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ﬁaﬁﬁha@.ﬁ. ad B@i‘i:iahn" have chowa that laterdigital linms

struetures bave very interesting band-pass fliter properties.Befors:

thio Snterdigital sirtictures had been regardsd am of Suterest malnly
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Fig. 21ainterdigital filter with short circuited lines at the ends.
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Fig.21b.Interdigital filter with open circuited lines at the

ends
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Fig.22. A comb line band pass filter.
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3% .
Acoording to !latthacd the interdirital filtors have kooo

of thoso sdvonta~es, biut conb=ling filters sre eomloehal amallr = and
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howover used tuning ner:n;n for 1oproving tho perforticncos. ‘Ho used

o owoop genorator and recording roflcotonstor setup for having ths
attonuaticn plot after edch time of tuning cnd thup hoe put the best

tunned plot of attenuaticn,

nenm4 prepented on oxcot thoory of interdigital ling not-
vorks end relatod ccupled otruscturce. ¢ rovigwod the thcory of paro=
1lel coupled line arrayos ;:nd dlcsu-goed the derivaticn of oxpct egui=-
valent eirouits froo tho icpetlnnoe natriz ualng codern nctvori: gynthee
oie techniques. e ales introduced tho thecry of oguivalont coupled
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reop.0oo to bo obtailned in o verioty of line configurationps fhe proce
tioal drauing of tho declign cxc—ple vhich ho prosented 4o riven in Fig.
2¢9. o used a conblnation of coaxial interdicitnl roclizaticn in order
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find cut tho lcasth of tho 1 pat cnd outpat lin-s by cocas of clrost
trinl cad error acothod, lioreover ho (Thitrocily clortcacd tho inlere
44 4tal lino ooctieno by 200 inmel, [o alcd uzod tuninz cerecs in
o=dor to acliovo the Cecircd ghurcolericties. Uoucver, by ¢sins ald
thoca ho ultinately cuceccded in ecactrueting cpo cush filtcer chich
cave hin cood rocaltc, Ceacel ales wood tho roculto of Gotinses®

in ordcr to obtaln tho phycdenl Jrsacicnc fren tho ctotie ecpoeie
toaeo potriz. Tho ccntor fresusney of hio filter tun 1.0 Do/o 2l
it b4 311 bondoidth 05 4D Chedyohov rirolc.

Corton cnd '.:camlzs

oovo o dotcllid dod n pooesdure foo o
pemotical éizitnl olliptio frnoti-a filtcr Dilel ¢ 0 provido either
bondposs o bdandeolop ehoresteictliecs =210 vore Avea by then
to Lllustrato typleanl dedirn pooscdiro fo Luth bomdonsn end boade
oty oplieatl-nn, Hovover ho prorcsatcd erperisonial reculis oaly
for 2 ootovo boadeote) declicms Toos 246 fhoco tho é-cin: of tho
c=plo of uvide dondepacs Cocl of Dortoa o3 aansl, (3oo>ddins~ Ato
afvongases thoy ocatiened abont 4to ec—pcolncsa oo boeracs tho rooe
1iraticn 4o in tho o0 ©of a coanial g Antced At fomne Lccore
éin- to thea 4t 1p oftea four o fivo tirsn cdldler (Lo o intesw
dizAtcl bondepass filter of esopoxctlo ocleotivity, cbout 4ts cajor
1iri¢-tions they ccatiensd that tha poiruettro 4o inhorcatly vld--bonad
{ > 20 porecnat) cnd 4p mot cudtzd to notroch.nd ded no 19 to [hye
cieal licitaticnne Lorcover tho otmuoturo re~mlves cosico intesnal

otado o34 therofore core cozhinsd porto thoa oo filter foore,.



Fig:i 2.5 A 3:1 band-widtn interdigital filter (Wenze(9)
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Fig. 26 a sampie of wide bandpass filter ( Cross section)
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Fig. 3.1 Nctwork consisting of two parailel plates between
ground planes.
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(a) Even mode electric field distribution
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(b) Odd mode electric field distribution.

Fig. 3’2 Field distribution of the even and odd modes in paraliel
coupled trasmission lines between ground plates.
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Se3.. TAD_STATIC CAPACIEANCE MATRIR ¢ .
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Fig. 3'3 The static capacitances of the network of Fig. 31
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Fig. 3'4a  Symbolic representation of 2N port network with
parallet coupled transmission lines between
ground planes.

Fig. 3°4b Network representation of 2N port N-parallel

coupled lines between ground planes.
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o dleneste of matrix (3.11b) satisfy the foliowing rolatienchipos
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Lot us ﬂéw cﬁix‘ad‘& m':;rkay of three parollol coupled cone
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Ground plane

Fig 3'6 Parallel coupled array with coupling to nearest
neighbours only.
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(a) Network with

capacitance matrix C

(b} Network with capacitance malrix ¢’
. (at primed terminals)

(c) Network with capacitance matrix ¢’
obtained by changing cross —
sectional geometry.

Fig. 3'7 Network and physical

interpretation of the capacitance
matrix transformation .
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static capacitance representation.



o
P

napaa&ﬁéi-'\of !‘ig-.%m can represent throe élstinet forns of coupling,
b Y
depending on the terminal conditions and the terninalc between shich

the elmtrﬁ.cal yerfurmancn 3.& obaervmi..

© 4) gn Sepleno Comeciters The electrisal behovictr bf the line
at elther port with ﬁha other part open nﬁrculteda Thu'valne of the
ﬂ-;hne eapacitcr is given ¥y © = 1/'3 e\fach ghoté &g im tho chm

rnateﬂaﬁic impedance of the L.ne.tf:f Méﬁr-h—

I.r"‘v-

iﬂ.} An ﬁ-piane 111&1.11':1"0?.«3{'11& ex,eetrical Lwhavim of tho lines

ab either pmrt wﬁth the other pm@t.-'fsert sircuitod, ‘J.'he value of the
1n&uct¢r i given by e E = 'q,/ -ﬁ,ca o

‘. _u,:

iii)' um-‘l: e."-ment.: ri‘l:m c] mtﬂm& bahaviom: of the ddine -

T(o

beteeen the ports, The impsdance of thm tmit eloment 15 aqual to fo = s

o JH
Q-

If the array of Figofa.l:-b fean ha pu‘i. i.nf:o o fornm sa which ﬂm
previaualv mntianea v;vpea of c'.@u;,lmp bewﬂe uaﬁiig mmaniae:zble, |

an aguimlmt swpl&ﬁa neﬁwm:-k ean E@a f—:ausn& by i::mectiam Transforite

tion af the capaai.tame matrix @reaerw the pmr:omeme of the fets

©owerks ws.th the poeaibla w{mpaian ai‘ & chan*e i Weama vl ang

Hre tiabure of ench cauplim; it emim recounim&blm Yarthernorethe
capocitanes aetmz-k 2iso reprasenip static mpmitars nd cot bo ufse‘ﬂ 4

to obtoin dimennicha for 'ai-yﬁysieal_reﬂiuatien}'



Lylie mmmwmcr&m&watwmmm@mwravmma&
COUPLED PRANGALNSL & LYAYS g,mrﬂ BARCLLEL PLBROS

_ While finding cut the phyaiaal rooaldcation 6£ the eiziptic
funeticn filﬁer Sit choptered 4t will be hocescary to £ind oat %h@

.equiwﬁlaﬂt dightnl repremnﬂtatxmn Gf _on uaylane ﬂ&ﬁw@FL.ﬁnning a1

- iﬁﬂnctancas ot ail capucttanesa¢

Xn thiﬁ aectian,aquivn&eﬂaa has bees aababliaha& hetwaa&
a ﬁ&g&tal line netwark wﬁLh ali th@ linaﬁ crcund@ﬁ ot oné cna end

!

Can bupiane netwﬁrk hywing - shunt anﬁ ﬁavi@s aﬁylﬁﬂe 1naucbara 1>} éhuua_.'

in Fig hnEea Aiﬂﬂ equhvalenm@ haa bunn ea%ahliahma batwuan a ﬁig*%al* .

