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Efficient Analysis of Microstrip Lines Including Edge
Singularities in Spatial Domains

Jong-Sung KimStudent Member, IEEEBNd Wee Sang Parkember, IEEE

Abstract—Microstrip lines are analyzed by considering edge- singularities of the order of less than one are admissible in the
singular behavior using closed-form Green’s functions in a spa- orthogonal direction of the current. A microstrip open-ended

tial domain. A Maxwell function which incorporates the appro-  giscontinuity will be investigated and compared with other
priate edge conditions of the line is introduced for the derivations Its i der t lidate th d thod
of a transverse correlation function. From calculations of excess '€SUIS IN Orderto validate the proposed method.

lengths of an open-end discontinuity, the results of the proposed
method using the edge conditions are in better agreement with the 1l. DERIVATION OF THE TRANSVERSECORRELATION FUNCTION

quasistatic results than those of transverse uniform current varia- . . . . - .
tions for conductor strips with relatively wider width. The formulations will be considered for microstrip lines with

width w on a grounded dielectric substrate, for example, an
open-end discontinuity shown in Fig. 1. A standard application
of a Galerkins procedure for the MPIE in the spatial domain
yields the general form of impedance matrix elements given by

, 1 a a
UMERICAL analyzes of microstrip structures have mangmn = (Jzm,; G ¥ Tun) + 2 <Jacma B <Gq * %an>>

applications in designs of microwave integrated circuits. (1)
In particular, full-wave methods include the effects of surfagghere (,) implies the inner product, and,, andJ,, denote
wave, radiation loss, and coupling loss. In general, the most rigasis and testing functions, respectively. The spatial domain
orous approaches characterizing the microstrip structures argteen’s functionsG, and G, can be determined with the
solve the system matrix based on either the electric field integr@ip of the Sommerfeld identity after obtaining the coefficients
equation (EFIE) in the spectral domain or the mixed potentighd exponents by the two-level applications of the generalized
integral equation (MPIE) in the spatial domain. The full-wavgencil of functions (GPOF) method [3]. The basis function of
methods involve time-consuming Sommerfeld integrals assogiy, J,.,,, is a rooftop function with a transverse dependence
ated with highly oscillating and slowly decaying kernels. Thgf \/W which represents the real behavior of the

MPIE provides relatively less singular kernels compared widurrent near the edge of the conducting strips.
the EFIE. In regions showing rapid variations in their current

densities, however, a process of finely dividing such regiondzn (%, y) =Jun(z) - Ji(4)

Index Terms—Edge singularity, microstrip lines, transverse cor-
relation function.

. INTRODUCTION

will improve the reliability of the numerical results of the MPIE. (1-Lx2=l) it =2l _ 1 and|2Y] < 1
The increases in subsectional basis functions to model fine fea- =9 Vi (z)’ T s < tan |$| < )
tures of the current densities implies a large matrix dimension, 0, otherwise

leading to a longer computation time. Small cells along the . :

edges of the microstrip transmission lines have been takenV\fBerEAx_'Sthe halfspan of the rqoftopfunctlon. The quadruple

consider the edge singularity of the line, with large width in th tegral_s in the |mpedan_ce_ mgtnx element,s are re_duced to the

spatial domain, in order to add numerical accuracy, maintaini guble !ntegrals_of multiplication Of. Green s_functlon and the

the number of basis function as little as possible [1]. correlation function after the changing of variables.

In this letter, in order to consider edge singularities without " "

using more basis functions along the transverse direction of (Toms G 5 Tom) = // dudvGo, (v, v)CF (u,v)  (3)

microstrip lines in the spatial domain, a transverse correlation

function is analytically derived using several mathematic{'t

properties of the _Maxwell_ funcuqn with a singularity of order CF(u,v) = // iy T (@, 1) Jun (2 — 10,5 — 0)

of one half and its Fourier conjugate. A convergence study

:)natjslggncg)jntrt]geMC:I\(jlur:r?;trcii :2?2??]2';3?:;?;222 ISQESSE \I/\r/: tL\C/)vrhereu andv.mean_the separation d|stance between thg source

and observation points for theandy coordinates, respectively.

