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DECREASE OF MICROSTRIP LINE
CHARACTERISTICS SENSITIVITY AT THE EXPENSE
OF A SHIELDING

l.Ye. Sagiyeva, T.R. Gazizov
Tomsk State University of Radio Electronics and Control Systems, Tomsk, Russia

Abstract. Microstrip line covered with a grounded conductor and shielded microstrip
line are simulated. Per-unit-length delay and impedance are calculated. For the covered
line the possibility of minimizing the sensitivity of the per-unit-length delay to the change
of the strip width and the height of the grounded conductor is shown. For the shielded
one the possibility of zero sensitivity of the per-unit-length delay and the impedance to
the change of strip width and shield height is revealed. Effect of the shielded line side
walls on the revealed behavior of the characteristics is shown.

Keywords: printed circuit board, microstrip line, per-unit-length delay, impedance, shield-
ing, zero sensitivity.

Microstrip lines (MSL) are widely used as high-speed signal transmission
lines [1]. An important task is to obtain stable characteristics of the lines. In
this regard, the minimization of the lines characteristics sensitivity to a change
in their parameters is actual. Meanwhile, the possibilities of such minimiza-
tion are limited by the simplicity of the classic MSL construction. Therefore,
various modifications of MSL, such as suspended and inverted microstrip lines,
allowing obtaining zero sensitivity of per-unit-length delay (t) and imped-
ance (Z) to change in the thickness of dielectric layers are considered [2]. In
the multilayer printed circuit boards (PCBs) the varieties of MSLs, for exam-
ple, MSL with polygons on different layers allowing obtaining a stable value
ofthe 1, are used [3]. Similar possibilities are revealed in MSL with side ground-
ed conductors buried into the substrate [4] and located over the substrate [5],
and also in MSL with a shielding [6, 7]. Such a possibility arises from the
redistribution of the electric field in the layers of air and the substrate. In
practice, microstrip circuits are housed in enclosures protecting against ex-
ternal electromagnetic and climatic influences. Wherein the idealized con-
sideration about the remoteness of the side walls and the shield cover in a
number of cases turns out to be inaccurate. Therefore, it is important to in-
vestigate their effects on the values of the Tt and the Z, and also the possibility
of using these effects to obtain stable values of T and Z.

The aim of this work is to consider in a single paper the shielding of MSL
not from the point of view of its designated purpose, but as a means to de-
crease the sensitivity of MSL characteristics.

Investigation of microstrip structure characteristics, especially in the first
stage, is advisable to perform through modeling, as it is less costly and may be
more accurate than measurements. Two types of MSL are considered (Fig-
ure 1). Strict full-wave analysis of fields in the investigated lines is rather com-
plicated. The parameters of the filling medium in the lines are heterogeneous
over the cross-section so that only a part of the field is concentrated in the
dielectric substrate, and the rest is in the air. Therefore, not pure TEM-mode
but quasi-TEM-mode propagates in the lines. Nevertheless, for such lines,
one can apply the quasi-static analysis based on the calculation of the per-
unit-length capacitance.

In the TALGAT [8] software the geometric model of the line cross-sec-
tion are built and the matrixes (2*2 for Figure 1, a and 1*1 for Figure 1, b) of
per-unit-length coefficients of electrostatic induction, taking into account
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Fig. 1. — Cross-sections of covered (a) and shielded (b)
MSLs.
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Fig. 2. — Dependences of t (a) and Z (b) on 4l for the
covered MSL.

the dielectric and without it, are calculated. The val-
ues of a number of parameters were chosen typical
and did not change: the thickness of the signal and
ground conductors t = 18 um, the thickness of the
substrate € = 1 mm, the relative dielectric constant
of the substrate e, = 4.5. From the matrices, the val-
ues (denoted below C and C) of the diagonal ele-
ment corresponding to the signal conductor were tak-
en, and the values of Tand Zwere calculated (v, is the
speed of light in vacuum):
T=(C/C)"/v,, Z=1/(v,(CC)™).

We performed the modeling in a wide range of
parameters for the line from Figure 1, a and revealed
the region of parameters with an interesting behavior
of the characteristics. The dependencies of T on Al
for different values of w are shown in Figure 2, a. A
characteristic feature of the dependencies is their in-
tercrossing. At the beginning of the range of 41, the
increasing of wdecreases t, and at the end — increas-
es. In the middle of the range (at 21 = 0.5—0.8 mm)
there will be a minimal (up to zero) sensitivity of T to
the variation of w. Decreasing the sensitivity of t to
the variation of 41 with decreasing the wis also inter-
esting. In Figure 2, b the similar dependencies for Z
are shown. They increase monotonically and do not
intercross. Thus, selecting the line parameters it be-
comes possible to obtain the required value of Zwith
the minimum sensitivity T to the variation of wand /1.

A similar modeling is performed for the shielded
MSL (Figure 1, b) with d = w, 3w, to estimate the
effect of the side walls of the shield. The dependen-
cies of 1 for the shielded MSL on the height of the
shield cover over the substrate 41 for different values
of w for d = w are shown in Figure 3, a. Analysis of
the dependences shows that over variations of 41 in
the entire range, when the strip is widest (w = 0.6,
0.9, 1.2, 1.5 mm), the value of T increases monoton-
ically, and when the width of the strip is small (w =
0.1, 0.2, 0.3 mm), the zero sensitivity of T to the vari-
ation of 41 is observed, almost in the entire range.
Dependencies over w = 0.6, 0.9, 1.2, 1.5 mm inter-
cross at one point (21 = 0.9 mm), i.e. at this point
there will be a zero sensitivity of t to the change of w.
As wdecreases to 0.1 mm, the intercrossing point of
the dependencies shifts to 21 = 0.2 mm. In Figure 3,
b the corresponding dependences for Z are shown.
Remarkably, they behave similarly to the dependen-
cies for 1, also showing the possibility of obtaining
zero sensitivity to changes in 41 and w. Note that for
a covered line the zero sensitivity of Z to change in
neither 41 nor w were observed.

Consider the influence of the side walls on the
calculated characteristics. Quantitative estimates can
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be done from a comparison of the relevant depen-
dencies from Figure 3 and Figure 4. Meanwhile, a
comparison with the dependencies for covered MSL
(without side walls) of the same parameters, allows
assume that exactly presence of side walls, at the ex-
pense of the increase in the edge capacitances, gives
the possibility to obtain the zero sensitivity of t and Z
over a wide range of values of 41.

Thus, in the work, the characteristics of the MSL
with a grounded cover, as well as the shielded MSL,
are investigated. In conclusion, we note that these
results are obtained for specific values of the line pa-
rameters. However, it is easy to obtain similar depen-
dencies for other values of the parameters. The re-

sults of the work can be used to design transmission
lines with stable characteristics.
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