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(Frequency)

M

It4=(center frequency)
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34
tol

I Z=1}2=(normalized frequency)
ZH(Wavelength)
BEAFHI2= (Reflection Coefficient)

alll

W H 2= (Transmission Coefficient)

|0

29| 210 E A(External Line of Impedance)
(am]

In

O & (Even—mode Excitation)AlQ] LS AIEA
S O &(Odd-mode Excitation)Al2| LSEAIEA

=R/

& 0

o

Al T & A(External Line of Characteristic

Impedance)

. Reflection coefficients for the even—mode excitation
. Reflection coefficients for the odd—-mode excitation
: Scattering matrix

: ABCD matrix

. Transfer matrix



Abstract

With the development 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.

Filter is one of the elements indispensable for microwave
/millimeterwave 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
work, in order to realize a band pass filter with wide—band
characteristics for mobile communications, 2 GHz band pass
filter was designed using ring resonator with stub. The three
stage wide-band BPF was designed and fabricated. For
broadband design, the ring circumference was divided by 4
sections with 1/8 wavelength and 2 sections with 1/4
wavelength  which have different line impedances. The
characteristics of the proposed BPF were highly improved by
using three stage ring resonator. The characteristic impedance
values of each sections were obtained by Powell's least square
algorithm where differentiations are not needed. The measured
results showed a good agreement with the theoretical results

as well as ADS simulation.
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M 2 & =2 Ring Filtere ol &

2.1 &2l Ring Filter® £4! 0|2

N

32 240, Sl s ZEH
Fig. 2.1 Conventional ring filter.

a8 212 Sdi2 & ZH 2T 0/H. AASE Saez XA
©2 1= AN, JIEAol AXOICH Port 101 & (Input), Port

OICH. ZJE0Aet 201 Ay H2E JI22=2
ot UShH, = AHEOD. I8 212 & EHE even,
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(1) Even—-mode oA

ZL
Zn 1 >
|
Zo Z1 : open
|
— !
ZLs Z2
\ 4 R = [N
open
8 2.2 Even 25 Sotslz
Fig. 2.2 Even—-mode equivalent.
_ L 2-1
o 7 (2-1)

—_

Al (2-1)0M 2 E7sk & FIt=(normalized frequency)0l X
4E S48 FIt==(center frequency)OICt.

MM even—-model! HRZ, even—modell LEALEA e

7L, =7 //m(% ) (2-2)

ZL, = 223//2%%(*]2I ) (2-3)



2L+ /7 tan(% 7o)

2L =7, = (2-4)
2+ 20, tan(?/;)

. Ly ZL, o5
Za= " 1 2L, (2-5)
Fe:MQ (2_6)

Z%+ 2

(2) Odd-mode ol &

ZI

Z0 Z1

Zl2 Z2

—— short

8 2.3 Odd 2& Sitglz

Fig. 2.3 Odd-mode equivalent.
[FS2& odd-modell LBALEHA o= 35I| Adh 7
zre 78 = ULL A2 Ush 20

Zh =7, tan(% £) (2-7)

Zt= 1Ztan(~y 1) (2-8)



. T\, i
Zn= "+ 2, (2-9)
= Zam A (2-10)
Z %+ Z
odd—-modell QHEANEHAZE 0l=Z2ct0d S A 20|
odd-model BIAIAHI£=E F& £ ULt & (2-6) & (2-10)2
BEALHI=E Aot ChS 1 20| S-parameter€ & &= UL
(38) S—parameter HlAt
I 4T
Sy = i (2-11)
2
r —r
. 62 o (2-12)
S11, u= 20 log 1ol St (2-13)
521, dB = 20 log 10| 521| (2_1 4)



2.2 &¢cil Ring Filtere =% E4

8 2.4 Zefe 3¢ & ZH
Fig. 2.4 Conventional 3-stage ring filter.

= 2180 &8s 1E & EHHE JI222 &
3¢t 2 ZEHO 3ZEO0ICLh 2 =20 =

Hlwol £J| ot Hak ZUE
SE B SIS S=
Z,=131.8 @, Z,,=50 92, Z,,=40 @, Z,,=24.6 % & OO
Hok s ZD0ICH D= 2500 LIEFH A& 2D g 0l 1.75 gz
CHE D 9,95 gz HE 220 M —15 28 &2 BHAAHIZ dt2 JHAl

BA
M, 5,2 & ool 2H HIDE 255 SHAS 2 = AUC
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Responses of the [S11|(dB) and |S21]| versus frequency

-50

(ap) Itzsl pue |TTS|

FREQUENCY

3201

ch

=
=

g 2.5

Fig. 2.5 Calculated results of ,§',, and Sy, for conventional Ring Filter.



M3 & 2 A-0A Hetet Ring Filter2l ofi4

3.1 & A70A Aetst Ring Filter® +=A10I&

Zo
Port 1 Port 2
a2 3.1 & ZH
Fig. 3.1 Ring filter.

8 312 g 89 ZHO X2 AASE S8z X822
15 A0, JtHAQl AXOICH Port 101 & (Input), Port 2=
Z(Output) ZEOICH. 18  3.22t 18  3.30A=  even,
odd—-mode2| SII3ZE UEHHLD UM even, odd—-modedE =
Ol=25tH 3229 1/28 Mot =82 J2lE Ol=otH dMsl =2
Ol CHoll &= & = RUCH

OIIM, ~e¢= even—-mode &HFUIEHA, 2= odd-mode

LIEHLH D QUCH
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(1) Even—-mode oA

ZB1 .
Zn |
Z2 open
Zo Z1
Z3 L
ZB2 ZL1
Z4
ZLs
\ Y4: | 13
open

3 3.2 Even 2E Sotglz
Fig. 3.2 Even—mode equivalent circuit.

8 3.2 E EES2 Even 25 SIS UEHHD JULCH

AL (B-10AM 2 ERah & =1t

P>

(normalized frequency)Olt
A= S8 FIt==(center frequency)OlICt.

