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Abstract

This project investigates the microwave bandpass filter operating at two frequency bands
(DUPLEXER). The used downlink frequency band is 4.35-4.45 GHz and the up-link frequency band is
4.65-4.75 GHz, respectively. The structure is made up of the cavity structure with iris applying to
separate the transmitter and the receiver with a common antenna. The proposed duplexer has compact

size and low cost. It is very useful for using at the base station.
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. @ 1 . o . A g P 3
Bandpass Filter ) 2 #A01%0ufU (Coupling) iNoi¥ausefumsoiniamsizaziunisenn nuy 99

o K P g A o 1 1 1 o A ' »
ﬁﬂﬁﬂﬂﬂll”ﬂﬁ’)ﬂiﬂ@ﬂ'ﬂﬂﬁﬂ']u!.i.'lli}“ﬂu'!ﬂﬁu lwﬂﬂﬂuuﬂaztnuﬂ311131!5’]11]111115611%3!%1“Wﬂu

24.1 aNMADSUNAINY ( Scattering matrix )

>
#015a11A3990 297 (Two-Port Network)  t51zenunsneiuie ey ugivesannaese

LRI ( Scattering Matrix) R13819 B URNAUFIURT S

[V1=[2]1]

iile
d,
al-| |11
2
bl
=] |- 111
2
1 ohoms T 12
AMA— < 5
E vt V2 '
: t ohoms
707 2.8 itlatesauINITB WO N ( Two- Port Network)
naz i

[5]=[5][4]

INAUMIR (2.6) nazaumsh 2.7) 9214

[¥]=[a]+[e]

[1]=[a]-[5]

N INTURUSvosBuRUAUTILAT N

[V1=1z]l]
[a]+[2}=[2][[a]+[2]]

A ' o o
Waunumaunin (2.8 a 4111?(1![‘“571(2. 12

(2.5)

(2.6)

2.7

(2.8)

2.9
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{2.11)

(2.12)



(1+[s)al=[21(-[s]la] e

Lz

z-1 214)
1-[s]
tilede Tnaaft 1 Tovamasmarudumufidaduiiad 1 Toviudeald 2.8
vo=[a]+[5] .15
v, = [a]+ (5] @1

l = [‘11] 7 [bI] (2.17)
N [ﬂz] i [bz] (2.18)

NNUN2.8

¥, ==l 2.19)
wndasuseidinnasins wieessg i (2.8)
v,
1
G(jow)= 413—1; (2.20)
E|
E=Il +V1 '-"'-2(1] (2.21)
1, =-b, (2.22)
myzRsiy
b 2
G(jw)= % 2.23)
|

- - b e
ninmanmesunind S, =2 uazihiSFTisneanianedn ( Reciprocal-Network ) 1319214

@
Szl(jm)ﬁlz(fm)
G(jo)=[Sn(jo)] (2.24)

G(jﬂ)) = [S12 (Jf’-’)]z (2.25)

= g Vo1 oa o @ & vo b . 5 d o y v
ﬂ_‘ﬂﬂnﬂ‘l'i“'lgﬂzl'l'ﬁ-l'T]ﬂ13ai1ﬂﬂ1ﬂﬂ]ﬁ19$”uﬂgﬂvﬂ1 SIZ (]G)) ‘HQﬂﬂﬂ'ﬁqwﬂ1iﬂQN1uﬂﬂ\isguu

( Transfer Function ) TuInsat e hilinsvneudiniigaszqagad 0 dB dnunnezidlivueglugy



10

L,~ ~20Log,,

SN jﬂ))! dB (2.26)
L, m3oaneumsass1u ( Insertion Loss)

»
daum S,, (j@) femimsaanoulBundy (Return Loss) 1 1A indaunls S, (o) wiihumsiam

mIaanouvedggnuasiouldddes
L= —20Log,, lS“( jm)} B (2.27)

