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Characteristic Impedance of Microshield Lines
with Arbitrary Shield Cross Section —A9k— |
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Abstract—A generalized potential-matching method incorporating re- @) ()
flection matrices is developed to calculate the capacitance of microshield
lines with trapezoidal, circular, and V-shaped shields. Both completely
shielded and half-shielded lines are analyzed. The effects of membrane s
thickness, strip width, and gapwidth on the characteristic impedance are Ak~ 4
studied. T—i

Index Terms— Capacitance, layered medium, microshield lines,
potential-matching, reflection matrix.
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I. INTRODUCTION

A microshield line is a metal strip completely or partially enclosed N ge— |

within a cavity, and is supported mechanically by a thin membrane t
(1], [2]. The TEM mode is the dominant mode in such structures, and , | g B T_
the membrane is supposed to incur as little dispersion as possible to},

the frequency response of the microshield lines. The shield serves k———2p——
to isolate the line from its neighboring circuits; hence, reducing or

eliminating coupling, crosstalk, and parasitic substrate modes which (e)
may otherwise exist. The shield may have shapes other than reg§: 1. Configuration of microshield lines with membrane. (a) Lower trape-
angular due to material properties or processes. Hence, conventiaoalal shield. (b) Complete trapezoidal shield. (c) Lower circular shield. (d)
mode-matching techniques applicable to layered medium encloseddsynplete circular shield. (e) Lower V-shaped shield. (f) Complete V-shaped
two straight boundaries cannot be applied to study the propagatflg'd- Hatching represents dielectric material.

properties of such lines [3].

If the shield boundary consists of straight line segments, conformal
mapping using Schwartz—Christoffel transformation can be applied to
obtain a closed-form expression involving elliptic integrals [4][6].
However, this approach cannot be applied if membrane exists inside
the shield, as shown in Fig. 1. For microstrips embedded in a
multilayered medium with layer interfaces conformal to concentric
circles or confocal ellipses, the problem can be transformed to another
one with flat microstrips embedded in a multilayered rectilinear
medium [7].

The method of moments in the spatial domain can also be applied
to obtain the capacitance of the microshield line. In [8], coupled
strips with V-shaped lower shields have been analyzed. If layered
medium inside the cavity is considered, the polarization charge at
the interfaces between layers are used as unknowns to obtain the
capacitance [9]. Fig. 2. Configuration of a microshield line modeled as layered media.

In this paper, we will develop a generalized potential-matching
method to calculate the capacitance of microshield lines in which
the shield is of arbitrary cross section and contains layered medium._ ] ) ] )
Methodologically, it is similar to the full-wave field-matching ap- Fi9- 1 shows the configurations of three completely shielded mi-
proach [10] and the transverse resonance technique [11]. cr_oshlelq Ilne_s with membrane (CSML’s/M) and three lower shlt_elded

The formulation incorporating reflection matrices will be derivednicroshield lines with membrane (LSML's/M). The trapezoidal,
in Section II. The characteristic impedance of microshield lines wiffi'cular, and V-shaped shields are chosen for analysis. If the lower
trapezoidal, circular, and V-shaped shields will be calculated to stugijield is filled with a dielectric, these microshield lines will be

the effects of the geometrical parameters such as strip width dlled CSML's and LSML's, to be differentiated from the versions
gapwidth. with membrane. The shield itself forms part of the ground for the

strip. The coplanar ground extended inside the shield are used to
support the membrane mechanically. Thus, the microshield lines can
Manuscript received January 14, 1997; revised March 16, 1998. Thig viewed as a coplanar waveguide enclosed by the shield. If the
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a different width. If the boundary of the layered medium above the 150
strip is expanded far away from the strip such that the upper shield
walls have negligible effects on the strip, the structure approximates
an LSML.

