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ABSTRACT

The scope of this paper deals with methods and processes undertaken to provide a
significant reliability upgrade to an existing telemetry instrumentation subsystem. Selected
components are produced using modern hybrid microcircuit technology in place of the
previously configured discrete design approach. A comparative analysis is performed to
demonstrate the resulting dramatic reliability improvement.

INTRODUCTION

The telemetry set which is used on the Atlas E/F Booster stage to provide performance
data during checkout and flight is part of the Airborne Instrumentation and Range Safety
System (AIRSS). The other major components of this system include electrical harness,
transducers, sensors, batteries, range safety control circuits, antenna coupler and antenna.
An interface diagram, figure 1, depicts these elements and the umbilical connection to the
Aerospace Ground Equipment (AGE) console. The Atlas Telemetry Set (designated ATS)
comprises the signal conditioner, mixed high and low level commutator and a radio
transmitter.

SYSTEM DESCRIPTION

The ATS is a solid state, modularly constructed, PAM/FM/FM assembly within which the
signal conditioning, commutation, subcarrier multiplexing, and signal transmission are
accomplished. Figure 2 is a functional block diagram of the system.



Figure 1.  Telemetry System Interfaces

The package allows the interwiring of low-level and high-level transducer signals, is
equipped with redundant power supplies for excitation, and routes the conditioned and
normalized signal inputs to the subcarrier channels directly or via the sampling
commutator.

The signal path originates at the transducer or sensor pickup and is directed to the signal
conditioner wherein a variety of functional parameters and data measurements are
accommodated. The types of conditioning that are provided include attenuators, dividers,
and amplifiers; demodulator and discriminator networks; monitor for AC-DC signals; and
voltage, current, and frequency limiting circuits.

Following the scaling and normalizing in the conditioner, the signals are connected to the
commutator inputs or to the subcarrier channels, as is appropriate.



Figure 2.  Functional Block Diagram

All high and low level signals that do not require conditioning are cabled directly to the
commutator. This item performs the specified electronic sampling of static and slowly
changing measurements in the missile borne environment. It provides the required
amplification and produces two individual 0 to 5 - volt serial NRZ (nonreturn to zero) data
codes to the telemetering system. It is characterized by a pole L which consists of 90 low-
level, programmable gain, differential channels, inputs ranging from 10 mv to 100 mv and
a Pole H, which consists of 90 high-level channels with inputs of 0 to 5 volts. The
sampling rate is selectable to be either 5 or 10 samples per second.

The voltage controlled oscillators are the frequency modulated, proportional bandwidth
type and conform to IRIG Standard 106-80 spacings, deviations and center frequencies for
bands containing channels 2 through 11 and 13 through 20 for a total complement of
18 channels.

The wideband mixer amplifier is a variable gain device with a flat response for frequencies
from 300 Hz to 150 kHz.



The transmitter is a modern, highly efficient, 10-watt S-band device. The unit features a
phase-lock loop, and final frequency amplification avoids potential spurious emission
problems associated with high-power multiplier stages.

The remaining components within the signal conditioner assembly involve the power
changeover and distribution networks, filtering subassemblies, programmable connectors
and all related cables and harnesses.

SELECTED COMPONENTS FOR RELIABILITY UPGRADE

After careful review of the program, it was established that three sections would benefit
most from a detailed upgrade. These sections are:

a. Voltage controlled subcarrier oscillator
b. Wide-band mixer amplifier
c. Electronic commutator

The product specification for each item was reviewed from a systems point of view and
updated to meet the special requirement of the Atlas telemetry system program. In each
case a more stringent and detailed specification was generated. This detailed specification
was the basis for design reviews where engineering modifications were outlined that would
be necessary in order to insure the more stringent requirements.

VOLTAGE CONTROLLED OSCILLATOR (Figure 3)

Omnitek’s standard type 90 series with A1 specifications was used as a starting point for
this item. A short review of the voltage controlled oscillator (VCO) is given in connection
with a description of the improvements in this device.

The heart of the circuit is the timing multivibrator. Since the transistors in the multivibrator
circuit are either off or in saturation, effects from beta changes are minimized when
compared to the effects seen in a wide-band oscillator circuit with Class A transistors.

Diodes and resistor networks are used for temperature compensation of both frequency
and bandwidth. These temperature-compensating circuits include a second order
adjustment for nonlinear temperature behavior without using a nonlinear thermal element
such as a thermistor which has poor stability and repeatability characteristics.

