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Abstract

It is found that the RF resistance of a microstripline is
substantially higher than the theoretical value from the skin
effect of the strip alone. Based on rigorous analyses, this
paper finds that the extra resistance is caused mainly by (i)
The concentration of grounded plane current under a wide
microstrip, and (ii) the concentration of the strip current
towards the ground.

Introduction
It was found recently by Vemer et al [1] that the exper-

imentally measured resistance of a microstripline is about 40
to 80% above its theoretically calculated value based on the
strip skin effect alone. A similar phenomenon was also
found by Stubbs et al [2] in the experimental and theoretical
values of resistances in a microwave integrated amplifier. It
is important to understand this apparent rise in AC
resistances for better modeling in the MIC-CAD softwares.

We find that the extra AC resistance comes from three
main sources: (i) the familiar Meixner condhion of higher
magnetic field at the corners of a rectanguhw strip, but more
important y, (ii) the shifting of current to the bottom of the
strip due to the presence of the ground plane and (iii) the
extra resistive loss due to the concentration of ground plane
current under the microstripline. The last two losses espe-
cially dominate the rise in AC resistance for a wide micro-
stripline, i.e. a line with its width larger than the substrate

height. A 50 Cl microstipline with Duroid substrate (G =
2.3) is in fact a wide line.

The above conclusions are quantitative and accurate as
much of the derivations are done rigorously, using tech-
niques of variable separation and spectral space analyses for
lossy ground [3].

Parts of the derivations were presented [4] [5]. In their
totality, however, they are lengthy and are better published in
journals. For this Conference, therefore, it is better to give
just the basic formulation of the derivations, and then discuss
the results arrived and compare with the available results in
the literature. Some important literature are works by Pucel
[6] and Djordjevic et al [7].

The derivation and discussions can be divided into three
following stages:

(i) The AC resistance of an isolated strip
The isolated strip of thickness t and width w k shown in

Fig. 1. The interior of the strip k governed by the equations

V2EZ + T2EZ = O (1)

-w/2 o

Fig. 1 An isolated strip.

where T2 = –jq.us, (la)

J== GE,. (2)

The exterior is governed by

Ez =
u

gJZd~
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where g =.—

27t
for w <k.

(3)

(3a)

With rectangulm strip, the general solution of Eq. (1) is
obtained through variable separation [4]. This general solu-
tion plus Eq. (2) and (3), are then solved numerically, subject
to: (a) the condition of continuous EZ across the strip
boundary, and (b) an external E,a’ excitation forcing the cur-
rent JZalong the strip.

The resulted current distribution satisfies the Meixner’s
edge condition. F~g. 2 plots the AC resistance (includlng
Meixner’s condition) versus the “normalized frequency” P.
P, a frequen~ly u~cip~?meter, is given by

‘=[{1[%1=‘i (4).

The agreem&t with the’experimental results of Haefner [8]
is observed to be excellent.

(ii) The AC resistance of the strip of the Mlcrostripline
The microstripline is shown in Fig. 3. The interiors of

the strip is governed by the same equations (1) to (3) except
that Eq. (1a) becomes

T’= –joy.m – ~’ ~ –jay.m, for large o, (5)

where ~ is the propagation constant of the microstripline.
The resistive loss is caused by current, which h affected

mainly by the magnetic field, and which k, in turn, not much
affected by the dielectric substrate. Hence we may assume

325

CH2725-O/89/OOOO-0325 $Ol .0001989 IEEE 1989 IEEE MTT-S Digest



Theoretical values of RU/Ft,. (Solid lines)
compared with the experimental results

~ ~. [ Haefner 193’7 ] .

-1 I I 1 I I I

d 0 .0..

JJ_w/t =1
. . . . . w/t =2
. . . . . w/t =5

0.00 - -1-l-n,, ,, n-r TrnTrRr m
0.00 2:00 4.00 6.00 ‘8.00 10.00 12.00

Normalized Frequency P

Fig. 2 The AC resistance of an isolated strip.

Fig. 3 A microstripline.

the substrate dielectric constant be unity to get, in place of
(3a), the Green’s function

[OJ
,, X(l)e-%y

~= J#ln<+ “
r 1

Cos I(X –X’)di , (6)

i.e. the Sommerfeld” Green’s function with Iossy ground [3].
With the same boundary condition and excitation the

solution to Eq. (1) to (3) for the microstripline is obtained.
Similar to Fig. 2, Fig. 4 plots the normalized AC resistance
versus the normalized frequency P for different strip height h

above the ground plane. For large width w (i.e. w/h --+ coin
Fig. 4), most current concentrates in the bottom of the wide
strip (cf. Fig. 5). As expected therefore, Fig. 4 shows a
larger ratio I?&, for wide strip.

For extremely wide strip all current concentrates at the
bottom of the strip. Therefore the AC resistance can be
twice as large as AC resistance for the same stcip without the
ground plane.

(iii) The AC resistance of the ground plane of the
microstripline

As shown in Fig. 5, for wide strip, the current not only
concentrates at the bottom of the strip, the return current in
the ground plane also concentrates directly under. Hence the

Strip line over grouud plane .
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Fig. 4 The AC resistance of the strip of a microstripline.

AC resistance of the ground plane can be almost as large as
that of the strip itself [5].

The AC resistance of the ground plane is calculated from
the surface impedance and the surface magnetic field on the
ground plane. The surface magnetic field is obtained from
the known current in the strip from (ii) and the Sommerfeld
integral similar to Eq. (3 b).

The result is illustrated in Fig. 6, with the ratio of the AC
resistances of the ground plane and the strip, versus the strip
width. As indicated in the fiist paragraph above. This ratio
approaches unity for wide strips.

Discussions
This paper points out that rigorous analytical results can

be obtained for the total AC resistance R, of a microstripline,
since RL is a sum of RB of the ground plane and ~ of the
strip.

The rigorous results indicate that for wide strips, Rs
approaches ~, and I& can be twice as as R?C,the ac
resistance of the same strip isolated (i.e. without ground
plate). This means that the AC resistance of the microstrip
R, can be four times as large as the AC resistance RW of the
same strip isolated. In turn, R= is larger than f&C.

Finally it is to point out that this paper is on straight
microstripline. However, it is expected similar conclusions
as the last paragraph can be reached for curved and bent
microstriplines in a circuit.
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