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GaN HPA Monolithic Microwave Integrated Circuit
for Ka band Satellite Down link Payload
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Abstract  In this paper presents the design and demonstrate 8 W 3-stage HPA(High Power Amplifier)
MMIC(Monolithic Microwave Integrated Circuits) for Ka-band down link satellite communications payload system at
19.5 GHz ~ 22 GHz frequency band. The HPA MMIC consist of 3-stage GaN HEMT(Hight Electron Mobility
Transistors). The gate periphery of 1™ stage, o stage and output stage is determined 8x50%2 um, 8x50x4 um and
8x50x8 um, respectively. The fabricated HPA MMIC shows size 3,400x3,200 um’, small signal gain over 29.6 dB,
input matching - 8.2 dB, output matching -9.7 dB, output power 39.1 dBm and PAE 25.3 % by using 0.15 um GaN
technology at 20 V supply voltage in 19.5~22 GHz frequency band. Therefore, this HPA MMIC is believed to be
adaptable Ka-band satellite communication payloads down link system.
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Fig. 1. The frequency band of Chollian Payload[1]
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Table 1. Electric Properties of Semiconductor Materials

Si GaAs InP SiC GaN

Bandgap (eV) 1.1 1.42 1.35 3.26 3.49
Electron mability 1,500 | 8,500 | 10,000 | 700 | 900
(cm’/Vs)
Peak electron

1 2.1 2. 2 2.
velocity (x10" cm/s) 3 7
2DEQ sheerelectron <ax10™ | <ax10” i 2010
density (cm™)
Critical breakdown 03 0.4 05 ) 33

field (MV/cm)
Thermal conductivity
(W/em-K)

Relative dielectric
constant (er)

1.5 0.5 0.7 4.5 >1.7

11.8 12.8 12.5 10 9.0
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Fig. 2. The Layout of 8x50um FET with Stabilized RC
Circuits
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Fig. 3. The Loadpull Simulation Results of 8<50 um FET
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Fig. 8. The Photograph of Fabricated HPA MMIC
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Fig. 10. Small and Large Signal Measurement Set-up
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Fig. 11. Small Signal Characteristics of Fabricated HPA
MMIC(Vd = 20V)
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Table 2. The Characteristics of HPA MMIC

Unit Characteristics
Frequency GHz 195 ~ 22
Gain dB > 295
Input Matching dB <-82
Output Matching dB <-97
Pout dBm > 39.1
PAE % > 253
Size um’ 3,400%3,200
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