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Nomenclature

ZF12=(Frequency)

0z

ZF1}t2=(center frequency)

73t =1t4=(normalized frequency)

: ABCD matrix

Open loop resonator
BEAFH 2= (Reflection Coefficient)

E M H 2= (Transmission Coefficient)

. Scattering matrix
. Transfer matrix
D& Z2o Al E A(External Line of Impedance)

25 & (Even-mode Excitation)AlSl ST EHA

JI2E & (0Odd—-mode Excitation)AlQl &S A
s z2o EMANEH A (External Line of Characteristic
Impedance)

. Reflection coefficients for the even—mode excitation

. Reflection coefficients for the odd—mode excitation

It &H(Wavelength)



Abstract

With  the advancements of electronics, information, and
communication industries, the radio communication systems
accomplished fast growth and the quality of human life is improving
rapidly under benefit of various informations. However, the improved
technigues and increased using frequencies cause unwanted noises
in systems and equipments. So filters are used in systems,
equipments, and circuits that can be operated exactly by filtering
the noise.

A filter is one of the components indispensable for microwave
and millimeter wave system. Various kinds of filters have been
studied and developed. The filter with better characteristics is
needed for qualitative elevation of microwave system. In this thesis,
a band pass filter with good characteristics was realized and
miniaturized by designing the filter using open loop resonator. To
solve and prove the theory of microstrip slow—wave open loop
resonator in the some case of traditional filters, open loop
resonator has been used by reciprocally, because it is to be
assumed that the open loop resonator must satisfy the reciprocal
condition.

The two pole BPF was designed and fabricated. For miniaturized
design, the open loop resonator was divided by 4 sections and 2
sections with 1/4 wavelength which have different line impedances
where  Powell's least square method was adopted. The
characteristics of the proposed BPF were improved by using two
pole open loop resonator. The characteristic impedance values of

each section were obtained by Powell's least square algorithm



where differentiations are not needed.

This paper presents a novel design method of open loop
resonator using Powell's least square algorithm and utilizes to band
pass filters. The filters are not only compact size due to the open
loop resonator, but also have good skirt characteristics. The
measured results showed a good agreement with the theoretical

results as well as ADS simulation.
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AHE E4= LEOIULH 2 pole A2 Open loop resonatorl &
HE otULt. L8t Open loop resonator AtOl2] gap 2tHAE ZEGHH
XD HELHS ZEE ZHGW MM 01S HHS ZESIULCH JIES
=&2 4 polel Y S ZEHA HlwstH MHE AHEI 42t 24
Otgf Xl= BtH 2 =22 ZH= 2 pole 0|0 &MA AJNE &t F
Cz =

2 AF0NM MAIS HESH ZEHeE Powellll =LA AISHE ALE0H
o 2 Al@ol JUIEAIL CHE Open loop resonator2 &0 D, M
I&dZsig eSSy ZHS ISM g 262 22 MESHUL
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Atk 2832 A A3 Open loop resonators ZF Ao Zol& 1/4 3%
o2 3t Fd5FH L Powelld] HAATHS AFES A2 Hg e
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Ml 2 & J1Z2 Open loop resonatorll o4

2.1 Open loop resonator® £=4! 0|2

< Ls

L+ k

a8 2.1 JI&2 OLR
Fig. 2.1 Conventional OLR

18 2.12 JIEZ2 Open loop resonator S|2%0|CH. Z&J| &X =cllot

= La(=2L1+2L2+L3)0I TS ZHS Z& =M= A/2 It Z0H Open
Stubll 20l Lo(=L1+L2-W1)Jt &1 H Bl St2Y &2 MIHGt= 20l =
XM of2Y d=22 & Flk=0 S&ot= 20|t =Tt

& X Open Stub= Otef &b 20| SHEC =2 HSEIC

O
g o

8 2.2 Open Stub2t SJt 32
Fig. 2.2 Open Stub and Equivalent circuit



a8 2200l L4ELH Open Stub= Chs1t Z0[ ol & =IC.

V(=) = Vi e+ 0] (2-1)

Al (2-1), (2-2)25H Open Stubel & & AMzE= 0teHel A (2-3),
(2-4)2F 20| Es =},

8 2.3 88 AWAH

Fig. 2.3 Parallel capacitor



8 2.30lM Zipdt C= OfchHe =40z HHEC
Z, ==L = jZycotpt (2-6)
. (2-7)

wZycotBl

& 20l =20 012

0K

o d=° A

Oleigt Open StubgE H B ot24 &
StCt.

Open loop resonator8| 2!
2o MIAH 20l= #=pd4 It ECH. O 62 Open
Al (2-8)2] ABCD ItetOIEE LIEHE == ULH.

#Hol =2I& 20IE d, MIa+E B 2t otH,
loop resonator= CIS

(2)=(a 5 )% (2-8)

A, = cos — %w C, 7 sinf
B, =jZsinf
C = j(w Crcosd + 1754119 - %wchZ sind

D, =cosf — %w C,Z sinf

h2de dEH2E E4 SUHASE Zp, HSHZES

st TEQ HALE=
S2IX 20| Wp = | 2 5101 ABCD II2tHIEI2 LIEFAD!, Al 99 20| LiEH
& Utk
Ay By | cosBl  jZsingl _
(CQDQ)_ [jSinﬂl/Z[] cos 3l (2-10)
9l Al (2-8)T Al (2-9), Al (2-10)0il LIENH ABCD IIZIHIEIZ 2t CHofl Al
OF 0ot

HAE B OEO2 B4 FAE 520 ABCD LIHES #23

J
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O L= ABCD Li2HHIEHE S LtcHHEZ SHEo6t0 SHetflE = HaE = U
Ct.
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8 2.4 OLR2 Sot 82
Fig. 2.4 OLR and equivalent circuit
Open loop resonator= & Aoz MO|MH & (Input) £ == (Output) =
QAUCH. 0" 2.4°] Open loop
resonatorE even, odd-mode® &S AtEot U= 18 2.52 I 2.601A
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(1) Even—-mode a4

e Zl
L e

20 21

open

Zla &

open

& 2.5 Even 2E SJl82
Fig. 2.5 Even—mode equivalent

fﬂzf (2-11)
A 2-11)0M 2 E8 & Fht==(normalized frequency)0Il = &
Al =1t==(center frequency)OlCt.
B X even-mode?! HSRZ, even—-model LHAULEHA ¢ E 5|