<’."_ \‘\
iine ﬁetﬂﬁ“k w&th 1inem 911 open at bobh ¢nds ond an ﬂﬂplana e&paci«&

-taﬁce neﬁwark.having shnnu ﬂﬁﬂ ﬁﬂrié& Swplone cnﬁaaitare e choun in

3 Fs,g.&a:sea c o i el
. ’ - ,‘c'\ LW} t-«.i
‘a) , Parallel courled tran&uissiﬂn inco between ground platea
Eﬁth otie end graun&ed* :i'; '(]:é*,

.
. ‘.,o

Eeﬁ us consider t&e casa uf three perailol ¢¢u?1eﬁ trmnami-

'ssicn lineﬁ between groundmd pia%as. It ta nscumed that ﬁhm 1ineG are

- @f oquai leéngth and all. ﬁha 1ineﬁ ase greuﬁﬁad at ona end, 9 fhe three

' linam anre ehoﬂn ‘o Figb Q.Eas

The rapreaentatiaﬁ of thin aetwnfk by static capacitaﬂoo
u&l; obviguely be as snawﬂ in ?ig.h.?bs kftﬁr uritin“ tha cmpaa&tanca
fﬂmﬁfﬁx for the nataark-e@ Figahizb mm&rearrgingwaut transfarratien on
.1nﬂﬁﬂ nuﬁher 2 we ccn make thc egpacitance tetwoon tobe 2 md ground
equa* ta BOETT. In order to ahOu ﬁhia 1ot us apcune that the vaLUD OF

sach capaﬂﬁtunﬂp in nebwﬂrx k.ab ia egua; to 1. Ehen we can write the



(a) 3-.paralielt coupled lines between ground plates all

grounded at one side {(Ground plates not shown).
© . @ ® ® ®
[——U—I—!T t—% | [__”__9_“__1
T [

{b) Representation of the (c) Static capacitance network

O

abové network by after transformation.
static capacitances.

(d) Possible coaxial (e} Equivalent S-plane network
representation.

Fig. 4°2. Derivotidn of S-plane equivalent ckt. for 3-parailel
coupled transmission lines between ground plates,

all grounded at one end.
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(a) 3-parattel coupled lines between ground planes, all open at

both ends ( Ground plate not shown).

St el
T i | |

(b) Representation of the network (c) Static capacitance network
by static capacitances. after transformation.

0] ® O)
A
. -
B
(d) Coaxial representation. (e) Equivalant S-plane network. -

Fig. 4.3 Derivation of S-plane equivalent ckt. for 3-parallel
coupled transmission lines, atl open at both ends.
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GEAPTER.S

IRSEETION POTER CRARACTERISTIC OF 1OT-PASS FLLIPPIC FUMORION FTLIGR:

5.4,  IGTEDDUCTION -

| In tlaie'éhgﬁa:‘- a gefinition of me Aiﬁ@rﬁiﬁn-fﬁwﬁﬁr function
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'F‘igo5-1b is
5 Cn Jmﬂ (D) s :x (ﬂ_) | 'M.,;cs-;u.'
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Fige Sell | i ' .

- I R' = |— 1 ‘ié.imm—ﬁ'-oe-ugfaajt
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L-C NETWORK
OR
FILTER

ﬂx L-Terminal network

(a) Power supplied to the load through the filter,

f
|

(b)

)
e

(c). Power supplied to the load directly.

Fig. 5'1 Determination of insertion voltage ratio and
insertion power function of L-—C filter.
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Z((3) +R,
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200 +R
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1~4RR 5% _ InGal= pliw M-n
@"fmr- [ (J )} P(Jﬂ) ( ) ervanuaans(5e10)
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Fig. 5°2b. A plot of So(<x) for n= odd.
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Apin ana the ataepnaas Jl-“é%? ie preacribad‘far a @artieﬁlart
lowpass filter we can immeﬁintaly find out the value ar tha tilter |
-gomplexity n by tha £%115wing praeedure- ' ' '

A straight 1ine is drann fram the VElue of Amnx permittea |
thraugh the demired value of attenuation in the utapbama c“ninj' ?he
line runs up to the thira wwrtinal 1in¢ and 18 then ratated to run :

poerallel to the L uacale. Thﬁ dasir@d amount of attemuation at a

i F

given Irequonay will be guarantaeﬁ if the filtering function is af the

. apder found at the intaraeation of.the vattical 1éns srected fron the

~fL-peale value ond the lina which rupng parallel tu'the.Jl;-ﬁcaie.IQ

tha crcsaing appears batween tut curves an Shown 4n Fig.Salhy the ardar'

that sust be. chopen is the 1argeab integern written ahuve tho SUrvas



36

cCOAPRLER=-6

QLI CARUCT 02 BeIDPAS. DISIRAL PILY ! ULl M. WP 33

TLLIFZIC FULCTI N1 PUITCTIG

6,1s INZLDTSR1.7:

In tbio chopter a mothod has beon preccated to tronoforn
adl=orior lov= 2a0 prototype clliptic functicn flltcr into nat-
vorits that cca be roalized by atesped disital complcd lines,

In coccticn 6.] lov=paso to bondpaco frocucnoy tranaforaticn 4o
prosented. & typlezl piegoetion of tho odd-orlsr leoo=nocH proto-
typo clliptic functicn filter Lo trongforned ioto bordpass fovn
in ocoticn 6.4. The reoonated pi-sccoticn bondyaco metwork 4o then
reczlbged in the forn of two networlks of dirital ccuplod lircp.
iho mothod of echioving trencfercer couplirzs ot tho in ut nd
output porte of the dlgital bandpocs filter 1o cloo chacn in
oscticn 6.7. Tho chor cterictic ad-ittoaeo na‘rices for both not-
worlio oo obtained . The noooscity of c2-ittineo cealing 4o dlo-

cuasod in ocotion 6.8.

6.2, TH. IO P:3. POOTIFI MLLII 2IC (THCIT I U1 s

Fig. 6.1 chous a cacczde of pl-aseticns of tha odd ardor
10::-@::59 Frototype clliptic funct on filter of filtcr o-—plexity o.
Fi=ot of all wo ghall eoncider the rcoalicatisa of a ty-ienl pi-
ocetlin a3 chomn in Fi~.6.1 vith ghurt ec:proit-mce Crel cad Coad
tnd vith a tronomiosicn o ro at 2y » J./JI—-,._';.-

6.3, IO 2°53=B'LUP 33 DI UISCY PAIssw.ti"ul o

For copverting this lu . ped locpocs filter into o lu—pod
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Fig. 61 The odd order low pass prototype elliptic function filter

Ins. loss
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‘lui “_!: T VU
i
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e | ] 1 -ﬂ.=-n;f_n1; —
a. Low pass (lumped)
_ Ins. loss '
(VAV, dTB VAV, (VAV/
0 g, | Sg,- _QB,‘“-?_,,
b. Band pass (lumped)
Fig. 6°2. Lumped low-pass and bandpass insertion loss

characteristics .
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fqr mm i’reuaeney B S w0, J'LB L2173 ff-Qg =11
. ‘:“fur 1@& m@ fpecuency J'L“l Ng, = Za-,-m ."u«u 7 '(5.1-&)
| g, =7~ r}:-,-.ﬂ | '

B

""'f

: for 1mv pn}.ss fregueﬂcy 2=l ;QBE.__.{-A..J ,M..-rl c

-—YZB(' =-J[A ‘) ‘ffﬁ“*,

fhe bemﬁyaw inaertﬂcm lazs (4B) charncteristic io dhowm ﬁ.n
rs.g.s.ab.ﬁﬁm e got < (2 ._JZM =
. zﬂ'ﬂ{s,‘.lﬂ} -

8 | | ' 1
: ﬁlm. ‘ _QG*L"‘RB;; = a.

In ‘6:"&&'1- te éonﬁerﬁ this mﬁmm reaporiee of h‘xmmﬁ ma‘cmrk
$nto that of Alstributsd network mo pply the trmsfomwm g = tan ﬁl
. shere ,E'.IE tha length of tho trmﬂa‘ﬁ.ss}.za linon of the &Lstrimtad
'ihan&pms ﬂ.}.ter and ﬁ-'zu - da the pmpqgat&m matmt. t“:e asouse
the length of the lzmn to ho eq,ml te one alghth BEVE leng;th ot the
bond center frm,uency i.m. ,E-— /'\e/g '

/50‘:3_,[_. '- ,__.E'ucu
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| #here Wl 4 the ffequeney et which the trapeulgmien linon
of the filter ara one em.th Bave 1zmgm. o
H‘ we Mﬂ mrmaﬁ' a @é 'the bﬁaﬁd cmter fragquency | 'Ctllo to "7’q )
(5Q hmamm oguol to W ﬁhere @ cf:rreupmﬁm to the frequency mu.:t.u
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ﬁ.m:igmg the low pass to bendpaee %ranafamabﬁ.m to one
of t‘i}e a.ow-y&ﬁs pi-secticvm it ﬂii.ll Fm be chogn that thin pro-
ceﬁure has meomtﬁ,culls Goubled the aag;-tw of {:hc networite But

_ uvltimetoly 4t eill be peen that by ursi.nf; the proposed gtoppsd

digital redlisation the nonber of non-redundord coupled iines

. mecoassry to reslize aay giver filter io emeal to %ﬁw Sepren of

© e ‘Touwepssd prototypes .