=2 4 s = a 1
szvpnfism NG (Match) ¥ouszuy 013 imvesszuunauysalinnez1d Ly = oo ndlunmy
-y L] 1 d‘ [ 1 4 ; 1
dueddhimunsonrlduamnvenivldfe £ R 17120g0 15 130 20 4B Yuldudruanisldou

[
o o

2.4.2 AiuF NI IHHA WU N NIYH { Chebyshev Lowpass Prototype )
sy o = = A A o d‘ @ ci
qumniavesnsaamwiiiusiilunssg fslinnudded 3 dB uaz o =
+ 1Tudaenmand wiifiilla Ripple) Anuumudroiladau 7, (o) uos Tuillalusramonuud

LQNAILANAILAT £

f

f;"’ ¥ g 7 “(\ 7\1 \
L ! N \ / :
) D0 W 0

Ce = J

o

]

d

e7h
CE

I8y 316
csh

Cay

=5
a2k W 1

U\ =

0.1f & 5
5 ; ) ' ' T

g 02 04 e 08 1 14

A ar G P ; =
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15,26 “’)‘2 = “““2“1""5_
l+¢ TN (@)
Hnag
T, (@) = cos[N cos™(w)] lw| <1

T, (®)=cosh[Ncosh (@)}  |o}>1
mfudszansvesmfmrd lumsds il adau

T, (0) =207, (0)~T,., () Nz22
ArTudu
Li(w)=1 T(e)=w

1aridnlse Antvo arnisr lumsilszmnumianyu

2
Lh(@)=2e -1

T, (@)=4a’ 30

T4{a))=8a14 _8w?

+1

Is (@)=160° 2007 +50
T (0)y=3205-280* 418071

7 5 3
T7 () =64 ~1120 + 56 -Tw
wioldgmsmsalsvinm Sudy N vourwite

L, +L,+6
N > 4 R

2 172
20l0gy S+(S —1)

¥
NS 1292 UAIN TS AANDUYBIM T TR TUAD

11

(2.28)

(2.29)
(2.30)

{2.31)

(2.32)

{2.33)
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L,= lﬂlog{ (dB) (2.34)

1
. 2
ISaz(Jm)l
¥
msITRsusRIINISaANIUYoInsdIRuM Iavinm T, (@) uazh1 £

L, =10log[1+£'T}(®)] (@B) (2.35)

fnsINsaanoufiounsy

fnuanwannisaanaudoundy wdmnnsome £ 4

E={0tog] — 2 (dB) (2.36)
)
nnit T2 (@) =1
2 1
ISlzl TS (2.37)
1S} =1-[8,.[ (238)
2
2 &
ISt € - (2.39)
1
L,= 1010g(1+-—2-] (dB) {2.40)
£
I ~1/2
3:(101"4] (241)

- r eded o ar & ] A A o r A -, o
g ﬂﬂﬂ'l‘ﬂUﬂ?TUﬂ]ﬂ“ﬁﬂﬂﬂ1ﬂ1iﬂi$L‘Wﬂﬁﬂ‘ﬂ1'ﬁuﬂuﬂﬂﬁzﬂ'lﬂllﬂllﬂ]ﬂizl?iﬂﬂﬂﬂ'lﬂulluﬂ
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= o o = n' P
ﬁnms‘lu ATS AT IZHAINTOIN WD WUVIFHRITN

5,5 ja))|2 e (2.42)

1+ 82T§,(w)

a v dd
wifinlwatiud r2(w)=-1/¢ 2

(2.43)
o A -:i L} == T
sazHandumansziiouni¥ImI B
T, (@) = cos[N cos™(@)] (2.44)

cos’[Ncos ™ (@))=-1/¢° (2.45)

fMnusdaunls Tmiime 14udainms

€\ I\ & 24
n = sinh [—A—T—smh (—;H (2.46)

.;-—=sinh[Ns;nh‘1(n)] (2.47)