72,2 M 750 MAUR 2z, 2,2 PE 2 ACH A2 S 2L

ZL, = 2, | flar( = /) (2-12)

ZLy =224 jtan(—5 /) (2-13)

ZLZ—I-/ZZtan( f)
ZL 3= 2, (2-14)
Zy+ 70 tan (— /)

z6=—2L s (2-15)



e

r—Za—% (2-16)
Z m+ZO

(2) Odd-mode A

Zo Z1

Zl2 Z2

—L— short

8 2.6 Odd 2E S 2
Fig. 2.6 Odd—mode equivalent

OS22 odd-modell AJIEA  zo = Fot)| Aol 4t 75 7€

2 QT Ale OSD 20

ro

2= 77, tan (=g 7)) (2-17)
20 = /Zztan(%fﬂ) (2-18)
Zh= (2-19)
r,- Lk (2-20)
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odd—-model| AUHANHAE 010t #2 A 20| odd—-model BHA}
H+=E F& 5= QUCH A (2-16)1 Al (2-20)2 BIAIAIZ=E AIE6t0 OIS

20| S—-parameter& & = AULC.

(3) S—parameter HlAt

S = 62 (2-21)
I' —T

Su=""9" (2-22)

i1, wz= 201og 19| Syl (2-23)

So1. az= 2010g 19| S5l (2-24)

(4) 20l e &I HES A=

Open loop resonatorl S4& & 22 2tAN HE HEH0 2ol 22
A0l 3 HIRO! W20 Ote O 2,71 20 240 HIIAE HEZH HE=29
ZHHIO CHet Odcf=ZE &HXoI 2t2sS ZEoILH

0.014 .
= E
g 0012 .
§ ook =
[&]
= 0.008 EH
% 0,005
E 0.004
ﬁg'j 0.002 |
ulﬂmlnnn|lj__1_|||-||

1.5 240 25 3o a5 4.0

& ()

O 2.7 d0l ost ™I HEH H=S
Fig. 2.7 Electric coupling coefficient by gap
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2.2 JIZ£29 Open loop resonator® It E4
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18 2.8 Edi2 OLRE AIE8t BPF
Fig. 2.8 Conventional BPF using OLR
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gl 2.82 21&E0A &2Yst Open loop resonatorE JlE22=2 s =2

S ZHOICH B ==20Md AEs SHLYUGUAE Z, =50 2,

e Y

CH

fwl

Z,=50 2, Z,=36.59, Z, =285, & Ot HMZEs EH =F Z 0|
el 2.80(lA LIEtH BE2b 201 5,01 1.3 GHLHSE UIA —2.735 dBE &2 &

[
o
L

Jm
0x
0o

IR, 1.27 GHz ~ 1.32 GHz2| 50 MHz2| 41 HlWE ALSst

)}
=
= = ULh

mo sy

Port 1 Port 2

8 2.9 Sdio E&HYHE AEE BPF
Fig. 2.9 BPF using conventional design method

8 2.9= S E€HEES AIE06HH 2 pole2 g HE St ZHOICH.
Of tHE St Z2HE Ot 18 2,100 &0l WESE THAMIE UHEFUX &2
O, dA0HSE 222 dME cd®Eol -25 dB &2 UELLD UCH

_13_



- o
" i
8 ]
= =10
= i
E -
¢ -20-
= ]
2 -
$ -30
c i
-40IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5
Frequency

8 2.10 Sciel €HEE AIE8 BPFS £F 21

Fig. 2.10 Simulated results using conventional design method

- 14 -



M 3 & 2 AZ0A Hetst Open loop resonatorll ol 4

3.1 2 A30IA HCS Open loop resonatorl #=4Al0|2

Za H Port
[i3

Z ! Z
|

s Z

18 3.1 HIetst Open loop resonator
Fig. 3.1 A proposed Open loop resonator

8 3.12 Open loop resonator2l 2HS| HX0ICH 32 MM *E=2
M X< HEO0IM, It EQl SI2a0|Ck. Port 10l &2 (Input), Port 2= &
(Output) ZEOICH. 08 3.2%2t 12 3.30A= even, odd—-modell SItal2
LIEHHD U2M even, odd-moded 2 0/E6t0I 3229 1/22 HAGHH =
of A2lE 0lsotH MHMIIZ0 CHoll oA =S & = UL

OWIIM, ~ze¢= even—-mode ZBHYUIEHA, z2 = odd-mode LSS UIH

AE LHERLHLD RUCH
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(1) Even—mode ol &

ZB _
Zi | i}
= 2, Z2 open
|z I
e ZL
Zla
! . j ZLe

open
& 3.2 Even 2E SJl8 2
Fig. 3.2 Even—mode equivalent circuit

8 3.2= Open loop resonatorl Even 2E SJISZE UENHHD UL

7 3-1

S= 7 (3-1)

AL (B-1)0IM 12 East € Fh=(normalized frequency)OlH = S&
Z=1t==(center frequency)OlCt.