Golte  DAMDPAS TAANSFOBIATICN OF A SIGOLE PI-SroTILH

OF THE LOG-PAS3 PROTCTERE - - .

. det as ﬁtr_-naiaer the central plessction of the lowmpass pro-

- totype filtor of Fig.G.1 vhich is apain chown 56 Fige Galte .-

oL T Coor -

‘.I!.’igps,aiu Typical pie-gection of the 083 order Towpasas protoe

type eliiptic function filbere

Let us rewrite equation {6.1)
.J)_=: OQ(JLgl" Thb ).“

g@ni@nimattsmhj
ﬁhﬂfﬂ -IZB = ﬁkhco

He shall now a;:ply thio tronsformation tz:f the mgm J.owpwa BoR

‘ pﬂ.swtl&n of S‘ig..&.%

Zr & 4mpedance of the branch cantatns.ms L end u

(JJ]'L") (JJIG;) : 1{?:&1___

(ab- ,) G- | B 8
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applying the lowpass-bandpass transformation‘of Eq.i6.4) we get.
\ y ! i
ﬂ.(JzS‘"JﬁE,)l—f
at
(‘”‘ “—-3 L Ce =1
.,,Q’@. S “'sz—g) Ly
a® + JL ___"J“_ -
('I " JJ)_B)Lny'f*[
Q(S'*"‘S‘) Ly
+ { Y
@ (5+ L )", 41
e S,
“-“*("‘s"“) Ly

a (st +1s“) LyCyr+ 5%

Fraoj

H

wlere , S=3dt

S‘V
— C,- (s D wl [
- T QN-EJQT’ :_VII__—
L& [S +28¥ 1+ ‘%—,{-Sj j‘,c,"-

ag, S(s™+)
5_+G+ _%)S H

Equating the demominator to zero we get

or_ -—‘(Qirz) iJ('z-%)*—..af

H

= [(“ Za Jz,) ﬂb J (6 ¢)
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L e e T J”“’
P = e — s L7
S‘ L [ 2 (L. -r?_-r LA, 7 { 70’)
CL"ﬂd S“" .
- 3 S
I T cory BRSNS
We can rewrite the above equation, as follows

S‘V"‘ 52_-; [___,_ + xp__ . (68&)

re

QJZ\EYE p -
’\"* (:a;) t JL{ T (¢14)
Sy P,
o e

- Now we can wrif;e

7 s(s +1 < K'S .
21: = -i_‘:_ = 5 + > = Km‘_s'\— t 'j V:Zh‘*-Z,—:(éro)
R (S Sc.)(s"'gzb) S‘S;" 5= Sl :

ac,

a
K=3if =& (A= | 1
=57y QP A4 T elea
I —*-_'[ 2y
o -a - N T—“ -‘r'f"

- | . a | Ry
= %AT‘ , Ae- Ar-Av
% ’\l‘._ +%IZ)\Y; | Af"" * )\Rf. A:: + /\‘r- >\T1-
S e
I+ Ay

since from Eq.(6 9) it follows that AYA =1
+ Y-
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gintlarly
o St CAp+ t
ST e Mt A TFRAT
s ) /
) Zy, f 7)‘#55

. 2y =2 o
* aCy aly g% s

i 2 , t
putting the vilue of § from (6,8a) and the value of K,

from Eq:(6311) we gat

L
¥

Zo = S - - (63D
(H—A”)b*_ __-?i .G ,(I-F)\,::) ’
- |

&, S&L

ac,

1 contains an inductance Lr

and a capacitance C.~ in parallel and their values are given by

_f
It 15 thus clearly seen that 2.

{
qC"}'
!
Lo = e
ST @

Ti? hgi;-“ Ay;;}lijﬁP/X;:-.
R D
T Tra e s
. CT‘IZ"([:'Q—; 'j%;/\ﬂ"')\r_“)tr;/\h]

: . . . e ; . .
putting the values of ). and N, in Ay, and .\, in the
above equation we get i P

C, = dxAw = al (14 3%) ()

Ly, =

e

AT (6180)
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similerly from (6it0) ' . ,

Zy, =56, srer

g _ 1
Z"’: T qe, T

putting the value of 52, and K
Z, " (6+16)
e o (6416
T 8.aG el g T0ag)
(_‘-H\ r) £ L “ﬁtg it el
J aly
It is thus séen that Zrzi

inductance Lr+ in parallel

¢ontains a capacitance Cr+ and =

-
' : b+ - ‘ i e . 13 0
e Cf«p- = 1’_ %‘T = Q—Cr (‘+ Av > (6 f_)

ac,

and .

Ly, = aly
LLr T SL0 | oy
al =T >“r+] [H )\T_J

»

i

i

. i ‘I»- a‘ —.‘ s ‘_:,.i_ ;._7‘ ,‘,A “I- .L' - ‘ i . .. -
G s [ ﬁ; ¥ _%; Ay + /\T#"f.)ﬂ’-:.-/\?:_{

L R (67 b)
alel 1y e |

L
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Now applying this transformation to the shunt capacitance of
the low-pass pisection
t
T TG
beconres
_lﬁﬁ—«f*’“"”*”
:Ja(Jzﬁ’ﬂié)tif_}

‘ -

D
= i

:!Slugafy_,‘*'j“_ﬁ_"‘ (6.18)

{5}

&‘CY-—g

contains an inductance L'r , and a capacitance

Therefore this ch

C',._y in parallel. It follows from Eq. (6.18) that

/ ]

Li"L - CLCVMQ (6.192a)
~and C;__‘ - G.Cy_1 . ]
- (6.19b)
e %‘TP‘ - E:?; ; (64250
Similarly we can-m@lso write for an
/7
C{,,.; - CT+ i (6-20{1)
and ‘
/
b o=~ (6.20b)
¥+1 cY-HJ

:It is therefore clear that we get the cipcait inFig.6.6
after applying the lowpgss to bondpass frequen:y traﬁsfofmation
fo the siﬁgle pi-section of the low-pass proto iype elliptic
function filtef. The circuit values are given by Eéuations
(6~9§), (4.9h),(6.1ka), (6.14b), (6,17a), (6.17%v), (6.191),

(6.19¢), (6.:20a) and (6.20b),
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IMPEDANCE! . LOWPASS - ' BANDPASS
Ly Ly Lye
_ ' T
Zy BT h —H
Cr Cr Cre
Zy, Zy,

Cry | Ly T G-

-

> lg'[
“ 1— Cyrt Lr*' T CT-H

Fige.6.5 Lowpass to bandpass transformation,
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five wire lines gs shown in Fig.6.9b.
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Guing Eqe {746) 'ivéf'fgéft;. two valueo of widths for the twe. volues
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of paralicl plate uappditances ef the two iinese

, l\_ .
ﬂ’ha equmians for the wiﬁthza »ara thns

L r

Wa/ b ﬁ (1"' t/b) ]:3‘5 {Qa/e "} - IS gg - ﬂ‘f/‘:'j : .oadt-#c{?oiﬂ’

wt/b G ﬁ ( 11" t/h) [ﬁ’i E EME }"“ﬁ' GQ vinde 0‘!,/] ] ae-umi.(?.u)

?E E‘_ \,‘

Y- T

Rﬁﬁ?&ﬂﬁﬁl&ﬁ‘ﬂﬂﬁﬁ BFTEEEﬂ GROUAD PLARLS:

I

Figa 746 ahowa an arr&g 14 parallel egupled raebangalnr tratoe

.........

mimion 1ines batween grmmﬂ gzsna:u The vhdtha of aii‘fer:ent iines aro

aosuned to ba nifferent but all caf thetr are arased to have the pase
e thiﬁlmeam the ﬁi.ffarmt M.n&a e nefted on iime rUs0ple 2684 atos

the cepacitencs af ding nnaﬂ to ground o aﬂrmeﬂ to be ¢, Similerly
. Gy Spe c.,.. ey atts ia_gfgsant ths t@ta;L capmitamec B grﬁmna dines

1 ] end & mmae:tzveiy. in gcmml GR reprosants the totel capas-

cﬁ.tme to gt‘ound af kth naes % k @1 represents the cepasitonce bate

ween kth 1ine and {m 1)th ﬁ.zm ma ‘"P«l, g Teprodents the capacitance

6f (1)l line end k% :Liuam
\‘_ - . l-' )6

Fi.se?m oﬂéaﬂy shaws thesa cnpav:i onC s he a@acitaﬁee '
galues are 81l 18 per’ nmit :umgtag In the domign of digitol fiitors
‘ !:his tyre of prrays ars i'ctma and &t ‘1& nar;easarr to write the genee
raliznd gnprcmmn for mam ;m' Jeth lines 30!’@1'5 that wa ghall erite
the exprossion for thc capmitaﬂa of kth l.‘me to ground as we have
- gecn 4n the cage of tm *unmmmetrieal parslled coupled tranemiosion

