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Design of a Dual-Band LNA with an adjustable image

rejection Band-Pass Filter for DBS and 802.11a applications

Student : Po-Ian Chen Advisor : Dr.Christina F. Jou

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

Abstract

This thesis discussed a dual-band LNA realized in microstrip line circuits, and
proposed a band pass filter with adjustable notches. LNA can simultaneously satisfy
the demand of IEEE 802.11a (5.725-5.85GHz) and DBS (11.7-12.5GHz) receivers , in
addition , the filter provides a lower insertion loss , but also resolves the problem of
dual-band image signals in heterodyne down converters.

The dual-band LNA possesses 0.92dB and 1.21dB of noise figure within the two
operation bands, 24dB conversion gain in average, and an improved input return loss
no more than -10dB. The notched filter structures in SIR (Stepped Impedance
Resonator), which can produce three adjustable notches by using asymmetrical
inter-digital coupled lines. The frequency of the notches can be adjusted by varying
the length of the open stubs on inter-digital fingers. The filter ideally provides an
insertion loss lower than 1dB, a practical return loss higher than 15dB, and the image

rejection reaches 32dB.
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dB(S(2,2))

dB(S(1,2))

freq=5.800GHz freq=12.20GHz
dB(S(2,2))=-4.62 |dB(S(2,2))=-14.79

m3 m4 .
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m9 m10
freq=5.80GHz freq=12.2GHz
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%03.2 B MRk s BACRRE R RIEE A £

Simulation Measured unit
Operating Frequency | 5.8GHz | 12.2GHz| 5.8GHz | 12.2GHz
S21 14.09 12.78 14.1 12.53
S11 -10.9 -15.8 -15.01 -16.69
S22 -4.62 -14.79 -3.49 -14.68 dB
S12 2198 | -19.25 | -24.62 | -21.13
NF 0.46 0.65 0.95 1.148
Output P1dB X X 7.23 7.22
dBm
OIP3 X X 16.5 18.67

_—

3.4 BAF e BAE R M e

J€ FHXTOLP 3 & 48 & £ % 2V, 10mA /B ™ 1S S 8w o0 fil § 7 4

PR AR R E PR T L e d ST B R
3B R TIES  EY R AR TR R RS

R TH T feipeiti it ~ &2 H » it (Unilateralization)sw 2 >

A
TR
f

R RAT ORI S R e BT R

A R o P LR I I PR
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out

)>0 o

TP R T A Lk B R MA T T

i

Mg B XTI - BEAER Bh T o R RR L
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AP AT B e BT s g AR R
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mS
m7 me freq=3.20GH
freq=5.80GHz | freq=12.2GHz| | \juy=i 08 -
Mu1=120 | Mul=1.63 |\
5
4
g 8-
5 N
8= 5| m6
o | 5 m7 Y
1
0 I ‘ | I T T T [ 1
0 2 4 6 8 10 12 14 16

#03.3 R A MR X B ol cE ) i

Simulation .
Before stablization | After stablization unit
Operating Frequency | 5.8GHz | 12.2GHz| 5.8GHz | 12.2GHz
S21 14.09 12.78 12.68 12.27
S11 -10.9 -15.8 -4.98 -9.75
S22 -4.62 -14.79 -7.7 -15.6 dB
S12 -21.98 | -19.25 -24.9 -20.7
NF 0.46 0.65 0.64 0.7
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Yri BfdETFTERAE

41 EAEA R BB IE P

— @ o R EONEE AR A B T LS d A B H AT pa
B R L hn A RHG E AL G AL A ITE KR I
re fuzk = B (SIR » Stepped Impedance Resonator) & § I engEH#g Jm ik
B AR kA% S chABE o AR IS g it iR B(UIR) 90k 3 0 7 404
FRFL 5 A BRIV EEES T B oG ] DR

He > p 8 2002 & FCC(Federal Communications Commission)
Baxig * 3, 1GHz ¥] 10. 6GHz g 3 > UWB(Ultra Wide Band)#is=
DR AARImEF L 82 AT 7 O S ik Bt

2%k 5 MMR(Multiple-Mode Resonator)7# #eijgidt & ¥ 8- f& A4

SIR e * 2. - » - 5 d fed ME S gkt i WE 5 ApEF
#E (< 20% DeE o MMR % Hpeni * v A2 4 5 ;iiﬁﬂ@ﬁa?lféf!—!é ' BB T
i¢ fractional BW# = 3] 70% 2 b » d 3tk 2> g Mg ic B
W eE S e R A s @ 7 5.8CHz ¥ 12.2GHz & BAEEC > ¢ g
%= 9GHz - fractional Bandwidth % 71% - f1* MMR # i ¥ m*g ¥ i=
PRI F R oL BN - BEF AT L RAE

S T L S TR
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' MMR B4Rk Bedd » F A b Ae- 303 TR E et il
ABLRE S LB MBN A BiTe Hig* o