INAUMIN (2.45 ) ung aun1sA (2.47)

cos2[Ncos™ ! (w)}=—sinh?[ Nsinh ™! (p)i=sin?[N'sin ' (jn)] (248

AT
-1 ——
cos (w)]=sm (jm+0, (2.49)
A
fF)
_(2r-D)z
ar = -—'—"—'"——‘2 N (2.50)
P. = —jcos[sin!(jo)+8,1=-nsin(8,)— j(1 -n*)"* cos(8,) (2.51)

a d 4 &
TwamanTudwiiovzinatutile sin(@,) Hunammsisnaiu



S0 (o ﬁ {7 +sin (rr/ N) 2]
r=t| ptjlsinT (joy6, ]

I ISIIUG’)‘Z:I“FL?U m)‘?-
2.2
R
l+& TN {w)

: [ = g A‘

IR ug Tseznnvile
cosfN cos™? (@)]=0
1A P =~ jcos(d,)

p+jcos(¢9r)

N
SII(P)= I y T\
r=1{ p+ jeosfsin " (j7 )+9r]

] ar ar ig o as
mansoth lddunsied Insedsdnssanaudduuuaniaes lacerdoges Z_(p)

#10019 N=3 4903 DIAMUDUUBYWAITH

1+Sll

Zin(P)z

1 6,=n16 cos(#,) = J3/2
r=2 6, =nx/2 cos{(8,)=0
3 8, =5116 cos(d,) = -~/3/2

P+3p/4

Sl] (p)=

PP R2npt+(2nT+3/4) pAn(nT+3/4)
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(2.52)

(2.53)

{(2.54)

(2.55)

(2.56)

(2.57)

(2.5%)

(2.59)
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2 +2npt 427 + 3/ p+n(nt +3/4) (2.60)
2pp’ + 20 p+n(n® +3/4)

Zm(P) =

avssnadumdamioniiiaeoyniudlom /7 medwdemugii(2.10)

15 2ig Vg
SRS
10 7
? (243l (23142
7 - — 7 s
2 48
4p)
Z(p) Zp

71t 2.10 msFunsizd InTagiedansesndubduwyLanaes

Z(p)=2Z,p)-pln (2.61)

2,
Z,(p)= 2(77 +3/4)(p+2n) (2.62)
2np  +2n°p+n(n° +3/4)

VAU UUNTUAITHOUBAAUTOUIDIADS

X (P32
2=, (2.63)
Afimie
2 2
7 (p)=2p +2pp+(n~+3/4)
2 n(p+1) @6y

avesndiusduntionimdesynsudion 2/7 medudemugli 2.10)
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Z(py=4Z,(p}-2pin (2.65)
243/4

Za(p)zﬂ (2.66)
n{p+n)

3 = oy 4o w o
!'ﬂ':'"lSﬁtu‘u‘i}tliﬁllﬂﬂHllﬂuﬂfﬂul?ﬂlﬂﬂiﬁ'lﬂ‘ljﬂﬂﬂ@ﬂﬂ

(n2+3/4)}72
Bn-" 5 (2.67)
Sufuaudimaode
Za(p)=l+piy (2.68)

-: T Y ooy 9
msasiuseitizania 1zxaﬂu1mumaunamaﬂmﬂu

(72 +sin (/N2
L 7 {2.69)

- !
2.43 BuRuausduD A0S (Impedance Inverters )
o L) A at 1 i L]
lumssiuraIaswisfiduuanaos (Ladder Network) (5109 19175 un 1B uAuaus
a o ) “a P o o » v o a A ofen o &
Sunesmes NI ueRinauTouaTiaed lumsana TaswhemiuduRuaudouwinsineses

= 9 -y o 1 1 -~
UOULNUAW LHATAFEN 1T IR TUAD

[T] 0 JjK
JjIK 0 (2.70)
£ - | oy 3 L
K A8 A0URIAUTIUNDIIRDT
O—
Zin(p)=v K | ZL
O————t}

71# 2.1 plugwesnduRuaudtunesimes

vinsesgilii (2.10)



