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ABSTRACT 
 
COBHAM ELECTRONIC SYSTEMS, Inc. has developed a field-programmable telemetry 
transmitter module for higher-power (0.1W to 25W) airborne telemetry applications.  A key feature 
of the transmitter is high DC to RF conversion efficiency over the entire variable output power range 
of 25dB through the use of GaN amplifiers.  This high efficiency is realized by using a variable 
voltage DC-DC converter and dynamic bias control of the GaN amplifier elements.  This feature is 
useful in that output power can be tailored to mission requirements and timelines, thereby extending 
battery life and increasing operation time. 
 
The transmitter receives configuration commands and can be programmed through an external data 
port.   The transmitter can be configured for RF power and frequency over the telemetry S-Band 
frequency range, and has multiple data rates. 
 
The unit consists of RF, digital and power supply circuits.  The RF transmitter is a PCM-FM type 
with a phase-locked loop, driver amplifiers, a power amplifier and a digital processor for RF control.  
The unit contains a digital processor, FPGA’s, and flash memory.  The power supplies contains all 
the regulator circuits to supply power to the rest of the unit, variable output drain voltage to the GaN 
devices, EMI filtering, under/overvoltage protection, a temperature sensor and a digital processor for 
power control.  The electronics are housed in a compact aluminum housing. 
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INTRODUCTION 
 
COBHAM has produced a set of rugged, small, low cost transmitter modules for use in ballistic and 
commercial telemetry applications.  These transmitters utilize direct frequency modulation, which 
results in a miniaturized system.  These transmitters are compliant with IRIG 106-09, using PCM-
FM modulation, and can provide an output power level of up to 1 watt.  Some are stand-alone 
transmitters, and others combine a digital encoder and regulated power on a single integrated printed 
wiring board.  These single-card telemetry units provide 1 Watt of transmitted power, with a digital 
encoder capable of 1 Mbps data-rate in a compact, rugged design that can survive setback 
accelerations of 15 kG, at temperature extremes of -40°C to +85°C. 
 
Cobham has built upon this foundational telemetry technology to develop a telemetry transmitter 
that has a maximum output power of 25 Watts, including high data rates up to 10 Mbps, the ability 
to receive digital commands from a host computer to set transmitter power, frequency and data rate, 
and a re-programming feature to allow the transmitter firmware to be changed to provide flexibility.  
This is a high-density design with constrained volume for circuit cards, components and connectors, 
and careful mechanical design and circuit layout is necessary to fit all components within the 
required envelope, minimize electrical interference, and provide proper thermal pathways to remove 
heat and keep internal temperatures within component limits.  Performance data for this 
programmable transmitter is included, and a system block diagram is shown in Figure 1. 
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Figure 1 – System Block Diagram 
 

TRANSMITTER 
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Figure 2 shows a block diagram of the RF section of the transmitter.  The RF section is comprised of 
frequency generation, amplification, filters and a power detector.  The frequency generation is 
created by a crystal reference, PLL and VCO.  The VCO can be programmed to the desired 
frequency using the external interface and then modulated to the necessary data rate. 
 
The output power can be controlled to the required output power level using digital gain control to 
the intermediate gain stages and bias adjustments to the output GaN amplifier.  The benefit of the 
GaN amplifier bias adjustment is that it changes the output power while maximizing the efficiency 
of the amplifiers.  Figure 3 shows the CW output power versus frequency for the different power 
states.  The output power detector provides a built in test function that monitors the circuits 
performance.   
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Figure 2 – RF Section Block Diagram  
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Figure 3 – Transmitter CW Output Power  
When evaluating a telemetry transmitter design, it is always good to look at the RF spectrum with 
the RNRZ-L modulation to gauge the performance of the transmitter.  The overall shape of the curve 
will give a figure of merit to the modulation deviation adjustment, the effectivity of the pre-
modulation filter, and the presence or absence of spurious signals.  Figure 4 shows the RF spectrum 
of the transmitter with RNRZ-L data being applied to the modulation port of the transmitter.  Notice 
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that there are slight “ears” on the ends of the “passband” section of the signal.  A flat response or one 
with slight “ears” indicates a transmitter with the modulation deviation set to the proper value of 
0.35 times the data rate.  If the ears were pronounced, the transmitter would be over-deviated 
(modulation deviation much greater than 0.35 times the data rate), and if it looks rounded, the 
transmitter would be under-deviated (modulation deviation much less than 0.35 times the data rate. 