=,
dinoe. The expz-esritms are as i‘alm‘wm

.\“

(Z;:.E}V - o ' ;

o /



the ecapacitance of Oth liae te‘grﬁund ia _
éo & 2 [ﬁo » f #( G QQJO :} B 6%&@0-0&(?@13)
wggrn cep is the parallel piate eupacitance of ﬁbh line

cf is tha fringing ua@aeitanea to the teft of 0th line ag

derinﬂd in soection ?.E

- {o? fa)o y do the frﬁnging eapa:&tancn hmtwaen Oth and ist line -
- 8B defined iﬂ Bactimn ?.2.

and the capacitance of_kgh line ta-ﬂrmuné‘ie

LI in the paréllaiﬁﬁlaté capncitqnzd of kth.line

(e? fe k_, g is the fringing capasitanco existing hetwmen
nne nas. (k-IJ ond % as aeﬂma in gocticn ?.2.

—

(et ggly, ieqr 18 thﬁ ffiﬁeing'enpncitaaca exioting between line

’ . Tyt E

Using Eqe(746) cnd ubing tho values of ¢f, and £, from Eqn. (7.12)
andfﬂh,(?.z3).ﬁn ogh wribe tho exproassion for the width of Oth 1line
~asd tho width of kth line @@ followss

_A_- (- b)[ (C) C* C’“'J - (7:1%)
= LC""E)[ ("CBJ (C")k-f-n (Cfe)k tzﬂ

y

( "7#15)



1ina na.c ie the 1i.ne wﬁicn has ne naighhour ‘te the lsft of the
1ine vherese iﬂ:h l:l.na ie; amr 1inn except the enﬁ 1linen,

-l

ss.nce thic type nf army of poraliel aauplaﬁ rmﬁangular
sed
canductom betwaen grounn plati:a wi.ll ba .;;‘-'l.—;sga'-ﬂ in the construge
tion of our disital eliiptic furac%ion i’i‘ﬁ.ta;, wo chall nead theaa

formulas in order to _fipd- out tha widths of sur filtars

'?6.60 ’

AND TRE ggaaxﬁsgﬁgrw§§ﬁ'@ﬁgthnag

L . . T R !\ ' -
e has alreaﬂy heen m-ntionaﬁ that the valuss of ofe of
section‘?ji . emac e of-action?k c"'c:' end e, /¢ of
Sy o fe md ofc  Of motion 2uby  of Y
gzotion 7.5 cen be faunﬁ mit ffam tha cerraspending uapacitanes
- matricons %6 capneitsnaes vhich are 0 be found . -out fmﬁ the graphfa

. pi Fige7e2 und ?ﬁh—are ‘the friﬂgiﬂﬂ‘capacitnnees e ¢o ana,a ¢ R

In order te find out thoee capreitances we pust first of
a1l chooee a value nf 4/b for t}m ,pamual coupiaci tranmiecion lines
between ground plat@ag Kare t*i.ss the- thisknoas of the lines cnd b is
the ground tlane opaai.ng, 1f wo armﬁﬁo a parﬁs.culnr mlue of &/b we
can get & z:artimﬁ.ar curve iﬁ”?iga?aao In ordor to detormine the cow

\ "

" pacitance ¢V ﬁ/g ‘we shau. ham to ﬁ.nd aut the mtunl sapucitance

| ba%ween tl‘m'linea (1,04 _% ,) fmm the eapnci tance matrix. For this

partﬁ.cnlar valuo of t/b and éé‘ wa gcet, a valuo of a/b from the GUrvVOS.e

Khere a/b in tha ratio oi‘ the spasing botween the 1irzet3 and the ground
plene spacing. From thiswalne--af 5/1: wo ean get thoe velue of the gpes
c:ﬁ.ng between the lines 5 i!‘ we ,asﬂuse a vaiue of be For thic pa;rtiﬁ
- eular value of a/b un& for tha acsused valtg of t/b we ean read the

[T
o bemm o

A

;
L
£

!

v Wt
LR
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value of c'reﬂt bntwaen” thﬁse two lincs from the graph of Fig.?.&.
(0

A&

However for an’ and li.mh i.n

ol

the praph given in, Fig.?.hG‘Far n’ part1¢u1ar value of t/b we cun

i;rdor to doternine c'r/e. e ase

‘eazlly get the connaapandlag vnlue of a'r/e - froa the curva -ft?iﬁ.7.hi

e

Lyt

T canuagmﬂmn OF AGC‘HRAGY m mm-s oF m,_:g"cn FLDTROS

If the biar width w*is allo-e& te bacome too ﬁmall. thore ip

’)

intaruction bf the £ring;ng fiolas fron the twt edges, and the docome

- e ey

o |
'gcaition of tctnl capacitanee inté}yarallal plann aapaaitance nn# frine
glng cagaﬂitaneas (whieh ;)l bosed oninﬁinitb bar -&atha) ia vo longer
31 ‘s't" ' bd'ucfn .
acourate.Cobn ehowed that- for o single bar eentewoa/ rallel plance,

the arror in taual capacxgance from interaction of the fringiﬂg fields
" 48 about 1;84 percent fob [ﬁ/{h-t) e O¢3§¢ vhere w 1a the width of the
‘bary ¢ is its thicknaam.1;;ﬂ b ie the ground plobe apaniag. It a2 naxle
“mun error in total cepacitance of apprﬂxiﬁutoly this magnitude ie alle

owoad 4 then it iﬂ necoasary that

[¢ w) / (-t/8)] > ous.
Should thig inequhizg} be too re-trieting. it in pousibie to
nake spproxisiate connectiﬁﬁs based on an inareaao in tho pnrallel
plate eapaeztance. ta enmﬁunaata fbr the loms of fringing capncitance
dug to intoraetion of fﬁgnging fi&lda. If az 1nitial value ﬂ/b i found
to ba lasa then 0,35 [;uftt/hi] a nen valiue, u'/h can be nsed,uhera

H" ]
wt/b = { 097 [1" '(t/‘bJ 'Y Hfh} /1-20 essns(7616)

h
A,

provided that 0.1 < ( * W, /b) / [ 1= (£/b}] < 0,35,
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' Lat us again cunaidsr th@ array of parallcl eoupled lineﬁ
betnuen ground planas of Figp?-ﬁ. Let up mgcuss that the loft dide of

line 0 of the nrray ia'uloaea by graund valls as ahonn,in Fige7ePe

R ¢
L 1,_,,3
Fer thia caaa the total cnpacitanaa to grauad af 1ine nunber 0@

=6 = l[CP°+ CC;QJO. “"(fu_] . : ' . l

"--,

N -

In ordsr to rzad out the*width of iine noi0y wo noeﬂ to use

o - L(, b)[.t[ (:l-o (Qe)oj

the oquatian

~ 1n order to find the epacing botwoen the end ground wall end

- 1ine 8040y we ghall uaé the graph given tn?Fig.?¢5- FrOm'ihia graphlwa
thall got a/h ana thnn got B Tha .opeoing hntuann thn ehd graund wall

and 2ine no.0 will be /2, {}w

749

Dassd on ccnfoféél nnpﬁing onplycio oven eud 944 nede fringing
.eapaaitance ourves huvi bpen preaenteﬁ by Getolngere. Theoe curves hove
been aha:ﬂ at the baginnkng of . thia chapter. Although fringing copoatie
tance ourves hove been prnv&daﬂ for vide ranges of bar thicknens and
coupling, ﬁhgre iu insu:gicimn@ detn for very 1ight coupling. Furthere
" mores the ecouracy with which:gapgéigance'aatn can bo read fron these
curves for tightly couplea'bafp iu}inadequnte. +Re Supta is.publthnﬂ
even end odd ¢ode fringing‘eapaclﬁéncg curvon, on nb exponded scele,
for tightly coupled coplanar ééétangular'barn between parollel ground
pleneo. Accurate vqiuen ﬁf-ucéa égpaqltaneaa.havn boen calculated

T,

Lo
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Fig. 7°7. Parallel coupled transmission lines belween
ground planes with one side closed.
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C e

hy hinm by nunaricdlly salving the laplace equaticn for the Lowew aaﬁ

opper bounds en tha nade capacitance; Ascardxng to him tne comput od
.enpacmtance data presentea ie the nvergge of thé two bnunda and is £o- ;
rrest to within 31/& paree%t ‘of the exact dnta (befara rlotting) A p;et

of ehese surves in presentedrin £ig. ?.8;

