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Abstract—The higher output power densities required of 
modern radar architectures, such as the proposed DESDynI 
[Deformation, Ecosystem Structure, and Dynamics of Ice] SAR 
[Synthetic Aperture Radar] Instrument (or DSI) require 
increasingly dense high power electronics. To enable these 
higher power densities, while maintaining or even improving 
hardware reliability, requires advances in integrating advanced 
thermal packaging technologies into radar transmit/receive (TR) 
modules. New materials and techniques have been studied and 
compared to standard technologies.  

I. INTRODUCTION 
New radar systems, such as DSI (the proposed DESDynI 

[Deformation, Ecosystem Structure, and Dynamics of Ice] 
Interferometric SAR[Synthetic Aperture Radar]) [1], that 
employ array fed reflectors, require higher RF power densities 
than traditional flat panel phased arrays. To enable large 
numbers of densely-packed, transmit/ receive (TR) modules 
capable of even higher output power, design of the thermal 
packaging is increasingly more important. This paper details 
the investigation of new packaging materials and techniques to 
improve thermal performance to significantly improve 
reliability while enabling advancements in instrument 
performance.  

High power, compact arrays enable the use of large 
reflector-based architectures, such as SweepSAR [2], which 
significantly reduce instrument mass and its associated cost. 
Higher power, more compact arrays, however, dramatically 
increase the power density, both RF and DC, due to the 
smaller size and higher power. Thermal dissipation in these 
arrays is a key challenge, and requires integrated thermal 
management to maintain, and possibly improve, overall 
reliability in the presence of increased thermal variations.  

The key benefit of the advanced packaging techniques 
discussed in this paper is in improving the trade-space 
between increasingly dense, higher power-handling RF-
hybrids and their long term reliability on-orbit. This is 
accomplished by reducing thermal cycling stress through more 
efficient electronics, increasing thermal transfer at each level 

of fabrication, reducing CTE (Coefficient of Thermal 
Expansion) mismatches, while also decreasing thermal 
variability with embedded phase change material. These 
techniques enable the fabrication of more robust, compact 
electronics. This is a key challenge to implementing the DSI 
instrument with the most affordable architecture. 

The first step to reduce thermally induced fatigue is to 
increase overall efficiency, therefore reducing the amplitude 
of power cycling induced thermal variability. This is 
accomplished through using Gallium Nitride (GaN) transistors 
for the power amplifiers, which is quickly becoming an 
industry standard [3]. The next step is moving heat from hot 
areas quickly to avoid reducing the mean expected lifetimes of 
adjacent components and devices interconnects. This is done 
using PCB and housing materials with high thermal 
conductivity, and well matched CTEs.  

The final step in this integrated approach to thermal 
packaging design is the introduction of a “thermal capacitor”, 
which effectively low-pass filters heating from power cycling. 
The thermal capacitor discussed in this paper is PCM (Phase 
Change Material), which absorbs heat through a phase 
transition of the material. This concept is not new for ground-
based electronics, see for example [4], however, established 
techniques rely upon gravity and are not applicable to 
spaceborne instruments. The PCM technology discussed is 
designed for use in microgravity.  

II. HIGH EFFICIENCY ELECTRONICS 
GaN (Gallium Nitride) technology shows great promise 

for RF power amplifiers [5], high power RF and DC switches 
[6], as well as robust LNAs (Low Noise Amplifiers) [7]. With 
significantly higher temperature survivability, higher 
breakdown voltage and lower input impedance than silicon 
bipolar, along with excellent predicted resistance to total dose 
radiation [8], GaN is currently the most promising new 
technology for advancing high-power spaceborne RF 
electronics.  
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PCM was experimentally determined to be 50.5kJ, as 
compared to its design requirement of 48.7kJ, see Figure 5. 

V. INTEGRATED TR MODULE 
Each of these technologies is being integrated into a flight-

like TR module, targeted at the DESDynI radar, capable of 
more than 100W transmit power using the high efficiency 

GaN PA, high thermal conductivity using the advanced 
materials, high peak thermal capacity using the PCM and heat 
spreader, with increased reliability through lower thermal 
variability and controlled expansion materials.  

 
Final design and thermal analyses of the standard 

technology integrated TR module are currently underway. The 
TR module, see Figure 7, includes a >65% efficient 
transmitter, 90% efficient power supply, and a direct thermal 
path to space, with the “floor” of the module designed as the 

unit’s actual thermal radiator. 

An exploded view of the TR module, with the “floor” 
shown facing down, can be seen in Figure 6. Both the standard 
packaging and advanced packaging versions have the same 
build, except the advanced packaging version has two 
additional boards between the PCBs (brown) and chassis 
(blue). These are the 2-phase heat spreader and PCM thermal 
capacitor, which spread the heat from the power amplifier’s 
transistors and absorb this heat in the PCM, reducing heating 
of the overall module by more than 50%.  

 

The transparent floor of the standard module is shown 
facing up, in Figure 8. This is the unit’s thermal radiator. 

The advanced version of the integrated TR module is 
shown in Figure 9. It includes all of the aspects of the 
advanced high power TR module development accepted into 
the proposed DESDynI TRM, as well as the embedded PCM, 
2-phase heat spreader and select chassis components 
machined from controlled expansion alloys. The inclusion of 
these technologies will increase the reliability of the module’s 
interconnects, by reducing overall thermal cycling by at least 

 
 

Figure 7: Integrated TR Module Fabrication Drawing. Note 
that a solid surface is placed under the high power amplifier.  

 

 
Figure 8 Exploded view of the standard integrated TR 

module. Here the floor of the module is the thermal 
radiator to space. 

 

 
Figure 6 Transparent view of the standard flight TR 

module's floor, which is the thermal radiator. There is a 
direct conductive path for heat from the RF electronics to 
space, but there is no advanced 2-phase heat spreader or 

PCM thermal capacitor. 

 

 
Figure 9 Transparent view of the Advanced TR module’s 

thermal radiator, showing integrated 2-phase heat 
spreader and PCM thermal capacitor. (updated image 

pending…) 
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50%, and by reducing interconnect fatigue through the use of 
the CTE alloys. 

Both the flight version and the advanced packaging 
versions of this TR are anticipated to be prototyped, tested and 
compared by the end of the calendar year. 

   
VI. SUMMARY 

Advanced materials and fabrication techniques are being 
investigated to improve performance and reliability of high 
power TR modules. Several promising technologies exist to 
reduce waste heat, increase thermal conductivity, reduce 
mechanical stresses through CTE matching, and reducing 
thermal cycling extremes through thermal capacitors (PCM). 
These technologies have been tested separately, and are in the 
process of being integrated into a test unit. 

Successful integration of these technologies allows for 
packaging of higher power density electronics, while 
maintaining reliability. This work helps to enable more cost 
effective radar architectures for earth remote sensing, such as 
SweepSAR, which is being considered for the proposed 
DESDynI radar. 
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