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ABSTRACT

In this paper, the Low Noise Amplifier(LNA) is designed and fabricated to include a band pass
filter characteristics considering the antenna system characteristics according to the transmitting
and receiving signal level of communication satellite transponder. As an example, a 2-stage low
noise amplifier and a 4-stage amplifier are designed, fabricated and measured at 14.0~14.5GHz of
receiving frequency band. This fabricated LNA has shown the gain with very good flatness within
pass-band, and its gain decreases rapidly out of bafld resulting in suppression of the transmitting
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signal power leakage. It has shown the 20.3dB =+ 0.1dB of pass-band gain, the 1.44dB + 0.04dB of
noise figure and the 14dB rejection out of band(12.25~12.75GHz). The gain, flatness, noise figure
and group delay of this 2-stage LNA satisfactorily met the simulation results. And the fabricated
4-stage amplifier has shown the more than 42dB of pass-band gain, the +0.25dB of flatness and the
28dB of the rejection effect for transmitting power leakage.

The 2-stage LNA and 4-stage amplifier, in this paper, will bring a design margin for the input fil-
ter and also result in the system cost reduction.
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Fig. 1. Block diagram of satellite transponder

(13 De ARl gAFAN el PHESE e
8] vhebdl Ziolth. ol o 2 4 5ol el

1-A ] )‘/\].‘LQ,}. o/‘k_]riy], 71_0] 01?55401 9/11/]' °HZ‘]]L}-
0!]»\1 ZAlE A ASE A FSZENLY Fuls

gars AMA st@grgs e HHIIL} of E] 3£ La;
Al(Multiplexing)® oJ&] xde] A&7 3rol =4l
wlug o)HE] E A (Demultiplexing) & a1 K-ofl
A ztzbel A Relsioh 1 ovhgol FAE 98
wEEELae Easid ¥an oA HE E
(Multiplexing) € 3ol Sre|ubrol] N 7h 7hsf 3
o whEbA bl gk F5al A& el vt

A 4 2lonz o] £4Eol Fel g 913 ol #1
Az gag sioh

QrefLby
. Re |9 of{A3s
o HEARf{ss Ef{celBAN— o H g

Tx «
Rx:Receiver Section Tx:Transmitter Section

agl 2 A FAIZI et Ve i E A
Fig. 2. Block diagram of trasponder antenna system

874

(19 2 dHURE P4 REES T 24
8] ttER iy ot wHAFIH(Reflector) & B8l &
ol FAAMEL: 9= E(Feed horn) & A3 %o
& A BEE EUdFE delEYME FAsA
"Hoh Aol 128 £Eyeo &9 MUXPE 539
g A MNEE colEAMet e ES AR Fo
Fratell Aot

A Erell A Fala o] B AT AR &
d L= A (D3 go] vhepd = 9k 9714 e 1
ko] Zojolil, de F A F kel Aelelvh HAlY
Jap R p=zkel Aelzh oF 36,000kmol 2R 4%
A& ﬁH‘* 1 14/12GHztRoll M 7 A)dzte] 42 E
g N (D& o] &3t ATl of 206dBH Eel
th(1]

4nd )z

L=
A

(1)

Arstel M o) & dY AFFrrdlMe] JrE
2 FeA EHe] o) 5E uHE | FA 7]
Holzler #AE S A7) 9F —60dBm~ —80dBm

grolrh FAlol tholEFH Ao QI7tsE FAUE

£, nEFE FEYY Y 23 oo} 2oy,
FAFAVIS Ao o 40dBm g Tolth QeI
A 2F fRle M o] &, Tl Az A7) HwE ¥

D~ Q 4 9 @
o Clol &Y A | B = ol —0
@ | Tx « o

T3 3 %, 7 MEe] AV vag A PR
Fig. 3. Block diagram for comparing input and output
power level in antenna system

1. QEUe) 2} 9lR)o M) £, =24 M E o] 27](dBm)
Table 1. Input and output power level (dBm) at each
point in antenna system

tho] 8 A | o] Zd A | tho] Ze A | 1 o5}
I s A R e e Rt e e A A
Port W% @® @ @ @
14GHzd)
sng | 80==60] = | —80~-60|~80~—60
12GHzti
sans | " 10 -40 | -120