HX  even-model! =2, dAUMEA <M= IHLSIZ(open

circuit)0I4, even—-mode2l YHALEHA Zi% ot ?lol  zz, & HA +
ot Mlthe 7, 2z, zz,, zBE 7& = ULl A2 USH 20
2L =2, //'/aﬁ(%ﬁ (3-2)

ZL, +jthan(§f)
7B, = 7, (3-3)
Z +jZL1tan(%f)
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2L, = Z;/ jtan (- f) (3-4)

ZLZ—F/than(%/)

ZL 3= 7, - (3-5)
Z, —f—/ZLgtan(Z/)
T
ZLs+ jZtan (= /)
2B, =7, 4 (3-6)
Zy +/ZL3tan(I/)
go_ LBy 2B, (3-7)

7B+ 75,

ol Al (3-7)0 2ol even—-modell YEANHAZE 0|l2dt 2 A

(3-8)13F 20l even—-model BHAIHIAEZE & 4= QUL}.
r 2% (3-8)

©Z5t 4
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(2) Odd-mode

Zb1 _
Zn | g
Z2 short
Zo Z1
ZS L
Zb2 ZI

Z4 lZIz
\ short

18 3.3 0dd 2E Sotg 2
Fig. 3.3 Odd—mode equivalent circuit

_ L 3-9
/= (3-9)

?12 even—modelllAet Ot&ItA2  £2

& A3 & ==
frequency)0lli £ =

Z1t==(normalized

Z=(center frequency)O|C}.
odd-modelld &

&t3|2(short  circuit) 0104,
odd—-mode2 Y

7S UM P50 XA
26, by Zh Zh= TE

Zh = jZytan (" f)

(3-10)
. T
1 +jZ1tan(Zf”)
o, =2, - (3-11)
Z +jletan(Zf,,,)
Zb = rZytan (- ) (3-12)
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Zby = Z .
Zs +jZlgtan(Zf,,,)

zb - 26,

="+ 26,

_ Z%WZ4

C Z%* 4

Ao Al (3-14)0 2ol odd—-modell LHEANHAZS
(3-15)1F 20l odd-modell BHAIHILS=E P& £ UL A
O] HIAIHI£=E At20old S 20| S—parameter& H&
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(3-14)

(3-15)
Ol=otd O A
(3-8)t & (3-15)
= UL



(3) S—parameter HlAt

I r
S = 6—2{— “ (3-16)
I' —T
Su="5 " (3-17)
511:522“:”@@) (3-18)
521:512(}%/5') (3—19)

Al (3-16) A (3-17)0IAM 2 A
(3-18)1t & (3-19)= ZH2 UL JI9482 Jille =L LIEHWHD

ACH s, B 5, 2 CST 20l HANR(EB)R BT 2 UCH

n
—
P
O
Q
Q
3
@
@
]
1
o
o 4
g0
0
=

511, = 20log 1o| 511| (3—20)

So1. up=201o0g 19| Sy (3-21)
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3.2 Open loop resonator€ AIE8H ZE2 ol

Zz Z
Z Z
Port 1 Port 2
Za (N A /Y Za
Zi 2_1
Zs Zs
Za Za

% 3.4 Open loop resonatorg AIE8t 1Y St 2H
Fig. 3.4 BPF using Open loop resonator

f1o 18 3.4= 3.1Z0AN ZFsH 4
=0l ZHOICH. 2 pole ZH <Al
odd-mode of&ES Gt 3l
M2 20 ol oS & = QUL SIHS2E 0IE6tH =4S ofl&dst =
M 22E MY LtetilH

Parameters==2 0/E20t( 4!

ole open loop resonatorE 2 pole&
JZB0A olidst diet 20| even,

w 0O

3-26)1 &0l Transfer matrixS F& =+ U2
M, Transfer matrix€ OlEot0 g S ZH2 dH 5, &+ 5 = 7

A
TM

Ct.
ChS2l Al (3-22)2H &l (3-25)0K2 A2 Transfer Parameter== LIE}
LHD QULH.

7, = S QJS_SZZ (3-22)
21
_ S (3-23)
712 521
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Ty=— 2 (3-24)

722=455 (3-25)
7 7, _
= n Zi2 (3-26)
[ 7y fzz]

g9 Al (3-27)2 M HLELE
FEH| A Aoz Al (3-26)2 0125t MH MYEAES PE L UCH 2
29| 7, 7, £ 229 OLR1, OLR29 &gsts 0ICH
T= T, X T, (3-27)
7, 7; -
]*— 11 12 (3 28)
[ 21 ]122]

A £ 442 WH0IE 2 matrix2 HEE = U
Ol 229 MY IetlIHSS 0186t Al (3-29)FH (3-32)MtA12 =411t
o

Sll = % (3_29)
Sin= 73— LZTZ—ZTZL (3-30)
Sy = 7]; (3-31)
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Sop = — % (3-32)

22t0l S WetUE 5, 5, Sy 5 S CAIE(dB)E BSOS TSD 20

Si1. 5= 201og 19| Sy (3-33)
Sia. 5= 201og 19| Syl (3-34)
Sor. 5= 2010g 19| Sy (3-35)
Sy, an=2010g 19| Shs| (3-36)
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M4 & 28 23 £ A 240

4.1 Powell's Least Square MethodE 0|28 =& A

Powell's Least Square Method= 0|22 otXl €10 =XE &2 = Ues F
AXSESHOZMN, =THE HOI& 4= (parity function)E =AZ ot= IH2I0IEHESE
=X HAES=Z 1510 0l =& W2t0IEHZ ol 2-0ICHT7]. Open loop
resonator zl &3t ol mel0lEs 4 (4-1)3F & (4-2)9 &2 ZHIIeg4E
M A HAHGHICE.
= f=24~26 GHz2 pass band (fi5) ~ fa00) A=

200
FNZ\, 2y, 24,2, Z5, /)= 23 {1Sul+ (8= 1)}, (4-1)

=180

f=0.6~2.39 GHz(f; ~ fiz9)s f=2.61 ~ 3.4 GHz(fs9; ~ fo51) 2 stop bandWlAd =

179

F(Z), 25,25, 24, Zys £0= 20 {USul = 1P+ IS} (4-
i=1 g

281

2)

FNZ,,2y,24,2,,Zs5, /)= 2 {USul =17 +18, P}, (4-3)

=201

g ot p=pi+A+Act ED A2, 2,,7,,2,, 75, /) Minimum2 2

rr

4110 2L

H 4.1 Powell's Square MethodUIA AFE8t sampling point
Table 4.1 Sampling point using in Powell's Square Method

7 sampling point
1~ fire |0.60]0.61/0.62|0.63]0.64| - [2.35(2.36|2.37|2.38(2.39
Jiso ~ fa00 |2.40]2.41]2.42|2.43|2.44| ~ |256|2.57|2.58|2.59|2.60
Ja01 ~ fas1 |2.61]2.62]2.63|2.64|2.65| ~ |3.36|3.37(3.38/3.39|3.40
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4.2 zIA® Wc0IHE Olsst Aldh 21t

22 Powell's Least Square Method2 %4l A6t HAS 210 =
II2t0IEHE B 4.22 220, E 4.2° EHALEAE 0|0t HASH A
S ZHe= JIE2 4 polel EH2 JHXNEAM 2 pole2 HEEEACH

T 4.2 Powell's Least Square Method®l 2ol ol &l IictOlE
Table 4.2 Parameters obtained by Powell's Least Square Method.