The multivibrator drives a switch circuit which acts as a load buffer while shaping the
multivibrator output to a square wave. The square wave output from the switch circuit has
a low second harmonic component which eases the roll-off requirements on the active
filter which passes the fundamental sine wave.



Figure 3.  Voltage Controlled Oscillator Assembly

The active filter uses resistors, NPO capacitors and transistors to generate a low-pass
modified elliptic function. To obtain the best stability and response, the transistors are all
used as emitter followers. The filter has four poles and two zeros to generate a sharp roll-
off with the minimum number of components. The output DC block and isolator capacitor
modifies the frequency response of the filter from a low pass to a band pass.

All internal voltages applied to the multivibrator are regulated for best stability. The first
regulator of the VCO circuit is a series transistor regulator for minimum current.

All microcomponents used in the fabrication of the VCO such as thick-film resistors,
capacitors and semiconductors are selected for reliability, repeatability and stability.

WIDE-BAND MIXER AMPLIFIER (Figure 4)

Omnitek’s standard type 90 series with M1 electrical specifications was used as a starting
point for the mixer amplifier. Again, a short review of the mixer amplifier is given in
connection with a description of the improvements in this device.

The mixer amplifier is specifically designed to combine several input signals into one
composite output signal at the levels normally encountered in telemetry systems.

The signal input circuitry is designed to use standard semiconductors so that the
performance is not dependent upon exotic devices. The input circuit consists of an emitter
follower with a current source in the emitter circuit. This results in an extremely linear
circuit with high input impedance. There are two stages of gain, each with emitter self bias.
The output circuit is an emitter follower with a current source as the emitter circuit and a
collector current limiting resistor. The capacitivity coupled output is therefore current



Figure 4.  Wide-Band Mixer Amplifier Assembly

limited both as a source and a sink for good overload protection. The output signal is used
in feedback around the output follower and the gain stages through a resistive network for
gain control. There is over 30 dB more open-loop than closed-loop gain in order to control
any distortion in the amplifier itself.

For stable wide-band operation each gain stage has its own frequency roll-off circuit in
addition to the emitter degeneration.

The overall gain is set by a potentiometer or fixed resistor in the input which can divide
down the input signal to desired levels as required. This technique prevents overloading
the active stages with excessive input signals.

The input B+ is regulated with a series regulator transistor referenced to a voltage fixed by
a zener diode. A resistor in series with the B+ line functions as a current limiter to stabilize
the regulator for use with long power lines.

Both input and output capacitivity couple the signal so that unwanted DC voltages are not
present at the terminals.

ELECTRONIC COMMUTATOR (Figure 5)

The Atlas commutator involves both high and low-level programmable channels in one
package configuration.

The circuitry uses sophisticated logic to lower crosstalk, improve response time and
control spikes in the wave train. The technique is called odd-even logic. It uses two input
buffers, one for odd numbered channels and one for even numbered channels, and a single



Figure 5.  Commutator Outline Drawing

output buffer. In operation, while channel 1 is being sampled through the odd input buffer
connected to the output buffer, channel 2 is connected to the even input buffer and is
stabilizing. At the end of channel 1 sample time, the output buffer is switched to the even
input buffer where channel 2 has already stabilized. Since the circuit point being switched
is from the output of one buffer to another buffer, it moves from one low-impedance point
to another low-impedance point. The low-impedance point allows easy control of rise
time, overshoot, and stabilization times. Then while channel 2 is the output, the odd input
buffer is switched to channel 3. Therefore, each channel in turn is connected to its input
buffer one channel time earlier than it will appear in the commutator output. This allows
the input to stabilize and lower the effect of source impedance, input capacitance and
switching transients.

Besides improved basic performance, there is another benefit to the odd-even logic
approach. The commutator can be supercommutated in the field without performance
degradation. Some manufacturers use an RC network in the input of each channel to help
control switching spikes. When supercommutated, these RC’s will add their effects
together and cause long stabilization times and increased crosstalk. To help control this
problem, the manufacturer will request to be told which channels are going to be
supercommutated so he can modify their inputs. Any change in the use of the commutator
in the field can then cause problems as the channel inputs will not be optimized. With odd-
even logic, any channel can be supercommutated and changed at will without affecting
performance. There is no need for a difficult field retrofit.



The commutator uses CMOS gates and logic for good performance and low power
consumption. Each channel input is protected against overvoltage, and in addition has
output signal limiting.

