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Abstract

This work describes the design and characterization of a X-band power amplifier (PA) monolithic microwave
integrated circuit (MMIC) using a 0.25 um gate length gallium nitride (GaN) high electron mobility transistor (HEMT)
technology. The developed X-band power amplifier MMIC has small signal gain of over 22.7 dB and saturated output
power of 43.02 dBm (20.04 W) over the entire band of 9 to 10 GHz. Maximum saturated output power is a 43.84 dBm
(24.21 W) at 9.5 GHz. Its power added efficiency (PAE) is 41.0~51.24% and the chip dimensions are 3.7 mmx2.3 mm,
generating the output power density of 2.84 W/mm?® The developed GaN power amplifier MMIC is expected to be
applied in a variety of X-band radar applications.
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Fig. 1. Schematic diagram of the designed X-band GaN

power amplifier MMIC.
a1, MAE X-tHY GaN M=
o HEMT 9] 4x}e] 9ld/&=9 ¢
ol @7k AES Ssg). 3=
o] Zb7F HEMT €] 47ke] 9 eo] A3
18l (RO) ¥4 slmg F7hetgom, o= u}
2 @hole)] A g AEe Arstr). 7)
REEIEER
EMT ©¢] 2z} Alold] A& A3

ﬂHN' N
ol
¢

ll

O

S

1(odd mode oscillation)<

o o O & Ao w

H
t}.
AlE 20 W(43 dBm) d= F%7]9] AA 3=
12 NI/AWR’s AXIEM A z}7] A& o] A

=
=

(TAX 3@ coh X _ﬁl

£



78 j.inst.Korean.electr.electron.eng.Vol.23,No.2,425~430, June 2019

skl HAHstE ?638}91'?}. A7) Al e el
%7]+ 9~10 GHz<
A% o] 53 424
=9 A= 9 42% olte] 1™ FU}

g 21

L

ln. 88 %7

A

Az X-ve AE FE7)e] g 19 20
deheleh A8 F%7]e 271 37 mm x 23

mm©] t}.

A A FE7) A ASS 8 54 A
T(test fixture)E A2t th. WA 40 mil F71 <]
CuMo carrier platedl] Xﬁ'—ﬂ. =7 ] HE AuSn2

ARgste] F 2Fetal,
datdrt A8 FZ7]e 4= %E—ﬂ. “42bE Au
9}olo] Ed(wire bonding)S AF&3e] 10 mil F

Fig. 2. Chip photograph of the fabricated two-stage GaN
power amplifier MMIC.
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Fig. 3. Photograph of the test fixture for the fabricated
two- stage GaN power amplifier MMIC.
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Fig. 4. Measured S—parameters characteristics of the
fabricated two-stage GaN power amplifier MMIC.
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(b) 4384 dBm @9.5 GHz
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Fig. 5. Measured output power characteristics of the
fabricated two-stage GaN power amplifier MMIC.
MzHEl 20k GaN o3 EE7|9| 28 3 54

=3 23t

=)

45 40

_______ . —0—9GHz

: oyl S e
ik —0—10GHz L....0... &

&
A o
Ay

40 32

35

Output power (dBm)

Power gain (dB)

30

25

Input power (dBm)

Measured output power and power gain characteristics
of the fabricated two-stage GaN power amplifier MMIC.
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Fig. 7. Measured drain current characteristics of the

fabricated two-stage GaN power amplifier MMIC.
a7 7. M2tE 25 GaN M3 SE7(|9| =ael MF &M

—_ o T
=3 23t

i —— Simulated results "
<]

50 — Measured results -]

65

T 45+ 60 .
[ o
- [
— [+
= 40 - 55 a‘:}
H
o 35f / s0 @
a o
5 ]
B30 4 T
5 ©
o g
25 |- 40 =
[+]
o

20 - -4 35

8.0 8.5 9.5 10.0 10.5 11.0

Frequency (GHz)

Fig. 8. Measured output power and power gain characteristics
of the fabricated two-stage GaN power amplifier MMIC.
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Table 1. The comparison of the developed X-band GaN
power amplifier MMICs with other reported data.

E 1. HEE X-band GaN M2 5Z7|2] EM H|W
Reference [6] [7] [8] [9] s
work
Frequency - _ _ _ -
(GHz) 9-10 8-11 9-10 9-10 9-10
VDRAIN (V) 30 28 28 30 28
POUT, SAT |\ 77 | a4 | 425 | 4176 | 4384
(dBm)
Linear gain (dB) 20 28 35 24 24
PAE (%) 3% 40 40 40 | 41512
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(mm?)
Power density -
(W/mm?) 3.06 2.02 1.35 1.07 2.84
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