SHAUEHA =) /
Z 67.1773 2 1.62 mm 16 mm(X,/4)
Z, 69.129 2 1.5 mm 16 mm(\,/4)
Z, 67.1773 2 1.62 mm 16 mm(X,/4)
Z 71.495 (2 1.4 mm 8 mm(),/8)
Zy 75 §2 1.3mm 8 mm()\g/8)

gl 412 = 429 1
sdioldgs 8s ZWOICE A o H2E Jl222 & open loop
2 = Powell's Least Square Method2 #=4Aloz &t A1

t2t0IEIES AFEGHH ¢, 5,2 Fh= SES Al

resonator® 2 £

HAE HMZSH 0|
& 410 20| SAFIL 2,512 GHz

Tl YEZE0| 2482 GHz ~ 2.563 GH:2 <

=
80 MMzt IO S =2 4% T2 A0 &2 UL
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m1 m2
freq=2.442GHz freq=2.444GHz
dB(S(2,1))=-0.707 m1dB(S(1,1))=-28.979
0]
A
@ 104
2 -
% - 20
o .
S ]
s -30
et ]
_40 . T T LI I T 1 T 1 I T 1 T 1 I 1 T LI I LI 1 T
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=
e

£ Powell's LSM program

@ Powell's method

clear all;
global Z S

%
%
%
%

itmax = maximum number of iterations
N = number of design variables

itmax = 10;

N = 5; % various

%
%

initial guess for vector of design variables

z0 = [Z1 Z2 Z3 74 Z5]%

z

%
%
%
%
%
H
%

%
%
%
%

= z0;

initial set of search directions grouped into a
matrix (each column is a search direction). For
Powell's method this matrix is the identity matrix

eye(N);

main iteration loop (n minimizations plus minimization
along new conjugate direction)

for iter = 1:1:itmax

iter

%

% perform n unidimensional minimizations
%

S_new = zeros(n,1);

H
for k=1:1:n
k
S = H(:,k)
alpha_star = fminbnd('fun2', -0.05,0.05);
F = fun2(alpha_star);
Z = Z + alpha_star*S;
S_new = S_new + alpha_starxS;
end
%
% generate new search direction, and minimize along it

%

_32_



S = S_new;

alpha_star = fminbnd('fun2', -0.1, 0.1);

F = fun2(alpha_star)

Z = Z +alpha_star*S

%

%  substitute one of the initial directions with the new one
%

f

or ic=1:1:n—-1
H(:,ic) = H(:,ic+1);

end

H(:,n)

end

S_new;

@ fun2

function y = fun2(alpha)

global Z S

Z1 = Z(1) + alpha*S(1);
72 = Z(2) + alpha*S(2);
73 = Z(3) + alpha*S(3);
Z4 = Z(4) + alpha*S(4);
75 = Z(5) + alpha*S(5);

%

This is the objective function F to be minimized

segmal = 0;

for f

= 0.6:0.01:2.39

sii =

1/2%(Z1%(=ixZ2/tan(1/4*pixf)+ixZ1*tan(1/4xpixf))/(Z1+22)*Z3*(Z4x(-2*ixZ5/tan(1 /4xpixf)+ixZ4*tan(
1/4xpixf))/(Z4+2xZ75)+i*Z3*tan(1/4xpixf))/(Z3+ixZ4*(—2xixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pi*f))/(Z4+
2x75)xtan(1/4xpixf))/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1*tan(1/4xpixf))/(Z1+22)+Z3*(Z4*(-2*ixZ5/tan(1/
4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2%Z5)+ixZ3xtan(1/4*pixf))/(Z3+ixZ4*(=2xixZ5/tan(1/4*pixf)+ixZ4+ta
n(1/4xpixf))/(Z4+2xZ5)xtan(1/4*pixf)))=50)/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1xtan(1 /4=pixf))/(Z1+Z2)*Z
3*(Z4*(-2%ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4xpixf))/(Z4+2%Z5)+ixZ3xtan(1/4*pixf))/ (Z3+ixZ4*(-2*ixZ5
/tan(1/4xpixf)+ixZ4xtan(1/4+pixf))/(Z4+2+Z5)xtan(1/4*pixf))/(Z1*(—ixZ2/tan(1/4+pixf)+ixZ1xtan(1 /4%
pixf))/(Z1+22)+Z3*(Z4x(—2*ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)+i*Z3xtan(1/4xpixf))/(Z
3+ixZ4x(=2xixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)*tan(1/4*pixf)))+50)+1/2%(Z1(ixZ2+ta
n(1/4*pixf)+ixZ1*tan(1/4xpixf))/(Z1-Z2*tan(1/4xpixf)"2)xZ3x(ixZ4xtan(1 /4*pixf)+ixZ3xtan(1/4*pixf))
[(Z3-Z4xtan(1/4xpixf)~2)/(Z1x(i*Z2xtan(1/4xpixf)+ixZ1xtan(1/4xpixf))/(Z1-Z2*tan(1/4xpixf)"2)+Z3*(
ixZ4xtan(1/4*pixf)+ixZ3*tan(1/4*pixf))/(Z3-Z4*tan(1/4xpixf)"2))=50)/(Z1*(i*Z2xtan(1/4xpixf)+ixZ1xt
an(1/4xpixf))/(Z1-Z2xtan(1/4*pixf)"2)*Z3*(ixZ4*tan(1/4*pixf)+ixZ3*tan(1/4*pixf))/(Z3-Z4*tan(1/4*p
i*f)"2)/(Z1*(i*Z2*xtan(1/4xpixf)+ixZ1*xtan(1/4xpixf))/(Z1-Z2*tan(1/4*pixf)~2)+Z3* (i*Z4*tan(1/4*pixf)
+ixZ3*tan(1/4*pi*f))/(Z3-Z4*tan(1/4xpixf)"2))+50);