'?.m _ GAL'GGLMIOH QOF, I.zmerﬂ m Fam m:ﬂ:mm QI ms mumc
| Fﬂfmxw }hGITﬁL BANDPAGS. nam:

v . -,
o

ln tha grevinus snctiuna the pruQEﬁureﬂ of obtaining vidthg

of each line and the sﬂaﬂing between the 1mﬂem ‘of tha digitel iims file
‘ ter wes prosanted, In- thia(;ection tha praeﬂdurom of ebtaining the length
of the linas cf eaah netanfk of the eliiptmc funetion ﬂiﬂital ban&paﬁa |

lf&lte“ w&lﬁ te preuented. In cnapier 6 4t has beon chown that the filter
- coneists of two Rehworhsrlangtha of aech netwerk ghouid he one eighth |

, wavelaagth iong at the aentrg froquencys

L@t us ancume that the centefn frcquenéy is £ + Te o&n than
. fina the wavalength from th¢ relaticn ;10 = v/t, whers v = valﬂcity of
Clight = I 1Q1 cn/ast, The l&ngth af notﬁnrk widl then bﬂ Bimpily equal

to /_\ge ﬂﬂ. 'E'l .= -

:uﬂ?’

Theuretically th& 1ength of networik 2 shofild alaa b aruai
ltc hq/ﬂ. But dug to the premance of the frinpging end affest copocdtances
at the fﬁaa ané of the lineu of netwurk 2 it io nece_cary te chorten the

length of the lines of network a. AS. 111ustrated in Pige7+9 thace frine
ring end e?fect capaeitances are distribute& along the width of the lines.
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. ! . - J *
- o

- . -

oy



>ction faken along the lergth A
/‘;l////

LULLLLLE LLLILLE L L2 7L 2E L L2E72 22227077477

: IIITIFIIIIN/ 707777770 VIV I VIV I/ Y7
A3

A

L 7\

N
>

/

. Cs

A\

¥4
Netwdrk-2 7 Y
77077 7777777777 /7///////)/////// TrE 777777
e——t — 44_1
Length ot network 2
(a)

w

ARSI RO RRKRKSSSSS

RN N NS AR NN

4
FIf T T T 77 7T 7777 77 7777 i a7 rrr 77777

View {owards AA’ (Only 1line shown)

(h)

g. 7°9. Parasitic end etfect capacitance of network- 2.

<GU T AT



63

If we now intend to calculate the line dimensions fron the existing
patrix for network 2 the capacitanse of each line of network 2 to gro=-
und that we shall get will be greq?er than that which was estimated.
This will definitely introduce error in tha calculation of widtha. In
order to get the axact dinensiﬁnu, that is in order to get thg acpual
capacitance of the matrix from the digital lines we need to shorten

the lines and also we nesd to pugment the mutual diatances_betueen the
}.inea, S50 formulas must be developed, which are applicable to such
cases, in order to overcome thins éifficulty and in order to get $he

accurate regulta,

Derivation of the formula for length gorrection of nctyorke2

Let us consider that tha corrected longth of netvork-2 is £'
and the length before correction is ﬁ,corraaponding tc one eighth of

wave-length.
Therefore from Fig.7.9b it ig evident that

p
Capacitance - Ares _ ‘f_.(_ﬂ:é_/ = C W
c : dlatance . { (b-t)

s l-t e 60 %)

6#0-.‘.(?01?)
If we nssume t/b s 0,6 '
e got ﬂ’-; ['— ‘?—Beo Illl‘.(?!lg)
The value of ¢ may be obtained from Getsinger's I graph given

ir Fig.7.1. From the value of ¢  thus obtained and by using the formula

(7.17) we cen get exuctly the corrected length of neteopnk«2,
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G Hatthaed and Red . Hm‘imei while ﬁ'ot"mg on iﬁteﬁﬁigital
. filtera wi'ﬁh sueh reetanguler vor gupfima‘tihn, bad %o arbitrerily
- ahbrfa;r;‘_th‘e 1éﬁétiia to get the accurate remslt, But here o foraula i
' ‘presmﬁtéa whéruby we can know ﬁﬁ;"ﬁuch we n‘me& to shorten to tohe 44ty

account of tha effeet of par&aﬁiticl 1%90:! and effect c@mitmcam

Howeéver the Eqnaticm has haar o‘bi:‘aimd from thn anmunption that the
. distributicn of luspe& napn.citance along thd end of any bar in nat-

workeZ g proparttamﬂ to the dﬁatrﬁ.hution of cs:pueitanca ta the grouvnd -

glatw across tho width of t‘.ha aorreﬁwndi.ng bar, and that the ﬂistanca

fp@' is \cqnsiﬂexably_st;orter thon & _quarter wwﬁcngtha Thip CORpOBER~

_t'ion progedure siso hgglep-té the ;i,‘nte;tﬁar' frihging“capncitanuﬂg

.'/‘ ".".

aua to the ahertanina bt J.ength of each 15.'4:3 of netwrk-z, the !

mlas of infinite attanuatibn 1‘111 be shifted i.c. the poles of infite
attennation >)r+ = l'ﬁn ﬁtz wﬁl bacmo tnnﬂt [’ e Thio aetne that
the valus of admittanco Yﬁ Jfﬂh ﬂil ‘ wi.ll change ‘tu a vew vaiuna, lere
_Yﬂ ia the theoretice.ny dariwd coupli.ng admittnnea forning part

"of the reacmmt circuit whieh pmﬂueas the pole of iufinite aﬁtenumﬁ

tion at the norzeglized. i‘requenc:g' tzm /\r+ . t

In order to maintain !:ha produat \I{r;t ‘L’mﬂ ¢ unehengu& (since tiis
would give uo the some remnant frequancy) we need to chenge Yr;t to a
| hew value Y‘Z; . @hia means we t%honm ma}:e
/
Y ‘lﬂnﬂ[ = YH'}""/:;;:E
-
YﬁAH .y Y”’lq” & fan A") . . |
Y Yoz A"i | ' G
Y 'YY'L' = —-""—"'__'"—_-" : :
ham (—( fan Ari)
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.50 we find thnt iﬁ orﬂer tc vaintein the corract locaticn
:af the polem of inrinite atfsnuaticn dna to the reduetion in length
of network-2, the coupling a&nittanca in netrorke2 nust be augnented
accaraing to the Eauatian (?.19): his ﬁarraetien must also ba spplied
at the center frequency to the aﬁwittanees betwnan the ena Zingg znd

Wt [
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L3

DESIGH OF BANIPASS

3 FILTERS JUD !

- ‘Bo‘lﬁs . Imgg}cflﬂﬁ ]

Tro oxmiples of the realipstion procodure bf alliptic fungw~ .
tion bepdpasd fﬁ.ter whick Baz bpen dsveloped do présente& in th‘ia '
- cbcqﬁtere thile désipming mad caicoleting bhe phyoateal d&mmu:‘mnu |
ta‘blae; nf averevlf uﬂ&ll ena Rosooraphs 14@9:*@ naeds .she prophs of
| N Getc.ingerT were nesd :‘m calctlimting t,he phyr.iml ﬁiﬁmslms Lrom rsﬁa—

tic capaditence valaoss

" Bele mﬁﬁ_w.mmmm& FILTER EDels

The requirments £or tbﬁ.a fi.lf.mw ara that tha -stopband attes
nuation 1eve1 (’imin) ﬁ?'aulo Ye. 60.1 ﬁﬁ. pﬂﬁr:bmi '?533"% B!xﬁuld be less
than 12223 bandvidth should be 1% The center fraquency of thic band
| .gnm eniptie fumt&m i‘ﬁ.t@r m.nul& b 215':.*} ac/s. it ie atl.m zpecified
that. in the _t-ranai-t;t_m regiong Gﬂul a8 :attemtion ghould ocewr ab 240

:mclg' and ot 1580 ae/o re@ec-timlye :

