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ABSTRACT

An S-band telemetry transmitter has been developed for Expendable Launch Vehicles
(ELV's) that can downlink data through NASA's Tracking and Data Relay Satellite System
(TDRSS). The transmitter operates in the 2200 to 2300 MHz range and provides a number
of unique features to achieve optimum performance in the launch vehicle environment:

 
• Commandable QPSK or BPSK modulation format.
• Data rates up to 10 Mbps.
• Commandable concatenated coding provides superior link performance.
• Premodulation filtering produces excellent spectral containment characteristics.
• Phase noise of less than 3 degrees rms is maintained through launch and ascent

vibration profiles.
• A 30 watt nominal RF output power provides a robust RF link.
• Two RF antenna output ports with commandable selection of all power out to either

port or power split evenly between ports.
• Operating modes and conditions of the unit can be monitored through a number of

bilevel and analog outputs.
• A ruggedized mechanical design provides a reliable communications link for launch

vehicle environments.
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INTRODUCTION

Traditional methods for downlinking telemetry data from Expendable Launch Vehicles has
required extensive ground station support and often additional downrange support from
ARIA aircraft. The operating costs of this support have become a significant portion of the
total launch costs. Furthermore, because of limitations of current support equipment and
the higher data rates needed, downrange data can not always be delivered real time.
Instead, it is stored and used for post-flight analysis only.

As an alternative to the existing methods of downlinking launch vehicle data, Cincinnati
Electronics has developed a TDRSS compatible transmitter, model T-705. This new
transmitter can still downlink to existing ground stations but also has the capability to
transmit data through the TDRSS network, providing a more reliable telemetry link with
better performance capability. Utilization of the TDRSS network helps to eliminate the
need for downrange telemetry support and permits real time flight data analysis, thus
representing a significant cost savings.

THEORY OF OPERATION

System Overview

An overall block diagram of the transmitter is shown in Figure 1. All data, clock and
operate mode commands are applied to the transmitter through RS-422 interfaces. Health
and operational status of the unit is conveyed by several analog and digital telemetry
signals. Input data is processed digitally to accomplish a data format conversion and to
apply concatenated coding to improve link performance.

After digital processing, the I and Q data is converted from TTL level signals to bipolar
level before being filtered and applied to the Vector I & Q Modulator. Premodulation
filtering provides excellent spectral containment properties. Transmit frequency synthesis
is accomplished with an S-Band VCO phase locked to a lower frequency Temperature
Compensated Crystal Controlled Oscillator (TCXO). Shock mounting of the synthesizer
subassembly yields excellent phase noise performance, even under the severe vibration
profiles encountered with launch vehicles.

After being modulated the carrier is amplified through several GaAs FET Solid State
Power Amplifier (SSPA) stages. The power is then spit between two paths and input to a
variable phase shifting network. Following the finals SSPA gain stages the two RF paths
are recombined and the RF power is either all directed out of one of the two output



Figure 1. Telemetry Transmitter Block Diagram

antenna ports for directional operation or the power can be evenly divided between the
antenna ports for omni operation. The RF routing mode is determined by a two bit
command input via the RS-422 interface.

Interfaces and Data Processing

This design provides separate clock inputs for the I and Q data, which allows for
asynchronous QPSK operation. This has the advantage of permitting immediate distinction
of the data channels at the ground station demodulator. Digital processing of the input data
is performed in a Field Programmable Gate Array (FPGA) prior to modulation. Within the
FPGA a format conversion from NRZ-L to NRZ-M is applied to prevent inversion
ambiguity when demodulated. In addition, Forward Error Correction (FEC) in the form of
K=7, Rate=1/2 and Periodic Convolutional Interleaving (PCI) are applied to the data to
improve link performance.[1]  FEC and PCI can be activated separately for each data
channel through the use of FEC and PCI On/Off commands. Also included in the digital
processing is the capability to switch the transmitter between QPSK and BPSK. BPSK
mode is accomplished through the use of a 2-channel multiplexer which allows the I
channel data to be applied to both the I and Q channel outputs of the FPGA.



The operating status of the unit can be monitored through the following telemetry outputs:

Analog Telemetry Digital Telemetry

! Output RF power ! BPSK/QPSK mode
! Reflected RF power ! FEC On/Off status
! Temperature ! PCI On/Off status

! RF power routing status

Frequency Synthesizer

The frequency synthesizer consists of a TCXO operating at 1/64 the transmit frequency,
multiplied up to the operate frequency with an S-Band VCO and a phase lock loop circuit.
The unique method of shock mounting the frequency synthesizer provides superior phase
noise performance, even under severe launch vibration profiles. Shock mounting makes it
possible to meet phase noise requirements of less than 3.0 degrees rms for both vehicle
launch and ascent vibration conditions. Figures 2 and 3 show the phase noise response
under static and random vibration (12.9 g rms) conditions respectively.
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Figure 2. Synthesizer Phase Noise During Static Conditions
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Figure 3. Synthesizer Phase Noise During Random Vibration (12.9 g rms)

