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　　 Abstract　 In this paper, a new type o f cir cular-shaped mic roshield and conducto r-backed coplanar

waveguide ( C PW ) is propo sed. Analy tica l closed-fo rm expressions fo r cha racteristic impedance and ef-

fectiv e dielectric constant for the new line a re obtained using conformal mapping method unde r the a s-

sumption o f pure-TEM propagation and zero disper sion. Th e new w aveguide proposed by this paper and

reduce radiation to much less than the conventiona l CPW and micro strip, and reduce the cur rent concen-

tration at bo th the edges of th e signal, and has no need for viaholes or air-bridges fo r g r ound equa liza-

tion and a wide r ange o f impedances.

　　Key words　 confo rmal mapping;　micro shield;　 coplanar w aveguide

　　 Receiv ed July 11, 1996 and revis ed July 24, 1996

Recently , a novel plana r t ransmission line- a microshield microst rip line has been studied us-

ing confo rm al mapping method
[1 ] . The microshield lines, com pared wi th the conventiona l ones

such as the micro st rip or the coplanar w aveguide, have the abili ty to operate w ithout the need fo r

via-holes o r th e use of ai r-bridges for g round equalization and supply a wide range of impedance.

Due to the geom etry of the line, the lev el of the conducto r losses is expected to be slightly higher

than micro strip losses and low er than conventional CPW losses, and the radiation is m uch less

than the conventional CPW and microstrip. An other new type o f coplanar st ructure
[2 ]

th e geome-

try which is essentially a conductor-backed CPW where the lower g round plane is bent wi thin the

dielect ric in a v-shape to fo rm the equal sides of an iso sceles t riangle (V GCPW ) which can reduce

the current concentration at both edges of the st rip conducto r is proposed. In fact , the effect of v-

shape can be replaced w ith that o f a direct line as show n in Fig. 1. In the follow ing analy sis, w e

analy ze the ci rcular-shaped microshield and conductor-backed coplana r w aveguide ( CM CBC PW )

as show n in Fig. 1a using confo rmal mapping method based on the assum ptions o f only pure -

T EM propagation and no dispersion ef fect. This line may be considered a s an evolution o f the con-

ventional micro shield microst rip line and V GCPW. The purpo se of this new st ructure is to use the

advantag es o f the tw o types of new lines and to obtain CAD oriented clo sed-form analy tical ex-

pressions for characteristic im pedance and effectiv e dielect ric constant.

1　 Theory
The configura tion to be studied is show n in Fig. 1a, w here the upper plane is deformed

a round the inner conductor as ci rcular-shaped, the radius is b, the central conducto r, of width 2a, is



placed betw een two planes. Th e spacing w hich are loca ted on a subst rate o f thickness h , wi th rela-

tiv e permi t tivityXr , the distance betw een the st rip conducto r and the direct line is d . For practical

cha racteristic im pedance the t ransverse dim ensions are sm all compared to the w aveleng th and the

slo ts a re modeled as magnetic w alls
[ 3, 4]

. It i s assumed that all m etallic conducto rs a re infini tely

thin and perfectly conducting. The assum ption has been proved to yield excellent results fo r prac-

tical line dim ensions. Hence, the configuration in Fig. 1a can be replaced by tw o "consisting "

w aveguides as show n in Fig. 1b, 1c. The to tal capaci tance of the CM CBCPW is the sum of the ca-

paci tances of “ consisting” w aveguides ( see Fig. 1b, 1c) . Like Ref. [2 ] , wi th the fol lowing confo r-

mal mapping

t = sin
2
(
cz
2hi

) ( 1)

w =∫
t

0

dt

t ( t - ta ) ( t - tb ) ( t + tc )

( 2)

w here i
2= - 1

ta = sinh2 (
ca
2h

) ( 3)

tb = sinh2 (cb
2h

) ( 4)

tc = sin
2
(
cd
2h

) ( 5)

the st ructure show n in Fig. 1b is mapped into tw o pa rallel pla tes.

( a)　 CMCBC PW　　　　　　　　　 ( b)　 Th e low er part　　　　　　　　　 ( c)　 Th e upper part

Fig. 1　 The configuration of circular-shaped mic roshield and conducto r-backed coplanar waveguide

　　 The capaci tance of the line in Fig . 1b is giv en by

C1 (Xr ) = 2X0Xr
K (k )
K (k’ )

( 6)

w here

k =
1+ tc /tb

1+ tc /ta
( 7)

and K (k ) is the complete elliptic integ ra te o f the fi rst kind and k
’ 2= 1- k

2 .

The capaci tance int roduced by Fig. 1c is given by

C2 (Xr ) =
cX0Xr

ln( 2b /a )
( 8)

　　 The total capacitance of the CM CBCPW,C (Xr )= C1 (Xr )+ C2 (Xr ) , i s

C (Xr ) = X0Xr 　 2
K (k )
K (k’ )

+
c

ln( 2b /a)
　 ( 9)
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Hence, the ef fectiv e permi ttivi ty and the cha racteristic im pedance of the line are,

Xef f =
C (Xr )
C ( l ) ( 10)

Z0 =
_ 0X0

XeffC ( 1)

( 11)

respectiv ely.

1) d= h: In this case, f rom Eqs. ( 3)～ ( 5) and Eq. ( 7) , w e have

k =
tanh (ca /2h )
tanh (ca /2h )

( 12)

　　 Substi tute Eq. ( 12) into Eqs. ( 10) and ( 11) , we obtain the results ci rcular-shaped mi-

croshield t ransmission line, a result know n from Ref. [1] .

( 2) h→∞ and d→∞: From Eqs. ( 3)～ ( 5) and Eq. ( 7) , we have k= a /b and can obtain the

results which a re tho se of the ci rcular-shaped microshield no low er shielding.

Fig. 2　 The cha racteristic im pedance o f the CM CBCPW (Xr= 2. 55)

2　Numerical Results

The cha racteristic im pedance of the circula r-shaped microshield and conducto r-backed waveg-
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uide is show n in Fig. 2. Fig . 2a giv es the change of the cha racteristic impedance w ith d /h wh en a /

h= 0. 5, and the change wi th d /h w hen b /h= 1 is show n in Fig. 2b. Fig. 2c and Fig. 2d show the

changes of the cha racteristic impedance in three dim ensions. W e can get a proper characteristic

im pedance by changing the structure.

3　 Conclusions
A novel microshield lines are proposed for M M IC applica tions. The model and analy tical

closed-fo rm expressions for cha racteristic im pedance and ef fectiv e dielectric constant for the ci rcu-

lar-shaped micro shield and conductor-backed waveguide are obtained. The fo rm ulas a re based on

the assum ption o f pure-TEM m ode and deriv ed using confo rmal mapping technique.
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一种新型圆形微屏蔽共平面波导的基本特性

杜正伟* 　　阮成礼
(电子科技大学应用物理研究所　成都　 610054)

【摘要】　提出了一种新型圆形微屏蔽—脊导体共平面波导。 基于假设只有纯 TEM波传播和零色

散的情况下 ,通过保角变换得到了特性阻抗和有效介电常数的闭合形式的解析表达式。这种新型波导大

大降低了传统共平面波导和微带线的辐射损耗和信号线边缘的电流 ,并且不需要打孔或空桥接地。
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