11 B B F B % & T Vol. 11, No. 1

1989 4 1 A JOURNAL OF ELECTRONICS Jan., 1989

EREERAPEZEREEEXK
BB RS PRI R R
RbE B

CREER%E, BR)

RE AXFREREN—SORESTRAPTTEM EEBEF RS, BEIAS
X G2, BRNFBETERNERERR, SREHIFTEETE—., XHhART—HE
HER RESENSSERSRIE, ATXEiL, RIFRNEHET A w BB ERHEIR
B Be > LI 45 R SRR Q4.

KA B IR BB SRS R

-, 5 ¥

TERE: BRI RN AR B CR &, BB SR A TR TE. B,
IR A% 25 SR PR A G B AT AR B 250, R DURRI T HR AR, T EAIE R AR, A H
KpEAER, RN THE WEA SR E BHERESE. mRERENBNBETE
B S5 AN, MRS T E B ERE—MTZHERIG R, 14N, 4M
LI BIE R R B, AR B SRR R i, A A 2.

4 4

——tt & A W . e S W W W W .
¥ " Ly
TR EPRMINY ST
()5l 22 1 (b) .91 )
A WENE. = W WA ot
* Iy, 18X
b, ko AT
——, e
@k (e ETLE OE R

B1 EEBERRESESER

Bl 1R TR E B ERESERRTHEMEEE E BN ESE, Rt
WP 2 B BT R EAES Y, T — AL, UEXMEET RO,

* 1987 46 A 30 BUREL, 1988 £ 4 715 BIEBUE



2 LA N B - 11

SRR 30T 5 A 8 ER LR R B EREBOIHEBR (MRCT) F1 4, LX)y
HEAREGE—, REFEESAE — 2R, B, SCERLS TR SRR 45 418 B R 4
BT QARE A SRR ORI E BRA A ES M, HERRERTREEENE
BT,

ASCH FIERIER— R W& S AT R, Z—H5 1 T HE 1 FrRi&F E EE A
EME, TR BER: SIA TS, E&E E BB ER—AT X
I T, 10 E ERA N E S S MO — B S R RN N T o S Bk AR
BERH BT XBH SR, A— BN & S AT E B 8 28 55
BEE BRI, REAELMEN T SRR TR SR,

. R 2

AT ET BRI, FEPUA 1(b) M E MR R ESMENE, SEMS BT
SN, ST HABEIE, 547 FEE AP,

LyxR EERANS-LEsSE

B2 SR TR EIR A E R R ESL LS. BT LU R T — 3
WS, R MR A X 28 [STHIR. TR [SLELIIAT WS HE, EX
FUXEER 2 HEES 1 RS A AW e R R I e 1 S L by
A1k R B G PR A R RIE RS B

en(x,9), (z,9) € P 1

eZm(xa y): eIIm(xa y)s (xo y)GZBVZ%!“ I (1)
0, (v, Y)EET 1 BT I

=

' 1
AV N W A A A T

ax I

! z
B2 R SENE R R Es

R, LREIRREE RS BT B IR N, i R E MR — &
B HELHESIR GRS, RE T SO % 2 A — LR BRI, KR, 2 FroRkET
PR BN B THI 7R 8 42 M P DA ORI A AR F 3 SRk, LT U B2 &L,
MABRERE., BALEEEEEMERSBRET ALHERNAEL, SoRhsEs
JRYE RS TE, AAERE.
EA AT —F, M ASESRES, W T RAFRE, SR DR Y, #34
CRESMETHRBHEFERTRESE, S 1 PG SRR ZRBRE M-
M=U, X E,|,, (2>
PRGN ERGERGER 2 PNESH (—M) PENHER, Wl 3 iR, B,



1 3 EEES: TR B ERBT RS S H R ROK Dk B 28 P B A 3

(E,, Hy) ZRWR Y.

