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Linearity Improved High Efficiency GaN-HEMT Dual-Band
Doherty Power Amplifier
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Abstract

This paper describes a technique to improve the linearity of the Doherty power amplifier by designing a harmonic termination
network operating in the 2.4 GHz and 3.5 GHz bands and attenuating the 2nd and 3rd harmonics below —30 dB. The proposed
amplifier use CREE CGH 40006P GaN high electron mobility transistors (HEMTs) to be designed as a main amplifier and an auxiliary
amplifier, and signals are input to the amplifier through a Wilkinson power divider. The fabricated power amplifiers measured 36.8
dBm of output power and 66.13% of power added efficiency (PAE) in the 2.4 GHz band and 36.1 dBm and 62.03% of the 3.5 GHz
band in the maximum output power level. In the 6 dB output back-off level, the PAE was 45.2% in the 2.4 GHz band and 36.7%
in the 3.5 GHz band.
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Fig. 1. Dual-band Wilkinson power divider schematic.
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Fig. 2. S-parameter of dual-band Wilkinson power divider.
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Table 1. Dimensions of dual-band Wilkinson power
divider (¢,=3.2, h=0.78 mm, f=1.4 GHz).

L Z(9Q) ! (mm)
1 70.8 28

2 643 22

3 70.8 9.1

4 674 94

5 70.8 18.1
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Fig. 3. Dual-band harmonic termination network schematic.
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Table 2. Dimensions of dual-band harmonic termination
network (e,=3.2, #=0.78 mm).

TL 20) I (mm)
5 483 2.1
6 474 5.3
7 483 8.6
8 53.1 17.5
9 474 6.6
10 483 26
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Table 3. Simulated S(2,1) result of dual-band funda-mental
and harmonic frequency.

Frequency (GHz) I dB) | 2™ (dB) | 3 (dB)
24 —0.37 —37.13 -31.16
35 —0.22 —37.73 —34.01
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Table 4. Optimal impedance at the maximum output point
and back-off point.

Frequency (GHz)| Maximum power (&) | Back-off power (&)
24 27 +jx5.5 32 +jx79
35 6.1 + jx18.6 6.8 +jx19.8
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Fig. 4. S-parameter simulation result at maximum output

level.
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Fig. 5. Proposed duaal-band Doherty power amplifier
block diagram.
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Fig. 6. Fabricated Doherty dual-band power amplifier.

ll JINI

SVE EAAAL, 48 A 2712 HSA A7
AstAth 24 71719 HALS 93l —10 dB ©]35+Y Al s
€ desle] 40 g8 Etoln 35718 F3) $HA A5
7h Ak WY 272 gYEnh 2YE ASE 1 W
ojAe] & Aol B7 40 dB 7HH71E AAste] 24 2
I =23

it

mz
B =FoAE Keysight it-¢] ADS Tool& ©]-&3}e] ]
ol M HojEHdg el A Bt of el 6 dB ¥
S ZHAY FINE B 188 Yl 4t
<l Doherty A8 FZ7]9] = HA, Al |A 2x5} A
JRE F7Iste] Paks A5 AYPAS FHH o] A
L ﬂ]z}é}ﬁt}. E3t o]FHdolgte 54 wEoll Wilkin-
715 ol &8t F7HARl dod s W) v
=1 7%‘”0}04 IR A7 &Y 7 UAh AFS A
SE71e AUEEAYY 9 24 GHz HGelA 254
36.8 dBm, AHH7FEE 66.13%°] (¥ 7), 3.5 GHz )
o A= 36.1 dBm, 62.03 %C]1™, 6 dB ¥ Y
£ 24 GHz oA AZH7ta 0] 4516 %, 3.5 GHz
A ME 3670 %2 SHEATHIEH 8).

ofN

¢



o )
an 4
S
50
Lz £
ey m
£ - 2
2 3
= |
20 4
—i—PAE
——Pout | o
20
0 T T T T T T 20
18 20 2 24 ] 25 20

Input power(dBm)
8 7. 24 GHz e} A9 $%719] 54 A%
Fig. 7. Measurement result of Doherty 2.4 GHz band
power amplifier.
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Fig. 8. Measurement result of Doherty 3.5 GHz band power
amplifier.

References

[1] X. Chen, W. Chen, G. Su, F. M. Ghannouchi, and Z.
Feng, "A concurrent dual-band 1.9~2.6 GHz Doherty

ox
=
2
o
o)

|

g Y && GaN HEMT °]Z % Doherty A8 537

power amplifier with intermodulation impedance tuning,"
in 2014 IEEE MTT-S International Microwave Symposium
(IMS2014), Tampa, FL, Jun. 2014, pp. 1-4.

[2] K. Rawat, F. M. Ghannouchi, "Design methodology for
dual-band Doherty power amplifier with performance
enhancement using dual-band offset lines," IEEE Transa-
ctions on Industrial Electronics, vol. 59, no. 12, pp.
4831-4842, Dec. 2011.

[3] X. Fu, D. T. Bespalko, and S. Boumaiza, "Novel
dual-band matching network for effective design of
concurrent dual-band power amplifiers," /EEE Transa-
ctions on Circuits and Systems 1: Regular Papers, vol.
61, no. 1, pp. 293-301, Jan. 2014.

[4] M. Fan, C. Yu, Q. Yu, and Y. Liu, "Design of a
dual-band Doherty power amplifier utilizing improved
combiner," in 2016 IEEE International Conference on
Computational  Electromagnetics(ICCEM), Guangzhou,
Feb. 2016, pp. 313-315.

[5] H. Zhang, H. Xin, "Designs of dual-band Wilkinson
power dividers with flexible frequency ratios," in 2008
IEEE MTT-S International Microwave Symposium Digest,
Atlanta, GA, Jun. 2008, pp. 1223-1226.

[6] T. Mury, V. F. Fusco, and H. Cantu, "2.4 GHz class-E
power amplifier with transmission-line harmonic termina-
tions," [ET Microwaves Antennas & Propagation, vol. 1,
no. 2, pp. 267-272, Apr. 2007.

[7] Y. Cho, D. Kang, J. Kim, K. Moon, B. Park, and B.
Kim, "Linear Doherty power amplifier with an enhanced
back-off efficiency mode for handset applications," /EEE
Transactions on Microwwave Theory and Techniques,
vol. 62, no. 3, pp. 567-578, Mar. 2014.

213



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 3, March. 2021.

_?_ T+ 4 [’\/\‘EHB]'JJ_//H/\]-J}W]

https://orcid.org/0000-0002-2811-2 173

20199 29: Ay AP R
IT§EAF (34

20199 3Y~&A: LAWY AREA
Tt Ak

[ ZAZ0H RF, RF Power Amplifier 5

214

- o e A

https://orcid.org/0000-0002-6765-8734

19831 39: Mt Aot (33
AR

1985 3¢9: Mt et Aot (33
A2

1993\ 39 Agstal Abyetst (38
HhAY)

ia 19939 ~1995d: MIT A-+¢

1993 ~1997'd: AL FRFA TG} 2uF

1999 8¢ ~2001'd 1€: MIT WEF

1997 ~2004d AL HHFA A2

20059 ~&A: AN ST JREN T 2

[F HHEOH o]F % 9454 Microwave & 3 A|2H,
PBGE ©]&3 RF #&

o
-z
-

s
BT

B