AZ, +B
" = 2.71
CZ,+D @70
K2
L, =— 272
m ZL ( }
definsantunsdeunuianaey
KZ
K'=— (2.73)
ZR

2.4.4 NIBONUUUAINTBIN NUDHIUIULUN B INAY ( Waveguide Bandpass Filter )
™ = voa A e 4 s Y A °
dansoannuaiuyreihaiuiil Inssafeminnnave Tavehlinny aduauenielu
z &, z ‘.. : . e @/ ﬂ’f’ 4 ¥ W 3
3zNDUAIFYBIRITUAAY (Shunt Discontinuities) Wanuaauiiovzihumsunionniuuuy
t & o & w 1o oo i Y R - &
Ardaseiidim doufiumduanin (Inductive) n3oa1thgAn (Capacitive) FIWISOMOUIDT

= =1 [
ouRAsgy

o LS

<R
sl K -

r g [}

51 2.12 nesMowRssvesmniuluresindu
[3 [l ] s .e'l < 9 = o L | T as a n’
Tunrazsnvemoimduszainsosfieianly waTndmrdwiuesigudnvusiil

o ) o
Z_ = uanunizsiounnaus

/2
[] ~ap! m)z]‘ (2.74)
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nazfmeIe
1/2
o 2
ﬂ_—____ _t_€
@ (2.75)
sniuanusvesnauimumeluriede
27[ /10
A = =
g~ F S 172
- Ze. (2.76)
o

A Aa
Ay =RNUBIIVONAURAUMI Tuen e

- T r - o ¥ £} A q r
AT NFM T AIHI ( Transfer Matrix ) vosmothdgapamIsiehaaui lufims gepde

[T]-—[ cos(é) jsin(Q)J

jsin{f#) cos(é) (2.77)
waziile
g*ﬂe_Zxﬁ
TR A :
g (2.78)
AR A g0
A » 2.79)
Ago Aeamumvesnaui lddadufuanuen £ vowiehndy
= g0
5 (2.80)

nagli 212)  sremnseeueglugusdndmadedie 2w muyavesveaniniuiunud e

dusnad {Shunt Inductive Iris) 14fe

10
[r]=| ~B%0
o 1 (2.81)
2

LY o 3 = =%
B = mdnnuausven miud 18ann1inannadvininns mMninang

A . o A ¥ 1 e w oAt ' 1 s A da
mﬂmmnaﬂ‘sﬁmga‘ummﬂﬂummuﬁ’wﬂ]auﬂnﬁﬂuun’JNﬁhﬂau1ﬂauﬂnmmm’m1ﬂﬂﬁ1
i ¥ dagafi
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(2.82)

(SR

N

- s 4 - |
iﬂﬂ 2.13 N‘iliﬂi.lyﬂ‘liﬂﬁﬂ'Iﬂﬂ‘l-llfl'ﬂﬂuﬂﬂu'!ﬂﬂ'u

=1 =, o 1 r ] ¥ o - T K
[UYUIUATNEMT T IHTU ﬂmmwamamﬂau‘h{u'&mﬂu

1
- jBA

A

[oos(w/z) J’S'm(wﬂ)}
Jsin(y2) - cos(w/2)

B
cos(yr / 2 )+t

Fn

BA
jsin(y/2)-—2
L g0

sin(y/2)

cos(yi2)

5 5 BA
cos (1 2)—sin® (w1 2)+—-sin(y/ 2)cos(y 1 2)
Ago
BA 2
jtzeos(wz)sin(wz)%cos (w2
g0

Blg

g0

cos(w )+

_ Bi,
Jsm(y)——
L go

20
JFsin(yw/2)

cos{i/2)

sin(y ) f{Siﬂ(WH

os (y/2) cos(y )+ 2%
C
v v)+ts7

0
cos(y/2) jsin(m)]

1 { Jsin(i/2)  cos(y/2) (2.83)

{cos(wﬂ) jsm(wz)}

jsin(w /2y cos(w/2) (2.84)

