes low after the low-to-
high at “SI,”” and when “S]" is retcurned to low, the data will
flow from the first input position towards the output, stopping
in the last empty word location in the memory. All previously-
entered data that has not been shifted out will be ahead of the
last 4-bit word entered into the memory.

DATA OUTPUT: When the FIFO has data ready at jts Qutput
pins (10, 11, 12, and 13), the Output Ready Flag (pin 14,
“OR”), will go high. New data can be shifted into the output
by going from low to high on the Shift Output (pin 15, “SO”).
“OR” will then go low, and when “SO”’ returns to a low state,
new data will be shifted into the output, provided that there is
data in the FIFO.

OTHER CONSIDERATIONS: Ifitis necessary to know exactly
how much data the FIFO memory contains at any one instant,
an external register can be built, using up-down counters, to
perform this task. The 3341 can be used to build FIFO memo-
ries which accommodate large parallel words, in increments of
4 bits; it can also be casily expanded to hold more than 64
words, jn increments of 64 words. See the manufacturer’s ap-
plication notes for these and other possibilities. (NS
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