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Abstract

In this paper, it is presented the result of design and fabrication for C-band solid state high power amplifier unit and components
using in search radar. The solid state power amplifier(SSPA) assembly was fabricated using GaN(Gallium Nitride), which is
semiconductor device, and the transmit signal output power of the solid state high power amplifier unit is generated by combining the
transmit signal power of the solid state power amplifier configured in parallel through a design and fabricated waveguide type transmit
signal combine assembler. Designed solid state high power amplifier unit demonstrated C-band 500 MHz bandwidth, maximum 10.5
% duty cycle, transmit pulse width from 0.0us ~O0Owus, and transmit signal power is 44.98 kW(76.53 dBm).
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Fig. 1. Block diagram

686

of solid state high power amplifier unit.



Solid State Power Amplifier

Unit Power Amplifier Module Unit Power Amplifier

> Module Combi
RF Input .E » E @ D : I~ : ? @ v lule Combiner
37 Y I »>4°

+53VDC

TiningConto ks

GonvoT_|

= ‘
EPGA +53VDC Power
Timing/Control/BIT Qoﬂkt{?o.l*

J8 2. BIEAAYESHZHA 75 E55

Fig. 2. Block diagram of solid state power amplifier.
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Fig. 5. Photo for unit power amplifier module.

Mark > Marker |
VScale 18 dB ‘UScaIe 5 dB |Rug --.- dBm 4.8 us
Peak -~ dBm«Realk 40,368 almemPeriod --- 5
Puise --.- dBnf lPulse 59778 dBm |MRFrq  --.- Hz
MK1 Hatio >MK2
6@.@35d5m .398@ 59.636[@“ 95,
1 Marker 2
— 4 100.0 us

Set VUrt Cntr

59.77dBm
- @Fc

| ; +

-95.6 us 28 us/Div
Triggered

Printed to file D:\SCREEN\1.55_2,BMP

Extensions

MMLM. vy

44.4 us

\
-

28 6. wNAAZENE $05Y
Fig. 6. The measurement of unit power amplifier module’s

transmit pulse average power.

E1. 994955eE 47 5% 9 2323
Table 1. The specification and test result of unit power am-
plifier module.

Item Target Measurement

Freq./ Bandwidth| C-Band 500 MHz C-Band 500 MHz

Output power |800 W(59.03 dBm) Over| 5947 dBm @ F;

Duty 105 % 10.5 %
Pulse width 0.0~000 s 0.0~000 pus
Peak power +0.265 dB (Max.)
change by freq. 0.5 dB under @ 000 us
Pulse rising / 749 ns /24.32 ns (Max.)
Falling time 30 ns under @ 00 s
Harmonic —45 dBc under —50.65 dBc (Min.)
Spurious —60 dBc under —68.05 dBc (Min.)
Efficiency 15 % over 29.53 %
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Table 2. The specification and test result of drive amplifier

C-Band 500 MHz C-Band 500 MHz

2499 dBm @ F,

Freq./ Bandwidth

+0.5 dB under +0.125 dB (Max.)

change by freq.

142 : 1 (Max.)

A= Ao
VSWRZ HU 14212

o

(EEEEE

T YA, Aol EE

golthd C-the GaN 7|Wh XEHHAHFEAA 2A 3 A

T2 9. AR E AZ AR
Fig. 9. Photo for control module.
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Fig. 11. Photo for power generation module.
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Table 3. The specification and test result of unit power
amplifier module combiner.

Item Target Measurement
Freq/ Bandwidth | C-Band 500 MHz | C-Band 500 MHz
Number of
input channels 4 EA 4EA
Insertion loss 0.5 dB under 0.3 dB under
VSWR 1.5 : 1 under 3:1 (Max)
Gain accuracy
by channels + 0.5 dB under + 0.2 dB under
Phase accuracy + 5° under + 3° under
by channels
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L Pulse to pulse amplitude change
L;: Pulse width

Iy: Pulse timing

Is: Frequency change of STALO
Is: Phase change of STALO

I7: Quantization noise of DAC
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Fig. 18. The measurements of transmit pulse stability.

Table 4. The specification and test result of solid state power amplifier.

Item Target Measurement Ref. [7] Ref. [8] Ref. [9]
Freq./ Bandwidth C-Band 500 MHz C-Band 500 MHz S-Band S-Band X-Band
Output power 2.8 kW (64.4 dBm) Over 3.46 kW (654 dBm) @ F, 4 kW 1.8 kW 300 W
Duty 10.5 % 10 % 10 % 26 %
Pulse width 0.0 p¢s~000 pus 0.0 ¢s~000 ps 200 us 100 us 50 ns~100 s
Harmonic —45 dBc Under —63.72 dBc (Min.) - - -
Spurious —60 dBc Under —69.79 dBc (Min.) - - -
VSWR 1.5:1 Under 1.37:1 (Max.) - - -
Inter Pulse stability |Amplitude / Phase 60 dB Over 75.25/78.26 dB - - 77.19/74.33 dB
Efficiency 20 % Over 25 % 25 % -
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Fig. 19. The simulation result of transmit signal combine
assembler.

SSPA Combine Module Waveguide Combine Module

J8 20, SANSAFZHA AA AR
Fig. 20. Photo for transmit signal combine assembler.
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Fig. 21. The measurement of transmit signal combine assembler.
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Item Target Measurement
Freq./ Bandwidth | C-Band 500 MHz C-Band 500 MHz
Number of
input channels 4 EA 4 EA
Insertion loss 1 dB Under 0.67 dB under
VSWR 6.5:1 / 1.5:1 under | 5.92:1/1.22:1 (Max.)
Gain accuracy + 0.5 dB under + 0.23 dB under
by channels
Phase accuracy + 5° under + 3.8° under
by channels
Waveguide combine module
Item Target Measurement
Freq./ Bandwidth | C-Band 500 MHz C-Band 500 MHz
Number of 4 EA 4 EA
input channels
Insertion loss 1 dB Under 0.71 dB under
VSWR 6.5:1 / 1.5:1 Under | 647:1/1.23:1 (Max.)
Gain accuracy | | o5 4 Under | + 023 dB under
by channels
Phase accuracy + 5° Under + 1.92° under
by channels

* Back of Solid State
High Power Amplifier Unit

Front of Solid State
High Power Amplifier Unit

2 22, 72HAHZZRR] A7 AR

T 1o 1o

Fig. 22. Photo for solid state high power amplifier unit.
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Fig. 23. The flow analysis of solid state high power am-
plifier unit’s cooling fluid.
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Table 6. The specification and test result of solid state high
power amplifier unit.

Item Target Measurement
Freq./ Bandwidth| C-Band 500 MHz C-Band 500 MHz
44.98 kW
Output power 00 kW Over (7653 dBm) @ F .
Duty 10.5 % 10.5 %
Pulse width 0.0 p¢s~000 pus 0.0 ps~000 s
Peak power +0.14 dB @ OOOQus
change by freq. 0.5 dB under (Max.)
Pulse rising / 30 ns under 6.1 ns / 21.1 ns

Falling time @ 0.0 s (Max.)

Harmonic —50 dBc under —62.90 dBc (Min.)
Spurious —60 dBc under —69.54 dBc (Min.)
VSWR 1.5:1 under 1.43:1/1.41:1 (Max.)

Inter pulse Amplitude / Phase

stability 60 dB Over 62.79 / 64.04 dB
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Fig. 24. The measurement of solid state high power am-
plifier unit.
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