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Design of a High-Efficiency 4 W GaN HEMT Power Amplifier MMIC for
Ka-Band SATCOM
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Abstract

This paper presents the design of a high-efficiency Ka-band 5-W-class monolithic microwave integrated circuit (MMIC) power
amplifier using a 120 nm GaN high-electron-mobility transistor (HEMT) process. To achieve a high efficiency, the transistors for the
driver and main stages were matched to their optimal impedances. A three-stage configuration was adopted to ensure a signal gain of
at least 25 dB. The proposed power amplifier MMIC operates in the frequency range of 29~31 GHz and has a die area of as small
as 1,660x2,830 pm? Measurements using a continuous-wave (CW) signal showed that the designed power amplifier MMIC exhibited
an output power of over 36.0 dBm and a power-added-efficiency (PAE) of 29.2 % for the 29~31 GHz band.

Key words: Power amplifier, MMIC, GaN-HEMT, Ka-Band, Satellite Communication

.M 2 A28 $AY F8o) A8 MMIC AEZE/1E =

& 37 AN UAFE 2237 W] $44 A

I WiFink s SAlsh 22 df 914 $A $R - ngopg we wZe) AYS Av@ oo wel Ka o

7} 27kl el =2 dolH AEEY HS gogES g3 7o Eo =px food 1ELS 2= PA
2 Ka 9199 $271 27452 ek ol 94 B vvicel menel 44 o 2E8T 9o

202595 (AN EHREANT) AL E JREFN7GH L] LS whol a3 A (No.2020-0-00261, F-470 2} 4173 wlo] 5
< A%, ZAAH/AAA/ATPAY RF volE/A8 FA £ 32 2 AEA A4 e g A,
B et AR 717 7 H 2 8 FH(Department of Electrical and Computer Engineering, Sungkyunkwan University)
- Manuscript received February 10, 2025 ; Revised February 12, 2025 ; Accepted March 23, 2025. (ID No. 20250210-017)
+ Corresponding Author: Youngoo Yang (e-mail: yang09@gmail.com)

374 © Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



=

g5Z7] MMICH| F& AHE-H& GaN-HEMT 2%
Fo AT FIE(f) o A FE TR (fmax) S 2
ol 233 g Al gl = Ay o
To A He 3 go] 7 Wi XEY Y2 y8E A
g5 7] AAlel frelsithe §4e] Stk

B =foM+ 120 nm GaN-HEMTS ©]£3}o] Ka o)
%(29~31 GHp)olA s& et 4 Ww 188 29
MMICH| tst AAE At S8,
A Ao IJ2E T3 75 % Hel EA
7 JduEdA=E Agsle] = o 38% gAl st
& AHFE7] 7S T 25 dB o3 2A1E o5
SEsAth AlRME IE2E AFH] 98, 29~31 GHz
Fokr MY CW/‘E% A7bet 24 AHIE AA HH,
old A9t HlwE Aol

. detste MHSF7| 24

18 Laye 718 AHAEZE AEA Cour Fhol AAR

A

—160 Q|
200 Q) 42.0% _ 412%

w
=3

g
/‘
//‘
g

Gain (dB), PAE (%)
-
8

o

Normalized by 50 Q

SN

I Power contours(max power at 160 Q)
s PAE contours (max PAE at 200 Q)

(a) 8x50 um EFMA|AE 9 (b) 8 Agdl w2 A
REZ AEHOA 2F °| 53} PAE

(a) Load-pull simulation results (b) Power gain and PAE
of an 8x50 pm transistor versus output power

Pout 10 dBm 19 dBm 28 dBm 37 dBm 36 dBm

Ipl V [Tntersiage 7] | 20 ‘1/ r,,z Main ‘ 1 /
RFin H ? MN stage RF°”
2 cell 4 cell

Gain dB +13 dB -4 di +13 dB -4 d +13 dB dB

o . L 30.2 dBm 31 0dBm
12 16 20 24 28 32 36
Output power (dBm)

() Altete AEZZ7)9) A BER

- w71 o 1

(c) Overall block diagram of the proposed power amplifier
J8 1. &Y ERAXEE ZEE Asd oA
719 AA 5
Fig. 1. Load-pull simulation results of an unit transistor
and block diagram of the power amplifier.
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Fig. 2. Schematic of the proposed load matching network.
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Fig. 3. Performance of the proposed load network.
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Table 1. Performance comparison to the previous researches.
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