Eg+E\(M)Y. H,+H\(M) 7 S, s

E2(—= M), Hy(— M)

2
B3 S

2 0k, T DA LR g B R S
Z amexp(_"ylmz)elm - Z A eXp(Ylmz)elm

Et _— + ; cmeXP(Ylmz)elm (Z < 0) (3&)
z buexp(—71m2) € (z>0)
'Z amYImeXp("—Ylmz)Uz X € + Z amYImeXp(Ylmz)Uz X €im

IJZ = - Z chImeXp(Ylmz)Uz X €1m (Z < 0) (3b)

D buYamexp(—Tm2)U. X e (z=>0)

R, 0y by F 0 FAIRREm AT B (— M) M =2 m AR AR
B Yim T Yo RREE m DRI TN

Yom= Lo, ge€{l,2}
jop

JH— LR BB ey, T e, TR 5 1

i1, m=mn
H €um * €updxdy = {O g€ {1,2}

5 s, mFE
¥ Ga)RKRA@)K, BEH
M=U, X E(M)|,m= 3 c,U. X e, (42)
M = Uz X EZ(_M)lz=0 = Z mez X e (4b)

TSI ARSI M RIE T R 240 b T _ A 1 R S A e e, T R (AR I 3
L, WA
2 Z Y iU: X e, = Z cn¥inU: X ey + Z bnYlU: X € (5)

R (SRR, B AR T DS IR L L SR, TE¥FAAER
HRIE R,



s T OB % o3 1 %

BT (5) 3K B R FATEL , 75 8 FREK B i RAMIE R, 20 05 (i I, B B 1 Mk &
2 HEYAAE R IOARSE, B P B U S BRI KR { M, |n = 1,2,--+,0},
W M B R R IR TT

M= LQV_: VnMn (6)

#(HRRAG)R, NEF
S VM= U, X e (72)
é VvﬂMﬂ = ZP: mez X €5 (7b)

n=1 m=1

% (72) RIFRPL U, X €1y (76) RFTEBL U, X € (m = 1,2, +++,P), RIEERE
SeVEIR S, EEATIGY s HFUE e T € HIIEZSJH — L HENR , 1B 5]
[e]=[H,]{V] (82)

it [6]1 =[H,{V] (8b)
r

[e]= ("19 €25 "5 ¢p)f

[1’] = (51, bz: Y bp)t

[V] = (Vla VZ: Y VQ)t

[Hq] = (qun)Pan qu»n = B’S M,, N Ux X eqmdxdy, qé {1, 2}
S

(4

STz F, 7 F, =X BT
(F., F) = UF . Fodxdy ©

EEEL MR (W, n=1,2,---, 0}, 8OC)RZORE W, fEINA
AN
2> 8,Y1m ” W, U, X e,dzdy = >, c,Y., HW - U, X e,,dxdy

Se Se

-+ Z meZrn jjwn * Uz X eZmdxdy: (ﬂ == 1329' ) Q) (10)

m
st

FE)RRAN)K, BRI (10)RAYELEERN
(%] + [TDIV]=[L] an

AR

[Y,] = [w,V[Y,I[H,], g€ {1, 2}

[IL]= Z[Wq]t[Yq][a]

[Y,] = diag(Yg,)

[al= (a1, a, *-+, ap)*

(Wy) = (Wandests Wamn = [[ Wi+ U, X equdzdy

Se



i BMES: £ F AR NESERRERARBEETONE 5

T, % [S] 8RR TFEMEHR:
[Sul [Su]
[S] = [[Sn] [s,,]] (12)
RS | R AR RBPUAERE [41, B (3a) RB
[d] =[] — [a] (13)
1 (8a), (11) A1 (13) RABZ;
[d] = QLELIT]+ [T W, 11Y.] — [EDla] (14)
R, [E] RRBAER. B (8b) A(11)R/EH;
[6] = 2[H,I([F.] + [T, [w. [ Y.l a] (15)
()FI5)RA HT FHEEE [S0] 7 [Su] TR
[Su] = 2[H1([ V.1 + [F.])[W,[Y,] — [E] (16)
[Su] = 2[HL1([T.] + [T, 1) [W,JTY,] (17)
MAOTANDRREEH, [Su] Fl[Sa] BEMTER:
[Su] = [H1([Su] + LED) (18)
Kk, [H] f—A4P X PHIHE, A2
[H,] = [H1[H,] (19)
fE [H] AT BORSSHBAMAETRE [V], ARREG)REH
(61 = [H1lc] 20)