HI even—-model! FARZ, LEAUIEA e A= HEIZ2
(open circuit)OlH, even-mode2l S UIEHA

o

o = 9N Fotd Nt z»,, 2z, zz, zBE 72

ZL = Z, //fm(%f) (3-2)
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2L+ 77 tan(%f)

ZB =2, = (3-3)
2+ 720, tan (If)
2Ly =22 jtan(=; ) (3-4)
T
Lo+ 727 tan(— )
2L,=z— 4 (3-5)
AR S tan(zﬁ
T
ZLs+ i 2 tan(— )
2B =7 b (3-6)
Zy+ jZL, tan(j/)
L5, 25, (3-7)

2= " 75+ zB,

ol Al (3-7)0l 2ol even—model &l
CtE Al (3-8)1 &2 0] even—-model| BHAFH 2=
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(2) Odd-mode

Zb1 _
Zn | -
Z2 short
Zo Z1
Z3 |_>
Zb2 Zl

Z4 lzm
/ short

13 3.3 Odd 2& Soitgz
Fig. 8.3 Odd—mode equivalent circuit.

fo=—t (3-9)

0
= drst @ Fl=

NN

Ot&HIERI 2

—

2 even—-modeOil Al 2F
Al =10t~ (center frequency)Ol

(normalized frequency)Ol o=

Ct.
ct2t3| 2(short circuit)

702 78| A 7= HH
NN

g 2 4+ AL

2l Zb,

(3-10)

Zh = 72 tan(% 5)

T
Zh+ 72 tan(— /)
R (3-11)

Zb =2 T
2+ 21 tan(j/ﬁ)
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Zh= 7Ztan(" =) (3-12)

Zh+ 72 tan(— f)
b =24 (3-13)
Zy+ 170 tan(— /)

. b Zb, _
Z0="2 v 28, (3714
Foziﬁﬁ—_@ (3-15)
Z %+ Z
ol Al (3-14)0 2ol odd-modell YUSEANIHAZ 0|26t
CtE Al (3-15) 20| odd—-model| BHAIHIZ=E & 4= QUL Al
(3-8) A (3-15)2 EBIAIHIEE Aot OS  20|
S-parameter& & == UL
(3) S—parameter HlAF
[ 4T
Sy=— (3-16)
2
I —T
521: < “ (3_17)
2
Sy = Sy, (HE ) (3-18)
Sy = 5, (Ot E) (3-19)

Al (3-16)2F & (3-17)IA At 20| S—parametere & = US
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04 & (3-18)1 A&l (2-19)= & ZHO UaAdW JtEdsS JiXle
2= LIEW LD UL Si ni: Sy 2 033 20| AIg(dB)
Z HEg = QUL
S ap= 20 log 1| Sl (3-20)
So1. ap= 20 log 19| Sy (3-21)
3.2 3% Ring Filtere] 3= ol &
A4 A4 A4
) L) 2
A8 A/8
Y4} Z Zi Z 2o
Port 1 Port 2
A/B /ga
M8 Z4 Z4 Z4
A4 A4 A4
Zs_4 Z52 Zs53
A4 A4 A4
Ring1 I Ring2 Ring3
8 3.4 3¢ & ZH
Fig. 3.4 3-stage ring filter.

o g 3.4= 3.180UMNM Yst 1 & ZH 3ME H&Es 3
Ct 2 ZH0oICH, 3% & ZH Z2Al 31EUA oHast bt &0
even, odd—-mode &S ol 22| 1/28+ oH&s WS Y
|elE Ol=otd MMIZ0 oo oid=s & = UCH Ringl,
Ring2, Ring3% =AN=& SII3IZEE 0|0l =A= oiast &= &
M =28 Y Iellle=2 0lsatdd aiag %= UL OS2
Transfer Parameter=2 0/&adt0f & (3-26)1 &0l  Transfer
matrix€ & %= U220, Transfer matrix® 0/26t0d 3¢ & ZEH
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of MM g, Bt

S UEHWHD AL

o
2ol &l (3-22)2E A

s 28 4 Y

(3-25)MtXICl Al2 Transfer Parameter

7= S (3-22)
21
T= gt (3-23)
21
Ty=— 2 (3-24)
21
Ty=—3 (3-25)
21
:[ 7y, 712] (3-26)
721 7122
gct & ZEHe HAM o5, o5, & Tot)| Plofl Cascade
Transfer Matrix2 HNX dESE+E 2 = UL O3S A
(3-27)2 &M HMLEE=E F51)| s AleZ Al (3-26)2 0|26t
of & dgg+E 2 = AL 222 7, 7, 7 = 2=
Ol ring1, ring2, ring32 &M &= 0ICt
7= 7\x Tyx 7} (3-27)
7= 7y 712] (3-28)
721 7122
Al (3-28)1 20l &M NMEE2E 4002 Let0IHel matrix2
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HEE = A0 229 MY MIet0IHSS 0I&0tH Al (3-29)F
=
=

B (3-32)MHXIS AT 201 5, 5, 5 S

Sy = % (3-29)
Sip= 71— @72—2& (3-30)
St = JT; (3-31)
Sp=— % (3-32)

242t S MROIE 5, 85, Sy, = HAI#(dB)Z &6t O
r

S, o= 20 log 1| S| (3-33)
S1a. ap= 20 log 1| Siol (3-34)
So1. az= 20 log 19| Sy (3-35)
Sy, an= 20 log 19| Shl (3-36)
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4.1 Powell's Least Square MethodE 0|28 =zA
A

il

Powell's Least Square Method= O0l=Z= otAl 210 2XE

| AXSEHOZAN, =HE HItE 2(parity function)E
ctOIHE =X H&MESZ F56HN OI% Z & Ofet

[7]. & ZHO 237%= =AD

HOtet+E MA AHAHSHALCE.

GHZ2l pass band (£~ s, A=

$0
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0T rir rir
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Jl
N
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[\3
00

226
F2(21»22»23,Z4,Z5,/;): Z‘SG“SIJ 2+(|521|—1) 2}/] (4_1)

/=0.6~1.15 CHz(fi~/s), /=2.85~3.4 GHzfopi~ Fos1) stop
bandil M=

55
Fl(Zl,Zg,Zg,Z4,Z5,/?): ZZI{(|511|_1)2+|521|2}/, s (4_2)

281

F3(21;ZZ,23,Z4,Z5,/[/): 2227{(|511|_1)2+|521|2}fr (4_3)

Z ot p=p +/+ /St BL W2,,2,,2,,2,,75,/)E Minim
me& ot= 7, ~~z,E Powell's Least Square MethodE MA =
OFRALU 2 gt2 H 4140 2L
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I 4.1 Powell's Square MethodOllA AFESt sampling point
Table 4.1 Sampling point using in Powell's Square Method.

