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Design of X-band GaN high-efficiency continuous class B power amplifier

JIN Chen, CHEN Wei, WANG Zhiyu, YU Faxin

(School of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310027, China)

Abstract; To effectively improve the operation bandwidth and efficiency of power amplifiers, an X-band high-
efficiency continuous class B power amplifier was proposed based on 0.25-pm GaN high electron mobility transistor
(HEMT) process. The power amplifier adopted the output second harmonic tuned method and utilized the output
capacitance of the transistor to design a parallel LC harmonic tuned network, which simplified the circuit structure
and optimized the parallel LC harmonic tune network. The second harmonic load impedance and fundamental load
impedance were matched accordingly in wideband frequency, satisfying the requirements of continuous class B
mode with high efficiency. Furthermore, combined with the second harmonic source-pull method, the power
amplifier employed the input second harmonic tuned method and inputted a series LC harmonic tuned network to the
output transistor. With the optimization of the series LC harmonic tuned network, the second harmonic source
impedance was moved into the high-efficiency regions of the transistor, which achieved the overall improvement of
the output efficiency of the power amplifier in the operation bandwidth. Results show that the proposed power
amplifier chip was in the bandwidth of 8. 0-10.5 GHz with a saturated output power gain of 40.842.2 dBm, a
saturated output efficiency of 51% -59% , and a power gain of 19. 8-21.2 dB. The small signal gain and input
return loss of the power amplifier were 23.6-25.6 dB and below-10 dB respectively. The size of the proposed chip
was 3.2 mm X 2. 4 mm. The circuit structure proposed in this paper provides a feasible method to improve the
operation bandwidth and efficiency of microwave monolithic integrated circuit (MMIC) power amplifiers.
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Fig. 2 Fundamental and harmonic load impedances in the
transistor’ s drain current source plane in continuous
class B mode power amplifier
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Fig.3 Relation between transistor output efficiency and ratio
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Fig.5 Voltage waveforms in gate node at point A and point B
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Fig.6  Output voltage and current waveforms at point A and
point B
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Fig. 16 Block diagram of power amplifier measurement system
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Fig. 18 Comparison of simulated and measured results of large

signal
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Fig. 19  IMD3 performance of power amplifier versus output

power when center frequency of input signal is
9.0 GHz and frequency spacing of the two tones is
20 MHz

5 X B AR I RO & .
HE 5 Al A SCRTHIY X B D 3R a8t 7
IR Y RA RIFPERE. 530k 14 - 15 ]
DA A AR L, 78 A 8 A ) D) 3R 4 2 52
TRV BTG OL T, A SCE R DR o K s B B
= AR, 530K 16 - 18 ] A A DA AR 2R A0
L, 7E i RO A 2 584 FE SR AR AR I 9 17 L
T AR SCBH R PO A B SR Y AR 5.
RS RFW WA TE 27% (0 TAEH S8R, iy oh %
KT 40. 8 dBm, TR MR FI5 59% , .t h RAF
Mm-S 3.2 mm x2.4 mm.

4 % #

1) S8 R G AE S i WC T ) 2 R 1 ot AR A g
o S ) 2 A LR EWEBMQ%EPE"J%’EEWJEE LC FF

WX 1 PO 24, A R IC I S35 B e A5 R Al B Y T 2 B
RTARREAL

2)FERGE W 0 At — 2245 T UK
BIRBHPTAE 51 B i LC 53 G348 i e, s AT
FAUHE PN B ORI IR BT RS A28 IR e AR X
SEIIIFR TR 58 TS Al SR B AR T

3)IZIFRFR AN A 3T 0.25 wm GaN HEMT
TR IR A S I, KA SRR 1% A
KA TAESBIE S T X BB B0 . 78 27 %
9 T AR 58T, D AR A 09 il 2 R OR T
42 dBm, JFRRANRLA 3Kk 59%



56 1

&

R, A X OB GaN mRCRES: B RIROARE R it -85

£S5 X KBRBHENZRRAIF[ SRR

Tab.5 Performance comparison of X-band high-efficiency power amplifier chip

_— Ty — R (IE VAN THIPYIE VAN E S Y PAE/  JIkSE, it/
GHz dBm dB % (us/% )
k[ 14] 0.25 pm GaN HEMT AB 28 Hii = UGB R 8.5~10.5 43.2~44.7 16.0~19.1 35.0~37.0 100,10
SCHR[15] 0.25 wm GaN HEMT AB % 8.8~10.4 40.0~41.0 17.0~18.0 38.0~44.0 50,15
k(167 0.14 wm GaN HEMT F 2 S 9.9~11.5 37.8~39.6 9.0~10.8 50.0~61.1 -,10
CHER[17] 0.25 um GaN HEMT B 2%, B A T A 7.8~8.8 43.5 19.5 50.0 B
CER[18] 0.15 wm GaN HEMT TSR 10.0~10.5 40.0 19.0 45.0~61.0  EZ
A3 0.25 ym GaN HEMT &4 B 3,8\ kiR iEE 8.0~10.5 40.8~42.2 19.8~21.2 51.0~59.0 100,10
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