Assume that the microstrip line or coplanar waveguide is located
in layer (M), the electric potential in layetf) can be expanded
in terms of the harmonic functions, which are the solutions of the
Laplace equation as

D(7T) = Z sin[ven (z + ag)][ane” 7+ Bope 7,

n=1

140 B
130 1

120 s/(s+2¢9)=105

L e
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1< N, (#M
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D (T) = Z sin[7an (2 — cx)][@ane” M + [}/\“em”zM],

n=1
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whereze = z+de (1 < £ < N), ven = nwfbe (1 < € < N, (s +29)/2R

L# M), ™ = nw /Wy (X =1,2), be is the width of layer( (), and
7 M), /Wi ( ,2). be yert) Fig. 3. Characteristic impedance of a microshield line with a rectangular

W, is the width of theith ggp. . - shield (trapezoidal shield witl# = 0), €,,, = e,. : this approach,
For layers below layer(}), impose the conditions that the,/, — 0.2, —___: this approachs/h = 1, 0: [5], s/h = 0.2, *: [5],

potential and normal electric-flux density are continuous &t —d,;, s/h = 1.
then apply the orthogonality properties of the harmonic functions to

obtain the recursive formula for the reflection matrices [12], [13] . . —1
L Xo = [%1 : (T—Eu(lw—u) : (T—Fﬁu(,w_])) -FMI—T}

= —ei41) (= =\ [= N\ e =]
Rne= |S | Bagsy+H || Bagesy—1) T -1 _
i E*FMhM

—e(eq1) = - - N e = _ . . -t
-|S | By + 1) - | Ry — 1 -T +1 QM_l'<I—Ru(M1)>'<I+Ru(Ml)> P+

(2 R -1
where the reflection matrii~, at = = —d, is defined asv, = Vi=-CQuyr <RQ(M+U_1>'<R”<M+1>+I> Varg
Rne-3,, @ (3,) is the vector consisting of the expansion coefficients

o]

Ll

Xoo

I

—1
{oz,«n}:({ﬁe‘n}), and R:m(f-s-u = exp(—Kopahes1) - Bogty © Vo=-Q,,_,- (f—EU(Ml)>-<f+EU(Ml)> Vot
exp(—Kyy1herr) with Ko = diag{~e1, ve2,- - -}. Since®Pn(7) =0
— = —=L(£+1) (5)
atz = —dy, we haveRny = —I. The (m,n)th element ofS
and %(Hl)e are The parameters in_(5) are listed in the Appendix.
(erny 2 [Toentben Once the unknown& and are obtained from (4), the total charge
Spi Ty = b / da sin[yem (v + a)] Q: on the center strip can be calculated. The capacitance per unit
ST length of the line isC' = Q:/V,. The quasi-TEM analysis is then
“sin[yeq1yn (@ 4 ac1)] used to calculate the characteristic impedancg.as- \/ji.e,/CC,
pUADE _ €Y 2 /‘*“Hl*bl’ﬂ I where C, is the capacitance per unit length with all dielectrics
e EeH1Y(l+1)m Dot —ag1 - replaced by vacuum.
SI[Y o 1ym (2 F aeqr)] sinven (2 + ae)]. 3)

Ill. RESULTS AND DISCUSSIONS
Similarly, upward reflection matrices are defined for layers above
layer (M), and a recursive formula is derived by matching th?e
potential and normal electric-flux density at layer interfaces.
Next, impose the continuity condition of the potential and th
normal electric-flux density at = —dy;—; andz = —ds to have

Fig. 3 shows the characteristic impedance of an LSML with a
ctangular shield (trapezoidal shield with = 0), ¢,, is the
ermittivity of the membrane. The results match reasonably well with
ose in [5]. The effect of gapwidth (indicated by thé(s + 2g)
parameter) is stronger than the distance between the strip and lower
shield (indicated by the/h parameter). This implies that the coplanar

— — ?/1/
11+ Xig-e MM

o o — 'f‘yl ground affects the impedance more significantly than the shield
Xot G+ Xop-eSMiM . 327, (4) ground. Fig. 4 shows the effective dielectric constant of a CSML
with a circular shield. Our results match reasonably well with those
where in [2], even at frequencies above the second higher order mode cutoff
= = = =\ [= N\ = = frequency.
1 =0 <RO(M+1)_I> < m(1\4+1)‘|‘I> “Prpi =1 In Fig. 5, we show the characteristic impedance of LSML’s/M

and CSML’s/M with trapezoidal shields. Ten layers are used to
approximate the trapezoidal cross section. One-hundred terms are
used to expand the potential in the widest layer, and the numbers
— of terms used in the other layers are proportional to the layer width.
ce T arhar Increasing either the number of layers or the number of expansion