7y sampling point
A~ /s 10.60]/0.61/0.62|0.63]0.64| -~ [1.10(1.11]1.12]{1.13|1.14
Sae~ food 1.15|1.161.17]1.18|1.19| - |2.81|2.82|2.83|2.84/2.85
Jor~ o4£-86(2.87|2.88|2.89|2.90| - |3.36|3.37|3.38|3.39(3.40

4.2 zI® LItct0IEHE 0lSet A& 21

?12] Powell's Least Square Methodll A2 AZGHH
Z1 32 Hel0lee & 422 220, E 4.2° S4Y1
el Ay HZ2E JIE22=2 ot HHYIAM ZHate A
ZE JI22=x ot AHAHSH 2t0ICt.

x

> =z

x rr ro

i

o

I 4.2 Powell's Least Square MethodOl 2lali 2ol & Tet0lE
Table 4.2 Parameters obtained by Powell's Least Square Method.

Jm

SYmEX el /

Z 55.0685 &2 1.329 meme | 11.468 meme( N ,/8)
Z 54.8630 £ 1.383 meme | 22.901 meme( N\ /4)
Z3 132.2052 & 0.185 meme | 12.138 mmd M /B)
Z, 132.2731 2 | 0.179 meme | 24.291 memd( N [ 4)
Zs 1| 24.2429 L 1.695 meme | 22.732 meme( N\ [4)
Zs5-5| 39.6429 £ 2.332 mm | 22.403 mend N ,/4)
Zs-3| 49.6429 2 4.664 mme | 21.731 mnd N ,/4)

A2 T 4.29 IH2tOIEHES AF=206H(H
A2 AasE ZD0ITH A Y HEE DI
Powell's Least Square Methodll =&I2 AIZE5t0 Hatst 3|2 1Ot

)

on
~

AL
e

Jm
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ctOIHEE ALSot0 Aldtet 20010 A&t 20 ¢, 00 1,17 ¢z
~ 2.8 ¢iz U0 22X E2 Sd= =201 UALH, ¢, GAl
1.3 GHz ~ 2.7 ¢Hz UISUl 2H —90 2z 0182 E2 S8 &
0l 2 UL

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

|S11| and |S21| [dB]

- -+t--4---

W E==F=—

FREQUENCY[GHz]

Jg 41 X DA0EE ASS 2 BEHY §, ¥ 5,9 A 2D

Fig. 4.1 Calculated results of §',, and §';, by using optimized parameter.

=
25,1:50, 25,2:40, 25,3:24'69§ ﬁl&g DE:‘J_J—l'Ol[:I-. §y
Zi=2, Z,—7,2 S B9 5, g, FO4 SHS UE

WRACH. 1.3 ¢c#z ~ 2.7 ¢z SN 22X A2 7 2, 7., 2,,25
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of 2 U2J S0 M2 E2 T2H HA B 229 HDES
stz W, JHMS 20l 145 cmr BES HAUAME
245 cae WA 5 FD4 S50l —15 20 2 0% =
N &S ZUE 2 4 AL, BN 2 HEHO AL ¢, 2 HDH

o
o

BN
dsst S 202 el 2 ==20AM ME= & Z2H2 9,
A

Heb Z20F EH0] HEES € = ULH

|S11| and |S21| [dB]

FREQUENCY[GHZ] red line : ADS
blue line : Powell' LSM
black line : conventional Filter

08 4.2 =& OICHOIEHE MEsH & ZEQ JIEQ & ZHH AHAZ DSt
ADSE A8t AlE2dI0ld Z 1t
Fig. 4.2 Calculated results by using optimized parameter and
conventional Ring Filter simulation results by using ADS.

a8 42= 2 =20lAd Hetst Powell's Least Square Method
O =AZ2 AISSOIH HAtst 2t JIES & ZHel AMZW 1O
2l) ADS AlEZdI0l&E Z0ICH Hlwst 210 DA 20 =&
II2I0IEE AtEs & ZEQ ADS AMZdI0olE 202 Hel Xk
= A8 2 = ULt
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20 Sep 2893 ©S:42:59
CHL S3; log MAG 1@ dBs REF @ dB 5:-.5298 dB
w [ 2| eos.
PRm
1
Cor | marKER s 5
z.msaaﬁ GHz F\a
f I
STOP 3 500.089 ©20 MHz

START 500.9008 828 MHz
18 52 §,° 5320
Fig. 5.2 measured result of §',,.
18 Sep 2083 18:54:56
CHL Sy; log MAG 12 dB/ REF @ dB 1:-35.318 dB
0 I 1/914.
PRm
‘ 2
Cor | warkER 1 &
1.p14439999 dHz [
A\
: DRV
Vi
START 500.0020 208 MHz STOP 3 500.0800 008 MHz
J8 53 5,8 532y
Fig. 5.3 measured result of ,§',;.

