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ABSTRACT

A new model is presented for evaluating the microstrip
dispersion. The proposed model is simple and is based on
the two-dimensional field equations of the microwave planar
circuits. Quantitative results obtained fit well available ex-
perimental data and are compared with those corresponding
to other models for both lossless and lossy structures.

INTRODUCTION

In this paper a new model for microstrip lines is pre-
sented, based on a rigorous electromagnetic theory for qua-
sistationary fields [1]. This model was first constructed for
the case of the lossless microstrips [2] and it is expected to
have a larger range of validity for evaluating the microstrip
dispersion, as compared to existing models %3]-[8].

The first order two-dimensional equations derived
from the quasistationary field theory of the microwave pla-
nar structures [1)-[2] for time-harmonic conditions can be
written in the form

VU= 2,3,
v.1,=Y.,U (1)

where U is the transverse voltage between the strip and the
conducting base, J, is the sur%ace current density carried
by the conducting strip, Z, = R, + jwL, is the longitudinal
impedance per square , and Y, = G,+jwC, is the transverse
admittance per unit area. The corresponding second order
equations are

VU -4*U =0

Vi, -4%3,=0 (2)

where v* = Z,Y,.

These equations are to be used in the computation of the

microstrip dispersion on the basis of the proposed model.
MODEL CONSTRUCTION

The effective dielectric constant for a given microstrip
structure is a function of frequency and can be expressed as
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€ers(w) = f (Zo, %e) (3)

where Z, is the characteristic impedance, & is the height
of the substrate, w is the width of the stripline, and e, is
the relative permittivity of the substrate. The dispersion
of a lossless microstrip can be calculated by using a simple
mode] in which the static parameters per unit length of the
real structure, L' and C’, are kept unchanged. For the mi-
crostrip shown in Fig. 1, the model contains a parallel-plate
capacitor, completed with lateral walls of € = 0 and g - oo,
such that the field exists only within the region between the
plates. The model is presented in Fig. 2, with a dielectric
between the plates of same permittivity in the central part
y € (—a, @) as in the original microstrip, a and b having
to be determined from the condition that the correspond-

ing propagation parameters at low frequency, Zo = /L' /C’

and the velocity 1/v'L'C’, be the same as in the original
microstrip.
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Fig. 1. Microstrip geometry.

€
p— 00 €0

f— b——-r-—— a—»r a.—-——ro-—-b —]
Z

Fig. 2. The model.
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The idea is to apply this model at higher frequencies
and to analyze its accuracy and its range of validity. As-
suming the substrate to be nonmagnetic, we have to impose
only the condition that the corresponding C' remains un-
changed,

' 2 2b
C'= 22+ 52 = s (0Co (4)

with the capacitance of the structure filled with air

_2(a+b)eo
Co= — (5)

With Cp and .4 4(0) assumed to be known, a and b can eas-
ily be determined in terms of ¢q, k, Cg, €,, and €.55(0).

CALCULATION OF MICROSTRIP
DISPERSION

For practical microstrips R « wL and G <« wC, there-
fore in the estimation of the modal dispersion one can ne-
glect the losses at a first approximation. In order to eval-
uate the attenuation a and the phase shift g for lossy mi-
crostrips, the following simpler algorithm is proposed: first,
the effective dielectric constant is computed for the lossless
structure ( with R and G taken to be zero), which gives
the dependence of the capacitance on frequency, and then
the quantities o and 3; are determined from the expression
corresponding to the classical (one-dimensional) theory of
the lossy transmission lines, with the capacitance per unit
length depending now on frequency.

