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ABvl’RAc’r

The dispersion characteristics of edge-

Co,.lpled su~~ended substrate microstrip line

i~ anaSyzed by using method of lines. Based

on the numerical results obtained from this

nethod , a set of clo?ed-form analysis and

s,yntlles iseql~:>tiorls are presented, valid

over a practical application range of stru-

ctl-al parameters and ?ub?trate dielectric

con~t3.nt. Compared with the data obtained

froz kJUPQfi COMPACT, the accuracy is found

to be within 3.5% for analysis and 577 for

synthesis,

INT.NDUCTION

subztrate nicro~trip line

version of mic.rostrip line.

Co?.pared with the nornal nicrostrip line,

it has %ome attractive feat-ly>es, such a:

~~wer atte~~ation and largel. tolerance Of

fabrication. Therefore, the suspended sub-

strate nicrostrip line h3.s been exten~ively

~J~eJ in millimeter-wave integrated ci?Xuits,

FIJCh as nil~i~eter-wave mixer, oscillator,

naltiplier and so on. The edge-coupled SUS-

pended wbstrate microstrip line is often

u~ed to form such kind of circuits or sys-

tems. Several .nunerical techniques can be

useti to analyze its dispersion characteris-

tic?) in which the spectral-domain technique

is the most w%del,y uzed- but the mathem~l;i-

CS’L ?~.ocedure is complex and there exists

the problem of ~electing ba?is function and

so called “relative conver ence”. In this
fl)-(5);ja~ler, t]le netfi~od of lines Ts used to

analyze the dispersion characteristics of

?uch line. The computed results show good

agreenent with the data obtained from SUPER

COlli’ACT(4). B ased on the numerical results,

a set of closed-form analysis and synthesis

eq~ations are developed by using least-squ-

are curve fitting technique. Using these

equations, the effective dielectric constant

and the characteristic impedance for odd

and even mode can be easily calculated. Con-

ver~ely, the width of strip can be synthe~i-

zed if the characteristic impedances of odd

and even mode are specified. Compa:red with

the data obtained from SUPER COMMCT, the

accuracy is found to be within 3.5$ for

anal,ysis and 5% for synthesis.

II. ANALYSIS EQUATIONS

The cross sectional view of edge-coupled

suspended substrate nicrostrip line is sho-

wn in .Fig.l. Considering the practical app-

lication range of structural parameters and

Fig.1 Cross sectional view of edge-

coupled suspended

microstrip line.

substrate
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substrate dielectric constant, the develop-

ed equations are valid under following con-

ditions

2.22L & k 3.8,

w ~ 0.2,0.05 ~ ~ —

00054 ~~ ~ 0,26,
a

b ~ 0.85,o.443_

h ~ 0.12.0.04 4 ~ —

(1) Effective dielectric constants

A. For odd 10(?f?

~=1-E(ln~ -F)(ln~ -G).ln&r.~~”03.
E.

(1)

krh,~re

,4= 10-4{7.7291[$+6. ‘)924(9.5(;)2- 1)] [lfi:+

2.1657)+561.62(2)2 -6.7772(;)) . (2a)

F= 60.4762 [(~-6;)2(l+2;] -1 .6012(1-8(~)2j

(e:-1.g4684)+1721 .61 (;)2+19.027(~).(~b)

h

G= 3.35154[-(~-0.3)2+0.3653(1-._l(~) 2]{e3+

54.554) +6571.53(:)3+34.76(:) ● (2C)

Oompared with the data o’otained from SUPER

COMFACT’, the ~ccur:%cy is fount? to be within

25; .