- 22 -



A6

oo RBE B R =
MWMWA.__M,_._.__MVMW.AMNE_EH e |
2w o ol . WS EI) = M Far OO 0 = ol w
mm@%xlﬁmagwﬂmmﬁ_uzﬁmol,mﬂa_a UHzAI.____I__W_
_=_|E£m__ﬂ|wﬂ_aw_m§mm e S Mgy =
uz_agmgomgzo_&gn %A,’GNCTMMO____J.Jm,
Rl = AHQLNA_.E 3 0 o] N N |Eﬁ3H|m
o = ™ o N S = ol = ,BﬁmoMl = T 0|
;HOO%NE%EM M_|552320|MA9~w@ﬂ
oo 8 Do oS g ﬁxmod,NBOTizPAr
() ] [ = L —— © O i 11 ) - o~ C e X H [[e}
Mjo_elt%HMM:._._ﬂnle ZlZ,%.lll_o:_ Gumm
__Homs_aoo_ejo_a& ﬁﬂm_aaMmeEWlﬁ@u
%Fomu_EﬂE_EmMEMzaa_5m — 3 %OTEEOTML
_;DEso_@ogxmmanMoELumajjxexjd%
agon_m;amome||;_o 1E_ﬁM|5__M:_=__a+m___Ego_r
L o o I Ko — ol - ol b S S g — o) . =
4 i) Wﬂm _ I 0 S ™ i ol_=_ Hr 0y L_H = = @ oy ur ~ K0 KU i m._
DR g O <~ W o S\ “ ol g o__m_r__x_ﬁwge_e__%
ol @ N ~ = O o 53 0 =
BA_Ex&Z,_:__on&NE 1mM_;.,mMol_£__c mﬁm_mamuol_:_
o mM:IA,ﬁ%o_as w2 e 9 ow @ RO L R
_uea|_.|r|ZM - = > o = 2 A|ou_|+m.r_x__.|v,_|.x|
o] © K &Wol_m_o oF <O 2 s _ g o RS al o @
___ﬂwmATZ,%aﬁm _q_wo_so_aoﬁ_ &MBE&H%QWW_E
W|J__+azsma_____dm N g = WA dza:_____m%me
S 0w N5 x f 6 M LA O_Emamﬁmame%
=pumnr cTmE s S Z,__omgmg_gg%Tﬁoa_
IR by 0o m AN 5 = Ur o d 2=
0 ol O ar ol 53 N AU = e Wy ao = o &
W " % E O . =% n R X i© 4N M = oy m _ W < D
& 0oF o U 0= = © N I w_._ Ul oK = = o7 OJ K< m oT
F 40 7 B8 = 00 0 = = = 3%% ) mu_.mm_.oom:_ 5
Hama NN o = = & © I S
=l A BT A )
P < A

- 23 -



Ag HZ2E JIE22 ol0 222 Ajg 22
X

=
— —/
SdgUdEA &= U2 ot & &I 2He S8 HEAR

= Z0l M2 TOE
£ HMZ Z23H0otl, == dAHAYS MotRUC

- 24 -



(6]

[7]

21 ol

dsg, 8t&3=, 015l
1o A" '98
101-105, 1998. 7. 4.

Hitoshi Ishida, Takao Nakagawa and Kiyomichi Araki,
"Design and analysis of Band Pass Filter with Ring
Resonator," TECHNICAL REPORT OF IEICE, MW 2003-32,
pp,59-63, May 2003.

J. Helszajn,

19 o

Passive and Active Microwave Circuits,
of Electrical and Electronic Engineering
Heriot—-Watt University Edinburgh, United Kingdom, pp.18,
19, 47-50. 1979.

David M. Pozar, =25, (HE AL, Mar. 1994.

Dong Il Kim, Yoshiyuki Naito, 'Broad—Band Design of
Improved Hybrid—Ring 3-dB Directional Couplers," IEEE
Transactions on Microwave Theory and Technigues vol.30,
No.11, Nov. 1982.

J. A. G. Malherbe, Mjcrowave Transmission Line Couplers,
Artech House, INC., 1988.

M. J. D. Powell, "A method for minimizing a sum of
squares of non-linear functions without calculating
derivatives," Computer J., vol. 7, pp.303-307, 1965

Department

_25_



22 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 = [55 55 132 132 501"

Z = 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
%

H = eye(N):

%

n=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_starxS;
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S_new = S_new + alpha_star*S;

end

%

% generate new search direction, and minimize along it
%

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
%

for ic=1:1:n-1

H(:ic) = H(:ic+1);

end

H
end

(,n)

S_new;

@ fun2

function y = fun2(alpha)

global
Z1 =
Z2 =
Z3 =
Z4 =
Z5 =

ZS

Z(1) + alpha*S(1);
Z(2) + alpha*S(2);
Z(3) + alpha*S(3);
Z(4) + alpha*S(4);
Z(5) + alpha*S(5);

%  This is the objective function F to be minimized

segmal = 0;
for f = 0.6:0.01:1.14
s11 =

1/2%(Z1x(=i*Z2/tan(1/8*pi*f)+ixZ1*tan(1/8pixf))/(Z1+Z22)xZ3*(Z4*(—-2xixZ5/tan(1/8x
pixf)+ixZ4xtan(1/8*pixf))/(Z4+2*75)+ixZ3*tan(1/8*pixf))/(Z3+ixZ4*(-2*ixZ5/tan(1/8+
pixf)+ixZ4xtan(1/8*pixf))/(Z4+2xZ5)*tan(1/8+pixf))/(Z1*(-ixZ2/tan(1/8*pixf)+ixZ1xtan
(1/8*pixf))/(Z1+22)+Z3*(Z4*(-2*ixZ5/tan(1/8*pixf)+ixZ4*tan(1/8*pixf))/(Z4+2*Z5)+ix
Z3xtan(1/8#pixf))/(Z3+ixZ4*(—2*ixZ5/tan(1/8pixf)+ixZ4xtan(1/8*pixf))/(Z4+2%Z5)*ta
n(1/8#pixf)))—50)/(Z1*(=i*Z2/tan(1/8xpixf)+ixZ1xtan(1/8*pixf))/(Z1+Z22)*Z3*(Z4* (-2
i*Z5/tan(1/8*pixf)+ixZ4xtan(1/8xpixf))/(Z4+2+Z5)+ixZ3*tan(1/8xpixf))/(Z3+ixZ4*(-2+i
xZ5/tan(1/8*pixf)+ixZ4xtan(1/8+pixf))/(Z4+2xZ5)*tan(1/8*pixf))/(Z1*(-ixZ2/tan(1/8+*
pixf)+ixZ1xtan(1/8xpixf))/(Z1+22)+73%(Z4*(-2*ixZ5/tan(1/8xpixf)+ixZ4xtan(1/8xpixf))
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[(Z24+2%Z5)+ixZ3xtan(1/8*pi*f))/(Z3+ixZ4*(-2*ixZ5/tan(1/8*pixf)+ixZ4*tan(1/8xpixf))
[(Z4+2%75)xtan(1/8xpixf)))+50)+1/2%(Z1x(ixZ2xtan(1/8xpixf)+i*xZ 1xtan(1/8+pixf))/(Z1
—Z2+tan(1/8xpixf)"2)xZ3*(ixZ4xtan(1/8*pixf)+ixZ3*tan(1/8+pixf))/(Z3-Z4*tan(1/8pix
£)°2)/(Z1x(ixZ2xtan(1/8*pixf)+i*Z1xtan(1/8*pixf))/(Z1-Z2xtan(1/8*pi*f)"2)+Z3x(ixZ4*
tan(1/8*pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4*tan(1/8+pixf)"2))-50)/(Z1*(i*Z2*tan(1/8+pi
*f)+ixZ 1xtan(1/8*pixf))/(Z1-Z2xtan(1/8*pixf)"2)xZ3x(ixZ4xtan(1/8*pixf)+ixZ3xtan(1/8
*pi*f))/(Z3-Z4xtan(1/8*pixf)"2)/(Z1x(ixZ2*tan(1/8+pixf)+ixZ1xtan(1/8+pixf))/(Z1-Z2*
tan(1/8xpi*f)"2)+Z3*(ixZ4xtan(1/8+pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4+tan(1/8xpi*f)"2)
)+50);

