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Smith Chart Approach to the Design of Multilayer
Resistive Sheet

C. P.Neo, Y. J. Zhang, W. J. Koh, L. F. Chen, C. K. Ong, and J. Ding

Abstract—The design of the multilayer resistive sheet is often
given in some formulae or in some tabulated forms. The electrical
engineer or material scientist often cannot visualize how thedesign
really worksor theachievablebandwidth. I nthispaper, weattempt
to give a good under standing of the design of the multilayer resis-
tive sheet by using the Smith Chart Approach. The Smith Chart
Approach offers more flexibility to the design of the multilayer re-
sistive sheet, as compared to published formulae or tables.

Index Terms—Bandwidth, design, multilayer resistive sheet,
Smith Chart, visualization.

I. INTRODUCTION

HE Salisbury screen has been examined by a number of

authors [1]- 3] some years ago, and has been widely used
in practice. The multilayer resistive sheet, as shown in Fig. 1,
consists of resistive sheets separated by lossless dielectric
spacers of dielectric constant of 1 (denoted by ¢ and o).
Although, it isimpossible to have lossless dielectric spacers of
dielectric constant of one in practice, nevertheless, the Smith
Chart Approach is still applicable to other dielectric spacers.
The purpose of adding layers is to increase the bandwidth.
As shown in [4]{7], the bandwidth is dependent not only on
the number of layers, but also on the resistivity of the sheets.
Hence, a three-layer resistive sheet with optimum resistive
sheet values can have a wider bandwidth than a seven-layer
resistive sheet with nonoptimum values.

Generally, it is essential to design the multilayer resistive
sheet using the minimum number of resistive layers to achieve
the maximum bandwidth for a given acceptable level of reflec-
tivity. Although, there are anumber of available design datafor
the multilayer resistive sheet [4]{7], we attempt to give a good
understanding of the design of the multilayer resistive sheet by
using the Smith Chart Approach.

II. TRANSMISSION LINE THEORY

Fig. 1 shows the multilayer resistive sheet placed in front of
a short circuit (metal backing). The loss is incorporated in the
resistive sheets which are spaced a quarter wavelength apart.

Manuscript received May 14, 2002; revised July 23, 2002. The review of this
letter was arranged by Associate Editor Dr. Shigeo Kawasaki.

C. P Neo, Y. J. Zhang, and W. J. Koh arewith the DSO National Laboratories,
Singapore 118230 (e-mail: nchyepoh@dso.org.sg).

L. F. Chen is with the Temasek Laboratories, National University of Singa-
pore, Singapore 119260 (e-mail: tslclf @nus.edu.sg).

C. K. Ong iswith the Physics Department, National University of Singapore,
Singapore 119260 (e-mail: phyongck@nus.edu.sg).

J. Dingiswith the Materials Science Department, National University of Sin-
gapore, Singapore 119260 (e-mail: masdingj @nus.edu.sg).

Digital Object Identifier 10.1109/L MWC.2002.807710

Resistive sheet

Fig. 1. Multilayer resistive sheet.

The resistive sheets attempt to match the free space impedance
to the short circuit.

Using transmission line theory, the complex reflection coef-
ficient at normal incidence of the lossy transmission structureis
obtained as
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where Y} is the free-space admittance, R; is the surface resis-
tivity of thei*® layer, and f, is the center frequency.
In this paper, the relative bandwidth w is defined as
w— f2—f1
Jo

where f, and f; are the —20 dB points for |S14].

(6)

I11. DESIGN OF MULTILAYER RESISTIVE SHEET

Before we proceed with multilayer resistive sheet design, let
us first understand the design of the Salisbury screen (single
layer resistive sheet). In order to obtain zero reflectivity of the
Salisbury screen at frequency fo, the short circuit impedance
(marked O in Fig. 2) is first transformed to the open circuit
impedance (marked x in Fig. 2) viaaspacer of aquarter wave-
length thick. The open circuit impedance is rotated 180° to ob-
tain its equivalent admittance (marked I in Fig. 2). Then, by
adding a parallel resistive sheet with a resistivity that is equal
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Fig. 2. Example to obtain zero reflectivity at frequency f, for one-layer
resistive.

Fig.3. Ry = 200 Q/0Dand R, = 700 /0 for atwo-layer resistive sheet
(1 denotes impedance curve for first layer and 2 denotes impedance curve for
second layer).

to free-space impedance, the reflectivity of the screen becomes
zero (marked O in Fig. 2).