RA/UAEHAH7] BE4E ke SU4

#7718 KuBand A 455 % 7]e] 44 2 A2

atod (2g 3Dl OFE @7HR) Wl el |27 34
so] itk 28 ofoll thE £, =4l Az o) A7I7t
(FE e Zelsof Atk

o] 47 ¢l ol Fel abA &, 4 Azt s
A 2o Aoy dAze a9x 23 gol &Y
Aol &, 4l Azl (Isolation) 7} v ¢ f-af opt
gl AFY(Specification)o] 7+&dE o 80dBA %
olmg HA§ —40dB o4 $4aEHe FuTe
2 rtdthe AE onigtth oo tho]Fd Ao §
Aol vl A= 41459 J3F2 1 A7])7F Hla¥
£ 9&vE ooz HrhE ouyt gt ol &Y
ME Sl FAvoRr A $AME(F —40
dBm) & ol = FAA S vsle] AHA Ak
A zolt} o] EAE A7) Hsle AHF A7
Me AFE FZ7] ol e Y857 (Input Fil-
ter)U Fate g de] gdg i) E o 83
o}, wgld SAIghel] 2ol v EL FAF oy
ol ] A% 40dBH} 84 & Rejection 54 &
o g}, &x)qk o & Hrh Rejection A& 7t
A2 our)e] 440} Fo4ekr] W&ol A 3 Al
Z} v go] Bo] B3, FAl9 dFoHr] B2 tjolF
A AAA Trade-Off 2 A3 4] Frtsted 5
Algre] 78 4o athz wrgdE g Alade
SR} Ve BHE A "ok fidEA 79
4% i/l 80dB2] Rejectiond z%E 73 =),
o] uf 6 ©]4+2] Chebyshev #}7]& AP
1dBel] @8t edo] AAA Foxdd At &
}E Fo}

wg deolEA MY Y oarle] o] 1] ¥
st =41 4l 9] A7) 441 Az R vssk Y
Zgud Ax g A%, 309 oo Fus
] she] o (Carrier) 7t EE 5o A FEF%7]4]

S3yo] 28 2Folelx szt n, E A
SZ2EZ7) A EFVIE ANF Aok 59
25 2] oy 2(Spurious) A¥o] FHFIF(IF) A
d 42 4% Aot mebd Yats T AT

o152 2y, FAU A el F23] o5 Ha
e E4E AW FZ7)e A7 A" 7AA
g REo dA AgE fAFIEAM S u}g
T AE B o, Yate HAANMT o5&
Neg A2 §88 goled ¢ %%?SFC’N-
&+ At

I MESEE7|2 82

1. AKX M 2 HEs| 22| dA|

B Al 2®o M Al #ZEH](SNR) & M st=
Wl shuvl AREEEvdA BrEe S
A4 e el ARE 548 47 fsiX e
22Z7)9] RG-S AT W HFS B &4
A7 E Mg ol o), Ao "] AFREE &R
14GHzt ol A 2J"“Z]'r 1dB vivke] ¢4%t
A AEo] gl B =R A ol A
442 gy AHgER e Fuitsurb(it) o
FHX04LGE A&-5tal, B4 ool A3s ¢ ity
g0 2 go| solE FHX3SLGE o] &8t 2%t &
Zy1E AAstR) o AREL oln] LFHYFH
¥ (Space-Qualified) FHX04FA% FHX35FA®} &
Mo] zrow A A& o 2 (Commercially) ol ¥ 1
Q= ASong B =8 AFFEEHIV|LELE A
‘5“5401‘4 o] 22E 9 S-detv el e} FHE mhetv]E
5e a3t 4YAPES Bt Aol v
ehs] 9] 0. 11 & data sheetol] o] % 2L I & 9]
£33}

(ag v 29 ARSFEYY FHAEE BAF
3 Ach A 2E AT cAHHE M, Mz, My,
z} gel o5 AEAFE 4 Gy, G, Fi, Fo, 7
capoll A vl WAL E 242 [y, T, Te, I
2 A8k

0

lm 2
o =i ox Ut & r‘” mlo

Nl

oy

L.
=

o,
1=}

Bias Bias
;Il rur .r—lu nlj

a8 429 AFEEEY S FHE
Fig. 4. Block diagram of 2-stage low noise amplifier

(1 oA 98 A= M2 AFSE Ast
o AAE} HRE 2] GaAs FETY HEMT 4#}9]
74, Smith Chart/goll 7} oS543 527U S
18l S4o) AAEHA] ket (19 5>+ FHXMLG
o] oj54l9 H2A YL 14.25GHzol ] Smith =
Roll 18lge 1ot} o] TR HAYS 3
Hol5& ¥ & U HEH (Matching Point) 2] ¢

875



B S S5 ik 945 Vol 19 No.s

A7h s vhe S o 4 Atk wheba) W vhel gl
Zolld AT g5t FFARE U G5l

ol ah e wARAIFel Al it ws) FILY,

= 14.25 GHz
"0  Ga,max = 12.08 dB
-+ Foin = 0.914 dB

.2 .5 i 2 =r

& 5. 14.25GHzol A FHX04LG &) o) 5912k A&7 4:9)
Fig. 5. Gain circles and noise figure circles of FHX04LG
at 14.25GHz

