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High Power W-band Power Amplifier using GaN/Si-based
60nm process
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Abstract This study presents the design of power amplifier (PA) in 60 nm GaN/Si HEMT technology. A
customized transistor model enables the designing circuits operating at W-band. The all matching
network of the PA was composed of equivalent transformer circuit to reduce matching loss. And then,
equivalent transformer is several advantages without any additional inductive devices so that a wideband
power characteristic can be achieved. The designed die area is 3900 gm x 2300 gm. The designed results
at center frequency achieved the small signal gain of 15.9 dB, the saturated output power (Psat) of 29.9
dBm, and the power added efficiency (PAE) of 24.2% at the supply voltage of 12 V.
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Fig. 1. The Structure of W-Band Power Amplifier

a3 2. W-OHS M2 ZZ7| ¥[0|0l2 TOP View
Fig. 2. The TOP view of W-Band Power
Amplifier Layout
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Fig. 3. Interpolated Characteristics of
proposed power amplifier

High Supply Current
0.44

0.424

0.404

0.384

0.36

0.344

real(HB Is_high i[RFindex, 0]}
Interpolated_lIs_high[RFindex]

0.32

17 WIB Wb 2‘0 2‘1 2‘2 2‘3 2‘4 2‘5 2|6 2‘7 28
QOutput Power, dBm
a3 4, E{FE0| 2 PAE (Power-Added
Efficiency £
Fig. 4. The PAE according to output Power.

_68_



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)

Vol. 22, No. 4, pp.67-72, Aug. 31

, 2022. pISSN 2289-0238, elSSN 2289-0246

A" Ad 2Zr)o] AT %% %é% 10-dB
Impedance °[ot2 WA=} F= a

£33 13.4 dB o1, WA A= S11, S22 Z4H2-18. 5

dB, -12.5dB oAt g 1 504 & 5 Qloh

m7 mo

f req= =78.00GHz freq=82.00GHz
S(2,1))=16.119 ||dB(S(2,1))=14.990 | |dB(S(2,1))=13.437
5351 1}}: 19.912 dB§ 51 1B--29 556 dB§S§1,1B=—18 528
dB(S(2.2))=- 12 520 dB(S(2 2)) -20.624| |dB(S(2.2))=-18.764]

m

5 ]

10—

,2[.; //
7 e ' 8l ' 82 ' 84

freq, GHz

O3 5. MIgsh= ®E 27|19 A4S 0I5 §4
Fig. 5. Small Signal Characteristics of proposed
power amplifier.

. 9 9 24
A FE/1E 2ok ) W 2 AL 9l
Eutectic Bonding &35}, 0| vlo]o]AZ 21735
z7] 9l DC BEof| d|tuat AFa} 2w A59] 1
calg wolaly] 9igt Bl=g sl £8 4] A
3% 6.3 o] R&SAHS] ZVAGT7 AH|e}
7110 Frequency up-converterg ©]-&sto] A=A
t}. P1dBet PsatZ 34571 918 P1dB7} 30 dBm%!
Drive Amplifierg ARE5FAY, Hel GSG W=E 150
pitch probeE o|&3to] 24319t 245 2415 &
o S43 qAlE S4L 19 7.-9.004 I 4 9
.

= _4‘}_7]

=)

AZ110

Atten.
SIA30-10-15-40

-

L

1mm Cable
A
Probe
& 10K GSG 150

J8 6. W-IHS B3 52| 5H 3%
Fig. 6. Measurement Environment of W-Band
power amplifier

m7 m8 m9

freq=78.00GHz freq=79. OOGH freq=80.00GH:;
dB(S(2 1))=17.686 dB(S(2,1
dB(S(1,1))=-17.705 dB(S(1,1
dB(S(2,2))=-4.526 | dB(S(2.2

m7 m8 m9

(=5
S
X
&
&
gyl
e
Doz
5%
>
o
g
3

76 78 80 82 84
freq, GHz

_— O
s SH

i}

a3 7. £3E MY 32| &
£4
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Table 1. Measured And Simulation comparative table

Data Psar PAE Gain S11 S22
(dBm) %) (dB) (dB) (dB)

Freq

(GH2) S| M S M S M S M S M

78 127.8/29.8|17.8|23.2|16.1|17.7|-20 | -18 | -13 | -5

79 |27.8(29.9[22.4|24.2(15.6|17.1| =30 | -19 | -15 | -7

80 |27.8{29.4]22.6|22.2(15.0/15.9] -30 | -16 | -21 | -11

% S @ Simulation data, M @ Measured data
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