s21 =
1/2%(Z1x(=i*Z2/tan(1/8*pi*f)+ixZ1*tan(1/8pixf))/(Z1+Z22)xZ3*(Z4*(—-2xixZ5/tan(1/8
pixf)+ixZ4xtan(1/8*pixf))/(Z4+2+Z5)+ixZ3xtan(1/8xpixf))/(Z3+ixZ4x(-2xixZ5/tan(1/8%
pixf)+ixZ4xtan(1/8+pixf))/(Z4+2+Z5)*tan(1/8*pixf))/(Z1*(=i*Z2/tan(1/8*pixf)+i*Z1*tan
(1/8*pixf))/(Z1+Z22)+Z3*(Z4*(-2*ixZ5/tan(1/8*pixf)+ixZ4*tan(1/8*pixf))/(Z4+2*Z5)+ix
Z3xtan(1/8xpixf))/(Z3+ixZ4*(—2+ixZ5/tan(1/8*pixf)+ixZ4xtan(1/8+pixf))/(Z4+2+Z5)*ta
n(1/8+pi*f)))-50)/(Z1*(=i*Z2/tan(1/8*pixf)+i*Z1xtan(1/8xpixf))/(Z1+Z2)*Z3*(Z4*(~2
i*Z5/tan(1/8pixf)+ixZ4xtan(1/8*pi*f))/(Z4+2xZ5)+ixZ3*tan(1/8pixf))/(Z3+ixZ4*(~2+i
*Z5/tan(1/8xpixf)+ixZ4xtan(1/8+pixf))/(Z4+2+Z5)*xtan(1/8xpixf))/(Z1*(=ixZ2/tan(1/8*
pixf)+i*xZ1xtan(1/8xpi*f))/(Z1+Z2)+Z3%(Z4*(=2*ixZ5/tan(1/8+pixf)+ixZ4*tan(1/8+pixf))
[(Z4+2+75)+ixZ3*tan(1/8+pi*f))/(Z3+ixZ4*(=2*ixZ5/tan(1/8xpixf)+ixZ4xtan(1/8*pixf))
[(Z4+2x7Z5)xtan(1/8xpixf)))+50)—1/2*(Z1*(ixZ2+tan(1/8*pi*f)+ixZ1+tan(1/8+pi*f))/(Z1
—Z2+tan(1/8xpixf)"2)xZ3*(ixZ4xtan(1/8*pixf)+i*xZ3*tan(1/8+pixf))/(23-Z4*tan(1/8pix
£)72)/(Z1x(ixZ2*tan(1/8xpixf)+ixZ1xtan(1/8*pixf))/(Z1-Z2xtan(1/8xpi*f)"2)+Z3x(i*xZ4*
tan(1/8+pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4+tan(1/8xpixf)"2))-50)/(Z1*(i*Z2xtan(1/8*pi
*f)+ixZ1xtan(1/8+pixf))/(Z1-Z2xtan(1/8*pixf)"2)xZ3*(ixZ4xtan(1/8+pixf)+ixZ3*tan(1/8
*pi*f))/(Z3-Z4xtan(1/8*pixf)"2)/(Z1x(ixZ2*tan(1/8+pixf)+ixZ1xtan(1/8+pixf))/(Z1-Z2+*
tan(1/8xpixf)"2)+Z3*(ixZ4xtan(1/8xpixf)+ixZ3xtan(1/8*pixf))/(Z3-Z4*tan(1/8*pixf)"2)
)+50);

segmal = segmal + (abs(s21))+(1-abs(s11));

end

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

s =
1/2%(Z1*(=ixZ2/tan(1/8*pi*f)+ixZ1*tan(1/8+pixf))/(Z1+22)xZ3*(Z4x(-2xixZ5/tan(1/8*
pixf)+ixZ4xtan(1/8*pixf))/(Z4+2*Z5)+ixZ3*tan(1/8*pixf))/(Z3+ixZ4*(-2*ixZ5/tan(1/8+
pixf)+ixZ4xtan(1/8+pixf))/(Z4+2+Z5)*tan(1/8*pixf))/(Z1*(=i*Z2/tan(1/8*pixf)+i*Z1*tan
(1/8*pixf))/(Z1+22)+Z3%(Z4*(—2*ixZ5/tan(1/8*pixf)+ixZ4*tan(1/8*pixf))/(Z4+2*Z5)+ix
Z3*tan(1/8xpi*f))/(Z3+ixZ4x(—2*ixZ5/tan(1/8*pixf)+ixZ4*tan(1/8xpixf))/(Z4+2%Z5)*ta
n(1/8xpi*f)))=50)/(Z1*(=ixZ2/tan(1/8*pixf)+ixZ1xtan(1/8xpixf))/(Z1+22)xZ3*(Z4%(-2
i*Z5/tan(1/8*pixf)+ixZ4xtan(1/8+pixf))/(Z4+2%Z5)+ixZ3*tan(1/8xpixf))/(Z3+ixZ4*(-2+i
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*Z5/tan(1/8x*pixf)+ixZ4xtan(1/8xpixf))/(Z4+2+xZ5)xtan(1/8*pixf))/(Z1*(-i*xZ2/tan(1/8*
pixf)+ixZ1xtan(1/8xpi*f))/(Z1+722)+Z3%(Z4*(—-2*ixZ5/tan(1/8pixf)+ixZ4*tan(1/8+pixf))
[(Z4+2%75)+ixZ3*tan(1/8xpixf))/(Z3+ixZ4*(-2*ixZ5/tan(1/8+pixf)+ixZ4xtan(1/8+pixf))
[(Z4+2%75)xtan(1/8xpixf)))+50)+1/2%(Z1x(ixZ2xtan(1/8xpixf)+ixZ 1xtan(1/8+pixf))/(Z1
—Z2*tan(1/8xpixf)"2)xZ3*(ixZ4xtan(1/8*pixf)+ixZ3*tan(1/8+pixf))/(23-Z4*tan(1/8pix
£)72)/(Z1x(i*Z2*tan(1/8*pixf)+ixZ1*tan(1/8+pixf))/(Z1-Z2xtan(1/8xpixf)"2)+Z3x(i*Z4*
tan(1/8*pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4*tan(1/8+pixf)"2))-50)/(Z1(ixZ2*tan(1/8+pi
*f)+ixZ1xtan(1/8+pixf))/(Z1-Z2xtan(1/8*pixf)"2)*Z3x(ixZ4xtan(1/8*pi*f)+i*Z3*tan(1/8
*pi*f))/(Z3-Z4*tan(1/8+pixf)"2)/(Z1*(ixZ2*tan(1/8+pixf)+i*Z1xtan(1/8*pixf))/(Z1-Z2*
tan(1/8xpi*f)"2)+Z3*(ixZ4xtan(1/8+pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4*tan(1/8xpi*f)"2)
)+50);

