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AN ASYNCHRONOUS DIGITAL INTERFACE FOR
SLAT TELEMETRY

Leo Drescher
Staff Engineer

Martin Marietta Orlando Aerospace
Orlando, Florida

ABSTRACT

This paper describes telemetry used in the Supersonic Low Altitude Target (SLAT) built
for the U.S. Navy by Martin Marietta.

Feeding digital inputs directly to a pulse code modulation (PCM) encoder, bypassing the
analog-to-digital (A/D) converter, and injecting into the output PCM wavetrain is well
known.

Various techniques for accomplishing this have been reported; however, they all have time
correlation and synchronization problems. The system to be described involves
asynchronous data transfer from the digital computer to the PCM encoder.

The system uses a dual-port random-access memory (RAM) to effectively decouple the
computer output, which is running synchronously on its 6 MHz clock, from the PCM
wavetrain, which is running at 128 kilobits per second.

Data from the computer is being “written into” the RAM simultaneously while data is
being “read out.” Contention arbitration prevents loss of data when read and write ports of
the same address are activated. A “forbidden code” provides a special code when the
computer is not connected or is producing all zeros.

INTRODUCTION

Classic PCM telemetry systems that conform to inter-range instrumentation group (IRIG)
standards are considered synchronous. The serial pulse train fed to the transmitter contains
frame and subframe sync words that occur at regular, defined intervals that are known;
thus at decommutation the word structure can be reassembled to be identical to the
transmission. A typical format for a PCM system is shown in Figure 1. Suppose that a
particular word in the format, for example H5, which occurs regularly at a rate of 10



samples per second as determined by the format parameters and structure, is changed
asynchronously. The data word is always in time slot H5 but its value may change from
frame to frame.

Computer data is generated synchronously within the computer, however it is transferred
asynchronously to the PCM. The PCM operates synchronously but not in synchronization
with the computer. Synchronous operation between the computer and the PCM is highly
desirable but not always easily accomplished. It would require slaving the clocks or using
a common clock. This is not possible when using an existing computer and a standard
PCM system. In a flight program, the PCM should operate independently of the other
tactical systems so that it can report on them, and not fail when they do.

At least three methods of providing asynchronous data can be postulated.

(1) Time tag all data from the computer and store it via a first-in, first-out (FIFO) shift
register, then read out to the PCM stream at a later time.

(2) Use a ping-pong system involving two RAMS. Random data fills one RAM; then it
is dumped into the PCM synchronously while the other RAM is collecting data
asynchronously, thus simulating a ping-pong arrangement.

(3) Use the “Post office box” technique. A special data word is tagged with an address
and placed into a dual-port RAM which can be written into and read out of
asynchronously. As each data word is generated by the computer it also has an
equivalent address within the RAM assigned to it. The data word is routed to this
address asynchronously and the data is read out by the PCM synchronously.

SYSTEM DESCRIPTION

Methods 1 and 2 have been used previously in other systems but major software
implementation problems have occurred. System 3 was selected since it appeared that time
skewing of data would not be a problem and also because the emergence of dual-port
RAMs on the hardware scene made this system feasible. The SLAT program uses a Z8000
digital computer with 16-bit parallel computing. Since only 128 data words are generated,
the address word is only 8-bits long. The original plan was to generate the parallel data
words and addresses and write directly into the dual-port RAM. The PCM encoder which
would be built by a PCM vendor would read the output of the RAM and insert the words
into the serial digital stream.

There were insufficient pins and volume to provide the dual-port RAM parallel inputs and
outputs. The final concept was to feed the 16-bit data and the 8-bit address plus controls



into a telemetry buffer utilizing a FIFO. Within the telemetry buffer, the parallel data and
address were converted into two serial wavetrains, data and address. These were fed to the
PCM encoder along with clock and enable signals. The PCM vendor then had to provide
the dual-port RAM.

An interface document diagram (Figure 2) defines all the interfaces. A timing diagram was
also created which defines the interface between the Z8000, the telemetry buffer, and the
PCM encoder. See Figure 3.

INTERFACE REQUIREMENTS

Data is transferred to the PCM dual-port RAM from the telemetry buffer via five
differential pairs using RS422-compatible line drivers and receivers. The clock is the
6-MHz computer clock divided by 10. (600 KHz.)

The data can be transmitted across the interface in either a single 16-bit word format or in
the burst mode. In the burst mode, up to 64 16-bit words can be sent.

TELEMETRY BUFFER (TLM BUFFER)

Due to lack of space in the vehicle and the shortage of pins, the dual-port RAM was
allocated to the PCM vendor. The serial mode was dictated by the lack of pins to operate
in the parallel mode.

