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The higher order modes of propagation oil microstrip lines are calculated by using a 
rectangular waveguide model with hybrid electric and magnetic walls. Then. the second 
order two-dimesional telegraphist's equations are used for the model, in order to 
obtain the superior modes of propagation. 

I. INTRODUCTION 

The higher-oder modes of propagation are usually obtained by full-wave 
analysis of the microstrip line [I, 2] carried out by using numerical metrhods, such 
as the finite-difference method [2]. In this paper a different approach is proposed, 
by considering a model for the rnicrostrip line where the two-dimensional telegraphist's 
equations [3] will be applied. The first order equations for time-harmonic fields are 

-VU =ZJ 5 , 

-Vls =YU, 

(1) 

(2) 

where U is the transverse voltage, between the strip and the conducting base, ls is 
the surface current density carried by the conducting strip, Z = R + j ffi L is the 
longitudinal impedance per square, and Y = G + j (I) C is the transverse admittance 
per unit area. The corresponding second order equations are 

2 2 V ls -y ls =0, 

where y = JZY is the propagation constant. 

2. MODEL FOR THE MICROSTRIP LINE 

(3) 

(4) 

The dispersion of a lossless microstrip can be calculated by using a simple 
model in which the static parameters per unit length of the real structure, L' and 
C', are kept unchanged. For the microstrip shown in Fig. 1, the model contains two 

Rev. Roum. Sci. Techn. - Electrotechn. et Energ., 45, 3, p. 333 - 336. Bucarest, 2000 



334 Alexandru Tugulea. Joan R. Ciric 2 

vertical magnetic walls and two horizontal electric walls. The model, presented in 
Fig. 2, has a dielectric of the same permittivity in the central part as in the original 
micros trip. 

The parameters a and b have to be determined from the condition that the 

corresponding propagation parameters at low frequency, Zc = ~ L'/ C'. and the 

velocity I/ .J L' C' , be the same as in the original microstrip. 

W Eo 
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Fig. 1 - Microstrip geometry. Fig. 2 - The model. 

Consider the substrate to . be non-magnetic, · and Zc. the characteristic 
impedance of the microstrip, and Eerr (0), the effective relative permittivity at zero 
frequency, known, then a and bare determined as 

lloh 
a=------=== 

2Zc (m+ l)~Eerr (0)' 
(5) 

E, - Eeff (o) 
b=ma = ( ) a, 

Eeff 0 - l 
(6) 

where llo = ~µ0 /£0 = 376.7 Q is the free-space impedance. Assume the line to be 

infinitely extended in the x - axis direction and choose. the system of coordinates as 
shown in Fig. 2. Denoting U1(x,y) the voltage in the region yE(-a, a) and U2(x,y) 

in the lateral regions, yE(-(a+b),-b) and yE(b,a+b), the corresponding two
dimensional equations are 

(7) 

(8) 

where y 2 = co 2 E µ and ~~ = co 2E0µ0 . Imposing the boundary conditions 
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V 1 (x,a )= V2 (x,a ), 
J yl (x,a) = 1, 2 (x,a ), 

JY 2 (x,a +b)= 1"2(x.-a-b)=0, 

the following transcendental equa'ion is derived 

~ tan ~ - ~ k1 - ~ 2 tanh( m~ k1 - ~ 2 ) = 0, 
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(9) 

(10) 

(I J) 

02) 

where ~=cx 1 a,k2 =ro 2£ 0µ 0 (Er -1)a 2 , and m = bla. The dispersion of the 

lossless microstrip is obtained as 

( 13) 

3. HIGHER ORDER MODES 

In [ 4) it was shown that a waveguide similar to the model admits N cutoff 
frequencies of the TE mode, which are lower or equal to the first cutoff frequency 
of the TM mode. For a given frequency, ro, the first root of (12) gives the 
fundamental mode of propagation while the next roots correspond to the TEn 
modes, as long as k2 - ~2 > 0. For k2 - ~2 < 0, evanescent modes are obtained. The 
dispersion chracteristic for each mode is obtained by replacing the correspondent 
root~ in (13). The cutoff frquency for the higher-order mode, TE1 is obtained as 

1 
fTE, = . 

2aJ£0µ0~ 
(14) 

The cutoff frequency for then higher-order mode, TEn is 

fTE = nfTE · 
• I 

(15) 

4. RESULTS AND CONCLUSIONS 

For the microstrip geometry given in [2], with Er= 9.7, w = 9.15 mm, and 
h = 0.635 mm, the dispersion for the fundamental and first two higher-order modes 
of propagation are plotted in Fig. 3. 
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Fig. 3 - Fundamental and first two higher-order modes plotted against 
the experimental data given in [2]. 
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The method presented gives accurate results and requires only one 
transcendental equation to be solved, thus saving important computer time. 
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