s21 =
1/2%(Z1x(=i*Z2/tan(1/8*pi*f)+ixZ1*tan(1/8pixf))/(Z1+Z22)xZ3*(Z4*(—-2xixZ5/tan(1/8
pixf)+ixZ4xtan(1/8*pixf))/(Z4+2*Z5)+ixZ3*tan(1/8*pixf))/(Z3+ixZ4*(-2*ixZ5/tan(1/8+
pixf)+ixZ4xtan(1/8+pixf))/(Z4+2xZ5)*tan(1/8xpixf))/(Z1*(=i*Z2/tan(1/8*pixf)+i*Z1*tan
(1/8*pixf))/(Z1+Z22)+Z3*(Z4*(=2*ixZ5/tan(1/8*pixf)+ixZ4*tan(1/8*pixf))/(Z4+2*Z5)+i*
Z3*tan(1/8pi*f))/(Z3+ixZ4x(=2*i*Z5/tan(1/8*pixf)+ixZ4xtan(1/8xpi*f))/(Z4+2+Z5)*ta
n(1/8#pixf)))—50)/(Z1x(=i*Z2/tan(1/8xpixf)+ixZ1xtan(1/8*pixf))/(Z1+Z22)*Z3*(Z4* (-2
i*Z5/tan(1/8+pixf)+ixZ4xtan(1/8*pixf))/(Z4+2*Z5)+ixZ3*tan(1/8+pixf))/(Z3+i*Z4*(~2+i
*Z5/tan(1/8x*pixf)+ixZ4xtan(1/8*pixf))/(Z4+2%Z5)xtan(1/8*pixf))/(Z1*(-i*xZ2/tan(1/8*
pi*f)+i*Z1xtan(1/8xpixf))/(Z1+Z2)+Z3*(Z4*(—2xi*Z5/tan(1/8xpixf)+ixZ4xtan(1/8xpixf))
/(Z4+2x75)+ixZ3*tan(1/8xpi*f))/(Z3+ixZ4(—2*ixZ5/tan(1/8+pixf)+ixZ4xtan(1/8+pixf))
/(Z4+2%75)xtan(1/8xpi*f)))+50)=1/2%(Z 1x(ixZ2xtan(1/8xpixf)+i*Z 1 xtan(1/8+pixf))/(Z1
—Z2*tan(1/8xpixf)"2)xZ3*(i*Z4*tan(1/8*pi*f)+i*Z3*tan(1/8+pixf))/(Z3-Z4*tan(1/8*pi*
£)72)/(Z1x(ixZ2xtan(1/8*pixf)+ixZ1xtan(1/8+pixf))/(Z1-Z2xtan(1/8xpi*f)"2)+Z3x(ixZ4*
tan(1/8xpi*f)+ixZ3xtan(1/8*pif))/(Z3-Z4xtan(1/8xpixf)"2))-50)/(Z1*(i*Z2*tan(1/8*pi
*f)+ixZ1xtan(1/8xpixf))/(Z1-Z22+tan(1/8*pi*f)"2)xZ3*(ixZ4xtan(1/8+pixf)+ixZ3xtan(1/8
*pi*f))/(Z3-Z4xtan(1/8*pixf)"2)/(Z1x(ixZ2*tan(1/8+pixf)+ixZ1xtan(1/8+pixf))/(Z1-Z2*
tan(1/8xpi*f)"2)+Z3*(ixZ4xtan(1/8+pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4*tan(1/8xpi*f)"2)

)+50);
segma2 = segma?2 +(1-abs(s21))+(abs(s11));
end
segmad = 0;
for f = 2.86:0.01:3.4
sii =

1/2%(Z1*(=i*Z2/tan(1/8*pi*f)+ixZ1*tan(1/8+pixf))/(Z1+Z22)xZ3*(Z4*(—-2xixZ5/tan(1/8
pixf)+ixZ4xtan(1/8*pixf))/(Z4+2*75)+ixZ3*tan(1/8*pixf))/(Z3+ixZ4*(-2*ixZ5/tan(1/8+
pixf)+ixZ4xtan(1/8+pixf))/(Z4+2xZ5)*tan(1/8xpixf))/(Z1*(=i*Z2/tan(1/8*pixf)+i*Z 1 *tan
(1/8*pixf))/(Z1+Z22)+Z3*(Z4*(-2*ixZ5/tan(1/8*pixf)+ixZ4*tan(1/8*pixf))/(Z4+2+*Z5)+ix
Z3+tan(1/8xpixf))/(Z3+ixZ4*(-2*ixZ5/tan(1/8*pixf)+ixZ4xtan(1/8*pixf))/(Z4+2%Z5)*ta
n(1/8xpi*f)))-50)/(Z1*(=i*Z2/tan(1/8xpixf)+ixZ1xtan(1/8*pixf))/(Z1+Z22)*xZ3%(Z4*(—2x
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end