Assume the line to be infinitely extended in the x-axis
direction and choose the system of coordinates as shown
in Fig. 2. Denoting Uj(z,y) the voltage in the region
y € (—a,a) and Us(z,y) the voltage in the lateral regions,
y € (—(a+ b),-b) and y € (b,a + b), the corresponding
two-dimensional second order equations are

U, o, |,

Gor g tTU=0 (6)
U, 8,

9 T oy T AU =0 M

where v = wlegand B2 = w?eopo. Assuming only the dom-
inant mode of propagation, we look for solutions of the form

Ura(z,y) = Yia(y) exp(£jBz) (8)

where G is real for lossless lines. From (6) and (7) we get

Yy +( -8 =0

Y, + (8- B2 =0 (9)
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Since 72 > B2 > B2, we have a? = 42 — 2 > 0 and —a} =
B2 — 3?2 < 0. Equations (9) yield

Y: = Ajcosayy + By sinaqy

Y; = A;cosh ayy + B;sinh agzy (10)

Imposing the boundary conditions

Ui(z,a) = Us(z,q) (11)
Jyl(l'aa) = JyZ(zva) (12)
Jy(z,a+b) = Jplz,—a—b)=0 {13)

the following transcendental equation is derived

tang — k2 — €2 tanh(my/k? — £2) = 0 (14)

where £ = aja, k* = wleopole, — 1)a?, and m = b/a. The
dispersion [6] of the lossless microstrip is obtained as

2 2
€ess(w) Egg=fr— %;(fr’- 1) (15)

with the first root of the equation (14) corresponding to the
dominant mode of propagation.

At very low frequencies, tané = £, tanh(m/k? — £2)
k? — £2, and (14) and (15) yield
ess(0) = & = (e = 1) (16)

At very high frequencies, £ — oo, and we check that

eeff(‘)(’) =€ (17

Finally a and g for lossy microstrips are calculated in terms
of their parameters per unit length, from

o = L{[(B + LG + w207 4 RG - wLC) (19)

g = 5 {[(B + 219G + 0] - RG+LC} (19)

where C = es7(w)Co, L = L'+ AL, R is given in [9],
and G = wCtan§, with tan § being the loss tangent of the
dielectric and AL’ = R/w the additional inductance due to
the skin effect. The dispersion for the lossy microstrip is

2
€oppw) = % (20)



COMPARISON WITH EXPERIMENTAL
RESULTS AND CONCLUSION

In Figs. 3-10 results obtained by using the model
presented for both lossless and lossy microstrips are com-
pared with those given by existing models and experimen-
tal data. The microstrip characteristics in Fig. 10 are:
w=455x10"2m, Zo =29 Q, ¢, = 10.5, tan § = 15 x 104,
and €;7(0) = 7.46. For the calculation of the effective di-
electric constant at zero frequency the formula in [10] was
used. The characteristic impedance was calculated as in
(11]. Various types of substrate have been considered, with
ratios w/h both greater and smaller then unity. In spite
of its simplicity, the proposed model yields a good agree-
ment with the experimental data in all ranges of parame-
ters considered, giving closer results then those in [7] for
high frequencies.
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Fig. 3. Attenuation versus frequency for an
alumina substrate and w/h=0.4.

10.5 e "= Lossless modsl
1 - léossy_modteli ” : :
do xperiments in {4]|........ ...
10 _ | — Resuits I [7] ' :
B g5 i
w 9
£
w
g +—m—r——— —
Frequency (GHz)

Fig. 4. Effective dielectric constant versus frequency for an
alumina substrate with ¢, = 10.51 and w/h=5.
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Fig. 5. Effective dielectric constant versus frequency for an
alumina substrate with ¢, = 10.185 and w/h=0.2.
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Fig. 6. Effective dielectric constant versus frequency for an
alumina substrate with ¢, = 10.1 and w/h=2.5.
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Fig. 7. Effective dielectric constant versus frequency for a
fluorglas substrate with ¢, = 2.5 and w/h=3.04.
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Fig. 8. Effective dielectric constant versus frequency for a
sapphire substrate with ¢, = 11.5 and w/h=9.1.
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Fig. 9. Effective dielectric constant versus frequency for a
sapphire substrate with ¢, = 11.39 and w/h=3.75.

LRih =--- Lossy model
1 Results in [6
10 4 -—= Resultsin{7]  |.. .
| Experimental data [13]
. g1 : :
Lo ]
w
8
7
6 T l T 1
0 2 4 6 8

Frequency (GHz)

Fig. 10. Effective dielectric constant versus frequency for
a RT/duroid 6010 substrate with ¢, = 10.5 and
w/h=0.88.



