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ÅPanelized active arrays allow flexible back-ends with 
good front -end performance

ÅPanel level integration of high-power amps requires 
simple but effective thermal relief

ïOnly possible due to new high-efficiency switch-mode RF amps

ÅElectrical design must minimize RF loss, fit in element 
spacing

ïMore loss maps to lower efficiency and dynamic range

ïElement spacing fixed by frequency

ÅNo grating lobes

ÅDesign methods presented that allow high power 
radiated from organic panel

ïOver 30W radiated

ïSeveral methods of air cooling demonstrated to be feasible.
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Digital Radar
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Digitization of the signal at each 
element.  The combining of 
signals is done in the digital 
domain.  
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Panelized Radar
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ÅActive arrays enable flexible back-ends

ïIndividual control of each element possible

ïArrays can be digitized at every element

ïClassic module approach less than ideal

ÅCable/connector loss between module and antenna translates to 
loss of efficiency, greater noise

ÅPanelized arrays makemore 
compact, reduce loss

ïAntenna in same panel as 
amplifiers

ïSurface mount parts wimax
parts allow compact board
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Element Explanation
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ÅPanel includes

ïTR Switch

ïHPA, LNA

ÅOn same MMIC

ÅHigh efficacy HPA

ÅHigh linearity LNA

ïCirculator

ÅProvides isolation for 
HPA from reflection 
off antenna

ïAntenna

ÅDual Layer Patch 
Antenna

ïDC biasing for HPA 
and LNA
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Thermal Considerations
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ÅEven highly efficient switch-mode amplifiers at best 65% 
efficient

ïFor high-powers, thermal dissipation is far from negligible

ÅTemperature rise on MMIC causes loss of efficiency

ÅNeed good thermal path to prevent thermal runaway

ÅBetter thermal design allows higher duty cycle

25 Watts
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Thermal Flow
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ÅPackage uses GaN on copper for thermal path

ÅProvides good thermal path directly from SiCto 
heat-sink
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Thermal Results
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Maximum RCA (Thermal Resistance from Case to Air) 
required to keep the package to MMIC interface at 850 C

ÅThe RCA necessary to keep package to MMIC interface at 
850 C is shown above

ÅThe RCA given by fan-less, piezo fan, and radial fan 
cooling methods are plotted, giving cutoffs for each 
cooling method
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Electrical Considerations

14-Apr-10 Andrew Wegener

Purdue University

9

ÅElement spacing limitations

ïAntennas Ȉ/2 apart, elements must fit in Ȉ/2 by Ȉ/2  area

ÅInsertion loss between amplifiers and antenna bad

ÅMinimize distance between LNA and antennas

ÅIsolation required to protect receive front -end

ïCirculator protects directly

ïLNA acts as absorber at high power

ÅHPA draws large instantaneous current

ïNeed local charge storage to minimize inductance from caps to 
HPA, LNA

ÅLow back radiation required

ïBack radiation of antennas causes interference on digital board

ïCage isolates antenna from digital


