Institute of Electronics, Infornmation, and Conmunication Engi neers

HEEA BEFEHEEES (& FEH
THE INSTITUTE OF BLECTRONICS, TECHNICAL REPORT OF IEICE.
INFORMATION AND COMMUNICATION ENGINEERS SAT97-61, CQ97-38, NW97-75(1997-07)

EEFEEAEREE X by TIRFERRROT7 02—
RE OER TR KR Gl

HAENNKFEIFRERITFR
T221 HEHSR/IIX<AHB3I—27
TEL 045-481-5661 (Ext. 3208 or 3153) FAX 045-491-7915
E-Mail anada@cc.kanagawa-u.ac.jp

HoFIL 196 IFICKRBERBRICLVRESNALTFHEBROEZ KX, A MY v 7HHE
Bzmoe LTHRHEREY, FEAFEEBRFORNT - SRICEHAIA TS, TO%, #H
ZZICEETFHEBIEOZE R AARFESR, HELRARICTFEABRAICE IO TREMISHETTE
I LHFRENTVAS., FEIE, EEERERFEERY L HEMAREFEFRRBEORIZSH %
BOMBPBERIIHE L2 RV LAOTHRET S, EROHATHICHUBIRZHE L%,
EmAUCHEGEFEBEEE, FHEE)EERFLY LF, TOREEEELRT.

%-7-r EEPEOE, TEEBEARR, HOEE EBEE— NERE

Some Analogy between E-Plane Planar Circuit

and Stripline Planar Circuit
T. Anada T. Hiraoka Hsu Jui-Pang
Kanagawa University
Dept. of Electrical Engineering, Faculty of Engineerimg
3-27 Rokkakubashi YOKOHAMA 221 JAPAN
TEL 045-481-5661 (Ext. 3208 or 3153) FAX 045-491-7915
E-Mail anada@cc.kanagawa-u.ac.jp

Abstract The concept of microwave planar circuits was introduced in 1969 by Okoshi and co-workers as an
approach for analyzing and synthesizing planar-type microstrip-line circuits. Whilst, the basic planar circuit
equations for the analysis of the E-plane planar circuit have been proposed and developed. The frequency
characteristics for both planar circuits are obtained in principle by solving planar circuit equations under given
boundary and excitation conditions. But, both planar circuits have essentially the same planar circuit equations and
boundary conditions except for the lateral wavenumber B,. In this paper, we will explain how to calculate the
frequency characteristics of both planar circuits, making use of an analogy existing between E-plane waveguide- and
H-plane stripline type planar circuits. In order to show the validity and usefulness of an analogy existing between E-
and H-plane planar circuit, some typical planar circuits are taken up and the frequency characteristics are calculated

based on the normal mode expansion method.
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1. IBL®HIC 196 9FITKEFERHKFICL VRESINA-FHEIKOEZ KX, AMN) T
MOz a0 L L CHEEKER EEER) , FEATHNBEOHEIT - GRIIERHINT
W3 [3, 4] . 208, FICLo THAICEWMFEBEIEROE 2 FHREI N, HEE [
EEVFEHEED FEHABRICEIVTRKENIEICEX LI LBmEShTWS [1] .
T, A GHEERERLFEOBRATOBRR M2 HMA kL LT, BREEFEHEC I
BEEO Y 7EFEEEEOBMICEAET A LEOTFa Y —%2FHL, b7 7EFHBIE
DEHAESHEZNEL, BERERLZETI LI > CTEREHIEERBATOERASA %
MBI ENTELILEHRE LA, 4EIF, EHEFEHRBIKEE HE AT EHREERBROEIC S FH
RRGAHPBIR S AT L2 RV L-OTHET 5. EREOBFFIE LT, ARFHEHDNKET
W, B EEBRELIY FF, 70y —0EEL2#HBETA. 20X ICEEFEEE
RIZEREEETHLDE, FOEFTNVIZEALZELUD WO TIEFEICHEG E EBRE OB %
THTENTELDT, BEBRTOBEDOTMICOERTH 5.