Detormination af S, anél n

‘ Depen&:mg on the infbmaticm given, the ban&pms charmteﬁu-'“
.”%.ié of _jﬁg,&@g; cnn bo ﬁrmﬁ.; where t,-he_ e@gc&- 6f Mo peschand are choen -
o be 081,75 ic/o. ahd 2268.25 no/s retpoctively for 1% bumdwidthe -
Fron the gi'ven pa‘zs&haﬁa ?&ﬁ‘ﬂ st con find rajlﬂctian'caeﬂiciﬂm {O g
thus uweing EQ.(5.~12) we ean find Y, - the mﬁm attenustion in tho
ﬁmﬂbhnﬁo in is case wo- finﬁ ’m: & E).ﬁf;!i b for a W‘""H = Re222 dato
for & [ = 20%. In order to £ind £, we nood to’ comverrt the given free
que-mma in the bandpass o tﬁe 1@@253 Imwem:ies. in o»acr to find
the -campl.exi_gy_,gf the. i‘i:.te: - By wa,med to fing Sy frea the mmpaﬁs



A yn 60,1 db
A aB " Transition
region,
A Eﬂﬂlwtlﬁ
max n-044 dB . . . . . A - - - 7
1880 2031.7%5 2150 2268.35 2420 —=f Ye/s
a) BAND TASS (DISTRIBUTED)
A dBT
é- Ia
6BCE .7422 7854 .6288 .8840 —-
e, ‘,‘;,‘* E——QJ._ !:!\0!';-...5,4'29,!.
> rodicn fieguener
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A aB
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.8192 .9171 1 1.0303 1,21904
¢} BAND PASS {LIMPED)
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d) LO¥ PASS (LUMPED)

Fig, 8.1. Preacribed filter specifications for Exgcriment.ai Filter ro, ).
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Aroquebcy respamséa Fron Fige.Beln we cén cszwila? -ﬁa@ gut the corroue-
- ponding .mrrﬂﬁligeﬁ ‘rac:iian frogquencios © of Pig.8.ibe Since we Know
thot Ng- J-a;,w we ent nl:m gé—t tho c@wémmaiwg i‘requancie:s in Jlg
‘meele by usi.ng thig reﬂ.aﬁom Ta raea}'l thut the mmam te Loute
folstols traxz—sfamation soa L= & ('“B dlg) e S refﬁrring _f.c ;‘ig.ﬁa‘;c

- gnd Pig.8.14 \cwresgsm_;:;i.ng to the value of s ie tha”inlm-pa:ss; e got
l.ﬂs'.l=d“(\;flsl—{%;t‘> = (‘nﬁ— “sa) anﬂ wcgrrm;mnﬂ:!.ag o the peoshangd ofpe
| fraguencics ir ‘the loz,upasr nc,ue ‘got e = a (25, - \fz,;) a("zﬂt‘ﬁﬂ“)
Feon these teo relatichs we zet % = .fis;:‘:l;;q' . ' (-Bul)
For our cone -_Qccl o hence ua':.ng this relation we cen thus find the

' v‘aliié‘ ﬁf .Jlsl' « For ths.rs enod’ g M: fam& to be 2,31, This means

| that the tmnmitmn regmn ﬁtﬂﬂp‘lﬁﬁs iﬂ tha l@mpamﬁ reupenae c‘r.mﬂ&.

ba &_— ":ri_c_ ‘-'2_51 (R

L%

» How in arﬂer to ﬂetemi.n@ n we ma;l age ﬁm Homographs
T "a'iven in chapter 5. Fcr Am.ﬁ.n - &an ﬂﬂs “ﬂhax = Q.{}M& 4B ana Sor :%: 231

we got @ =5 from the mmagp@h,

. 10;:@5& Prototyr

- A

Fx’m.. the date now mmtlr.-bie e LBR BOW. fing ceut the Loges
paos proi;otype elenent v.m‘!;uas fron Zverew 14 (ﬁm the tables for cllii-
ptic func!:im xowpass f;.z.t.ar) ar from Hwaﬁl' 'Fi.l&eg- Kamlag*.‘l’he
| folloving lnw-pmas pmtatﬂpa ﬂlment v&.ues are thus obtai.nea for
5, = 108 ena Bysn * 60,3 4B an3 for the temvination of xaal.a.

. = 16565 r I-a = ‘1-:&3'06? .' .

4 E :0‘09;3"&55 ‘ LY »

C,  =0,03866 0, =0.607  1,s1a78%n"
6. =0.8%3 4 T (C.2)
ond 5 5L, = 346219 3 2y a 2»3538

o



. Fron F:Lg.B;lb i.'t e 'mhen tﬁht";tha center freguensy lo rormalized
to -’E s D.7854 radian a0 that tho band edge fraquenc:r . wilil he‘ o 7h22
fér the 11% handwidth fntar. N \1 ' |

Thus we got a ﬂtnn 2“*’\ E;l;ﬁ&,,.'ﬁ‘5.?7- iitiie(sigj
2, - R 3
T i; t.

- Since the cen‘ber !’requmar i.a 2150 ¥z, thereférs the length of the
| el.emmtm of network-1 259 @ .636 i.nch.

i

By uping the given -tox-lmuiaé_i"lﬁ}‘:?gx)g (6450} we got

:)’.-.* = 1,363 | Mot & 1,219

: . . -bi-bo<3i-'3
M- e 935 o Aq.‘ﬁ 0,820 . 3a

Tha ¢errmpmding actial frequaneﬁ.eu oré

P (thA,i)x- -._) 2150 md/,

1’1% '_'1'?35 ﬂﬂa.' ‘; t‘ls - 2519, 53 Mz,
'2.2 = 1880.11! Hin, A‘ 3 \ ;\ ’ g.fé - ?_565'35 miﬂb |

These sro the frequencice q.?f‘ ih_iéh the poles of infinite attes
. RO : :
nastions are located in dietribuled bendpacs responso.
- Lo i o

3

‘*..ﬁ

e
L I
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The vnluoﬁ.of Jh'a aré now uaaﬂ to caleulate the elestoiit

voalues of the aharaeteristac a&mittance dntrices (6. 25), {6.23) eng

(6s2)e Tha fnllaﬂing muxricea then rogulds

'~‘Hat§gbk-1.
FOR
-
. 7.313

O

0
0.
0

Tooo ooy vl

. Networks? |

{1
—_';68672 |

0

[+
1o -

49654

~s5203

E =y

@ s

. me9650 o -
1,4867 es5233

«s5213 1. 10,7792

0 -0
o -
.-
4] . 0
¥ Y
o - "y

‘__5233

 2.4867 _'._--.,‘-.gssb,
9680 122290

l

o 4.5;07

LI
0 ‘
o ?1 /- \\0
2 ! o
Loy

(W

-.*253951
348558

=125507

()
e
0
5507
3.8558

~2,305"

«24305%

'?6_1302__

Lﬁa L © o o o :;J

(6

(8.4

(Be52

These valuau offchnracteristic admittancea af the&a matrices

T

P
- oay Bot give ua a.phyﬂigally realiaenhle bandpuaa filtor, It hoo been

‘manticned in ¢hapter 6 that fgr‘ﬁhyuical raalizeabiiity uﬂmittance-scn»

'111ng ie necessmrg ¢ A diacunsian ‘on- thio matter wao aivan in ﬂection

6.8, There 1t was mentioned that at the begining svéry ling in the
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. atepped digital ﬁ.lter, exeep!; the u.zws on uhich input 'a.nd outyput

porta are aituataﬁ. may be scalaa by the factor 1/Va » However in

" this phynieal gxmrple we shall at %ha bogining scale only lives(l)
and (5) of both the netmuna,by the factor: 1/ V6 2 1/ \5a77 = ok1630

| This proceﬁure end the’fnllawing panittance seoling prccedure gonges
rally result in ca@acitance matrieea wiich give n phyaically reali- '

zeabie notwafh.

‘agter sesling 1ihe§£i> and csi of both network by the fastor
i/ya the matrxces nhach reault ara shoun in Eq-(aa)q and Bqa(2b) of
'ﬁypandix-a. .'-;ﬂ',; ’

_ _ The reaainingfliggéiuareVtﬁeﬁ 63&195 such that the correspons
aing muiu diegonal entrieﬂ ‘4n the capacitanca matrix ropriecating
nstworkel- gore raapeatively equnl to. anﬁ o factér 1.2 timon greuter
than, the main é.i.agenml value af '.Lfme {1} upto tho conter 1ine from
the iﬁput‘ end line(5) upto and. incxuaing the center line from the |
output. “hin will be ¢laar 1f we ro thrnugh the £bllowiag ateps.-

Thus wo Mmoke ch# = lia'iim*a 655 and moke naaeaaary ahangea

. &n nthar-related chmractérietic aﬂmﬁttancem as we have bhown in the
procedure for the changf.in.admgttagca level infphapter ,anq iy
Acceéﬁin@ly we'make cﬁsfa“hew ca#Ténd other neccscary chosges in the
aﬁmittancas level ot the'ﬁatrix (2&) of Aypendix-A‘ Simlliarly we Ddie
~Coy & 1.2 times Cqqe Thia is done in Networke1 in matrix(2a) of Appmn?
eixpﬁ. Exactly uimilmr changea in the nﬁmittanee lovel of oeach iine

Jf’\

wore carriea out in netwark~a alsaa That meunﬁ iinc ounber(4) of net-

porkel and line numbar(ﬁ) e naﬁwursz must be multiplied by the same

~"; ‘;‘v

factoru Phe change 1u n&mit%ance 1evn13 nust- ha done ap shawn in

'Chapter-B and h.