EREFRS G O SIRZHE Y AF AAFRTE > BRAIN
MBS FERP T LR R TR D - 0] T L
ME A R B FREFA ek o S 2k S AR L
A BFEE MY ERPEINERG F ) SHEHYH MR SR A
Fofl o Bag SF FEE AR Fle S E g ¥ - B MMR B A
Rk B LA PR F LB SR B g R 2 4 Lk
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4.2 F Ka3' MMR B3k B 2 K3 A A

F1 5 UWB ch i #E > iz o £ % #7507 4p %+ UWB 35555 B { 5 chE R
WEL o FRIRE A = UWB e+ 35 » i3 E_802. 11a WLAN o F]pt &
FRIFFENA T > F AL RN AL 8CHZ L G F e
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SRR R T a0 A H B R EE T F aUIB ¥ R Bak
Fdo g R 7 WA e FEp P [16][17] 37— # R {5 $£F
Fa(multi-notched)[18]eniEiz H ot > e b2 5 4 5 B 5 A% 4
g RoA2 A7 o Vg B0 BE P R RIE e L
EVANFR FERNY I TR RRFE G WARE SenipElo
73 MMR B4 im ik B ek 3 ¥ AR 4 ()it - B A#H
SIR S pLehfrft gz » o @%J MILm ™ a1 0 L 7 ﬁﬁﬁféﬁﬁéﬂﬁié ﬂi;—l
rihg i IERG Z,
Z tanb, + Z, tan o,

Z, =jZ _1L
=/ 2Zz—thanE’lteln&’2 Y.

Rl Z,-Z tan6 tand, =0
_ Z
7 {F o £ JRPF tand, tané, —7:RZ

d ¥ aririgitd g~ EREFFE B R G Z,E Z DB

o RIS B e L S AR R et 0 g

AREE WA 1(D) 5 A/2 A5 enSIR [20] 0 385~ E Ry 40

. Z(RZ tan g, +tanb, )(RZ —tan g tan 6?2)
Y =j 2
R, (1 —tan’ 6, Xl —tan’ 6, )— 2(1 -R, )tan 6, tan g,

FARPE Y, =0
BT @ - B AHDSIR % 2 - Hen

tan g, tando, —Z—:RZ
Z,
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He £ a%- B4y Fa . £ 5 Fundamental
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}: {ﬁf:} (ﬂ-’.}
(=1/z;) /1 Phase constant

(a)
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MMR 347 i it B ehie & EoM-i8 e fuen? & Sk 7 ;@é,g\
TL LI Wl e s Zl A B Ieme e £~ 55 L2 W2
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FESEERENOREG R BEREDERPFTAF > TP
Bodiver g and A e lF 0 A ol K3t 5. 8GHz 1) 12. 2GHz > # v
#E % 5 9GHz » (W1,L1) ~ (W2,L2)5) & 4c4 4.1 Bl 4.2 F 5 &< %3+
I MMR B4R gt B eom R B Layout » @ # * Inter-Digital 48
ERET UFEEAEE 49+ > B 4.3 (a)(b) 5 Inter-Digital 8 & s

o & B[21][22](23] -

# 4.1 MMR % BPF K3+ #ciE £

W1 w2 L1 L2
Length 1.5 0.15 9.05 5.5 (mm)
Impedance Z1 42.36 X Q)
Impedance Z2 X 122.69
Rz =72/71 2.9
SR
500 |: W1 MMR ———————— | 500
L2 T
W2
20.90

C | | ]

Bl 4.2 MMR %4 BPF o & B Layout

Ao bR EY W F ek gt 5 LT 5 £ < g

M (Inter-digital ) 748 & 2> #-3 = foken= B finger £ 3 4v 3
f
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® finger > ¥ * > £ ¥ & finger F 4v » ZLHFL O B AL 0 deFl

3X]

4.3 () BRAESIERL INER S0  iEaEI80 P
v 1P| B o ensg 1 [24][25]26] -

(a)

(b) (c)
e—1 1 Qutput Input Output  Input Output
Input 1 —— I —
(Z,6)

@B 4.3 (a)coupled line (b)Inter-digital coupled line

(c)Asymmetrically-loaded inter-digital coupled line

4.3 AN EF P LA E

B 4.4 5 k2w A58 5 €4 e i hk Bendh T 3 Bl
FAHE - FH< )5 24.6mm X 2.53mm > RRFER Y S LR dpk T
(748 & (L2, W2) & 2o A e e A £ (L3, W3) 22 (L4, Wd) » 41 #
BHR T AT RA B AP PEAE N B X 5
VEREA B SE TAAEFRAESF > 29 (L1, WD) 5 MMR M peden
EX G EREEET R T L el i Lo 23 ahed
k7 5 We B 4.5 54 ekt BoHR B, 0 $ 508 5 Ansoft

Designer » ¢ #idk Bl ¥ 5 &1 > L F N fE A & F EF 0.67dB -
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26 Aug 2003 #Ansoft Corporation 163739
HY Plat 1
MMR IMG. REJ. BPF NO.34 Planar EM1
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A |
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F [GHz]
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0.1 F iRl %

B5.25 7% FHER? BLOTHE &0 5l Miees B %
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dB(S(2,2))

m7 m8
freq=5.80GHz freq=12.2GHz
dB(S(2,1))=23.87 dB(S(2,1))=23.80
40
20 = sach
= 10_f | \ \ /f \
5 o \/ Al
%7 0] V
-20— ]
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40 —
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5.3 ST Mfemc s B
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20
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5 o] / m4/
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4 14
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T R Bl