The timing reference signal is generated by a precision temperature compensated multi-
vibrator. The CMOS logic counts down the stable timing signal and controls the individual
signal gates, the generation of the scope sync and frame sync signals, and the odd-even
logic. The signal gates are treed to keep the effective input capacitance low. The odd-even
buffer system uses only current sources and emitter followers to provide high isolation and
fast rise and fall times. The input buffers contain a proprietary emitter follower with
controlled gain and offset. This circuit was developed by Omnitek and is a unique emitter
follower that can have a gain greater than unity and still have the speed and DC accuracy
of a follower.

The output buffer is also composed of a current source and a follower. It uses a proprietary
rigid feedback technique to compensate for different load currents without losing speed or
causing overshoot.

The commutator contains a DC-to-DC converter to generate the required negative
voltages. Critical voltages such as the frame sync amplitude are double regulated.

The following areas were used to greatly improve the reliability of the modules.

a. Extensive mechanical, electrical and quality analysis.
b. Improved electrical design.
c. Tighter controls on piece part components such as traceability, mechanical and

electrical screening, SEM testing, radiographic inspection.
d. Hybridized circuitry; reduced size allowed better packaging, improved inspection,

less susceptibility to harsh environments.
e. Extensive module testing and qualification prior to final assembly and test.

One of the program restraints was that the form factor for the VCO mixer amplifier and
commutator had to be maintained. In order to do this all active circuitry was designed into
hybrid packages that could be hermetically sealed and tested at the module level and be
maintained within the old form factor and interconnect figurations. The VCO and mixer
amplifier were designed and layed out on one substrate and packaged, each in a self-
contained hermetically sealed housing. The commutator, due to its complexity, was
somewhat of a larger problem. It was decided to attempt to select standard package sizes
to keep the nonrecurring cost and lead time down to a minimum. As a result, the
commutator circuitry was divided into 17 hybrid packages, using five housing types. We
feel the largest contributing factor to increase reliability of these modules was the ability to



microminiaturize them with a tightly controlled process. The following describes the
techniques used.

The process begins with the manufacture of the LID (Figure 6). The body of LID is a 96%
alumina structure coated with three-layer metalization system in molly manganese, nickel
and gold. Separation cuts divide the metalized surface into three areas for collector, base,
emitter, etc. The semiconductor is eutectic-die-bonded onto the LID’s collector area
achieving great strength, and providing a broad continuous low-resistance path to the two
collector terminal pads. The terminal connections are made by conventional goldwire
nailhead wire bonding between the chip and the pedestals associated with the terminal
pads.

Figure 6.  Construction of the LID

All mounting and interconnection steps are standard proven semiconductor manufacturing
processes.

Finally, after careful inspection, the chips and leads are sealed by means of a drop of
epoxy compound, which is then cured in place. Even at this early stage, all the standard
mechanical and visual QC steps associated with discrete transistor manufacturing have
been taken on the alumina LID carrier including both functional and electrical checks; on
the die bonding, including visual pry test; on the wire bonding, including visual and pull
test; and on the epoxy coating, including pre-cap and post cure visuals. Figure 7 shows the
standard test program for LID’s prior to circuit assembly.

In addition to the standard process used in manufacturing the LID’s, as shown on Figure 7,
additional screening requirements were imposed as follows:

a. Traceability to the wafer level
b. Wafer acceptance testing



1. Wafer thickness requirements
2. Metalization thickness requirements
3. SEM inspection
4. Sample electrical test at ambient and through temperature extremes

c. 100% visual inspection
d. Sample inspections of assembled devices

1. Bond strength
2. Die shear

e. Stabilization bake
f. Temperature cycling
g. Burn in at max. junction temperature
h. Final electrical test with additional critical parameters and increased specifications

The LID-solder microcircuit fabrication method was chosen over the chip-wire method
because of the many advantages obtained in the manufacturing process and in the
performance and reliability of the final product. The principal advantage of the LID-solder
method over the chip-wire method is that the device can be completely tested in the LID
after die mounting and wire bonding and before hybrid circuit assembly. This test
screening after the major stress processes of handling the chips allows the circuit to be
constructed with known good devices. In addition, since soldering of the LID’s to the
substrate is a low-stress process, the device parameters are maintained through the actual
circuit assembly. Since the hybrid circuit assembly using the chip-wire process requires the
high-stress processes of die mounting and wire bonding, the device parameters can easily
be degraded. While devices which fail drastically can be found and eliminated in both
methods, the LID technique alone offers the opportunity to find devices which show
borderline parameter changes such as higher than normal junction leakages, higher than
normal contact resistances, marginal low-current beta, etc. Normally, the screening after
hybrid circuit assembly detects failures in this type of device. While the same type of
screening exists with the LID process, there is additional individual device screening after
mounting and bonding and before actual circuit assembly.