s21 =

1/2%(Z1*(=ixZ2/tan(1/4xpixf)+ixZ1xtan(1/4*pixf))/(Z1+Z2)xZ3*(Z4*(-2*ixZ5/tan(1/4*pixf) +ixZ4tan(
1/4xpixf))/(Z4+2x75)+i*Z3*tan(1/4xpixf))/(Z3+ixZ4*(—=2xixZ5/tan(1/4xpixf)+ixZ4xtan(1/4*pi*f))/(Z4+
2xZ5)xtan(1/4xpixf))/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1*tan(1/4*pixf)) (Z1+22)+Z3*(Z4*(-2*ixZ5/tan(1/
4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2xZ5)+ixZ3xtan(1/4xpixf))/(Z3+ixZ4x(—2xixZ5/tan(1/4xpixf)+ixZ4+ta
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n(1/4xpixf))/(Z4+2x75)*tan(1/4xpixf)))-50)/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1*xtan(1/4xpixf)) /(Z1+Z22)*Z
3*(Z4*(-2%ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4xpixf))/(Z4+2%Z5)+ixZ3xtan(1/4*pixf))/ (Z3+ixZ4*(-2*ixZ5
/tan(1/4xpixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)xtan(1/4xpixf)) /(Z1*(=ixZ2/tan(1/4xpixf)+ixZ1xtan(1/4*
pi*f))/(Z1+22)+73%(Z4x(—2*ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)+i*Z3xtan(1/4xpixf))/(Z
3+ixZ4x(=2xixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)*tan(1/4*pixf)))+50)—1/2%(Z1*(ixZ2+ta
n(1/4x*pixf)+ixZ1xtan(1/4*pixf))/(Z1-Z2*tan(1/4xpixf)"2)*Z3*(ixZ4*tan(1/4*pixf)+ixZ3xtan(1/4xpixf))
[(Z23-Z4xtan(1/4x*pixf)"2)/(Z1x(i*Z2xtan(1/4*pixf)+ixZ1xtan(1/4*pixf))/(Z1-Z2*tan(1/4*pixf)"2)+Z3x(
ixZ4xtan(1/4*pixf)+ixZ3*tan(1/4*pixf))/(Z3-Z4*tan(1/4xpixf)"2))=50)/(Z1*(i*Z2xtan(1/4xpixf)+ixZ1xt
an(1/4xpixf))/(Z1-Z2*tan(1/4*pixf)"2)*Z3x(i*Z4*tan(1/4xpixf)+ixZ3xtan(1/4xpixf))/(Z3-Z4*tan(1/4xp
ixf)"2)/(Z1%(ixZ2xtan(1/4xpixf)+ixZ1*xtan(1/4xpixf))/(Z1-Z2xtan(1 /4*pixf)"2)+Z3* (ixZ4xtan(1/4*pixf)
+ixZ3*tan(1/4*pi*f))/(Z3-Z4*tan(1/4xpixf)"2))+50);
segmal = segmal + (abs(s21))+(1-abs(s11));
end

segma2 = 0;
for f = 1.15:0.01:2.85

sii =
1/2%(Z1*(=i*Z2/tan(1/4xpixf)+ixZ1xtan(1/4*pixf)) /(Z1+22)xZ3*(Z4*(-2*ixZ5/tan(1/4*pixf)+ixZ4xtan(
1/4xpixf))/(Z4+2x75)+ixZ3*tan(1/4xpixf))/(Z3+ixZ4x(=2xixZ5/tan(1/4xpixf)+ixZ4xtan(1/4*pi*f))/(Z4+
2x75)xtan(1/4xpixf))/(Z1x(=ixZ2/tan(1/4*pixf)+ixZ1xtan(1/4xpixf))/(Z1+22)+Z3*(Z4*(-2*ixZ5/tan(1/
4xpixf)+ixZ4xtan(1/4xpixf)) /(Z4+2xZ5)+ixZ3*tan(1/4xpixf))/(Z3+ixZ4x(—2xixZ5/tan(1/4xpixf)+ixZ4xta
n(1/4xpixf))/(Z4+2x75)*tan(1/4=pixf)))=50)/(Z1*(-ixZ2/tan(1/4*pi*f)+ixZ1*xtan(1/4xpixf))/(Z1+Z22)*Z
3%(Z4x(-2xixZ5/tan(1/4*pixf)+ixZ4xtan(1/4xpixf))/ (Z4+2+Z5)+ixZ3*tan(1/4*pixf))/(Z3+i*Z4*(-2%ixZ5
/tan(1/4xpi*f)+ixZ4xtan(1/4xpixf))/(Z4+2%Z25)*tan(1/4*pixf)) /(Z1*(—ixZ2/tan(1 /4xpixf)+ixZ 1 xtan(1/4*
pi*f))/(Z1+22)+Z3*(Z24x(—2*ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)+i*Z3xtan(1/4xpixf))/(Z
3+ixZ4*(=2xixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)*tan(1/4*pixf)))+50)+1/2+(Z1*(ixZ2+ta
n(1/4*pixf)+ixZ1*tan(1/4xpixf))/(Z1-Z2*tan(1/4*pixf)"2)xZ3x(ixZ4xtan(1/4*pixf)+ixZ3xtan(1/4*pixf))
[(23=Z4*tan(1/4*pi*f)"2)/(Z1x(ixZ2xtan(1/4xpixf)+ixZ1xtan(1/4xpixf))/(Z1-Z2*tan(1/4*pixf)"2)+Z3*(
ixZ4*tan(1/4x*pixf)+ixZ3xtan(1/4+pixf))/(Z3=Z4xtan(1/4xpixf)"2))—-50)/(Z1*(i*Z2xtan(1 /4*pi*f)+ixZ 1 *t
an(1/4x=pixf))/(Z1-Z2+tan(1/4pixf)"2)*Z3x(ixZ4*tan(1/4xpixf)+ixZ3xtan(1/4xpixf))/(Z3-Z4*tan(1/4*p
i%f)~2)/(Z1*(ixZ2xtan(1/4*pixf)+ixZ1xtan(1/4*pixf))/(Z1-Z2*tan(1/4*pixf)~2)+Z3*(i*Z4xtan(1/4xpixf)
+ixZ3xtan(1/4=pi*f))/(Z3-Z4xtan(1/4xpi*f)"2))+50);