STOP

14. 0000 GHz

T R Bl



nf(2)

m11

freq=5.80GHz freq=12.2GHz

m12

nf(2)=0.71 nf(2)=0.81 FreqHod,
10 Sneep
9— 10.68 StartFreq
= 400009000 GHz
87 E—
7— Stop Freq
3l 14.0069600 GHz
6— | e
2 / \ / t Center Freq
- 9.60060608 GH.
4i 7 \'// \‘ —Z
3. | / \\ Freq Span
| i b 16.0060000 GH
2] mi1 [l mi2 - [
1— ! i, Fixed Freq
i 147569600 GHz
D T ‘ ‘ T ‘ T ‘ T —
4 6 8 10 12 14 More,
- o 0 lof2
frag; G

<& Agilent  18:21:53 Sep 28, 2003

Frequency

Bl 5.6 e s Mg~ BAMP & NF 5352 7 BIR

Bl 5.7 FM P e HIE 7 22% (dBe) (a)5.8GHz (b)12. 2GHz

m9 m10
freq=5.80GHz freq=12.2GHz
StabFact1=3.36 StabFact1=5.09

StabFact1

freq, GHz

B 5.8 Bl B HAE LR
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4051 e Rl

Design Reference [29] | Reference [28] 3
, BIT HEMT HEMT
Device
BFP740 FHX76LP FHX76LP

Operation Frequency| 2.4GHz | 5.8GHz 5.8GHz 5.8GHz | 12.2GHz
HR- 38 S21 X 15.9dB 14.1dB | 12.5dB
SSER I S21] 27.7dB [ 15dB X 24.56dB | 23.2dB
%BFFJ\%'SFIH%’SH -12dB | -14dB -5dB -9.8dB | -14.3dB
FrBSNFEUE- | 0.92dB [ 1.7dB 0.55dB 0.46dB | 0.65dB
T BSNFE ] 1.4dB | 2.3dB X 0.95dB | 1.15dB
Total cascade NF X X 0.92dB | 1.21dB
Image Rejection X X 32.75dBc|39.34dBc

o | om | x| am

0.2 R B3t
BEAF MRt X R (S moehyhk RSP 4215 0 &5, 8GHz £

12. 2GHz = @AR B e & & W) 5 24.5dB &2 23. 2dB > et 3 <P &
WE 0.92dB & 1.21dB; Rplenl F B A B AR TP g n B
e VA e B R - RepE b oA Jeindp ol B AE 5
PlE BRI P HENE 3 0.5dB ehZL e LR~ > F 2 PR FIR &
WRAI B ASHEERIFY Y § 5 onFL 0 v RAL IR MR
X REH seaplzEY o fedpicenE RIE A B 5 0.95dB & 1. 15dB 0 &

5.8GHz sz # # 2 v FR P ZFPERE R » &V wERFL LT
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o I8 s B Eafeildpdio ik g IR TR IR o
EAGIETRA BT G 0 RRBREE OS> &0, 8GHz & 12, 2GHz
B B F e S21 #-r 5 0.4dB 3] 0. 7dB 2 B > i e F B o AT AE
VOB ERS F R A AR M1 300MHz HE S B 0 &% EF R
5. 8GHz 22 12.2GHz *7F erid & 1 » & > A B2 F BH3p 4 Alals
B EL S B AFAFR L RE1.3dB R 2.8dB 0 A F SR
40 FILMEF A 5 2 B 10dB 5 Bk o i SRR 421 > WA
P E TR R R B F S A R T & 10dB
e L2l 300MHz *h e R > A S N FE ST g BT
L FER 59 D) MaE 1L5dB M dE A~ B AR 16dB 1 F e
FoaE A > Feho L BraER L5 52 o A s9dk & 30dB
e Ry o RERE B HEGIE T gk 4 B & 5. 8GHz &
12. 2GHz = 45 & F &% 7 £ 7] 32. TbdBc ¥ 39. 34dBc - 7 P& Hifg e
£0% 0 % p A0 DM BERRATAE o 4 Tk B R T B R

S RERTENE Y SR
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5.3 Ak

AR S AT Eg gt il 5 AR B

LRI - IS AR %‘u%&%iﬁ» % OQut-of-Band Rejection ik
I FeRRAFFIAFRGIETSLIEA LN AL E-H R
2Bk RF A B o B9 5 ARk Befc) 2 60 3 SIR
WATRA T LRk BRRL R RO F R S g
5 B 5.9 &% finger w 4709 b » ¥ ¥ SiF ] (Y e B 0 iR
W2 e RARAu A/ ES LF a0 B 510 5 2 S21 & S11 o
BRI BEOHY > FpET B s h- A KRB EFTASIER S
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Size Reduced(1)

5,00 16 oo
F [
Iﬁmsm e 1742 =744 = 1065
e 31 Y25 112 e 504 Ydu 3447
Size Beduced ()
0 — t
2000
ID..I:H—-
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