i*Z5/tan(1/8*pixf)+ixZ4xtan(1/8xpixf))/(Z4+2+Z5)+ixZ3*tan(1/8xpixf))/(Z3+ixZ4*(—-2+i
xZ5/tan(1/8*pixf)+ixZ4xtan(1/8+pixf))/(Z4+2xZ5)*tan(1/8*pixf))/(Z1*(-ixZ2/tan(1/8+*
pixf)+ixZ1xtan(1/8xpixf))/(Z1+Z22)+Z3*(Z4*(-2xixZ5/tan(1/8xpixf)+ixZ4*tan(1/8xpixf))
[(Z4+2x75)+ixZ3*tan(1/8+pi*f))/(Z3+ixZ4*(—2*ixZ5/tan(1/8xpi*f)+ixZ4xtan(1/8*pixf))
[(Z4+2%75)xtan(1/8xpixf)))+50)+1/2%(Z1x(ixZ2xtan(1/8xpixf)+ixZ 1xtan(1/8+pixf))/(Z1
—Z2+tan(1/8xpixf)"2)xZ3*(ixZ4xtan(1/8*pixf)+ixZ3*tan(1/8+pixf))/(Z3-Z4*tan(1/8pix
£)°2)/(Z1x(ixZ2xtan(1/8*pixf)+i*Z1xtan(1/8*pixf))/(Z1-Z2xtan(1/8*pi*f)"2)+Z3x(ixZ4*
tan(1/8*pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4*tan(1/8+pixf)"2))-50)/(Z1*(i*Z2xtan(1/8+pi
*f)+ixZ 1xtan(1/8+pixf))/(Z1-Z2xtan(1/8*pixf)"2)xZ3x(ixZ4*tan(1/8+pixf)+ixZ3*tan(1/8
*pixf))/(Z3-Z4xtan(1/8xpixf)"2)/(Z1*(ixZ2xtan(1/8pixf)+i*Z1xtan(1/8*pixf))/(Z1-Z22*
tan(1/8xpi*f)"2)+Z3*(ixZ4xtan(1/8+pixf)+ixZ3xtan(1/8xpixf))/(Z3-Z4*tan(1/8xpi*f)"2)
)+50);

s21 _

1/2%(Z1x(=i*Z2/tan(1/8*pi*f)+ixZ1*tan(1/8pixf))/(Z1+Z22)xZ3*(Z4*(—-2xixZ5/tan(1/8x
pixf)+ixZ4xtan(1/8*pixf))/(Z4+2+Z5)+ixZ3xtan(1/8xpixf))/(Z3+ixZ4*(-2xixZ5/tan(1/8%
pixf)+ixZ4xtan(1/8+pixf))/(Z4+2xZ5)*tan(1/8*pixf))/(Z1*(-i*Z2/tan(1/8*pixf)+i*Z1*tan
(1/8*pixf))/(Z1+22)+Z3%(Z4*(=2*i*Z5/tan(1 /8*pi*f)+ixZ4*tan(1/8*pixf))/(Z4+2*Z5)+ix
Z3xtan(1/8+pixf))/(Z3+ixZ4*(—-2+ixZ5/tan(1/8*pixf)+ixZ4xtan(1/8xpixf))/(Z4+2xZ5)*ta
n(1/8xpixf)))=50)/(Z1%(=i*Z2/tan(1/8*pixf)+ixZ 1 xtan(1/8xpixf))/(Z1+22)xZ3*(Z4%(-2
i*Z5/tan(1/8*pixf)+ixZ4xtan(1/8xpixf))/(Z4+2%Z5)+ixZ3xtan(1/8xpixf))/(Z3+i*Z4*(—-2+i
*xZ5/tan(1/8+pixf)+ixZ4*tan(1/8+pixf))/(Z4+2%Z5)*tan(1/8xpixf))/(Z1*(=ixZ2/tan(1/8*
pixf)+ixZ1xtan(1/8xpi*f))/(Z1+Z2)+Z3%(Z4(—2*ixZ5/tan(1/8+pixf)+ixZ4xtan(1/8+pixf))
[(Z4+2%75)+ixZ3*tan(1/8*pixf))/(Z3+ixZ4*(=2*i*Z5/tan(1 /8xpi*f)+ixZ4xtan(1/8*pixf))
/(Z4+2%75)*tan(1/8xpixf)))+50)—1/2%(Z1x(i*Z2xtan(1/8*pixf)+ixZ1*tan(1/8+pixf))/(Z1
~Z2*tan(1/8xpixf)"2)*xZ3*(ixZ4xtan(1/8*pixf)+ixZ3*tan(1/8+pixf))/(23-Z4*tan(1/8pix
£)°2)/(Z1x(ixZ2xtan(1/8*pixf)+i*Z1xtan(1/8*pixf))/(Z1-Z2xtan(1/8*pi*f)"2)+Z3x(ixZ4*
tan(1/8+pi*f)+i*Z3xtan(1/8xpixf))/(Z8=Z4*tan(1/8xpi*f)"~2))-50)/(Z1*(i*Z2xtan(1/8*pi
*f)+ixZ1xtan(1/8xpixf))/(Z1-Z2*tan(1/8*pixf)"2)xZ3*(ixZ4xtan(1/8*pixf)+ixZ3xtan(1/8
*pixf))/(Z3-Z4*tan(1/8xpixf)"2)/(Z1*(ixZ2xtan(1/8xpixf)+i*xZ1xtan(1/8*pixf))/(Z1-Z2*
tan(1/8xpixf)"2)+Z3*(ixZ4xtan(1/8xpixf)+ixZ3xtan(1/8*pixf))/(Z3-Z4*tan(1/8*pixf)"2)
)+50);

segma3 = segma3d +(abs(s21))+(1-abs(s11));

y = segmal+segma2+segma3;
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@ Ring Filter
%% % % % % % % % % % % Ring Filter—1 % % % % % % % % % % % % %

clear;

Z0=50;
Z1=55.0685;
72=54.8630;
Z73=132.2052;
Z74=132.2731;

SS1=[1:852=[1:853=[1:854=[1:{0=2.0:SSdB=[]:SSnum=[1;
for {=0.5:0.01:3.5

% % %% % Yo % % %o %o % % Z5_1=24.6 % % % % % %o %o % % %o %o % %
Z75_1=24.2429;
%% Even—mode %%

ZL1_1=z2/(j*tan((pi/4)*(f/f0)));

