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ABSTRACT

Gallium nitride (GaN) can be used in high-voltage, high-power-density/-power, and high-speed devices
owing to its characteristics of wide bandgap, high carrier concentration, and high electron mobility/saturation
velocity. In this study, we investigate the technology trends for X-/Ku-band GaN RF power devices and MMIC
power amplifiers, focusing on gate-length scaling, channel structure, and power density for GaN RF power
devices and output power level and output power density for GaN MMIC power amplifiers. Additionally, we
review the technology trends in gallium arsenide (GaAs) RF power devices and MMIC power amplifiers and
analyze the technology trends in RF power devices and MMIC power amplifiers based on both GaAs and GaN.
Furthermore, we discuss the current direction of national research by examining the national and international

technology trends with respect to X-/Ku-band power devices and MMIC power amplifiers.

KEYWORDS GaAs RF power device, GaN RF power device, GaAs MMIC power amplifier, GaN MMIC power amplifier
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[10,11] [11] [12] [13] [14]
Process 0.25um GaAs 0.1um GaAs 0.3um GaAs 0.25um GaAs 0.4um GaAs
(WIN Semi) (WIN Semi) (RFMD) (TriQuint) (SELEX-SI)
Frequency(GHz) 8.25~10.25 9 75~115 9~105 9.0~12.0
Saturated output 10,7 0.55 0.52 6.31 6.31
power(W)
PAE(%) JAWA 55.3 65 38 38
Power density
W/mm?) 0.63 0.61 0.66 0.61 0.53

* Drain Efficiency
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[16] [17] [18] [19] [20]
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[27] [28] [29] [30] [31]
0.35um GaAs 0.35um GaAs 0.15um GaAs 0.25um GaAs
Process (TriQuint) (Transcom) (WIN Semi) (TriQuint) 0.25um Gahs
Frequency(GHz) 10.7~12.7 13.5~14.3 12~16 13~18 13~19
Saturated output 6.6 6.76 447 65 126
power(W)
PAE(%) )35 24.6 29 - 35
Power density
(W/mm?) 0.63 0.79 0.48 0.58 0.42
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[32—34,39—41,44), Ku—t§% GaN MMIC A2+
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UMS[32,39] Wolfspeed[33,40] | BAE Systems[41] Qorvo[34,44]
Substrate SiC SiC SiC SiC SiC
Channel AlGaN/GaN AlGaN/GaN AlGaN/GaN AlGaN/GaN AlGaN/GaN
Gate length(um) 0.25 0.25 0.2 0.25 0.15
Total gate
width(mm) 0.6(8x0.075) 0.2(2x0.1) 0.4(4x0.1) 0.4(4x0.1)
fi/fmax(GHzZ) 25/)50 - 52/121 »35/)150 Y65/>150
Power density
(W/mm) 45 6 55 6 3
PAE(%) - - 51 60 50
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[35] [36] [37] [38] [39]
0.25um GaN 0.25um GaN 0.25um GaN 0.25um GaN
Process (Mitshubishi) 0.25um GaN (Fraunhofer) (Fraunhofer) (UMS)
Frequency(GHz) 6~18 13.5~145 14~18 12 18
Saturated output 20 175 25 25 10*
power(W)
PAE(%) 15 )36.4 - 22 20
Power
density(W/mm?) 1.04 1.52 0.41 1.0 0.51
[40] [41] [42] [43] [44]
0.25um GaN | 0.2um GaN (BAE 0.2um GaN 0.15um GaN 0.15um GaN
Process (Wolfspeed) Systems) (Northrop (Qorvo) (Qorvo)
P Grumman)
Frequency(GHz) 13.75~14.5 12~16 13.5~155 12 13.0~155
Saturated output 25 16.2* 16 15 355
power(W)
PAE(%) 22 241 43 Y37 )32
Power
density(W/mm?) B 0.43 4.92 0.83 1.07

* Output power at 3dB gain compression (P3dB)
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