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OF THREE-LAYER MICROSTRIP-LIKE TRANSMISSION
LINES FOR NONDESTRUCTIVE PERMITTIVITY MEASU-
REMENT

[. P. Ganashev

Sofia University, Faculty of Physics
5 Anton Ivanov blvd, Sofita 1126

Abstract. The method presented uses series of expansion of the unknown charge dis-
tribution over the strip conductor in terms of Chebychev's polynomials. It takes
into account the charge density behaviour necar the strip edges. Applications to
sensitivity analysis for nondestructive permittivity measurement are discussed. Two
new structures are suggested.

Pesiome. [lpeacTaBieHublii METONL MCHONb3YeT JHHEIHYI0 KOMOHHANMIO MONHHOMOB Yebu-
miesa 18 annpoKCHMMAalMH NAOTHOCTA 3apsila HAa MHUKPONOJOCKE. YYWUTpiBAETCH MoBene-
HHE IJIOTHOCTH 3apsiia Bo3jie KpaeB 040CK4d. OO6CYyxAalrcs MpUMEHeHHsI K Hepaspyula-
IOUIHM H3MEPeHHSIM M3IeKTPAdecKOil MpOHHUAEMOCTH. [IpeasomeHpl 1Be HOBbIE CTPYK-

TYpBI.

1. Introduction

Nondestructive permittivity measurement based on microstrip-like trans-
mission lines with one and two dielectric sheets has been presented in [1]. In the
present paper we suggest that a three-layer structures should be used for this purpose.
The three-layer structures can increase the measurement method’s sensitivity in some
cases. An analysis method for such structures can be useful to assess some air gap
effects by the two-layer microstrip-like transmission lines used for nondestructive per-
mittivity measurement.

Figure 1 shows all three-layer structures that can be made using only one strip
conductor.

The structure from Fig. 16 can be applied for nondestructive permittivity measu-
rement of dielectric sheets, including metallized ones. The sheet with unknown permit-
tivity can be put between the metal grounded plate and sheet 3 with the microstrip
conductor over it both in positions / and 2 (Fig. 2). The unknown permittivity can
be computed from the measured guided wavelength in the structure and the known
geometry and permittivities of the other two sheets (one of them being air).

Another possible application of the three-layer structure analysis method is the
investigation of the air gaps by two layer structures. Such air gaps arise when the
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Fig. 1. Cross-sections of three-layer microstrip-like transmission lines
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Fig. 2. Possible application of three-layer microstrip-like transmission lines to nondest-
ructive measurement of dielectric sheets (/ — metal test structure, 2 — substrate
under test, 3 — metal strip conductor, 4— air gap, 5 — microstrip substrate with
known permittivity)
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Fig. 3. Air gap by nondestructive measurement of die-
leciric substrates due tothe curvature of the measured
substrate (I — measured substrate, 2 — air gap)

structure is obtained by putting a dielectric plate over an usual microstrip line by the
permittivity measurement method presented in [1]. They are due to the substrate cur-
vature (Fig. 3) and set limits to the measurement accuracy.

The first example shows that the method must be fast enough, because the
matter of interest is not the analysis itself, but the inverse problem, i. e. computing
the unknown permittivity €, from the known propagation constant. Solving this problem
requires the analysis procedure to be repeated many times changing &, until the com-
puted and measured guided wavelengths become equal. In microstrip measurement
technique the error due to the inaccurate values for the line dimensions and material
permittivities is about 1—3 per cent. Therefore one can accept methods ensuring such
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accuracy if they are fast enough even when more accurate, but slower methods exist.
An important consequence therefore is that in most of the cases the quasi-static appro-
ximation must be preferred to the full electrodynamic analysis. The accuracy of this
approximation is about 1—2 per cent for lower frequencies when the wavelength is
much greater than the sheet thicknesses and the strip conductor width.

The problem of wave propagation along a microstrip-like transmission line with
any number of dielectric sheets and metal strips has been studied in [2]. The methods
suggested there are very complicated to be realized on small desk-top computers because
of insufficient computation speed. Even if realized, they are unnecessarily complicated
and in the case of three-layer structures easier procedures can be applied.

This paper presents such a method. It is an extension of the variational method
for the analysis of microstrip-like transmission lines with one and two dielectric sheets
[3, 4]. Three and not one or two dielectric sheets are considered and a new charge
distribution treatment is suggested to increase the accuracy. The charge distribution
f(x) is expanded in terms of known basic functions containing the edge singularities,
instead of using the probe function 1+|x/2w|? customary to variational method
analysis, as made earlier [4].

2. Method of analysis

In the quasistatic approximation the wave propagation is described
by the transmission line’s effective dielectric constant .. It can be written in terms
of the capacitance per unit length of the considered structure C and the capacitance
of an air-filled structure with the same geometry C,

&t =C/C,. (1)

The procedure to compute C will be discussed in details further, as C, is a special
and easier case when all permittivities are equal to unity.
The capacitance per unit length C is computed using the variational expression

+oo
= e [ GG b DTGP, @

where ]7([3) is the Fourier transform of the charge distribution over the metal strip
f(x), Q is the total charge per unit length of the strip (Q is set to one for normali-
zation purposes), £ is the height of the strip (the distance to the grounded plane) and
G (B; ¥y, yo) is the spectral-domain Green’s function. It is defined as the amplitude of
the space harmonic with wave number B in the horizontal potential distribution at
height y, due to the same space harmonic in a charge distribution at height y,.

G (B; A, k) is computed in the standard way [4] by solving four ordinary second
order differential equations in the separate homogeneous areas and applying the appro-
priate boundary conditions at the dielectric interfaces.