s21 =
1/2%(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1xtan(1/4*pixf))/(Z1+Z2)*Z3*(Z4*(-2*i*Z5/tan(1/4*pixf) +ixZ4xtan(
1/4%pixf))/(Z4+2%Z5)+ixZ3xtan(1/4*pixf))/(Z3+ixZ4*(=2xixZ5/tan(1/4+*pixf)+ixZ4xtan(1/4+pixf))/(Z4+
2xZ5)xtan(1/4xpixf))/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1*tan(1/4*pixf)) [(Z1+22)+Z3*(Z4*(-2*ixZ5/tan(1/
4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2xZ5)+ixZ3*tan(1/4xpixf))/(Z3+ixZ4x(=2xixZ5/tan(1/4*pixf)+ixZ4xta
n(1/4xpixf))/(Z4+2xZ5)xtan(1/4*pixf)))=50)/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1xtan(1 /4=pixf))/(Z1+Z2)*Z
3*(Z4*(-2xixZ5/tan(1/4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2%Z5)+i*Z3xtan(1/4*pixf))/(Z3+ixZ4*(-2%ixZ5
/tan(1/4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2+Z5)xtan(1/4xpixf))/(Z1x(-ixZ2/tan(1/4*pixf)+ixZ 1 xtan(1 /4=
pixf))/(Z1+Z22)+Z3*(Z4x(—2*ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)+i*Z3xtan(1/4xpixf))/(Z
3+ixZ4x(=2xixZ5/tan(1/4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2%Z5)*tan(1/4xpixf)))+50)—1/2*(Z1*(i*Z2*ta
n(1/4xpixf)+ixZ1xtan(1/4+pixf))/(Z1-Z2+tan(1/4xpixf)"2)xZ3(ixZ4*tan(1/4*pixf)+ixZ3xtan(1/4xpixf))
[(Z3-Z4*tan(1/4xpixf)~2)/(Z1x(i*Z2*tan(1/4xpixf)+ixZ1xtan(1/4xpixf))/(Z1-Z2*tan(1/4xpixf)"2)+Z3*(
ixZ4xtan(1/4=pixf)+ixZ3xtan(1/4*pixf))/(Z3-Z4*tan(1/4xpixf)"2))-50)/(Z1*(ixZ2xtan(1/4*pixf)+ixZ 1t
an(1/4x=pixf))/(Z1-Z2+tan(1/4*pixf)"2)*Z3x(i*Z4*tan(1/4xpixf)+ixZ3xtan(1/4xpixf))/(Z3-Z4*tan(1/4xp
i%f)*2)/(Z1x(ixZ2+tan(1/4xpixf)+ixZ1«tan(1/4xpixf)) /(Z1-Z2xtan(1/4xpixf)"2)+Z3* (i*Z4xtan(1/4xpixf)
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end

+ixZ3xtan(1/4xpixf))/(Z23-Z4xtan(1/4xpixf)"2))+50);

segma?2 = segma?2 +(1-abs(s21))+(abs(s11));

segma3 = 0;
for f = 2.86:0.01:3.4

end

sii =

1/2%(Z1*(=i*Z2/tan(1/4xpixf)+ixZ1xtan(1/4*pixf))/(Z1+Z22)xZ3*(Z4*(-2*ixZ5/tan(1/4*pixf) +ixZ4xtan(
1/4%pixf))/(Z4+2*Z5)+i*xZ3*tan(1/4*pixf))/(Z3+ixZ4*(—2xixZ5/tan(1/4*pif)+ixZ4xtan(1/4xpi*f))/(Z4+
2x75)xtan(1/4xpixf))/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1*tan(1/4xpixf))/(Z1+22)+Z3*(Z4*(-2*ixZ5/tan(1/
4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2%Z5)+ixZ3xtan(1/4*pixf))/(Z3+ixZ4*(=2xixZ5/tan(1/4*pixf)+ixZ4+ta
n(1/4xpixf))/(Z4+2xZ5)xtan(1/4*pixf)))=50)/(Z1*(=ixZ2/tan(1/4*pixf)+ixZ1xtan(1 /4xpixf))/(Z1+Z22)*Z
3*(Z4*(=2%ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4xpixf))/(Z4+2%Z5)+ixZ3xtan(1/4*pixf))/ (Z3+ixZ4*(-2*ixZ5
/tan(1/4xpixf)+ixZ4xtan(1/4+pixf))/(Z4+2+Z5)xtan(1/4xpixf))/(Z1*(—ixZ2/tan(1/4+pixf)+ixZ1xtan(1 /4%
pixf))/(Z1+Z22)+Z3%(Z4x(—2*ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)+i*Z3xtan(1/4xpixf))/(Z
3+ixZ4x(=2xixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)*tan(1/4*pixf)))+50)+1/2%(Z1(ixZ2+ta
n(1/4*pixf)+ixZ1*tan(1/4xpixf))/(Z1-Z2*tan(1/4xpixf)"2)xZ3x(ixZ4xtan(1/4*pixf)+ixZ3xtan(1/4*pixf))
[(23-Z4*tan(1/4*pi*f)"2)/(Z1x(i*Z2xtan(1/4xpixf)+ixZ1xtan(1/4xpixf))/(Z1-Z2*tan(1/4*pixf)"2)+Z3*(
ixZ4xtan(1/4xpixf)+ixZ3xtan(1/4*pixf))/(Z3-Z4xtan(1/4*pixf)"2))-50)/(Z1*(i*Z2xtan(1/4*pixf)+ixZ 1t
an(1/4xpixf))/(Z1-Z2xtan(1/4*pixf)"2)*Z3*(ixZ4*tan(1/4*pixf)+ixZ3*tan(1/4*pixf))/(Z3-Z4*tan(1/4*p
i*f)"2)/(Z1*(i*Z2*tan(1/4xpixf)+i*Z1*tan(1/4xpixf))/(Z1=Z2xtan(1 /4*pixf)~2)+Z3* (i*Z4xtan(1/4*pixf)
+ixZ3*tan(1/4*pi*f))/(Z3-Z4xtan(1/4xpixf)"2))+50);