B. For even node

~=l-(D~+H”ln(~)+fi) (ln f,) &0.06

J/’&
(:-0.4)/3

(&) . (z)

where

D=k11(~)3+k12(~)2+k1 .#&kl Q. (4)

k ,1=-23.??4(:)2+29 .953(:)+52.861 . (~a)

k12=0.%%@)2+T.2713(j)-20.653. (5b)

k13=-l@7!@)2+l .9914(:)+0.75779.
(5C)

+0.16713. (5d)

H=k21(;)3+k22(~) 2+k23(;)+k24. (6)

k21=-11.459(~)2+18.744(@ 7.109. (7a)

k22=7.4499(:)2-l Q27(:)+7.4606. (7b)

k –-0.7432(:)2+0.552(:)-0.3721 1.
27–

(“;C)

k24=0.014W7(~)2@.030418(;)-0.031 4 (7d)

(9)

k
31

=-4!3.729(;)3+l l~.45(~)2-~2.9?9(~)

+22.5953. (9a)

kq9=l .4237 ln(b~3.2411 )-0.18519. (9b)..

kT7=0.014478 ln(~+O.23568)-O.024308. (9c)

Compared with the data obtained from SUPER

COhi2ACT, the accuracy is found to be within

2.5%.

(2) Characteristic impedances

For odd mode, Zoo=Zo/~o ;

(lo)

For even mode, ‘oe=ze/& .

hhere Z. and Ze are characteristic impe4%n-

ces of odd and even mode, respectively,

when dielectric constant ~r=l.

A. For odd node

I+m)
Zo.60X2/ln(Z. ———————

1 -~

%’=Qith(~Q2)+Q3.

%’~{th@Q2j+Q3= 1
Q1=0.0361168 exp(5.12k)+l .4404

(11) I

(12)

k14=-0.25477 ($)3+().60430(;)2-0.4S53@)

1124



Q2=-0.0516177 ex~(3.947k)+l .07319.

Q3=0. 15988k3-0.0895k2+o.02535k

+0 .002311.

‘“m
Compared with the data obtained from NH?&l

COMPACT, the accuracy is found to be within

B. For even mode

I+JE$,
Ze*OlC2/M(2—

1 -G

Where

$P~and gj’are same as Eq.(12).

III. SYNTHESIS EQUATIONS

z -z
Let p=i~, ~ is given,

oe 00

1+p
P1=zoe/zoo=~

then

w ~tz+ t2-4t,t2)
- = exp(
a

*t,

where

_?L!+&L
tt=HB1 (+& 0.02

/:, .
.

(13)

(14)

t3=p1-B#pl. G.E(ln~-F)+B2(D~ +R)

( E, ~+,fo-02 .
2.8 r

B1=d1(~)4+d2(~)3+d3(~)2+d4(&d .
5

d1=49228.9@3-36515.9@ )2+50.484. X(:)

-9992.’525.

d2=-79055.10(~)3+510~7. ~7 (~)2-29730.6r@)

+5949.112.

d3=594%7@3-10476.q4(~)2+6087. V@

-1236.955.

d4=-486.14(;);5+849.~5(~)2-4q5. 616(!#

+104.9031.

d5=11.?172(:)3-20.39b2(i?)2+l 1.82Q2(:)

-2.8859.

B2=rqq ln(~m2) + m
3“

m1=16.1~2(~)3-27.~7~(~) 2+14.c033(!j?)

-2.7481?.

m2=-15.443(~)3+~7.658(~)2_l 6.4@)

+7.2731 .

~3=12.9051 (~)7_p9.6769(J?
a

-0.76533.

Where E, F’, G, D, H and K

Eqs.(2), (4), (6) and (8).

2+1 3.0935(;)

are given in

t2=B1+p1. E(ln~ -F)-(B1(D~+R)+HB2]
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Compared with the data obtained from

SUPER COMPACT , the accuracy is found to

be within ~~.

CONCISION

Based on the numerical results obtained

by method of lines, a set of closed-form

equations for analysis and synthes<s of

edge-coupled suspended substrate ~icro~trip

line are presented. Using these equations,

the computer aided design of such trs.nsmi-

ssion line can be carried out easily. .
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