4 (72) R (7b) RAB%E, REESESWLRTEL U, X en (m=1,2, ---P), HES. H
ERG, NH

r

b, = Z c,,(” WU, X e, (U, X el,,)dxa'y> n

n=1
¢

R oYFCD)R, MRTDIEH [H] TR Hus 4:
H,, = SS(Uz X e) (Uz X eln)dxdy

) (22)
IR P R IIE <
[H,]1=[HT[H.] (23)
BIEARESMNE S, £QOMAT)RhRH 1 f2 HArE, WA LIERE - T4E%
[Sal %ﬂ [Sel %ﬁﬁ[uﬂ:'
[Sp] = 2[H, 1Y, ]+ [Y, D [w,)[Y,] — [E] 29
[S] = 2[H]UY,]+ [Y )W, V[Y,] (25)
[S»]1 M [S.] BREMTRA:
[82] =[HI[Sx] —[E] (26)
H(17)X 32
AT, ]+ [Y.D™ =[S0 w, FIY. D™ 27)

¥ (23)FQRRAQS)K, BE] [Se] 70 [Sn] ZFIBXRA:



6 CIE I n#%

[Sp] = [HYLS, )W . LY, D)7, L Y.] (28)
BRI W, = M, B, (28)KEE FIIEEHR:
[S0] = [Y, 17 [Sa 1L ¥,] (29)
KA, M(16), (18), (26)RI(28)K(29)5%, MFLL
k-2v DT N . O R g X B
ﬂﬂzﬁﬂﬂﬂu%/fﬂ i,
! ! 28BE E@BEANNENEE
Y FIE TR LI E B B SR IS 8L
s [ r s B WH-ROWESTERA, SRE4FROTE
n B, AT R E B T Lk 2 8
SR e B e T [51.
o " Nl Bk, 5,170 [S, TR sk 1 ATk 2 4T G
- T PR E TR ) RS B S . iy T R

[S:] =1[S.]

B4 XS RN R B AfEEEE [T]:

[E] [0l ([o]
[T1=1{[0] [T.] [0] ] (30)
[01 [0} [Tu]
FH, [T 80 [Tl % k.
[T:]= diag(exp(—71,2))
[Tul = diag(exp(—711,%))
A RAHEAL
[Si1=[8:1=I[TISIIT] 31)

Be— T T W4 AR IEP. DU ENREE Y 2w (0 E HRTHI S LB S8 [§]
L. R ELMNEHBHRER
FHERASHT SR [S], KT B E ERA RS R A E R 1

BIEEAEM, XAMTARMET EETRA  x it .

HYEEK I E AR A BT 2, (AR Sk o T

REFI8 4 » B e S8 1, AT R Rt s

ERR R AR IO, TIXNRERIENS .

SIS R RS, XL BB E (51 7 T,

B, IRERAE BB SR (§,] B 1A SR
=l 5] e

RSB HAR:
[Z]=(E1+ [§,D*(E]—13D (33)
FRETDLE S E TR AR E SR T RS 8CR ISk 28 (g 5 R).



1 RS B E TR RS B AR Pk 5 2 P g R A 7

=, fEfeERaR

BE I EROHEE, BEHET —SEARNE BEAAESERETREL. BX
SR, V& 6—10 R H T 7 BB B 40 i J 1P R DA B S QU AT SO0 A AR B E
EE A ARSI SRCLBS BN K. TED, 8% W, = M, M, 7t « R4 5B
ELRRR AMERGRE P =40, MERREEL: AR 5218 BB a8
i,