—1
Xio=|Quys- (ﬁm(m+1)—7> . <Er1(M+1)+T> P +1
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Fig. 4. Effective dielectric constant of a microshield line with a circulaaﬁélg's EChiricﬁtenz“i g/%ed/jar;ce%%f 3:mBCI:10]§hIe|d Im? thltho Brgiz);zmdal
shield, €, = 2.22¢,, g = R — s/2, ¢ = 0.08R. is/R =0.157, ~ ’t"_ 0 0‘)1’]? o : ’_'0 021'? ’ ' ’ ’
————:s/R = 0.472, o: results in [2]. I ’ I

200

of strip width increases the capacitance. A= h, the guidance
180} . effect of the membrane in favor of the sidewalls no longer exists.
Thus, increasing the strip width increases the line capacitance and
reduces the characteristic impedance.
. The characteristic impedance of microshield lines with a circular
shield is also calculated. The reverse trend of impedance variation
LSML,/M versus strip width aroung/ R = 1 is more obvious than the previous
] case because the bottom wall is farther away from the strip than
in the previous case. Similar observation can also be found in the
impedances curves with a V-shaped shield.
] Next, analyze the effect of gapwidth on the characteristic
impedance of microshield lines. In Fig. 6, we show the impedance of
the LSML/M and CSML/M with trapezoidal shields. The gapwidth
between the strip edge and coplanar ground is varied to study its
0 . . . effect. At small gapwidths, the electric field between the strip and
the coplanar ground is stronger than that between the strip and
s/R bottom ground. Increasing gapwidth reduces the field around the
Fig. 5. Characteristic impedance of a microshield line with trapezoidgfap; hence, the capa(_:ltan(_:e decreases and impedance increases.
shields, e = deg, h = R/2, 3 = 45°, g = R—s/2, -+=0.001R, Aroundg/R = 0.5, the field lines starts to detach from the coplanar
————t=0.01R, — — - — - — :t = 0.02R. ground and attach to the bottom ground. As the gapwidth continue
to increase, more field lines are released from the coplanar ground

o o to the bottom ground. Hence, the capacitance increases and the
terms has a negligible effect on the charge distribution. It takes ab%bedance decreases. Since the CSML/M has a higher capacitance

1 min to obtain the capacitance of one structure by using a Pentiygd the LSML/M does. the impedance of the CSML/M is lower
PC. The same discretization scheme is applied to the other structufggy, that of the LSML/M.
and convergent results are always obtained. The variations of characteristic impedance versus gapwidth with

As t approaches), the LSML’S/M and CSML’s/M reduce 10 gjrcylar and V-shaped shields are similar to those with the trapezoidal
LSML’'s and CSML'’s, respectively. The characteristic impedancgnield.

decreases with increasing membrane thickness. The impedance of the

completely shielded lines is lower than that of the lower shielded lines

because the electric field is more confined around the membrane in a IV. CoNncLusIoN

CSML/M than in an LSML/M (hence, the capacitance of the former is We have developed a generalized potential-matching technique to

larger than that of the latter). Increasing the strip width also increasssiculate the capacitance and characteristic impedance of microshield

the line capacitance; hence, reducing the characteristic impedancknes enclosed by shields of arbitrary shape. Reflection matrices are
Around s/R = 1, the characteristic impedance increases slightlyefined to obtain a systematic formulation. Both lower shielded and

with increasing strip width. As the strip width increases, the fieldompletely shielded lines are analyzed, and the trapezoidal, circular,

between the strip and sidewalls becomes stronger than that betwaed V-shaped shields are considered. The effects of strip width and

the strip and bottom wall. Hence, there is a slight decrease of ligapwidth between the strip and coplanar ground have been studied.

capacitance. The membrane with higher dielectric constant furtigne relative position of coplanar and shield grounds affects the

enhances this effect. As the strip width goes beyepft = 1, the dominant region of field distribution, thus determine the trend of

field between the strip and sidewalls dominates, and further increabaracteristic impedance variation.
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— Qi
Qury = |70 (6)
|Qi—1),2
The (m;nﬁh element ofﬁM,m (P(v—1)r,mn), the (m,n)th
element of Qy;_iyy (Qr-1)x.mn), and themth element of Cutoff Frequencies of an Asymmetrically
V-1 (Vi—1,m) are defined as Loaded Cylindrical Waveguide
9 ex+Wy .
Po—1yamn = bar / d - sin[ya—1ym (€ + anr—1)] Tat Soon Yeo
M—-1 ¢

Q

@, (3,) is the vector consists dfixr, iz, -] ([a1s Bazs--])-
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