2. HEFEELKR S EEFEREOFERBIRAEREZOT7FOT—ICDOWT

2. 1 FEBEREOHEE
EHAKEAECKNTAERLIGRT L) I 2BEOBMEE— FICL 2 HEFEEIKE E
EFEBE EZ 5NE. HEBEBERFER®KIE EToOmE2 FATEMRR, B8 %2 ExhiErel
WL AEETHIN 2 KTTEREEETVTHD., ZDLE, BRESH LT OEBMKIRICE
BERLEMEE—FTH5. &5, BI3AMOES dIFERICERTIHEEICENDOT, G384
MU BRI HTHS. - TC, BEHHMOBBRROEAIZED < BB OER EEBIIF
Y, ERLVEMETRETH S, Zhixt L, EEFREHRIERKS LT OEKEGIC
FATREMWEE— FER Y, BEAHMOES A IEET A ERERESHFEEL, FHEREKS O
PS5 A7 OMICE S HHOEE d DHEE/ST A FPEMEZRET S L Vo HEND 5.
2. 2 BEAAFEREZOT7FOT—-ICDOWVT

MEEOEOLEEHOBR AR 2B TSI LT, brE0TFruy— (BEEER) OBK
WCDOWTERT L, MI1IWEART L) ICHFEREOBEL Y, 158, XTI L2BERARS, &
OFHEBRFEREL2EHTLLE1 42 s. HEDBHAICIIRKOERE, Bit, EHOBE
IR, Bk A SUICERT 5 L, MEFEBEROBERESEMEIIER 1 OFEHEEFEX R OTA

Stripline

dislectric el
(a) H-plane Planar Circuit

T’ z el plate waveguide
model
d < Y W=W;+2A
2
JL = A= (E logz).d
W~ #1 Eot=&

(b) E-plane Planar Circuit
1 HHEBFKREFREEER R & E mERE R b R
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VARV FRAZFR CBABMEREGEOETHITIIZTINVI LS5, MEBOERIEFNE
WEBBZITTHAE. oT, BE—FA VY E=F U REDRIKE/T X 7 IFERBORDDIC
MHEERRERB, THERTNIE, BEHAOEE T Ay dRRPTEERTA L2, |
BRI EL 254, RIUIGRT L) ICHFHEBDOE— FA ¥ ¥— 5 v A IX5EMH 2 BBEER
FHOEEBRBREFHAVEILICEY, & ABIIRBITLI LN TES.
3. E (H) BF¥EBEOEEEIFYE
CITRHE2ITRTFEEBFROBROAKENELZESE— FVEREICLoTERDS. X
WHEEOBICHEET A7 —DBFR L Do- BIEEZ RO, LREOZEZ FIZEOSWTHF
T [0 3% O B I B O B I AU T A B R Y.
3. 1 2HROEAHRFEERROBRERSFE EAMICAN) y 7THREVEEEERERD 2 H
MIEAEFHEEROM A aiEk, BEESEORTESI%Z K 3137, BRICIEARFrbE
DEFEBEBRIBIBEEZOoNTWEDOT, B [1, 3] KESVWTEHEE—FM Y E-F
AIBEGIFET LI EHFTESL. HBFKRIEa=22.9mm, W/a=0.01204THA. TNk
&, FEHRBROEAE— FEII/NEWIEICS 0, ABIEERBEOBRE— FEIX3EEE
LCRHE L. EEOERBEEEIZA MY v FTHEIBROERICITIGL, (0,0 )ET— FIFELET
L7:DBHEIERTS. F/EED26GHz (HE TI4.05GHz) (2% (1,0), (0,1) E— KT
FAET A5, AMHEEBBEEESLEVOTHIERE 2> TWE, ZOXHICERE Hiflik
SEEET VOB KREN IEEBEREETZIITROONB I XS0 5. B, FEHKL
LT, L¥VIA4 12200 (LLFBERe=262, FEADEAd=145mm) ZIREL.
3. 2 3RATHYREROAEEIEM N40EFVIIRTIICRICE RS 3KEREL
7-ET T ok E O Fi{E e e BEREEEZ R4 (a), (b)IZ525. —HRBRREET IV
OHE TR0 B EEERIMEEDo-BON L W [F UIaEREZHE L ) IR EBEHR
FTER4(a"), (b)) DEAEEEEIRONS. HL, EFEBROBIIEMBEETZEL, W=3.38
mm, WFERe=2.62L LTHIF LY. 2B, ZEE—FRIEILRZRLARETH 5.
3. 3 9 0EMEAL FOBEEIEYE FEXY FRHELPLMEINTVED, vk
HIAS) BRI EINTVES, O r—T2Mld ) EEEOVLEM, FLIEEHSKRE—F
T EOERLEBEE - FEHETAFEN P o728 bHoT, T VFIEIN TV
W, L, SUTVE-FZIEERICHE TSI FEZREL, BEBSEEEZEELA [2] .
COFREREFRAL, A M)y THEBEBROAENY FOREEEE*NSICEZ S, 20k X,
B2 OREICILELTIVTIVE=FE5~1 5, EBRBKOFERKE—TFE23~1 56
BLCEELA. B, EEMAEANY FOEWES S dOBMRIZ d=2W ¢ L, EEFMEEXY
FOFEFIITAEEZ R 27D ERILEAEZ F=2dATRLTH 5.