ZB1_1=Z1%(ZL1_1+j*Z1xtan( (pi/4)=(f/f0)))/(Z1+j*ZL1_1xtan( (pi/4)(f/f0))):
ZL2_1=2%75_1/(j*tan((pi/2)*(/f0)));
ZL3_1=7Z4x(ZL2_1+j*Z4xtan((pi/4)*(1/10)))/(Z4+j*ZL.2_1xtan( (pi/4)*(/f0)));
7B2_1=73+(ZL3_1+j*Z3xtan((pi/4)*(f/f0)))/(Z3+j*ZLL3_1*tan( (pi/4)*(/f0))):
Zine_1=(ZB1_1xzB2_1)/(zB1_1+ZB2_1);

Se_1=(Zine_1-20)/(Zine_1+Z0);

%% Odd-mode %%

ZI1_1=jxZ2xtan((pi/4)*(f/f0));
Zb1_1=Z1%(ZI1_1+jxZ1xtan((pi/4)*(f/0)))/(Z1+j*ZI1 _1*tan((pi/4)*(f/f0)));
Z12_1=jxZ4xtan((pi/4)*(f/f0));
Zb2_1=73(Z12_1+jxZ3xtan((pi/4)*(f/10)))/(Z3+j*Z12_1*tan((pi/4)*(f/f0)));
Zino_1=(Zb1_1%Zb2_1)/(Zb1_1+Zb2_1);

So_1=(Zino_1-20)/(Zino_1+20):

%% Rflection coefficent %%

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+So_1)/2;
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T11_1=s12_1-s11_1%s22_1/s21_
T12_1=s11_1/s21_

T21_1=-s22_1 /82 -

T22_1=1/s21_1;

Ti=[T11_1,T12_1;721_1,T22_1];

% % %% % Yo % %o %o %o % % Z5_2=40 % % % % % %o %o % % % % % %
75_2=39.6429;
%% Even—mode %%

ZL1_2=72/(j*tan((pi/4)*(f/f0)));

ZB1_2=7Z1*(ZL1_2+j*Z1xtan( (pi/4)*(f/f0)))/(Z1+j*ZL1_2*tan( (pi/4)*(f/0)));
ZL2_2=2*75_2/(j*tan((pi/2)*(f/f0)));
ZL3_2=74%(ZL2_2+j*xZ4*tan((pi/4)*(f/10)))/(Z4+j*xZL2_2*tan( (pi/4)*(f/10)));
ZB2_2=73%(ZL.3_2+j*Z3xtan((pi/4)*(f/0)))/(Z3+j*ZL3_2+tan( (pi/4)*(f/10)));
Zine_2=(ZB1_2xZB2_2)/(ZB1_2+ZB2_2);

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

%% Odd-mode %%

ZI1_2=j*Z2+tan((pi/4)*(f/0));
Zb1_2=71%(ZI1_2+j*Z1xtan((
Z12_2=jxZ4xtan((pi/4)*(f/f0));
Zb2_2=73x%(Z12_2+j*Z3xtan((pi/4)*(f/f0)))/(Z3+j*ZI2_2xtan((pi/4)*(f/f0)));
Zino_2=(Zb1_2+Zb2_2)/(Zb1_2+Zb2_2);
So_2=(Zino_2-70)/(Zino_2+Z0):

pi/4)*(f/£0)))/(Z1+]*ZI1 _2*tan((pi/4)*(f/£0)));

)

%% Rflection coefficent %%

s11_2=(8Se_2+S0_2)/2;

2_2=(Se_2-S0_2)/2;
s21_2=(Se_2-S0_2)/2;
s22_2=(Se_2+S0_2)/2;

T11_2=s12_2-s11_2%s22_2/s21_2
T12_2=s11_2/s21_2
T21_2=-s22_2/s21_2
T22_2=1/s21_2;
T2=[T11_2,T12_2;T21_2,722_2];
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% % %% % Yo % % % %o % % Z5_3=50 % % % % % %o % % % %o % % %
Z75_3=49.6429;
%% Even—mode %%

ZL1_3=Z2/(j*tan((pi/4)*(f/0)));

ZB1_3=Z1%(ZL1_3+j*Z1xtan( (pi/4)*(f/f0)))/(Z1+j*ZL1_3xtan( (pi/4)(f/f0))):
ZL2_3=2+75_3/(j*tan((pi/2)*(1/f0)));
ZL3_3=74x(ZL2_3+j*Z4xtan((pi/4)*(f/10)))/(Z4+j*ZL2_3xtan( (pi/4)*(/f0)));
7B2_3=73%(ZL3_3+j*Z3xtan((pi/4)*(/f0)))/(Z3+j*ZL3_3+tan( (pi/4)*(f/f0)));
Zine_3=(ZB1_3+ZB2_3)/(zB1_3+7B2_3);

Se_3=(Zine_3-20)/(Zine_3+Z0);

%% Odd-mode %%

ZI1_3=jxZ2xtan((pi/4)*(f/f0));
Zb1_3=Z1*(Z11_3+j*Z1*tan((
Z12_3=j*Z4+tan((pi/4)*(f/10));
Zb2_3=73(Z12_3+j*Z3*tan((pi/4)*(f/f0)))/(23+j*Z12_3*tan((pi/4)*(f/T0))):
Zino_3=(Zb1_3+Zb2_3)/(Zb1_3+Zb2_3);
So0_3=(Zino_3-20)/(Zin0_3+Z0):

pi/4)=(f/f0)))/(Z1+j*Z11 _3*tan((pi/4)*(f/{0)));

%% Rflection coefficent %%

=(Se_3+S0_3)/2;
=(Se_3-S0_3)/2;
( )
)

Se_3-S0_3)/2;
=(Se_3+S0_3)/2;

CA)CAJCAJCA)

S22_
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_3,722_3];

%% %% %%  cascade transfer matrix %%% % %%

T=T1*T2%T3;
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%% % % % %o Reflection  parameter % % % % %

s11=T12/T22;
s12=T11-T21xT12/T22;
s21=1/T22;

§22=-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));

%3SdB=[SSdB;S];
%3Snum=[SSnum;s];

end

figure(1)

clf;

x=0.5:0.01:3.5;

plot(x,SS1,x,552);

axis([0.5 3.5 =50 51);

legend('S11,821")

grid on

xlabel('FREQUENCY');

ylabel('|S11] and [S21] (dB)")

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