The telemetry buffer (TLM) buffer accepts the 16-line parallel output address/data bus
from the Z8000. The 16-bit data and the 8-bit address are separated and each applied to a
64-word FIFO. The outputs from each FIFO are transferred to parallel-to-serial shift
registers and then to differential line drivers. The control signals from the computer, as
shown in Figure 4, control the timing and operation. The 6-MHz bus clock is divided down
to provide the clock for the PCM RAM transfer. A data valid and an address valid enable
signal provides positive control for the PCM interface circuits. The five differential circuits
are fed to the PCM encoder microprocesser interface modules.

MICROPROCESSOR INTERFACE MODULE

The PCM encoder interface module, which is called the microprocessor interface (MI),
contains line receivers, timing circuits, and a dual-port RAM with input and output
controllers. See Figure 5.

One of the features built in to the MI is the “forbidden code” feature. In case of a data loss
from the TLM buffer or computer, the MI is configured to replace the digital word with a



special forbidden code so that the data analyst will instantly recognize this occurrence. The
forbidden code is 10101010 for each 8-bit word. This code is generated when any word
from the telemetry buffer is all zeros or there is no computer activity for one major frame.

If the PCM is sampling the output of RAM while the RAM is inputting data, then a
possible contention can occur. This is analogous to reaching in to the mail box while the
postman is inserting a letter. Logic circuits have been designed to minimize this contention
and provide a known default condition.

The serial data from the TLM buffer is fed in via differential line receivers to minimize
noise and voltage offsets due to operation of different power supplies.

The address valid, data valid, and clock provide control and timing circuit compatibility.
The data and address are both converted from serial to parallel via shift registers, whose
outputs are latched.

The data and address from the computer are sent in an asynchronous manner as data is
generated. As the data is written into the dual-port RAM, the PCM encoder formatter
scans the RAM addresses in a sequential or synchronous manner and reads out the RAM
data. This 16-bit parallel data is taken out in 8-bit bytes (the PCM word length) and is
converted into a serial train which is merged with the digitized analog data, the bilevel
words, and the computer data per the format of Figure 1.

MECHANICAL PACKAGING

The total package consisted of the Z8000 computer, the telemetry buffer, and the PCM
encoder. The Z8000 effort plus the system definition and integration was performed by
Martin Marietta. The telemetry buffer design and fabrication was performed by Northrup
Corporation at Ventura, California. The PCM encoder, including the computer interface,
was designed and fabricated by Aydin-Vector at Philadelphia, Pennsylvania.

The Z8000 and TLM buffer designs were fabricated on standard-sized cards using full-size
logic chips and discrete components. The PCM encoder used Aydin-Vectors hybrid thick
film techniques and the die circuitry from standard complementry metal oxide
semiconductor (CMOS) logic circuits. Standard circuitry such as analog multiplexers,
amplifiers, A/D converters, regulated power supply, timer, and formatter are built in
module form. These modules can then be combined to form a complete PCM system. The
computer interface was designed and fabricated using the same techniques and required
two standard modules.



Prior to fabricating the final thick film hybrid version, the computer interface circuitry was
built up using standard CMOS logic circuits as a working breadboard. This unit was
interfaced with the Z8000 and the TLM buffer. A system emulation was performed using a
special software program. The few minor timing errors were noted. The modifications
were made in the breadboard and successful asynchronous data transfer was
accomplished. The MI circuits were repackaged with hybrid thick film techniques using
integrated circuit dies. The volume reduction was nearly 50 to 1. See Figures 6 and 7.

SUMMARY

The SLAT program required an asynchronous data transfer from its flight computer to the
PCM encoder. By using the dual-port RAM concept plus the FIFO register in the telemetry
buffer, data created by the computer is effectively decoupled from the PCM encoder so
that both systems operate on their respective clocks. Data is created in the computer,
assigned an address, and then delivered to that address within the PCM encoder RAM.
The PCM samples the RAM contents in a synchronous manner and combines the data
within the prescribed PCM format of Figure 1. The contents of any given address appear in
a synchronous pattern so that data reduction is simplified.

This system has been preflight qualified by subjecting it to all of the environmental
requirements of the aircraft captive carry and the free flight envelope of SLAT (Figure 8).

Successful data transfers during factory build-up and flight simulation have been
accomplished. The first free flight of SLAT is anticipated in the fall of 1987.



Figure 1 - PCM Format



Figure 2 - Computer to PCM Encoder Interface



Figure 3 - PCM Signal Input Timing



Figure 4 - Telemetry Buffer



Figure 5 - PCM Package with Computer (Microprocessor) Interface





Figure 7.  Repackaged Microprocessor Interface



Figure 8 - SLAT Captive Carry