A sz M FE AFe o5 dHE
AARsti=d W% S asvh HA ol A o5 el
3} L2598 Smith wifol srelvh SnvhSo) #
A () S Hest ol Smithhazfol £

IR R M B - B8 i e G B S e s
o] & gz zolaiel &4
sheb A dslng sZe| Mg Jakv] §iEte]
wFol M= ©d Stub% o] 85tk

M.t ©HiH(Interstage) d 33zl oo S 4
i e] o] AARAE AlAEE Tut Dt ol &8
AA s Foh12-5] Moy Myt 307 o] 2:o] deli
ARSI =d £astir 2 A AA] Tuning ¥ Optimiz
ationg & w Fi3] neiElojor sk A 2vte]
Az gasigi: gz gl st sjodv) Akt
Sgong B o)5s dnE YAt

S webvlEel] olste] At FETWY HEMT]
ol52 Futyvl FolA R volx| Alo] ArkH
ojth, thH oA Hgl o5& A& o Sl
2 H a3 2 Fabgol th sk A g ol 5914 (Constant
Gain Circles) & 184 3353t A& #Hsted 433

5 P Fofop stk M2 E 44 @it Short

876

S gHE o
AL O o A o]

Ao 2 geAae] &
o

StubM.t}i= Open Stub& o] &&= Ao A Fo] 4
Ao ad W Tuningd 4170 & 4 old B =5
oL A& X AAg my Open Stubg o] &
Gy As

vl Stubds AFEBIH FA Fahaollx] A e g
Alvh steiebi g3 o) Fubgrel wiglvt o
A wolAs s wake) lek thA) whalw Smith kel
At th g wlolub A 23 $H(Mismatching ) o)
Haka] eFar ghvbabeli: A8 el wleba] %219
Y& A0 UGHzH 4attlo e g&ola 12GHz
N FAIR Ao M AgE] it oSS zrA "ok M,
E vHY Stubi HAEAE o 2%k FE 7)) gk A
H#lol M At (19 6ol YrERIIT) 12.5GHzo)
2 o] o]t 0] 14.25GHzol A 2] o] &3} 5dB B ¢ 2}
ol 7F lonf, ¥ mFol A g rak: dl 9 E 3l )y
o] BEAM @38 Fejo] o] KB Aol naja] B
star et

whel Stubiz WS AnE X Regone v

S teigtel s 1 g fte] olgoix s 3
7l 913t Mu® ol % Stub® A18HTh ol % Stub
# A8 ¢ YAB T 0 Stubs AHEs 4 9ol )

shof tholtol A3z F AR PGS fure 5 Qo

£

L o]Ro] (1A% WolA N & g 4= vk MyE o)
% Stub® A ASY & af ovt 22X & Al Ea)
ol A Akt oAl f1g) (Crel fyell VR QLT ¥He)
Smithil g8 whrc} o) o ael Fe7y 214 M
B R S 2

dasas A wi: A2 Smith 38 1
A gt A S abe] e AFH Y oy
ot S §ha siel 2% WAl Al ghels)
of v} refobut A Eks| w2 g MASE wE o)%
o #e-A el dl ek Al 4] Tuningo] 7hs 3t
WA §eofl #H A sl 4] (Optimization) o] 838 .5} #
L s g st ety o §- skekab A g7 wFolu

FH AT 2 Myy: I8 o] &8l dAsch A
A A 7R Myel 4 Ao ey
A vhe] H8 o)n5S Ky 28l P s
HAAstelol ok My Myat 7bo] whed Stubz A
AstA

2. X8 X}th3| 2(DC Blocking)
SERE et W G ¢ ale)e] wlejol s

(Bias) el ! RF4lg ol Aghe 9ald )2 g



WL/RAE ] B4

= FAAAHEAYIE Ku-Band A 84&F %719 44 2 A%

o DB(S11) o oSl o 0B(S22) x OE(S12
L [y L LN
. B0 50. 00
3
@ 7
-323 (5150 ///
g8 ws, /’/ \
0.000 - 0,000
2 sos, Rt 2N
T = = SN 72 U
2 pal \[ A4/
v (PSp 1 / m
@ — ‘\ 70% Mo B
R UL e , {
5.0 e P -50. 00
200 (S, 1450 FREG-GHI 17,00
T8 6. M2 Stuboll ©t& SE7| oA g0l 54

No marking : ©% stub, Marking : 2% stub
Fig. 6. Performances of amplifier according to the stub
of M2
No marking : Single stub, Marking : Double stub