This n&mpla pracaaura ot ¢hanging the sinittanes lovels reglto
in or near aptimum relatl onntip between the coupling mnd ground capa-

citances of bokb netuworkesi and 2-

The natriees for networikel and 2 vhich gore obtained after the

. gbove memtioned changes in é&mi%ténaa-ievel aro the matricso (3a) ond
{3b) ‘of Agpendizwi, The eieaents of matricen (3a) gma (3b) of Appete
ﬁixnﬁ are the characteristiu aﬂmittance velues. In order to got the
static copacitance mmtricea for alr ae diclectric, wus neeﬂ to multie

ply thess motrices by'no » The stntie capacitamee vnluel are &tilli nore
mal&mn& with regpest te the tarmanaemon 1mpaﬁnnae. In order to pozvert
the valuec &0 a-5owahm-gysta?_wg;peed.ta divide thooe woluag by 50.Thera=
"fore in order to ¢anv$§t thagéﬁ;faﬁterietic'aﬂml*tnnee‘valﬂea‘a“ matri=

cen(Ba) and €3b) {of appaﬁaix—ni to the static ecpacitance voluss in o

50 ohn pysten @e nsad ta multiyiy the matri¢au by & factor ’no o s
27647 , , o . 3@
"SO = ?.53&. . . R , , .
%, 1 N
gl
g e
o
RESTRS]
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Aftor nultiply&ng ear:.h dMQnt of the matricec for both ‘Bhe

petwerk by 7.53% we ge'l‘;,}trh@ tollowing static copacitance natricesd

(0) w @
f§¢53u 34136 g;g&?: i(fh%. o
| «30236 94546 w3062 ° O
¢ ~5.062 f{:;xgtkﬁﬁl;  w1e395
o 0 Lashs o 158
o FIEE = R X
| o 9 iﬁ;;gﬁ < o
o ° ot °
. Hetworhe2 . | f\' L
| @ Lfglfé) oy
(7661 14653 o
«1,653 21,456 20583
0 a f;*4a2§533_ L 13269
o Ff.;_.ﬁ S | -2u5t8
-L-_,a = PJ‘O ﬂ -0

- .

)

O
4 I
Q

3,848
12,558

“35363

(%)

o
0.
e_@z;saﬂ
11,958

7-4.1..561

@

{5y (6)
0
0 o
0 0
o 0 (8.6
=3,068 0

9,639 »3s336

w3136 74534
o

&

,G
o
e | (8.7

'“Qp551

D592
]

" The values arc now raaﬁy for caiculeting the phgaical dingh-

3t

the praceﬂure ﬁiacuﬁsed %n chay*eru7 for thia purpaﬁa.

. siena. Be shali uee a;rectangular bor c@nfigaraxﬁan un& we ﬁhall use

If we.are to 'i‘ind mﬂ; thu physlcal as.mmniena.ue powd to find

the cupaeitance of ench line té geound. ana tha eapaeiﬁanre between iines.

The ecapacitance hetwcan*lineﬂ can e directly raaﬁ from the above matrie

e

lc&m {eutual capacitanaeﬂ). hut the aagngibnaee of aa;h 1ine to ground

_can be faund by a&n&ng thm respactmva sdiuan or rowe
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F1dth Calculation for Hetworkel

The following is the table which prescats all the values
of self capaeitsnce (between line an ' round), mutual capacitance,
tringing ecapacitance fro the ﬂetsinger‘sT crapig, the width of the

lines and the spacing betwsen lineo of notwork=1,

® e, ke kel ,c :ff; Kekel ,'Vb o Pkt B ke

€ € inohes inchen
0 4,398 3,136 O3 0.1135 072 04195 04122
1 3348 3,062 O.42 0.1648 0,103 00205 0,128
2 64999 1,395 0.7 0,475 0e 207 0,385 0e261
3 6,315 3.848 0e35 Celt215 0,264 0.165 0.103
b L,6h2 3,068 0,42 00311 0o 124 0e 205 0s128
5 ?.kz7 3136 Oak2 04175 01095  Ce2 0,125
6 k4398 0,1155  0,0722

In this table,
k elire number
o *= the static capasisance of kth line to jround

%x,ksl = the statlc cap.citance betwoen kth nd kelth line
w = width of kth line in inchusp

S, kol® specing between kthi und (Rel)th lines in lrchege

G9



| | For thip came &e‘hnva\éhegen /b & 0s6 and & = 0,375" thb.t
io bu 0.625", The graph ‘of Fig.‘?-} wan vaed for t/b = 0.6 to get
the necessary veluee of /b and ¢! fo . ° To £ing the value of o?,
tho gre.ph of F.‘Lg-?m was med_. _ | |

"‘Inu width cea.culntinnn ara mown balda

w/b e L %) [; gg) g (Cae)o,,j -

wp = & (-%) [L <CJ_-) ( _)W G, kJ (89
‘-"'a/b & ¥ (1».5) (% x #Qasa - o} /" - oh2) w35

~ 0 |
G -.woa.ﬂ?l"

1

| ﬁ.lfb = % (1‘06) (}5 ﬂbstﬂ“af’s o -‘!Elu alg%g ﬁl-* -193"

walb o o2 ( % %6.999 ~ah2e,7) s 475, .';ﬁé, = .29_7"
. W5/h= ol (% !6.3?5 *“0?935); mt}a‘ls ‘ '_ 3-254"
Cwyfbe 20MEhiGb2-35eh2) T a 540 e 29"
: ‘l5 fﬁa .ELW- [*E‘?D:;I}Eb,:bé\)” . .- _ 4501?5" wﬁd@%"
| wfbm 2 GhhasgBeuialad) . ea1255 - wg & 40722°

Hote

. ,I.anm" ond WiAtH QELQ,

i?e ‘ean now calelnete tim dinmas.on of i!eﬁwarla.-a, Uaing

equation (‘?-18) the 1¢ng1:h of’ netmmu-a hwcamaa

foedeizen v | | |

Cfr s 0.686 - .aﬁ.m.ﬁ:ﬁ & 0,536 inchos (8.0 )
How uaing equa%‘.‘i on (7.29) the eoupliag odnittaacen Yoy of matrix '
{8,7) becomen iz of the railaain@m table,

t
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Network 2 showing ‘the coupling admittances.

" Fig.8°3
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After this we can moke the following table by use of

-Getsingerts Graph and his formuln for width calculation,

{8+11)

i e T'rs
Os 244 Sa
2¢ 1.653 2e5
2= 2.583% 351
h& 36588 ‘3-81
b= 4,551 6427
Here ¥ _ and ¥, are assumed to be 3.41 for conveniecnco of
vonstructions

. '
k C‘._! N S—K' Rel ! (cﬁ__)ku Rt &2_! wn_ 'S._k_n.ﬂ-}f SQ,KA‘-I .
e« ¢ ke de B ned.
0 Soq =3+01 0159 +162"
1 (2,59 2.5 5 «159 #0095  ,245 ,153"
2 7e22 SqSQ 053 6546 5Eh1ﬂ ile 01125“
5 6,008 3.81 037 598 © W2B7Y .17 L1068 (8.1
b 4,409 6427 225 0322 2" W10 L0625
5 1349 3.4 02 L0567 +262"
Tﬁa uidth‘calculaéidna of the linoo are chonh belout .

