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Design and Fabrication of Ka-Band 50-W Class Solid-State Power Amplifier
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Abstract

This paper presents a 50-W class solid-state power amplifier (SSPA) operating in the Ka-band for use in radar, seeker, and synthetic
aperture radar applications. We first designed a unit high-power amplifier (HPA) module utilizing a 10-W class monolithic microwave
integrated circuit based on GaN technology and then combined eight of these HPA modules to generate more than 50 W of output
power. A waveguide radial combiner was developed to combine all the HPAs such that the insertion loss was minimized; the measured
insertion loss of the waveguide radial combiner was less than —0.4 dB within the pass band. The SSPA is designed to operate at
a maximum duty cycle of 20% in the pulsed mode and produces at least 75 W of output power at maximum duty with an efficiency
of 12.3%, including a DC-DC converter and a drive amplifier module. CuW-based housing was introduced for the HPA modules to
minimize the temperature of the bottom surface of the HPA, which was measured to reach 62.4 °C at most without the use of an
additional cooling device.
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Fig. 1. Photograph of the SSPA.
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Table 1. Budget of the SSPA.
Gain | Output t
Item @B) | ( dBtrr)rT) O(l&/p)u Remark
RF input 12.5 0.0
K-connector -1 11.5 0.0
Isolator —1 10.5 0.0
Attenuator —6 4.5 0.0
DRAI1 17 17 0.1 Saturation
Attenuator —11 6 0.0
DRA2 18 24 0.3
Attenuator 0 24 0.3
HPA1 14 38 6.3
Isolator -1 37 5.0
8-Way divider —10 27 0.5 Inseitilotzléoss
HPA2 14 40 10.0 Saturation
8-Way combiner | 84 | 484 | 692 I“sflgzn dgss
Summary 414 | 484 | 692
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Table 3. Calculated results of efficiency and heating value
for HPA.
Item Efficiency (%) Heating value (W)
Frequenc,

(gHZ) Yol 35 | 355 | 36 | 35 | 355 | 36
No.l HPA | 185 | 21.0 | 23.1 8.7 9.5 8.8
No.2 HPA | 198 | 20.8 | 226 94 89 83
No.3 HPA | 22.1 232 | 245 11.0 | 104 93
No4 HPA | 212 | 222 | 248 | 104 | 103 | 99
No.5 HPA | 192 | 203 | 229 | 99 9.8 9.5
No.6 HPA | 21.0 | 222 | 206 | 102 | 102 | 10.0
No.7 HPA | 21.6 | 232 | 25.1 10.6 | 10.6 10.1
No.8 HPA | 17.6 19.0 | 209 82 8.1 8.1
MMIC Data 25 -
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Fig. 6. Photograph of HPA module.
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Table 2. Measured results of output power and phase for
HPA.
Item Output level (dBm) Phase (degree)
Frequenc,

(gHZ) Y1 35 | 355 | 36 | 35 | 355 | 36
No.l HPA | 403 | 408 | 40.6 | 1062 | 339 | -259
No.2 HPA | 40.7 | 405 | 403 | 1009 30 -34.7
No.3 HPA | 415 | 413 | 409 | 1066 | 334 | -313
No4 HPA | 412 | 412 | 412 | 1156 | 444 | 214
No.5 HPA | 409 | 409 | 409 | 1166 | 452 | -189
No.6 HPA | 41.1 412 41 1139 | 421 | 272
No.7 HPA | 413 | 414 | 413 | 1159 | 456 | 209
No.8 HPA 40 40 40.1 943 | 2713 | 372
Maximum | 41.5 | 414 | 413 | 116.6 | 456 | -189
Minimum 40 40 40.1 943 | 2713 | 372
Deviation 1.5 1.4 1.2 223 183 183
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Table 4. Comparison with some prior radial power combiner.

Item This work Ref. [5] Ref. [6]
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power 8 8 16
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Table 5. Comparison with some prior Ka-band SSPA.
Item This work Ref. [5]
Frequency (GHz) 35~36 29 ~31
Output power (dBm) 48.78~49.25 44.79
Output power (W) 75.5~84.1 30.1
Duty (%) 20 2
Pulse width (us) 0.2~100 4
Pulse droop (dB) 0.49 -
Linear gain (dB) 49.0 26.4
Efficiency (%) > 12.37 19.07
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Fig.16. Simulated result of thermal analysis for SSPA.
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