(Capacitor) & AMg-gtth 18]} a1 Fstof A ofdf o
& HEe Tz mdgo] o]Foj x| & A
ANME 7NAAARY AFE dZsk77) o, &4
= AANBZ B =2 A g el (1¥
703 & Coupled Microstrip DC Block & o] &3}
%t} [8-12] Coupled Microstrip DC Block& DC3}
ol St PR FES udE Havt gl
& B ot} BlE o] THo| A E ALE-T o)
Hoh oksiche Aol Sk o] sE2E HAY
+ Finger9] Yo] Wel % Finger o Alo] S, 1e]a
Fingere] #3 54 Jujgd vt Z,91 nlo]lag ~E
H dRetol Ate] GO Heirtrl 2gFolA 7 ¢
T 548 RolWA TEHIIMES ¢S A,
2 =g e Gl 27)7} DC Block el 546 1]
£ o] 2% Fore GE S9t prin nYAY
I W SE dAsAeh ek Wt S7F % gfol
M rEol B E W= Z,8 gl 3 B
g ol Fe 28E ool gt (& 2)0] 2 717
AAE det 1 BAS By o] FojA 3A 23
of gt AHARE 21y 8o Vet Aok 4 7R e
Finger7t WU4a| ol A+ (Coupling Section)
R mo] 2Vt oS nE, 248 € u
© ZA Gt A4& awsld 54 dud 2}
Z, oA R2~EY A2 E A dAsjok it} o]
B4 gSuw H2e DC Blocke 14GHzwioll A 1dB
ojgke] EAE NREA G ~20dB uvte g &
FI BEAE BAFD gt AFEoavte] &4

% 7. Coupled microstrip DC Block 3] &
Fig. 7. Coupled microstrip DC Block circuit

¥ 2. 474€ DC Blocke] 2712 2¢3 48 4
Table 2. Designed DC Block and its measured results

%1 | %2 | 453 | A4
W (mm) 0.14 0.16 0.24 0.30
S (mm) 0.11 0.15 0.16 0.18
Z, () 50 40 30 25

Sn(dB) | <—235| <—-220 | <—-23.0 | <-—18.0

Sp (dB) | =211 2—1.08 | 2-096 | =2—-1.08
&}ﬂ.ﬂcﬂ tog reo ’Qﬂ.leﬁ teg o 1400-':
[ A 5§ i Ribaley
i 2

a 255
s '\\ MR 3
14.5 Gz

L 0. 9565 of

START 12, 00002DR0BL Crtx.
STOP 17, 00D2DDD2D Qr-ix

12 8. &4 ¥ DC Block 2| 543
Fig. 8. Measured characteristics of DC Block

2 0.1dB~0.15dB =& Aidch

3. 7|44 QIEEIA T3t

aFtof A FETY HEMTE o] &3t FE&71&
A e o v Al A7) s e A4 7 A9 2 (Source)
9] HA)(Grounding) e ¢} 714 ¢1el€d A (Parasitic
Inductance)oll #3t Zlolth H=|7t @¥at] &35t
Aol A w1 E 8t dorg HAe e
Al g E A s Ao st} 1dd HHE Yot &
] & (Solderinb) & 3}d o] Aol 2|3 7|4 Y- A
Aol Bk (29 99 (a)dl A A5 o] &3t}
e S- Gt E & (S) ngna®, 1A AYR2E L

877



HEEE (S Lit '94—-5 Vol.19 No.5

2 el et Lol 23k 214d Al 8 (Feedback) & 3
of ojsted HEMT®| S-atzu) el o} 3% et ] 7t
WA doh MR S-setuEE g 99 (b)ol
A (S) modified® WERHATE o] ARG et E i
S e FANHEE et g e 9lanf s,
13,14], okiwl o]nf o] A#E S Ay i+ Simu

lator & o] &4 & 45 gi}.

[ s )original

——o D
col 7]

Z:=jXu=j2x f L

Y7/ Ground /)

(a)

°/// Ground /2
(b)

8l 9 7| oW e A QR Axte Vg3 HEMTS 5
7h3

Fig. 9. Schematic and its equivalent diagram of HEMT

with parasitic source inductance

(18 95 ol &8 u= Lo s dolopvt &
ol Estel A o] gh& A&t Lugt FEo By
go| olgf¢rg B mRJ M Simulator(Libra
V3.0)7F A& = = Via-Hole 3215 stk 6]
Via-Holeol] o]t LA #-<] ¢F 0.0lnH Bxl& Al
Holela Adstdrt. LAdwg nalshe] 8 9
g e & ey A ow #H4a 28X 9 (Mini-
mum Noise Figure, NFyn) 1= 9F3F &718)i= o082
el (# i>°ﬂ Via-Hole® &] ¢l wh* FHX04LG 2|
b B & o W 3kE vFER QLT

878

H 3. Via-Hole g uhi vl & of stepr] el o] wis)
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