 

 
 

Figure 4 – Measured RF Spectrum SN1 
 

Also note that there are no obvious spurs in the spectrum.  Of course this is a close-in look, and does 
not address the RF center-frequency harmonics, but this picture would cover power supply and PLL 
induced spurs.   
 
Another figure-of-merit that can be taken from this spectral picture is that of compliance with the 
IRIG 106 spectral mask requirement.  The input RNRZ-L data is filtered before the RF modulator at 
a frequency bandwidth of 0.7 times the data rate.  The purpose is to limit the RF bandwidth of the 
transmitted signal.  The spectral mask requirement defines a maximum RF signal envelope, which 
the transmitter RF spectrum must not exceed.  Figure 5 shows the RF spectrum measured in Figure 4 
superimposed with the IRIG 106 spectral mask requirement. 
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Figure 5 – Measured RF Spectrum vs. IRIG 106 Spectral Mask, SN1 
 
 

The blue trace is the spectral mask requirement, and the red trace is a copy of the data in Figure 4.  
Note that the RF spectrum is below the spectral mask trace, thereby meeting the requirement. 

 
DIGITAL 

 
The Digital section of the transmitter contains the logic and processors to receive control and 
programming instructions from the host, issue control commands to the microcontrollers in the RF 
and power supply boards, control the re-programming of the transmitter and to receive and filter the 
PCM-FM data from the host.  A block diagram of the digital section is provided in Figure 6. 
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Figure 6 – Digital Block Diagram 

 
The Master FPGA contains the interface control function, SPI ports for the micro-controller, Slave 
FPGA and flash memory, as well as the Slave FPGA JTAG interface.  It cannot be programmed via 
the host interface, but only through a separate JTAG port.  The Slave FPGA performs BIT and the 
control functions of the transmitter, and can be programmed through the host interface.  The pre-
modulation filters provide a spectral mask for the input PCM-FM data in order to limit the RF 
bandwidth of the data. 

 
POWER CONDITIONING 

 
The use of GaN amplifiers in the RF design places greater demands on the power conditioning 
circuitry.  The high operating voltages of the GaN devices and the need for variable output power 
requires that the power circuitry use buck/boost regulators to provide voltages of 22V, and 32V from 
a 28V input voltage.  The power conditioning for the transmitter is digitally controlled to provide 
different drain and gate voltages to the different RF amplifiers to provide optimized gain and 
efficiency at the various RF power levels that the transmitter must provide.  Figure 7 illustrates the 
structure of the power supply system.  It has input EMI filtering, a combination of buck/boost and 
buck switching regulators to create all of the required voltages to drive the RF and digital sections, 
and utilizes linear regulators in the final stages to provide clean, low-ripple power to the sensitive RF 
components.  The switching regulators provide high efficiency power regulation to minimize power 
loss and reduce power consumption by the transmitter.  Reverse voltage and over-voltage protection 
is provided to protect the transmitter circuitry from damage during fault conditions, and the power 
condition section is controlled by an embedded microcontroller that receives and executes 



7 
 

commands from the digital electronics.  The microcontroller also provides a means to bring up the 
power electronics in a controlled manner to minimize inrush current. 
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Figure 7 – Power Supply Block Diagram 
 

PRINTED WIRING BOARD DESIGN 
 
The printed wiring board (PWB) for the RF circuitry is a double sided, mixed dielectric board.  The 
top sided of the board is designed to provide a 50 Ohm transmission impedance at the transmit 
frequency, and multiple thermal vias to help spread heat from high power devices.  The back side of 
the board has the linear regulation for the RF functions. The digital board is a double-sided design 
with many layers to accommodate the multitude of signals on the board.  The power supply board is 
also multi-layer, with thicker copper layers to reduce the IR loss in the traces.  The grounds for the 
switching regulators are designed with a single point connecting to chassis ground to contain the 
high-level AC currents into a compact area close to the regulator device.  

  
CONCLUSIONS 

 
COBHAM has been working with customers for over 10 years to develop telemetry transmitters and 
integrated telemetry transmitters/encoders for their needs.  This transmitter development effort 
increases the maximum power level and configurability/programmability of Cobham’s portfolio of 
telemetry products. 
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