For the structure from Fig. 10 2=#A,+h, and
1 €148, tanh B/ tanh Ba, g; tanh Bhg+¢y
BG &2 €, tanh Bh, + &, tanh PAy & €564 tanh Ph, (3)

For the structure from Fig. ¢ A=#4, and

_gglanh Bhgtey

gy tanh By + & gg+Ey tanh By 4)
- ggtanh Bhﬁ-& tanh BA

€18 T e, tanh Bhy 0N Bh,

BIE — ¢, cotanh i, 4,
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The structure from Fig. la is not of practical interest and will not be presented here.

After having found the expressions for G in both cases, some procedure must be
used to get an expression for f(B) or f(x). The standard method [3] is to use some
test function and hope that the result obtained is close enough to the real value of C

because (4) has a flat minimum around the real distribution 7([3). The most popular
choice is [5]

1+ 2x/w |3 for | x|<w/2
f(x)—_—{ 0 for | x|=w/2. )

This choice is not good enough due to two reasons.

Unlike (5) the real distribution changes for different values of w/A. In the case
w>h it is almost uniform over the greater part of the strip conductor and increases
only near the strip edges at distances of about 2. In order to replace (5) with a more
realistic distribution and not to use a priori any information about f(x) it can be
written as the sum of known basis functions f,(x) with unknown coefficients a, to be
found later

N
f)= Y a,f, ), (6)
n=1
= A
f(B):zjanfn (B)! . (7)
n=1
% +w/2
F®)= [ falxyemax. ®)
--w/2
' Increasing NV any desired accuracy can be achieved. Then (2) takes the form:
N N
1 1 T\
i cam 1[_30—3_’12:; %1 Gnmanam’ (9)
where
~+ o0
Gun= [ G®3 1 T, OB dB, 1, m=1,2, ..., N. (10)
0

The normalizing condition Q=1 takes the form:

N

2D al, =1, (11)

n=1
where [, are the integrals

+w/2
L= f fu(x)dx =F, (0). ' (12)

—w[2

Minimizing (9) under condition (11) leads to a linear system for the unknown coeffi-
cients a,, n=1, 2, ..., N and the Lagrange’s multiplier A ;
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which is easily solved.
The second disadvantage of the distribution (5) is that it does not take into account
the strong singularity at the strip edges which is of the kind

FR) @ (14)
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Using basis functions that do not take into account this fact leads to less realistic
charge distributions and worse convergence. Therefore the basis functions should behave
like (14) near the strip edges. For convenience their Fourier transforms (8) should be
closed form expressions. To meet these requirements the following basis functions were
chosen:

; Ty, (x) B _
”(x)_TIW’ n=1,2 ..., N | (15)
with the Fourier transforms

FuB)=(—1)" (@/2)m Joq (B/2) | (16)
and

[,=7 (w/2) Sop (17)

Here T, stands for a Chebychev’s polinomial of order m, J, is a Bessel function of
order m, and §,, is Kronecker delta symbol.

The method presented is in some sense near to the Galerkin’s method in spectral-
domain full electrodynamic analysis, as the main computation effort is connected with
computing the inner products of the Fourier transforms of the basis functions with
weight function G (B; &, ). The difference is that this is done only once, unlike the
full electrodynamic case, where all integrals are computed for each value of the longi-
tudinal wave number k, in the process of solving a transcendental equation of the kind
det M (o, k£,)=0. This is the source of reducing the computing time.

3. Numerical results

This computation method was applied in a desk-top computer program.

Figure 4 shows some computed charge distributions compared with (5). It is evident
that in the case of w>#4 (5) is no longer realistic enough.

Figure 5 shows the effective dielectric constants of some transmission lines with

three dielectric interfaces, that can be of interest for nondestructive permittivity mea-

surement.
4, Analysis of the sensitivity

The quantity determining the possibility to use certain microstrip-like
transmission line for nondestructive permittivity measurement is the sensitivity of the
effective dielectric constant &, to the unknown permittivity &, defined as follows:
geeti __°x e ' (18)

Eup 0%,
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Fig. 4. Compufed charge distributions in a three-layer micro-
strip-like transmission line (ky/hy=4.0, hy/hy=3.0, h=hy+hy;
£=1.0, 85=2.5, £3—=2.0. g,=1.0)
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Fig. 5. Effective permitlivity for wide microstrip-like transmission lines with three dielectric interfaces
(M/w=2.0, hjjw=1.2; &,=1.0, g=2.5, £4=1.0) :

In Fig. 6 this quantity is plotted against €, for several cases that are of practical
interest. The sensitivity of the standard two-layer structure from [1] is plotted for

comparison. .
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Fig. 6. Sensitivity of the effective dielectric constant €, Of @ wide three-layer microstrip-like transmis-
sion line (A /w=2.0, hyjw=12; £=10, g =g, =25, g=1.0) to the unknown permittivity e
compared with the sensitivity of a standard two-layer structure (A /w=2.0, hy=0, hy/w=12; &,=25,
g=¢ , £=10)

As expected, better sensitivity can be achieved with smaller air gaps between the
substrate under test and the strip conductor. An unexpected result is that in case of
wide strip conductor this structure leads to reasonable sensitivities only for small
values of the unknown permittivity e,. Let us fix the thickness ratio of the measured
substrate and the air gap r=/,/h,. Then the suggested structure shows higher sensiti-
vity than the two layer structure in the permittivity range e, <r.

5. Conclusion

The good sensitivity and the existence of a fast analysis method makes
the microstrip-like transmission lines with three dielectric interfaces applicable to non-
destructive permittivity measurements of dielectric sheets.
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