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summary

are given for the characteristic impedance of a trans-
mission line consisting of a conducting strip of rectangular cross section
centered between parallel conducting plates at ground potential. The formulas
agree to within 1.2 per cent with an exact formula for a zero thickness strip.
In the case of finite thickness up to a quarter of the plate spacing, the for-
mulas are expected to be at least that accurate. A fsmily of characteristic
impedance curves given in this paper should prove useful to the design engineer.
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1. Introduction

The shielded-strip transmission-line structure shown in Fig. 1 is finding
wide-qmead use in uhf and microwave circuits. This has been particularly
true since the publication of an article by R, M. Barrett explaining the advan-
tages of this com”iguration, suggesting applications and giving some design
data.l As explained by Barrett, the shielded-strip line is free of radiation

loss and is, therefore, suited for all types of circuits, including high-Q
filters. Its form is well adapted to economical. methods of manufacture, such
as stamping and photo etching.

Despite the large amount of work now in progress with shielded-strip
lines, an accurate formula for the characteristic impedance of a line contain-
ing a strip of any width and of non-zero thickness has not been available.+ M
exact formula for a zero-tkickness strip has been given,2 but even a small
thickness may affect the characteristic impedance substantially. For wide
strips, thickness is taken into account in this paper through the use” of an
exacb fringing-capacitance formula for a semi-iniiinite plate between parallel
ground planes. The write also presents a formula that is accurate for narrow
strips of rectanowlar cross section. This formula and the formula for wide
strips permit the computation of accurate characteristic-impedance values for
all widths, and for all strip thicknesses up to at least a qusrter of the plate
spacing. The maximum error is believed to not exceed 1.2 per cent, and for
most widths to be considerably less than this.

1 See references at end of article.

+$ The author has been informed that N. Begovich has studied this problem, but
his work has not been published. His analysis differs from that of this article
in that it involves the derivation of infinite-series expressions for a scalar
potential satisfying Laplacels equation in four regions contained within the
line. The resulting formula-for ZO is therefore in unclosed form. N. Be~ovich
also used fringing
These results were

capacitance app;oach and obtained a formula similar to”(l).
also given in the unpublished work noted above.
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II. Wide-Strip Case

characteristic impedance of the shielded-strip line may be expressed
of the dimensions and the fringing capacitance of a semi-infinite
followsl

Zo = 1012 ohms

(

o.0885~r (2W)
v

(b - t)/2
+ 4C$

)

b and t are dimensions in cm shown in Fig. 1, v is the velocity of
wave propagation in cm per second, Cr is the relative dielectric constant and

C; is the fringing capacitance inmmf per cm from one corner of the strip to

the adjacent ground plsme. A more convenient form of this equation is

Zo z 9h.15’ ohms (1)

r z? (w/b

1- it/b

The exact formda for C}has been found

C$ = o.0885Er

‘K { * 10ge

- (--l)
This equation is plotted in Fig. 2.

+
q )o.0885?5r

by COnformal mapping as f’ollows~,

( )*+1 (2)

loge

( )}

-1 mmf/cm

(1 -lt/b)2

As the strip width is decreased, (1) and (2) become inaccurate when the
fringing fields on tine left and right sides of the rectangular strip interact
with each other. Flux plots indicate that excellent accuracy will result for
w at least as small as (b-t). However, the discussion in Part IV of tlnis paper
shows that (1) and (2) are usable for w/(b-t) ZO.35, with a maximum error of

1.2 per cent at the lower limit of w.

III . Narrow-Strip Case

Consider a long current-bearing conductor in free space and of arbitrary
cross section. At a sufficient distance from the conductor, the magnetic field
lines will be cifcularj irrespective of the cross-sectional shape. Clearly,
it is possible to postulate an equivalent circular conductor, as far as induc-
tance per unit length is concerned. This has been done in the case of a rec-
tangular cross section, and the equations relating the equivalent diameter~ do

with the dimensions of the rectangle are given by Flammerb and by Marcuvitz.s
A graph relating do to the dimensions of the rectangle is plotted in Fig. 4
from values computed by Flammer. A similar graph is also given by Ma.rcuvitz.
Since the same inductance per unit length occurs with a transmission line con-
taining either a rectangular center conductor or a circular conductor of diameter
do, the characteristic impedance is also the same. However, for Fig. 4 to be
valid, it is necessary that do be small compared to the spacing between the center
conductor and the nearest other conductor.
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The following approximate formula is available for the characteristic im-
pedance of a line consisting of a circul~ conductor of diameter do centered

between parallel ground planes (F@. ja).b

Z. = 60 10ge bb ohms

z
q

This formula becomes exact as do approaches zero. However,

more precise analysis by Wholey and Elured7 shows (3) to be
for d.. as large as b/2.

Hence (3) in conjunction with Fig. .4 provides accurate
of small cross section. For t = O, do is simply w/2j and

20 = 60 loge 8b ohms

x K

(3)

comparison with a

within one per cent

values for strips

(L)

On the basis of flux distributions and the discussion below, (3) is believed to
be accurate to within 1.2 per cent for w/(b-t) s 0.35 and t/b% 0.25.

mula

IV. Comparison With an Exact Case

The accuracy of 1) and (3) may be tested against the following exact for-
valid for t = O. $

Z. = 30fiK(k) (5)
K(kt)

where K(k) and K(k’) are complete elliptic integrals of the first kind, and

k = sech fiW kf .
tanh *

2b ‘
(6)

JRigure S shows a graphical comparison of (1), (3) and (S). The maximum error
occurs at w/b = 0.35 where (1) and (3) intersect, and is only 1.2 per cent. At

w/b = 0.20 and 0.S0, the error is reduced to 0.4 per cent, while for lesser and
greater w/b, the error rapidly approaches zero.

Similar plots of (1) and (3) have be.en made for strips having t/b up to
0.25, and in all cases, the curves tend-to merge together at least as well as

in Fig. ~. As one would expect from a consideration of fringing-field inter-
action, the intersection of the curves remains very near the same value of
w/(b-t) ~ 0.35. A study of flax plots for t = O and t >0 leads one to believe
that the error at the intersection point will be no greater in the latter case
than in the former, and very likely will be smaller. Hence the proper use of
(1) and (3) in their assigned parameter ranges is believed to result in an error
of no more than 1.2 per cent near w/(b-t) = 0.35$ and considerably less at other
values of w/(b-t).

V. Graphical Presentation of 20

In Fig. 6, a family of Z. curves are plotted versus w/b with t/b as para-
meter. The curve for t/b = O is exact, the points having been computed from (~).

#
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The other curves are computed from (1) and (3). Equation (1) was used for
w/(b-t) >0.35 and (3) for w/(b-t) <0.35. It is seen that the effect of thick-
ness on the characteristic impedance is substantial, even for thicknesses only
a few per cent of the plate spacing.

VI. Conclusions

Two simple formulas and auxiliary curves are presented for the characteris-
tic impedance of the shielded strip line. By means of these formulas, accuracy
sufficient for any engineering purpose is obtainable for all strip widths and
for thicknesses up to at least a quarter of the plate spacing. Fig. 6 displays
the characteristic impedance in a form that should be particularly useful tc the
design engineer.
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Fig. 1 - Cross section of the shielded-
strip transmission line.
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Exact fringing capacitance for a
semi-ti”inite plate centered be-
t~en parallel ground planes.
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Fig. 3 - Center conductors of small
cross section yielding
equivalent characteristic
impedances.
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fig. 4 - Equivalence between a rec-
tangular and circular cross
section.
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