(1) Squared circuit (2) T junction (3) Circular bend
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4. ETV
EEmTPEEEE A M)y THRPEARBOMICHELET 2 BEBEBROT Iy —5HVwE I &
(&) TP E O BB BREES BT 5 2 Lkl 0T, TRETEHRELAERS
EFmEEE, EETHl, AEANY FEOERPmEREO AL EEEIEEEA MY v FHE
BeOFBREECERTE 2 EAR L. S0k )12 E B E S Mk S 0 720 EHEC
& RERE DWBEAT) TN TEBHDT, BEFMOBEOHEICERT2FETH 5.
£EXM (1) EEPEEEOFEEETER L 2 OM@TE, F%4% C-1,VOL. J73-C-
LNo.3, pp.134-143, 19904 3 A, (2) AREEEETMMEML ) OEEFEEE— FICL 2
WARERBEET VIC L AEEFERE— FOEH-, BFHE, MW9I3-94(1993-12),
(3) K&, =4f, " FHEE" , +—2a4 (1975), (4) EREMEMBTOER,
BEriRmas¥s [WTREWE] , pp217-242.

Table 1 Planar Circuit Equations

H-Plane E-Plane
2 2
The relation | VE.(xy)=iP8H(xy)xk Vi )= BB )
[*3 1
among the . .
field V- [H(x,y) xk]= joeE,(x,y) Vi [kxE(x,y)]= jouH,(x,y)
components m . |e
E(xy)= J\/E:HJx,y)xk H(x,y) =J\/;?k xE(x,y)
Voltage VE=—E, (x,y)-d (V) VH=-H,(x,y)-d (A)
Current JE=H,(x,y)xk (A/m) Ji=kxE(x,y) (V/m)
VE H
Field E0y.0)=-gDogf@) | Hyty,0=- 00 g ()
Description

by Voltage | Hi(x.%.2)=[kxJ*(xy)]-£;(@ | E(x.y.2) =[J¥(xy) xk] -} (2)

and Current T E . [€ u .
E,(xy.2)= J\/g.l (x,y)-h;(2) | H(x,y,z)= JJEJ (x,y)-h; (z)
gl'ana!-t gradVE = -ZE JE gradVH = —ZHJH
ircui
Equations divJE =-YEVE divJH =-yHVyH
2
Planar ZE=j—E‘—d (Q) zH B“‘ —2.d )
Series we couo
E .
Impedance Y =jwe/d (Q/mZ) YH —J‘DMO /d (Q/mz)
e_B
Characteristic| Zc = g)—ts (m ) z= th_“d (S/m)
o
Impedance
B.= o, fen, Bu= Jo'epy —(on/d)’
Helmbholtz 2 IE 2 <JE _ 24/H 2 H _
Equation V( v (x,y)""Bt A% (x,Y)" 0 Vt Vv (X,)’)*‘Bmv (X7Y) - O
E i.j = Hrij —
Mode Z ZIL’)qX_H - 1
- n® . pd N o
Impedance J S Z (B = kz Ny, nri'q ! rean S HE_, @ = ﬂ(p) ‘ﬂffq)

fE=gf = \/_cosnm ht = (m:(/d)\/zZsinE
£ = gft =\/2_sinT, hf—(m;ﬁﬁcosﬂz-
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E-Plane Planar Circuit
(Waveguide Type)
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H-Plane Planar Circuit
(Stripline Type)
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d=22.9 mm
W=3.38 mm
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E-Plane Planar Circuit
(Waveguide Type)
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H-Plane Planar Circuit
(Stripline Type)
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