s21 =

1/2%(Z1%(=i*Z2/tan(1/4xpixf)+ixZ1+tan(1/4xpi*f))/(Z1+22)*Z3*(Z4+(-2*i*Z5/tan(1 /4*pixf)+i*Z4*tan(
1/4xpixf))/(Z4+2x75)+i*Z3*tan(1/4xpixf))/(Z3+ixZ4x(=2*ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pi*f))/(Z4+
2x75)xtan(1/4xpi*f))/(Z1*(=ixZ2/tan(1/4*pi*xf)+ixZ1*tan(1/4xpixf))/(Z1+Z22)+Z3%(Z4x(-2*ixZ5/tan(1/
4xpixf)+ixZ4xtan(1/4xpixf))/(Z4+2xZ5)+ixZ3*tan(1/4xpixf))/(Z3+ixZ4x(—2xixZ5/tan(1/4xpixf)+ixZ4xta
n(1/4xpixf))/(Z4+2x75)*tan(1/4xpixf)))-50)/(Z1*(-ixZ2/tan(1/4*pi*f)+ixZ1*xtan(1/4xpixf))/(Z1+Z22)*Z
3*(Z4*(=2%ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4xpixf))/(Z24+2%Z5)+ixZ3xtan(1/4*pixf))/(Z3+ixZ4*(-2*ixZ5
/tan(1/4xpixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)xtan(1/4*pixf)) /(Z1*(=ixZ2/tan(1/4xpixf)+ixZ1xtan(1/4*
pi*f))/(Z1+22)+73%(Z4x(—-2*ixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)+i*Z3xtan(1/4xpixf))/(Z
3+ixZ4x(=2xixZ5/tan(1/4*pixf)+ixZ4xtan(1/4*pixf))/(Z4+2xZ5)*tan(1/4*pixf)))+50)—1/2%(Z1*(ixZ2xta
n(1/4xpixf)+ixZ1xtan(1/4*pixf))/(Z1-Z2*tan(1/4xpixf)"2)*Z3(ixZ4*tan(1/4*pixf)+ixZ3xtan(1/4xpixf))
[(Z23-Z4xtan(1/4x*pixf)"2)/(Z1x(i*Z2xtan(1/4*pixf)+ixZ1xtan(1/4*pixf))/(Z1-Z2*tan(1/4*pixf)"2)+Z3x(
ixZ4xtan(1/4*pixf)+ixZ3*tan(1/4*pixf))/(Z3-Z4*tan(1/4xpixf)"2))=50)/(Z1*(i*Z2xtan(1/4xpixf)+ixZ1xt
an(1/4xpixf))/(Z1-Z2%tan(1/4*pixf)"~2)*Z3x(i*Z4*tan(1/4xpixf)+ixZ3xtan(1/4xpixf))/(Z3-Z4*tan(1/4xp
ixf)"2)/(Z1%(ixZ2xtan(1/4*pixf)+ixZ1xtan(1/4xpixf))/(Z1-Z2xtan(1 /4*pixf)"2)+Z3* (ixZ4xtan(1/4*pixf)
+ixZ3*tan(1/4*pi*f))/(Z3-Z4*tan(1/4xpixf)"2))+50);

segma3 = segmald +(abs(s21))+(1-abs(s11));

y = segmal+segma2+segmas;
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@ OLR Filter

%% % %% % % %o % % % %o ORL 1 %% % % %% % % % % % % %

clear;

Z0=50;
Z1=55.0685;
Z72=54.8630;
73=132.2052;
Z4=132.2731;

SS1=[]1:582=[1:583=[1:554=[]:10=2.0;SSdB=[]:SSnum=[1:
for =0.5:0.01:3.5
%% % %% % % %o % % %o %o Z5_1=24.6 % %% % %% % %o % % %o % Y%

75_1=24.2429;
%% Even—-mode %%

ZL1_1=72/(j*tan((pi/4)*(f/50)));

ZB1_1=Z1%(ZL1_1+j*Z1xtan( (pi/4)*(f/f0)))/(Z1+}*ZL1_1*tan( (pi/4)*(f/f0)));
ZL2_1=2%75_1/(j*tan((pi/2)*(f/f0)));
ZL3_1=74*(ZL2_1+jxZ4xtan((pi/4)*(£/10)))/(Z4+j*ZL2_1xtan( (pi/4)*(f/f0)));
ZB2_1=73*(ZL3_1+j*Z3xtan((pi/4)*(/f0)))/(Z3+j*ZL3_1*tan( (pi/4)*(/f0)));

Zine_1=(ZB1_1xzB2_1)/(ZB1_1+ZB2_1);
Se_1=(Zine_1-20)/(Zine_1+Z20);

%% Odd-mode %%

ZIN _1=jxZ2xtan((pi/4)*(f/10));
Zb1_1=Z1%(ZI1_1+j*Z1*tan((
ZI2_1=jxZ4xtan((pi/4)*(f/f0));
Zb2_1=23*(Z12_1+j*Z3*tan((pi/4)*(/10)))/(Z3+j*ZI12_1*tan((pi/4)*(f/f0)));
Zino_1=(Zb1_1x2b2_1)/(Zb1_1+Zb2_1);
So_1=(Zino_1-20)/(Zino_1+Z0);

pi/4)*(£/0)))/(Z1+j*Z11 _1*tan((pi/4)*(f/f0))):