Bi,
T2c0s(y/2)sin(y 1 2)+—2 sin® (w /2)]
Agg
) ) BA
cos> (y/2)—sin (wl2)+l—gsin(wf2)cos(w/2)
g0

(2.85)

Bﬂg

g0

sin? (y/2)

(2.86}

sin(y )

gl
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o f
r]=] :
- JkA, 0 (2.87)
Ago

k = quanuziFusaliuaud

L 2 < fow P '
oA, = 4, Weunn2se)  ohivaumsh 287 9l

B,lg
cos(y) + ’{gO sin(yr) = 0 (2.88)
mﬂmz&u
af 2
W, =—1tan I[EJ (2.89)

LINM I AUV ANATNEN I3 A IH IV DILDATILAUT DU IADT HAZINAS N NIT AN THVD IS

Qs "J’ [ L 1] a9 A 1 1
alvawlanuthu e Bhimhaduitaawenma iy ¥ 50186

k- _]_ = B [sinz( /2)+c052(lﬂ/2):| = B 0
FUN111

/

1
N YO\T B @291)
B = Fwanuand { Susceptance ) veasiadunivhantiududniiv

- o w o4 5 =t
mﬂﬂllﬂ’liiuﬂﬁ"Jlﬂi12?1ﬂ1ﬂiﬂﬁﬂ31ﬂﬂﬂ1liﬂﬂlﬂ“ﬁﬂ

1

e (2.92)
1+ szrﬁ,(m)

2
i
|5, ()|
NNAMTUTZINUANIABLAUBINIANNAYORINIBIANUDNU @ =1 # fuaz £, wifuri
¢ A A & . 2 o ' Py o)
WITHUUA YDINAUUDAHUDRINUU Slz( je)| witnaaasammuesiinsuuss Ty (@)

A A
1 - U
ssanua v @ = a —2-sin ;

g0 b

(2.93)
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2 1
|“’112(ja))< =1+32T2[a(/1 fA_)sin(m(A_,/A D]
NI g0 g0 %

mdutlsznsvoariirlumsdszumaiensu

Ty (0)=20T,_ (0)-T,_, () N22
Aisudu

L{e)=1  T(e)=w

r =Y T 1 e 4 = s w P
e N ﬂfJﬂ'l'lnu‘lf’N‘llﬂlﬂﬂu‘lﬂauﬁiﬂﬂftﬂ'ﬁlﬂuﬂﬂiﬂﬂﬁ‘ﬂENﬂ']ﬂ‘iﬂ\‘lﬂ'ﬂﬂﬂ

ror ) I3 »
NAAULVUAINTBIN WM NANVOR A o = 11 sudlniigasegagamiznziiu

p
Aol | mhgg
(¢4 2 sin g =1
g0 Ao
A2 | My
@ 7 sin 4G DL -1
go L ﬂg2
AdtU
A A A 7A
a Ll sin| % | o Esin| —22 | o
j'g() A’gl ’H‘gﬂ igz

wudeumsdiemaiinved Newton-Rephson Technique

A A
. 0 . 20
F[ﬁ. }zﬂ» sinj —8— |+ 4 sin| —=—
g gl g2
’%gl Ag

I w
diohmsmaywus

A A
F"’(A )=7Z’COS g0 +7T COS g0
g0 A i

gl g
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(2.94)

(2.95)

(2.96)

(2.97)

(2.98)

(2.99

{2.100)

(2.101)
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/180 ~ 2

Ag1+hga F(Ago)

+
gO 2 '
F(Zgﬂ)

It

1l A0

/4 A 2
A cos(v—g—~)+2
2 A

A +A gl g2
1 gl

i 4
cos( -
(2

;”gl

g2

sin(f—r- fg}_) + sin(£
2 A 2

gl

NAUNSN (2.68) 218

-1

A A,

a = | ZElgin(C %Y%)
Ag0 Agi

A

ji)

g2
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{2.102)

(2.103)

(2.104)

{2.105)