Modulator

Modulation is accomplished directly at the S-Band transmit frequency through the use of a
Vector I & Q Modulator. The modulator provides two bipolar data input channels for
QPSK modulation or it can be used as a BPSK modulator by applying the same data input
to both the I and Q channels simultaneously. A block diagram of the Modulator assembly
is shown in Figure 4. A unique circuit exists in each of the data paths after the digital
processing which allows the TTL level I and Q data from the FPGA to be converted into
bipolar waveforms (swinging positive and negative with zero offset), before they are
applied to the I and Q inputs of the Vector Modulator. This amplitude conversion circuitry
also permits fine adjustment of the amplitude and phase balance of the modulator. This
design provides a carrier suppression greater than 25 dB, an amplitude balance better than
0.25 dB and a phase balance of 5 degrees maximum over temperature, sufficient to meet
the TDRSS operational requirements.[2]  Furthermore, this performance is maintained for
all data rates from 128 Kbps to 1.024 Mbps.

In addition to the amplitude conversion circuit, a lowpass LC filter permits the frequency
content of the data in each channel to be limited prior to modulation, thus providing
excellent spectral containment. The lowpass filter design has been optimized to reduce
intersymbol interference. A QPSK modulated output spectrum with 1.024 Mbps per
channel is shown in Figure 5. Two bipolar RF amplifier stages are used to provide the
necessary RF gain from the VCO output to drive the Vector I & Q Modulator and two
identical amplifiers stages are also used between the modulator and the SSPA (Solid State
Power Amplifier) driver stages.
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Figure 5. QPSK Modulated Spectrum (1.024 Mbps)



RF Routing

Another attractive feature of this design is that it provides the capability to switch RF
power between two output antenna ports without the need for mechanical switching.
Instead, the switching is accomplished by using a 90° coupler to split the power from the
output of the SSPA driver stage into two paths, in each path, an S-Band circulator, pin
diodes and transmission line lengths are used to shift the relative phase of the signals with
respect to one another. Depending on the state of the RF routing commands, the pin diodes
are turned on or off for each path causing a change in that paths relative phase. After these
signals are applied to the final SSPA amplifiers they are input to a second 90° coupler
where they are recombined. Depending on the phase of the two signals the total power will
either be divided evenly between the two coupler outputs or it will be directed out one port
only. Figure 6 shows effect of this switching technique in its basic form with a phase
shifting network in only one of the two RF paths. As the diagram clearly illustrates, all of
the power can be output from a single RF port or it can be divided evenly between ports
based on the amount of phase shift applied.
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Figure 6. Coupler Output Versus Phase

Solid State Power Amplifiers

The SSPA consists of two separate assemblies: a driver power amplifier stage and a final
power amplifier stage. All of the amplifiers are operated as class AB devices to prevent
excessive compression which would counteract the effects of the premodulation and
eliminate the desired spectral containment properties.

A block diagram of the SSPA Driver assembly is given in Figure 7. The driver assembly
boosts the 1dBm modulated carrier to approximately 37.1dBm before delivering it to the
final PA assembly. The SSPA driver is implemented with three GaAs FET amplifiers, the
first amplifier provides 14.0dB of gain and uses about 160 mWatts of DC power. The
second driver amplifier delivers 12.75dB and consumes about 1.1 Watts and the third and



final driver amplifier provides an additional 10.5dB gain using 13.5 Watts of DC power.
Isolators are used to provide a consistent matching impedance at the input and output of
each amplifier stage. The isolators yield less variation in performance for changes
temperature, DC voltages and input drive levels.

Figure 7. SSPA Driver Block Diagram

A block diagram of the final SSPA stages is shown in Figure 8. The RF routing
components mentioned above are also evident in this diagram. The final SSPA consists of
four identical GaAs FET amplifiers, configured as two parallel devices in each of the two
RF routing paths. The finals amplifiers provide 9.6 dB of gain in each path and require
about 44.1 Watts of DC power per pair, resulting in a total of 88.2 Watts for all four
amplifiers.

Figure 8. Power Amplifier Block Diagram
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Power Converters

Three separate DC-DC power converters modules and one EMI filter module are used in
this design. Each of the converters draws its input power through the MIL-STD-461
compliant EMI filter. The filter provides approximately 70 dB of attenuation at 500 to 560
kHz switching frequencies of the converters. The total DC power requirement for the
transmitter is less than 140 Watts and the inrush current is limited to 50 Amps maximum.
Reverse polarity protection diodes are used and transient voltage protection to 200 volts
provided.

CONCLUSION

The T-705 telemetry transmitter provides a reliable, cost efficient alternative to traditional
methods of downlinking data from Expendable Launch Vehicles by utilizing the extra
capacity of NASA's TDRSS network. The unit provides a number of attractive features,
such as high data rate capability, low phase noise and commandable RF antenna port
switching, which make it ideally suited for launch vehicles environments
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