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Design and Fabrication of Wideband High Power Transmission Board
Using True Time Delay
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Abstract

This study describes the design and measurement results of a wideband phased-array high-power transmission board for electronic
warfare systems. The proposed high-power transmission board (HPTB) comprises a wideband gallium nitride (GaN) high-power amplifier
and a true-time delay device to minimize the beam squint over wide bandwidths. The designed HPTB achieved an average output power
level of more than 15.4 W with a continuous wave over the frequency range, and the flatness of the output power was up to 3.92
dB. In addition, when the input voltage standing wave ratio was less than 2:1, the isolation between the channels was more than 42.84
dBc. The amplitude and phase deviations between the channels were less than 2 dB and 2 ps, respectively.
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Table 1. Specification of high power transmission board.

No, Parameter Specification

1 Frequency F~F+12 GHz

2 Output power >14 W, CW

3 Output flatness <4 dB

4 Input VSWR <21

5 RMS amplitude error <0.5 dB [RMS]

6 RMS TTD error <2 ps [RMS]

7 Channel isolation >30 dBc

8 Gain deviation <2 dB

9 Time delay deviation <2 ps
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Fig. 1. Block diagram of high power transmission board.

H 2. IZYFAXHA RF WA
Table 2. RF budget of high power transmission board.

Stage Gain [dB] Output power [dBm]
Connector - 0.0
Coupler —15 —15
Attenuator =55 —7
Equalizer =5 —12
SPST —2 —14
Attenuator -5 —19
Drive amp. 17 —2
Equalizer -5 -7
Attenuator -3 —10
Drive amp. 17 7
2-way divider =5 2
Drive amp. 17 19
3-way divider -7 12
2-way divider -5 7
MFC —23 —16
Attenuator -1 —17
MFC —8 —25
Attenuator —1 —26
Drive amp. 17 -9
MFC 7 -2
Attenuator —1 -3
Drive amp. 17 14
Drive amp. 12 26
HPA 18 44
Isolator -1 43
Outline PCB —1 42
Connector —03 41.7
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(a) Photograph of fabricated drive amplifier module
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(b) Measured S-parameter results
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Fig. 2. Fabrication and measurement results of drive amplifier
module.
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Fig. 3. Fabrication and measurement results of high power
amplifier module.
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Fig. 4. Photograph of high power transmission board.
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Fig. 5. Average output power for frequency of each channel.
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J3 6. AZE 1E58EN2YA S-parameter 574 2 2

Fig. 6. Measured S-parameter results of HPTB.
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Table 3. Magnitude and phase RMS error over time delay
range respect to channels.

Channel no. |[RMS amplitude error [dB]| RMS TTD error [ps]

Chol 0.19 1.68

Ch02 0.26 1.42

Cho3 0.28 135

Cho4 0.26 137

Cho3 021 111

Cho6 0.23 123

Cho7 0.17 1.02

Cho8 0.16 1.34

Ch09 0.17 1.32

Ch10 0.13 127

Chll 0.21 0.72

Chl2 0.14 1.01
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Fig. 7. Measured channel isolation by frequency.
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Table 4. Comparlson of high power transmission systems.

Parameter This work Ref. [7] Ref. [8]
Frequency C~Ku band | 2~6 GHz 2~6 GHz
Output power 147 W 524 W 23 W
Output flatness 3.92 — -
Input VSWR 1.4:1 1.67:1 1.846:1
RMS amplitude | <0.28 dB B _
error [RMS]
<1.68 ps
RMS TTD etror [RMS]p - -
Channel isolation | <42.84 dBc - -
Gain deviation <125 dB <1.74 dB <1.313 dB
Tg:fiaﬁij <13ps |—9.12°~857°| —65°~83°
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