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Study on linearization of Ka-band wideband
traveling-wave tube amplifer
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Abstract: Linearizer is a key component in the millimeter-wave communication system, it plays an important
role in improving the linearity performance of amplifier and communication quality. At present, the development of
traveling-wave tube amplifier (TWTA) linearization technology cannot meet the application requirements of
communication technology, therefore, the research of linearization technology is very important. In this paper we
propose a kind of a new wide-band analog pre-distortion structure used to improve the nonlinear characteristics of Ka-
band TWTA. The simulation results show that when the input power changes from —20 to 10 dBm in the frequency
range of 26—30 GHz, the gain expansion of the linearizer is greater than 5.08 dB, and the phase expansion exceeds
64.81°. The linearizer and the TWTA are cascaeded for testing. The test results show that the gain compression and
phase compression of center frequence is less than 3.12 dB and 2.31° respectively, and the third-order intermodulation
(IMD3) improves significantly.
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Fig. 1 Schematic diagram of simulated pre-distortion technique
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Fig.2 Schematic diagram of reflection circuit
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Fig.3 Simulation results of two-branch bridge structure
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Fig. 4 Simulation results of three-branch bridge structure
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Table 1 Simulation data of the bridge

S(3,1)/dB S(4,1)/dB S(1,1)/dB S(2,1)/dB S(3,4)/dB
two-  three-  four- two-  three-  four- two-  three-  four- two-  three-  four- two-  three-  four-

f/GH
GHz branch branch branch branch branch branch branch branch branch branch branch branch branch branch branch

bridge bridge bridge bridge bridge bridge bridge bridge bridge bridge bridge bridge bridge bridge bridge
26 -297 -3.63 -331 351 268 -3.02 -19.32 -33.79 2442 -16.17 —-21.46 -18.88 —18.46 -32.36 —19.59
28 242 323 -3.18 385 299 -3.15 -4848 -33.38 -—28.18 -27.92 -26.41 -17.81 —44.82 -31.55 -24.14

30 -232 -3.03 -331 —-417 -326 -3.07 -2020 -21.40 -21.27 -22.19 -26.73 -18.47 -19.25 -21.00 —26.81

22 BEMEELEHHTE 0r 1180
it e 4 g SR IO AR e BELER LI O 405 U Dl B S 45 _s PR R 135
WS, BRI SRR, BT ol san s D%
MR E R, SRS A . e kR | O ISEas
IR, 5K 7 s o IR 0F BER A Advanced 3 0 ; ; R v(4v1-)v , ',"i._-’.,_..' 045 >
Design System( ADS) J51 51 [§] 34 13 16 4 05 24, 25 Hg #0141 8 W SIS T
R N o=
WLER T i AFUHS 14 1A 38 3 AR (o FE SR 3k 0L, 45 5 4 =0 o , 15
& 9 fit 7 o 7E 26~ 30 GHz 45 1N, 1 I A 3 3y —20~ 24 26 m%m 30 32
10 dBm, My 9K >5.08 dB, AH{LY" 5K >64.81° PR Y Fig. 6 Simulation results of four-branch bridge structure
BT, M 3 BT SRS D TR K, 3 15 TWTA (934 25 /& B 6 PIA i it B
45 RAR L TR i R AT A

Bmocsme |
=

£
i
Bl s )

Step=1
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Fig. 9 Nonlinear characteristics of pre-distortion circuits
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Test diagram of pre-distortion circuits
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Table 2 Test data of the gain compression

IPBO/dB gain compression of TWTA/dB gain compression of linearized TWTA/dB
0 —5.81 -3.12
3 —3.31 —-1.06
6 -1.77 —0.36
9 —0.92 —-0.18
13 —0.34 —0.10
15 —-0.19 —-0.07
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Table 3 Test data of the phase compression

IPBO/dB phase compression of TWTA/(°) phase compression of linearized TWTA/(°)
0 —33.31 —0.81
3 —23.88 +1.6
6 -14.77 +2.31
9 -8.39 +1.52
13 =35 +0.79
15 —2.03 +0.42

x4 IMD3 X #1E
Table 4 Test data of IMD3

IPBO/dB IMD3 of TWTA/dB IMD?3 of linearized TWTA/dB
3 —10.75 —12.30
4 -11.74 —14.39
6 —13.94 —20.08
9 -17.97 -32.36
13 —24.11 -35.12
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