Thesimulation resultsin this paper usesthe step size of 1 {/[J
and 0.01 f,. The frequency range is 0.3 fo(fr.) to 1.7 fo(fn).
By using (1) and (3), the computed optimum bandwidth of the
single-layer resistive sheet is 0.24 when the surface resistivity,
Ry, isany vaue between 347 and 395 /.

Figs. 3 and 4 present the impedance curves of a two-layer
resistive sheet with spacer thickness same as Ao /4 and different
R;. Their reflection coefficient curves can be obtained simply
by taking the ratio of the length of the impedance points from
the center of the Smith Chart to the radius of the Smith Chart.
Fig. 3illustratesthe case of getting asingle null in the reflection
coefficient curve while Fig. 4 illustrates the case of getting two
nullsin the reflection coefficient curve. It is noted that the value
of R; has to be less than the free space impedance so that its
impedance curve of the first layer resistive sheet is always on
the left hand side of the —20-dB circle (the —20-dB curve is
denoted by dotted line). Once By ischosen, B, hastobeavalue
for which By /Y, hasto besmaller than2( B, /Yo —1) but greater
than (B; /Y, — 1) in order to move the impedance curve toward
the —20 dB circle, see Figs. 3 and 4. Generally, in the design of
N—Iayer resistivesheet, Ry < Ry < R3...... < Rny_1 < Ry
and R; < 1207 &Y/C.

Fig.4. R, = 250Q/0and R, = 700 £2/0 for atwo-layer resistive sheet
(1 denotes impedance curve for first layer and 2 denotes impedance curve for
second layer).
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Fig. 5. Optimized R, and R, to obtain bandwidth of 0.86.

The design strategy for the two-layer resistive sheet isasfol-
lows.

a) For each By, the value of B, is obtained for which the
normalized admittance of two-layer resistive sheet equals
to 1.222 at frequency fj.

b) With each pair of B; and B>, we compute f>.

f2 isfound to be 1.43 f, and, therefore, w = 0.86, which
agreesvery well with [7]. Fig. 5 shows optimized pair of R; and
R> to obtain bandwidth of 0.86. It is noted that the optimized
pair of R; and R» give two nullsin the reflection coefficient
curve of the two-layer resistive sheet.

Fig. 6 showsan exampleof obtaining threenullson thereflec-
tion coefficient curve of athree-layer resistive sheet with spacer
thickness same as A\ /4. For the design of the three-layer resis-
tive sheet, we haveto find the optimumvaluesof R, R;,and R3
to obtain two impedance points on the —20 dB curve (denoted
by P and Q in Fig. 6). The design strategy for the three-layer
resistive sheet is as follows.

a) The admittance before adding Bs is given by

Y2 + Yo tan h()

Y =V;—By=Yp2_ 0
S T Y 4 Ys tan h(V)

)

Adding B3 only changes the conductance in Y. The
conductance, g, on the —20-dB circle for a given sucep-
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Fig. 6. R; = 330 /0, R, = 671 /0, and R =
three-layer resistive sheet.

1560 /0 for a

tance, z, can be obtained solving the following quadratic
equation:

A—rg® =20 +7)g+1—r*4+22 -2 =0 (8

where » = reflection coefficient = 0.1, in our case. Bs
is obtained as the difference between ¢ [the larger root in
(8)] and the real part of Y.

b) For agiven pair of By and B, we find the minimum value
of B3, B3 min (Or surface resistivity f23 max), in the fre-
quency range of f, to f.

c) For each set By, By, and B iy, We compute fo.

f2 isfound to be 1.60 f, and, therefore, w = 1.20, which

agrees very well with [7]. It is found that the smallest and
largest possible values of R; are 246 and 330 €/[J, respec-
tively. Fig. 7 shows optimized pair of Ry and 13 max When Ry
equals 330 (/. It is noted that the optimized set of Ry, Rs,
and R3 max give three nulls in the reflection coefficient curve
of the three-layer resistive sheet.
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Fig. 7. Optimized R; and R3 ., When Ry = 330 /DO to obtain bandwidth
of 0.86.
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IV. CONCLUSION

Theelectrical engineer or material scientist can usethe Smith
Chart Approach to visualize how the design of the multilayer re-
sistive sheet works. It a so can be used to seewhether thedesired
bandwidthisachievableinpractice. Threeexamplesondesigning
the multilayer resistive sheet by using the Smith Chart Approach
were given. With the visualization using the Smith Chart, this
approach offers more flexibility to the design of the multilayer
resistive sheet, as compared to published formulae or tables.
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