%% Reflection coefficient %%

s11_1=(Se_1+So_1)/2;
s12_1=(Se_1-So_1)/2;
s21_1=(Se_1-So_1)/2;
s22_1=(Se_1+So0_1)/2;

T11_1=s12_1-s11_1xs22_1/s21_1
T12_1=s11_1/s21_1;
T21_1=-s22_1/s21_1
T22_1=1/s21_1
Ti=[T11_1,T12_1:721_1,T22_1];
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%% % % % % % % % % % % 75_2=40 % % % % % % % % % % % % %
Z75_2=39.6429;
%% Even—mode %%

ZL1_2=72/(j*xtan((pi/4)=(f/f0))):

ZB1_2=71%(ZL1_2+jxZ1xtan( (pi/4)=(f/50)))/(Z1+}*ZL1_2xtan( (pi/4)*(f/f0)));
ZL2_2=2x75_2/(j*xtan((pi/2)*(f/f0)));
ZL3_2=74%(Z1.2_2+jxZ4xtan((pi/4)*(f/10)))/(Z4+j*ZL2_2xtan( (pi/4)=(1/f0)));
7B2_2=73%(ZL3_2+jxZ3xtan((pi/4)*(f/f0)))/(Z3+j*ZL3_2xtan( (pi/4)*(f/f0))):
Zine_2=(ZB1_2+7B2_2)/(ZB1_2+7B2_2);

Se_2=(Zine_2-70)/(Zine_2+Z0);

%% Odd—-mode %%

ZI1_2=jxZ2xtan((pi/4)*(f/10));
Zb1_2=71%(ZI1_2+jxZ1xtan((
Z12_2=jxZ4xtan((pi/4)*(f/f0));
Zb2_2=73%(Z12_2+j*Z3*tan((pi/4)*(f/10)))/(Z3+j*ZI2_2xtan((pi/4)*(f/f0))):
Zino_2=(Zb1_2x7b2_2)/(Zb1_2+7Zb2_2);
So0_2=(Zino_2-Z0)/(Zino_2+Z0);

pi/4)*(£/£0)))/(Z1+j*ZI1 _2xtan((pi/4)*(f/0)));

%% Reflection coefficient %%

s11_2=
s12_2=
s21_2=
s22_2=

(Se_2+S0_2)/2;
(Se_2-S0_2)/2;
(Se_2-S0_2)/2;
(Se_2+S0_2)/2;
T11_2=812_2-s11_2%s22_2/s21_2;
T12_2=s11_2/s21_2;
T21_2=-822_2/s21_2;
T22_2=1/s21_2
T2=[T11_2,T12_2;T21_2,T22_2];

%% % % % % % % % % % % 75_3=50 % % % % % % % % % % % % %
75_3=49.6429;
%% Even—-mode %%

ZL1_38=72/(j*tan((pi/4)*(f/10)));

ZB1_3=Z1+(ZL1_3+j*Z1+tan( (pi/4)*(/f0)))/(Z1+j*ZL1_3*tan( (pi/4)*(f/f0)));
ZL2_3=2%75_3/(j*tan((pi/2)*(f/f0)));
ZL3_3=74%(ZL2_3+j*Z4xtan((pi/4)*(§/f0)))/(Z4+j*ZL2_3*tan( (pi/4)*(f/10)));
Z7B2_3=73*(ZL3_3+j*Z3+*tan((pi/4)*(f/f0)))/(Z3+j*ZL3_3*tan( (pi/4)*(f/0)));
Zine_3=(zB1_3%7B2_3)/(ZB1_3+7B2_3);

Se_3=(Zine_3-70)/(Zine_3+Z0);
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%% Odd-mode %%

ZI1_3=j*Z2+tan((pi/4)*(f/f0));
Zb1_3=71%(ZI11_3+j*Z1*tan((
Z12_3=jxZ4xtan((pi/4)*(f/f0));
Zb2_3=73*(Z12_3+j*Z3*tan((pi/4)*(/10)))/(Z3+j*ZI12_3+*tan((pi/4)*(f/f0)));
Zino_3=(Zb1_3%7Zb2_3)/(Zb1_3+Zb2_3);
So0_3=(Zino_3-70)/(Zino_3+Z0);

pi/4)*(£/50)))/(Z1+j*Z11 _3*tan((pi/4)*(f/f0))):

%% Reflection coefficient %%

s11_8=
s12_3=
s21_3=
§22_3=

(Se_3+S0_3)/2;
(Se_8-S0_3)/2;
(Se_3-S0_3)/2;
(Se_3+S0_3)/2;
T11_3=s12_3-s11_3%s22_3/s21_3;
T12_3=s11_3/s21_3;
T21_3=-s22_3/s21_3;
T22_3=1/s21_3
T3=[T11_.3,T12_3;T21_3,T22_31;

%% %% %%  cascade transfer matrix %%%% %%
T=T1xT2*T3;

T11=T(1,
T12=T(1,
T21=T(2,
T22=T(2,2);

% % % % % %o Reflection  parameter % % % % %

1)
2);
1)

s11=T12/T22;
s12=T11-T21%T12/T22;
s21=1/T22;

s22=-T21/T22;
s=(abs(s11))"2+(abs(s21))"2;

S11=20*log10(abs(s11))
S12=20*log10(abs(s12));
S21=20*log10(abs(s21));
S22=20+log10(abs(s22));
%S=20+l0g10(abs(s));

SS1=[SS1;811];
Ss2=[ss2;s12];
S$S3=[S83;5211];
SS4=[SS4;522];
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%SSdB=[SSdB;S1;
%SSnum=[SSnum;s];

end

figure(1)

clf;

x=0.5:0.01:3.5;

plot(x,SS1,x,582);

axis([0.5 8.5 =50 5]);

legend('S11,S21")

grid on

xlabel('FREQUENCY");

ylabel('IS11] and [S21] (dB)")

title('Responses of the |S11|(dB) and |S21] versus frequency')
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