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Design and fabrication of the X-band microwave amplifier for
Electronic Radar Reflector

Chong-Hyeog Cheong’, Gyu-Sik Yang
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Abstract

In this paper, we designed and fabricated 5-stage microwave solid state power amplifier using balanced
amplifier scheme for X-band electronic radar reflector. The used substrate is FR4 and the used active devices
are FHX35LG, FLKOI12WF and FLK022WG. The circuit design and optimization had been carried out through
the microwave CAD program CNL/2. The measured values show 46dB in gain, input return loss -14.2dB,
output return loss -16.6dB and IM; is 32dBc at designed bandwidth. The measured results are almost agreed
with the simulated values.

* g ostn AAEARES sk
* g2 ok st AR EAlTE}I Ly
HA4dA} ;1998 849 18y

275



TP RFAN =R A2A A3z

.M 8

opztelu} A A #Heo|tite g Fsfsle A-fol
€ FHEAY LA FL dE AFEAE A
A7) FE7] W&o, deolr] vl F7HAA
F e % Helv WA E FHIA v F
7oA, deold dAAE MAAA e =
< F2 3l 22, olEd - ol dkb
e $AA] Holt] AAE Hrsa}r] ¢, 75
g AA7E FFA7Y, FEHHE HE Ho
2 HolA HAY & ZE A olF 44
goine) A !

o]zl #AIE A7) M WS oS
o 32A wtEx et S A4 Rl
dufsld, ukabAle) =27]E 7o 1 FAE A
g37] S ¥x9 AiE 9A3] A A e
of gk YA AU 42A, F HFot
o Acidirz] 1 watbAle] 2r]e 9" F ¥
o gle}.

ueld, F& 7HA 2 AnAde FEaAt
2 Apgste] ol Al g R dAAL
NN e A2 NS AEsA Hdok 5F
A2 T2 AA] el ¥l 418 3
oty AAZE FFslod AAF3HA HEz, o] A%
B 3279 o5 d} dHelr] FA] AelA
20m’0) 9] 719l doly {E uhabdAe] x4
22 BoA|A e} o)ZlE &YYoz zte] sbF
ez, A3Autely 7129 A Adn|el 7o)
B asle] ARSgR, a4 HHALL ol
BE 23S FAE Aok

£ dode ol3d 71%5& /M= AR H
o]t} WhAL7| o] AHg-3l7] $iste] XMR= #lo|t] 3t
& g4 Fatsle vlelazdeln FE7|E
HEMTS} GaAs MESFETE Al43le] AAsta A
2.

0. AJAH] 43
2.1 NAH 0|=

dolt] upatstrt Aol Adl WA SAg 3
Well datete] a2 Aol whtErha 7hy st

276

%, #ol] $EMARY o Ash 2A F Aol
o5 Gt WA Ast ARAA g o] vehy
% ek

ety A 2"le] RFEE HA o5 G, >

$ 2N0EYE g ¢ A

q714, o SEAHT 7EHE 7t deoly
FE 94, 18 $AFNSY e Jehin X
e g Aol sa Ak Hold)
717t Fasle 7A$ol, 20m’e S7HHQ FHoly #
E Ag 7HA7) 9% AL A o5
A@)2¥¥ 54.5dB7} "ok $A19 $4 dee
Ao ot} o] 5L qtelu} 3} i sdBelx, 1Y
% ¥3E T dolex ATAFS] Wl A7)
' AYEAL 9 1dBY R0l BB, $E7]9 A4
o] 5-& 45.5dBE A3 dopt gt

2.2 HYEEY|

J95E7)E PR Eou, AeASe U
g A4S olF F4 AT & 9os), A9
£ AYE folshl Bk FAT 2H019 2L
2ol 9 APYAE ol g5 Po) B, Wz
49 227 Aol A2 AALL & 25}
AR JeiA 2l QY Fob dudsg
AFs Folok b, vix SEaatel Ao
& YY) AAGed snd g A
2E7]E o) 50] 6dBT ZoIE A2 A% FAT
o 29 21 FYFE7)8 el Frolh

Matching/\network
Sy, Coupler S Coupler
Input »—n\ ars ’ } e g 500
\)/ |S <+ Sz X i
/ " . )
\\— . N W g Ouput
4 3 i
509% E Log, !

Sz

Fig. 2-1 Balanced amplifier configuration.
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Fig. 2-2 Block diagram of the 5-stage amplifier.

Table 2.1 5-stage amplifier design parameter.

Stage | LNAO1 | LNAO2 | HPAO1 | HPAO2 | HPAO3
Device FHX FHX FLK FLK FLK
35LG | 35LG | 012WF | 022WG | 022WG
G, (dB) 11 7 7
Gp (dB)| 11.7 12.2 10.2 6 6.4
Nr (dB)| 1.01 1.03 25 35 35
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Table 3.1 S-parameter, K and |A| at 9.4[GHz].

sit | s;2 | s ) os2 | K |4

FHX | 0715 | 0.092 | 2435 | 0472
35LG | /-159.6| £-18.7( £ 25.7 £-1416
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Table 3.2 Noise Parameter of the FHX35LG.

Freq. NFnin I ope
[GHz] [dB] Mag Ang

Ri[2]

9 0.945 0.62 137.5 8.0

9.4 0.979 0.61 141.7 72

10 1.030 0.60 148.0 6.0
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Table 3.3 The variations of NFy, Su"I“op., Rn,
K, |4((9.4[GHz]).

Ls | NFyn T Sy R.
(nH)| [4B] | Mag | Ang | Mag | Ang | [2]

0.03|0.982 | 0.607 | 144.9 | 0.695 | 158.1 | 6.45 {0.9741|0.2025
0.04/ 0.983 | 0.605 | 1459 [ 0.689 | 157.5 | 6.21 | 1.0256 | 0.1828
0.05/0.984 | 0.603 | 147.0 | 0.683 | 157.0 | 5.98 | 1.0490 | 0.1641
0.06]0.985 | 0.602 | 148.1 | 0.677 { 156.4 | 5.76 | 1.0402 | 0.1467
0.07(0.986 | 0.600 | 149.2 [ 0.671 | 155.6 | 5.55 | 1.0045 | 0.1310
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Table 3.4 Compare original S-Parameter with
modified S-Parameter.
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Fig. 4-1 Simulation result for 5-stage amplifier.
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