'gb B a2 ( ﬁ x 7.22 -.‘5 "38) - '5% S u? = ‘3!‘11"
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TOP VIEW, UPPER GROUND PLANE REMCVEC
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FIG NO. 8'4a. DRAWING OF THE EXPERIMENTAL UHF ELLIPTIC FUNCTION

BAMDPASS FiLTer, CENTER FREQ. = 2150 MHz,
BAMOWIDOTR = 1%, Amin = 6C1 dB, P = 10% -
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fron the céntral conductarll . The transmisaaian lines excopt tho
input and output linen ore stepped, Slots wope cut in  the certral
plaote according to the dimensions =nd &rawing given in the top viaw
of Fig.ﬂ has Thece ﬂlata were cut by drilling holes, cutting by Grue-
Ll ary dews anﬂ thon by filing bgjmebns of jeuallery files. By this
pothod the transniosion lines and the rpa¢inga wery created from o
+375 dnchs thxck uaahins& Braaa piabea The Sop and botton plates
have well finiﬂzed Emz'!ac:am Fs.g.s.tm amms chows the sonncation of

{

the input and autput con?egtors-&o the input and antput transfomaer
M Lo .

eiementse L y o

. C ""-.'5 l". ;,

 The photograah of tha fllter with its cover plate openad 1a

g e -

O oo

;"’.,* 1y 3 o *

- chown in Fig.ﬁ hba |

i

¢ .
In order tc 1mprove the séﬁfmrmannu-of the: Eiltar it was nece=

agary to atd tuning aurewuq & aapa}ate top covar plata vao taltan f@r
thic purpose. Noles ang thraaﬁa were cut on 1& in order to ploce the
' tuning screws, The hnlaa and th?éaﬂﬁ wore opade sach that the tuning

serews appear on the tranaaissién 1&nea af both the notworka.

o N
L
- ' h):;’,i
:‘r\. L
l“} r..“\ }l
Y ‘.; \‘\l_"':,f
oy ooz
S, N
:._"' (( b
- . \_"”
i J
- .
- - op= 1

~—k

Fa



N

N . Il

b __Ph

yoown
e \_‘—-
N

'3

1 with top cover removed

£ -
Fig, 8.4

5tograph of

Filter nb.
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In this amtim wa da?i.gn another elliptic !‘uno‘& on bundpass
. : b ‘ :

filter with the tanowi.ng requiremmtm

Aygq ™ Stop bana attanuamm lovel = 63,5248y = 10K 4n

the pnas bmd; this carresyranda ta’ bmmbmd saxious loos Arsax n WOh4aB ,
’ Bandnatn«mquiraa = 108 vhera ﬁae conter frequency is decired to be
16 & we/se 1% is algo mentﬂ.uma that ir the tropsition rags.anu |

63.52 4B at-:emuats.on coour at rmq‘denuiea 1215 me/a and at 1935 mc/m

E - respectivelys We want to deasipn and construct this filter, ;

- Betermination of (1 M Ci A

On the bmies of tha demi.m raqnirmenm, FigaSsSa con be

drawit whara it is cleany smm thut ‘the séges of pessbend are at’ 15.2@
ne/e sni at 1685 me:/a. respactivaly. Ag dlscummod before Fig. .sﬂj cen ba
drown from Fis.aum. $ince we lknow that -Q-B' tenw wo can thus algo Araw
Fig.-sﬁ S5¢. Oging e‘aqtmtied-'('ﬁ-‘i)r @‘-!.:a. , \_Qc"‘ R;%”—E%!Bq - we can find ﬁnt the
vaiue of ..Q,, of 115.8.5&, sloce kn BUr cass o sl f“hua the value of S
~is found to be 2.1936. Thum the wanens of the tranaition :-e;:ion of

the lowpaos respotive ia k-:nm. as dafors using the Humographs given in
ahapternﬁofor A min ® 53.5? ng 5#11:&2 e 40LLAB and far %: n2, 436

we gt nab. 7 - !.‘;‘_ﬂ;_)

Hcm for n=j5, Pz 10)% Aﬂin 63a;2 4B fr‘aa the tobles piven in
the book of YZoslt or in the bnowb?;* fverov - we pat thn 1::9:-1:&53 protﬁt;rpn

alement valuos. These are sa £ollownp:

8, » 93328 €, = 2468509 |
C, a 04993 : Fg* ‘:r _f?-35'??, g = .35596
s

. : W oem d

L

-
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1467.08 1520 1600 1€80 1792,72 Me /e
a} DAND PASS(DISTRINUTED)
A dB1
| I | Z
| 'l F— w
L6908 74613 . T854 B2 .88 radian frequessy
ue £l T, . {normalired)
+)} BAND PASS (DISTRISBUTED)
A 4D l
|
Xy DR PR S PYR 1 P —S2g
.82668 ,0844 1.0 .7C106 1.2097
¢) BANDPASS (LWMPED)
A 631

_Amin | 63.30 aB

)

x\\\\\\\\\\\\\\\\'\\\\\\\w§
A

B . L= op, 408

d} Low PASS (LUMPED)

Fig., 8.5 Prescribed filter specifications in &) and b) diatribnted

casen, c) Lu=ped bendpars cere and d) in anped lowpass case for filter mo.n.




and Ji; ®3,9007 4 Su= 24767 (Ce13).
L'J_ Ly
i l-é: L l_]c 1L KEio
T TG T T
o l -0

ot |
Fige3s6+ Lowpuss prototype for anj, E° = 1.0

From “ig.8.5b it in seen that the centerfrequency is nornglized

to I"'-:r = 0.7854 rzdian oc that the band ede frasuency @ will be
+ 74613 for 10.. bandwidth.

Then we get a _(tan 2ue)f2 n (43534

and Uﬁ L 0.3‘96731 (8.1“)-

The length of metworl: for a center frejuency of le6 k nc/a is

M8 = 0,923"

By using the formulss (€e%9a) -nd (6.9b) we rct

Mge = 1,3530 v Mg 23239
(8.15)

M2-= 0e7392 . e = 2,2137

The eorrespondiag actual fre-uencles at which the polos

infinite attenuntiocn are Xecatgd arm
0o (+am (Ari)ﬂz,-'w'.'“ 7%, ) 16w mHg

/’

£ m 1296,644 11z, £, = 1796 Hiz.

’

= 1403.915 Mile £, = 1903.353 Iilme

P o -

4



Y

aracteristic sdmittance Matiicens

The values of X's c;b‘tained are tow used to coleulcte the oloment

volues of the chnract@rﬁ.stic adgasttonce matrices (6425) and (6-2#) .

The failomng matricas then remzlta

Hetworkel
{(0) (1)
1w
2 748274
R
o 0

6 ©

o 0

o 0

Hetworke2 .

(1)

[ GJb2

- 4905

o

0
0

Now sesiim'_ﬁ.nes 1 and 5 of both network by

(2)

“"'08979

L 388“
-y !@05

- £3)

)
g 3'

| eBon
13,0521
.l b8l

{5 .

»2,1333

3,581k
«1.%81 '

W
o

.0

o LlB,

| "39531—!}

w2el35%

g
i
) L Wy
{3) {8)
g |
' 3
Lt 0. R
6 o
9 Q)
S 7 ‘ESJ&)Q
1481 o |
p,8868 o« b
. N
- 5 1 g
{5)
5
¢
o (8,127
»2s13533
7:5725
—i
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Fig,.8,Tb. Fhotom of Filter no. 2., with cover plate removed.
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CHAPTER-10

DISCUSSICN AND CONCLUSION

Two elliptic functicn bandpass filters were designed anad
conetructed using the realisation procedure developed in this study.
Filter no.l with center frequency of 2150 MHz was designed to have o
maxinum passband attenuation of 0,044 dB, {(corresponding to a maximum
passband VSWR ef 1.222), minimum stopband attenuation of 60.1 4B and
a bondwidth of 236.50 MHz. The measured attenuation chargcteristics
of Filter no.-1 were precented in Fig.nos., 92 and 9e3. The curve of
Fige9e3 which was obtained after tuning, shows that the maximum pass-
band attenuation is 7 dB, the minimum stop band.attenuation is 47 @B,
the center frequency is 2125 MHz and the bandwidth is approximately
237 MHz. It is obeerved that the passbaﬂd attennation 1g more than the
theoretically predicted vwalue and the minimun stop band attenuption is
15.1 dB lees than the theoretically predicted value. The center frequ~

ency and band width were almost same for this Filter no.-1.

Filter no.~-2 wae designed fbr a center frequency of 1600 Miz
to h;ve a maxisum passbané attenuvation df 0.0%4 dB, a minimum stopband
attenvation of 63.52 4B and a band width of 160 YHg. The neasured atte-
nuation characteristics of Filter no.-2 were precented in Fig nos.9.4%
and 9¢5. The curve of Fig.9.5 which was obtained after tuning, shows
fhat the maxigum passband attenuation is 2 4B, the minimun stopband
attenuation is 48 4B, the center freguency ia 1532 MEz and the band~
width is 125 MH2, It is observed that the maxioum passband attenuation
is5 1.956 4B mofe than the theoretically predicted value and the minimun

stopband attenuation is 15.52 dB less than the theoreticelly predicted
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input or output connector

/—‘375 dia outer conductor

of 50 ohm. transmission
= / ine.
7

Input or output transformer
element (rcctangular bar)

il

Fig. 10*1. Details of connecting input or output connector

to' ihe input or output transformer element.
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