HELAE 4 4 JB AT BE A AU E T A R S BB R, SRR A TR A
Wi RS E BRI s e S W BRI B IS S IR A IR A 4
e, SIS R nlE 11(a) R (b) iR, T o B 45, i R AU A R T 3.0dB, dR/hy
HAEER 1.2dB; S T WUEEHE , N ABEEA KT 2.5dB, B/N il A SUREX 0.7dB, M

t/2=0.02 t/A=0.02
0.8 |~

0.2
w/l

B 6 sigBARBEARESENSILKRSE
(—&X>, OOCOXHI2])

L2
L0
0.8
& 0.6
0.4
0.2

0.0

« (mm) # (mm)

E 7 BMEBERARESENSILRER

a=7.12mm, ¢ = 3.30mm, z=17um, 4 = 0.254mm, & = 2.22



8 BT OB % % f u g

BRI DUE S, TR R E SIS E R AR, i B A E W O R A S E R T
B {20 500MHz, Ry T FEE L MR EL.

@ (mm)

B8 RHEERARESENSHERER

a=7.12mmy ¢t = 17pm, 4 = 0.254mm, &, = 2.22

10§
0.8
0.6
0.4

0.2

Sy 0.0
w (mm) w {mm)

B9 TWANEBR RSO SRR RS R

a=17.12mm, 4, =3.43mm, ¢t = 17um, d = 0.254mm, &, = 2,22

0.4 |- 7 0.4+
= QG/Q/—‘—

)

¥s
Xp

0.2~ 0.2

0.0 : ) 3 0.0
w (mm) # (mm)
B 10 WA AN E R RSN SRR R R

e=7.2mm, @ =2.67mm, s = 1.78mm, ¢ = 7um, 4, =4, =0.254mm, &, = &,, == 2,22



1 BAES: 8 E HRA A 500 R AR R Bk ok R 9

I — Wit
= g
30 R 30+

\
! /
—_ | 1 [} —
% 20 ] ',’ & 20 ¢
< H { =
I \ { N
Lmax=3.0d ‘l l'
0ry w=r2a8\} [/ 10
i i
i e i
\V)
0 L At 1 0
84 90 92 98 100 84
J(GHz)
() Wi&R (b) X

U R SRS AR

M. & %

AIRH T H—S & E HREA AN EEEH—MERT%, SHT-ATRE X
AR ES SR E kS R, DT WikBE HABE N A LRE R, FFENGE
ARE] R HT R T B R OK B E EEE R A A

2 % X MW

[ 1] Y. Konishi, et al,, IEEE Trans. on MTT, MTT-22(1974), 869—873.

(2] ZFEWE.RZT, PERE A 35,1982 4,5 9 #H, 5 857—866 I,

[ 3] F. Arandt, et al., IEEE Trans. on MTT, MTT-30(1982), 155—163.

[4] Y. C. Shih, et al., IEEE Trans on MTT, MTT-31(1983), 135—142.

[5] Rong Aosheng, Li Sifan, IEEE MTT-S Int Microwave Symp Digest, U, S. A., 1987, 721—724,

[ 6] R. F. Harrington, Time Harmonic Electromagnetic Fields, New York, McGraw-Hill, 1961.

[7] K. C. Gupta, et al,, Computer-Aided Design of Microwave Circuits, Dedhan, MA, Artech House, 1981.
[87] Li Sifan, Rong Aosheng, 12th Int. Conf. Infrared and Millimeter Waves, U. S. A, 1987, 251—252.

ARBITRARY E-PLANE STRIP DISCONTINUITIES AND THEIR
APPLICATION TO MILLIMETER WAVE FILTERS

Rong Aosheng Li Sifan

(Southeast University, Nanjing)

Abstract Various E-plane strip discontinuities are analyzed by the moment method and gen-
cralized network analysis technique. By introducing an idea of wide-sense waveguide, a uni-
€ied treatment of such problems is realized, and the thickness of the strip is taken into account.
A sct of curves for the equivalent circuit parameters of E-plane strip discontinuities are given.
Two E-plane bandpass filters are designed and tested at W-band. Experimental results agree
‘well with theoretical predictions.

Key words  Millimeter wave; Integrated circuit; Filter; Equivalent circuit parameter



