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Pulse Modulator Bias Circuit Design of Solid-State Power Amplifier
for Low Peak Current
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Abstract

This paper investigates pulse modulator bias circuit design for the drain of solid-state power amplifier with low peak charging current
of capacitor banks. By using an inductor between a voltage regulator and the capacitor banks in the pulse modulator bias circuit, the
charging time is delayed and current peak is reduced. The current charging characteristics corresponding to the inductance and DC
resistance of the inductor are analyzed based on the damping time constant and oscillation frequency. Bounds of damping time constant
and oscillation frequency are set for the capacitor banks to be charged by specified time periods for a maximum pulse repetition
frequency of 2,600 Hz. Simulation results show that the current peak is significantly reduced by the inductor, and the current charging
characteristics are similar to the analysis. The ratio of current peak and mean excluding stand-by current of a prototype without inductor
is 10.0 A/A, while that of a prototype with inductors is enhanced to 2.3 A/A with an appropriate charging delay.

Key words: SSPA, Pulse Modulator Bias Circuit, Peak Current

I.M E T2 &(3F= 3 ARAl, KSLV-II, Korea Space Launch
Vehicle-II) ZATol= C-HlE E#l 2 E T (transponder) <}

o] AT Ho7|&gBFAIRAA Al et =3 U EAIY 9] A7H] (P22 AFEY S
383 9-32 91 -9 (Korea Aerospace Research Institute)

*THQFA] 228 Z(Danam Systems)

- Manuscript received June 5, 2019 ; Revised July 4, 2019 ; Accepted August 13, 2019. (ID No. 20190605-057)

+ Corresponding Author: Seokkwon Kim (e-mail: seokkwon(@kari.re.kr)

640 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



C-HlE QHEU7E " =lm, 2% dojtke] A 914
F4o] &EHh ERAETE goltl A FAIg A9
H X(interrogation pulse) 2 && A8}, ]
I X(reply pulse)E ANOZ FASH
EWAEYY $A131E SSPA(Solid-State Power Am

plifier) & ©]% 0}04 RF(Radio Frequency) @228 &%
gith SSPA WA RV EES o] &8 S0 ]
3 QFg Aol XS 5ol 7hestH, 718 fA19] 2
840 gle 5 FAol ity ERMAET H4l €29 5

48 #4848 FY LE 217} 50 dBm 14, B 22E (L)
= A4 500 ns, B29] A1 7Hrising time) 2 FFAI7H
(falling time) 5] 77 IRIG(Inter-Range Instrumentation
Group) 262-02 %% w2 % 13 72t PRF(Pulse
Repetition Frequency, f,;)E U 2,600 Hz oJW A 71

Ao, o]o wE FHAl B9 FEH|(duty ratio)=
0.13 % oW ojth,
EWRET Y FAFE F3973 7] (frequency synthe-

sizer), RF SPST(Single Pole Single Throw) Z~%] %] 2 Theh
9] SSPA 5o & FAJETh FoFRAY 71 5 GHz T 9
CW(Continuous Wave) 41 34 21 o] ™, FPGA(Field
Programmable Gate Array)= & 5229 Eg| Al nhe}
RF SPST 2:9]XE 500 ns &<t Ondle] B2 A ZMz
(amplitude modulation: AM)?E‘r FPGA7} RF 2:$1#]¢]
On/Off A1l whe} SSPAS] E#|Q1 Ho]oj 2 HAS Ao
3k YAWE vlolo] A 3R 7F 9o, 2919 On/Off
A ATE AT ARE Eril HAAFw< st Aart
A0 SEELE S0 SSpAC) Ao E nlo]o]
2 A9 AEH0E FFdth 19 12 RF 2914 Al
9} SSPAS] Hhojol 2 AloJE EA MO Z Yed otk

U BER SA3E SSPAS] AF ARERF 535 1

B1. 44 229 F8 4
Table 1. Specifications of Tx pulse.

Parameter Specification
Pulse width 500+100 ns
Rising time < 100 ns
Falling time < 150 ns

PRF 10~2,600 Hz
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Fig. 2. Block diagram for power supply circuit of the trans-
ponder related with pulse modulation bias of SSPA.
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Fig. 3. Pulse modulation bias circuit for SSPA.
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Table 2. Inductance and Rpcr of inductors in simulation.
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Fig. 10. RF pulse measurement result of prototype 2.
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