Figure 8 shows a comparison between the two processes starting with the tested die and
continuing through circuit screening. The additional screening, which insures a more
reliable product, is readily apparent.



Figure 7.  Chip/LID, Chip/Carrier Process and Test Program



Figure 8.  LID-Solder vs. Chip-Wire Process

The first step in the manufacturing process is to deposit a palladium/silver back plane on a
bare alumina substrate. This maintains a constant ground plane beneath the circuit. The
substrate is then fired at approximately 850EC, burning off the vehicle which permits
screening it as an ink.

The substrate is then turned over and, using a very accurate method of silk screening, a
platinum/gold conductor pattern is deposited on the substrate. This conductor provides the
electrical interface between all circuit elements.

Again the substrate is fired at an elevated temperature, burning off the vehicle and fusing
the metals into the porous alumina substrate.



The resistive materials of various values are then deposited on the substrate, dried and
fired using the same process as with the conductor pattern.

During the screening operation there are extensive in-process controls, such as periodic
chart-recorded profiles of firing temperatures and lot-by-lot light section microscope
examination to determine the uniform deposit of materials, along with continuous
temperature co-efficient monitoring. After completion of the silk screening process, a
100% visual inspection is imposed on the substrate.

The resistors are then abrasively trimmed to their design values with attainable tolerances
up to 0.1%. The ability to achieve these tolerances gives design engineers the latitude to
call out tight values in critical circuit stages.

With the abrading completed, the unassembled substrate again enters in-process inspection
to verify that the resistors have been trimmed in accordance with documented procedures.

All components are soldered to the ceramic substrate using the Omnitek patented micro-
soldering system which automatically controls the heat-up rate and flux activation time,
soldering temperature, time and the cooling curve independent of the operator. This
method is unique in that it is the lowest stress technique for applying components
exclusively with solder. This is because all components, no matter what the quantity, are
soldered at exactly the same time - usually about 60 seconds from start to finish. The
assembled substrate is then packaged in its housing and wired again using only solder
connections.

At this point, the assembled substrate is treated in the same manner as a PC board.

After the assembly stage, the unit is cycled back into in-process inspection for a thorough
visual check for component alignment, component and wire attachments, and cleanliness.

The assembled component is finally ready for a dynamic adjustment and for electrical and
environmental testing. As a standard procedure, every module undergoes power burn-in
for 16 hours at 120EC and a minimum of three thermal cycles. This is over and above
program requirements and provides the added assurance of a stable unit, free of borderline
components. Only after successfully withstanding these tests are modules fine tuned and
final tested for conformance to program specifications.



During pre-cap inspection, all housings are sealed using a weld seam sealer. All units are
required to pass both fine and gross leak tests. Upon completion of this seal test, 100% of
the hybrid modules are subjected to the following tests:

a. Electrical test
b. Stabilization bake
c. Temperature cycling
d. Constant acceleration
e. Proof cycle (electrical)
f. External visual inspection
g. Seal test

Fine
Gross

h. Interim electrical test
i. Burn-in
j. Final electrical test
k. Radiographic inspection
l. External visual inspection

A sample from each manufacturing lot is selected and subjected to the following tests. The
lot is not accepted until successful completion of these tests:

a. Electrical test
b. Solderability
c. Resistance to solvents
d. Destructive physical analysis
e. Operating life test for 100 hours at elevated temperature
f. Internal water vapor content
g. Lead integrity
h. Thermal shock
i. Temperature cycling
j. Moisture resistance
k. Mechanical shock
l. Constant acceleration
m. Metal package isolation
n. Seal test

1. Fine
2. Gross

o. Electrical test

The modules are assembled into the final packages after successful completion of the
above tests.



COMPARATIVE RELIABILITY ANALYSES

The chart below compares the reliability of the original design using discrete parts with the
reliability of the improved design using hybrid microcircuits. Reliability under the GF
environment was improved by a factor of 8.8. Reliability under the ML environment was
improved by a factor of 9.2.

CONCLUSION

The reliability improvement program described herein has proven highly successful ad the
results of the comparative analysis indicate.

The hybrid technology description reflects currently employed practices and adherence to
the imposition of MIL-STD-883B and the tailored SAMSO Standard 73-2C were
considered paramount in the execution of this program.
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