(2.106)

e i L] : r ] A i L G" 1
fansssmdrnniuaHannmahsduiinnunadiusmmazeaiunanssuraiieg

TuziuRuaudouneiimes lundazsa 1Ay

, k
K _ r,r+1
r.r+l 1/2
(ZrZr+l)

(72 +sin? (rz /N2

kr,r+l = 7

(2.107)

(2.108)
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o 1 . (1
n = sinh Nsmh (;) (2.109)

A ! & a o o s o + ]
e Kr ral ﬂaanwuﬂumﬂunasmasiuimazma
*

A = - o o o t ]
e kr 4l ﬂmmﬂmmumﬁmnaimﬂﬂmmasma
»

A - - | o g A4 ¥ v
19 Zr ﬂﬂﬂuwuﬁummmm’hnw“lmmmmﬂau‘lmmaz‘m

sz Z i

_ 2asin [(2%1);:}_ I | plesin (rm/N) P +sin’[(r=1)7/ N]
r n 2N 4ne sin[(2r-1)2/2N]  sin[(2r-3)7/2N ]

(2.110)

dield Z,=2,, =1

1 e | v b o a T = Y o e 3 4 -
vinennuddasgn £, £ miare TAninmsdmuamnmsgydedoundy Wsdes maidie N e
o ' Voo A o P
inuhavesiethadunielsemnudlueomesvasdanissnnudism Idanaunmsmsgaude

foundu

A (2.111)

4 ' ] 1 o
o ldan N mwaiisdosmsuditemen K. quaz £, denaunshi (2.69) uaz (2.110)

¥ >
NAUMITA (2.90) uaz (2.91) mé‘fwwﬂzmuﬂuuﬁﬂ:mﬂﬁuumum:ﬂmﬁﬂ

1/2
_(ZrZr+1) Kr,r+1

7]
rr Kr,r+1 (2,2, )1/2 (2.112)
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Y 1. %r-Lr -1,%r.r+l
=r—-cot (——)+cot (———
Yr 2 ( 2 ) ( 2 ) (2.113)
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, Yrigo
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3.2 avsAnnsdInIsn UM usianonnanirasumeluilenlafiu ( Iris Wavegride Band-
Pass Filter)

Tumsinmndssiimuanivieg vesdinsennudimie mmsaateumsedaiu L,
1 Y [} o o d‘ 1 1 U = o [
Amyaaneunsaviiou L, dmwiidafigannndsim £, f,, vasinuddaluginin

r o L
tnlideams £, , £, mrilesduiuiive L,

321 AEMHIAFINIBIN NN 1IN 1ANND 4.35 GHz — 4.45 GHz

. . o 4 . r

fruammaddaiivisnwdiy f |, £, =435 GHz, 445 GHz Mnnudnan =
444 GHz fmupmmaaanisdaini L, > 80 dB 71 4.25 GHz, 4.55 GHzA muafn1saanaunts

zfiou Ly 2> 20 dB Tas19Tulsunsn Mathcad Tumsdnomsinaumisi.47) s uomum
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¥,
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A
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A
’?"gz TIE e 5708
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A w2 (| 8! A g2
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b4 2
F sin(Z—£25 psin( 284,
A
i 1 g2

ve'ldmd1an An
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&
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Frurumiuaudusy N 1naunsn (2.33)

7, (@) =207, 1 (0)=Tis (0)
AN LAY
R(@)=1  T{a)=0

1@ dudlseansvourwnsn Tumsiszumaifadsiu

T, (w) =20 -1
\. 3
T3(a))”~4a) -3w
T, (@)=80" -8 +1
Ts(0)=160° -200° +50

Té(w)=32w6—48w4+18w2—1

N22

7 5 3
L{e) =60 -120 +360 -7
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Ian Hunter, “Theory and Design of Microwave Filters,” The Institution of Electrical
Engineers, London, United Kingdom., 1988,

Theodore S. Saad, “Microwave Engineer’ Handbook Volume 1, Artech House, Inc., Dedham,
Massachusetts, 1971.
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