The scalar potential part will be skipped here because it is sim-
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CF,(u) becomes a polynomial function with the order of 3 for
the rooftop function. On the other handf,(v) cannot be di-

rectly determined for the transverse variations considered. We L
try to find its analytic form using the property that the correla-
tion of two functions in the spatial domain is equivalent to the (& Td
multiplication of their conjugate pairs in the spectral domain. 1
CR/w) = [ i)t~ o)y Ground Plane
2 poo Fig. 1. Geometry of microstrip open-end discontinuity.
:% J2 (w?oc> cos(aw)de. (5) ° ’ PoP ’
0
The Fourier transform of,(y) is (w/2)Jo(wa/2), whereJy 1.00 \o\ 0
denotes a Bessel function of the zeroth-order. With the relation ° o\ -10
of [4, Eq. 6.672.6], (5) can be written as the Legendre function ° “a W
of the second kind 0.95r Y N
2 /LT
CF,(v) = EQ?; <1 -2 (E> ) ,—w < <w., (6) |T’| o, in degree
27 w t4 =30
The Legendre functio®_, > is given by the elliptic integral 0.90F 0.  Magnitude
of the first kind with the relation of [5, Eq. 8.13.10], as shown <o+ Phase 1 —40
below;
l+s 0.85 - . - : —50
Q_%(s):K< 5 ),—1<s<1. (7 0 5 10 15 20 25
Frequency in GHz

Now, the other form of”'F, (v) is
Fig. 2. Magnitude and phase of reflection coefficient for the open-end

2 discontinuity (line: circuit model, marker: th d method).
C’Fy(v) _ EK < 1 (E) ) w<v<w. (®) iscontinuity (line: circuit model, marker: the proposed method)
2 w 6
0.
Instead of using the series form of the elliptic integral, it is more
useful to take an approximation form of [4, Eq. 8.113.3] with a 0.5
logarithmic function included. Withi{ satisfactorily approxi- I
mated as three terms shown in the appendix of [6], it becomes 04l
w (v/w)> 9 su\* Al/d
Fw) =24 (1 2 (—)
Ch,W) 2{<+ i e\ 03|
dw  (v/w)? 21 ot
R a1 ) B S C
"] 4 128 \w © 0.2
It has an integrable logarithmic singularity at= 0. It can |
0.1 S

be circumvented by means of a QDAGS routine in the IMSL
package. The QDAGS is a general-purpose integrator appro-
priate for a function which may have endpoint singularities.

1.0 10.0
w/d

Fig. 3. Excess length versus the width of stdp=£ 0.635 mm, f = 20 GHz)
[ll. NUMERICAL RESULTS (line: circuit model,o: edge cello: uniform cell).

In order to verify our derivations outlined in the previous o ] ) )
section, we treated a microstrip open-end discontinuity pendent circuit models of [9], which was previously established

Fig. 1. The current of the strip of the open-end discontiniff P€ in reasonably good agreement with experimental data
can be expanded by a combination of semi-infinite microstrff’d the results of other full-wave analyses [8]. A satisfactory
current and rooftop subdomain current, which are describeddfireeément can be found within reasonable error bounds.
detail in [7] and [8]. The transverse correlation function of (dyurther, the open-end discontinuity is often modeled as having
was applied in evaluating impedance elemefits, between & refle_ct|_on coefficient with a magmtude_ of less than unlt_y due
rooftop basis functions. Matrix elements by the semi-infinitl® radiation loss and a phase delay which can be explained by
current can be found by a linear summation of impedant® length extension/d.

e_Iemer_1ts between rooftop func_tiodé,,m vv_eighted by the ﬂ — g+ j tan(BAD). (10)
sinusoidal values at sampling points of testing procedures. The 1+

open-end on a grounded dielectric slab we investigated hama&ig. 3, the excess lengthl/d with respect to ratios ofv/d
width w = 0.635 mm, and a substrate thickness- 0.635 mm at f = 20 GHz are plotted with the results of a usual uniform
with a relative permittivitye, = 9.9. In Fig. 2, the magnitude transverse cell for comparison. Itis shown that the values of both
and phase of the reflection coefficient by the proposed methodses give good agreement with quasistatic approximations of
are plotted with the quasistatic results using frequency-ind®] for narrow widths with less than two substrate width and



272 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 11, NO. 6, JUNE 2001

then uniform case shift away as the ratigd becomes higher. resonators, gap discontinuities, microstrip feed lines, and strip
Note that the edge cell gives improved results compared to thetennas.
uniform cell for wider lines. At higher ratios, i.e., those with
very small characteristic impedances, the discrepancy increases REFERENCES
in both cases. The higher the ratio, the greater the discrepancy) r.-c. Hsieh and J.-T. Kuo, “Fast full-wave analysis of planar microstrip
Clearly, it can be known that the capacity of the edge cell to circuit elements in stratified medialEEE Trans. Microwave Theory

; ; ; ; ; ; Tech, vol. 46, pp. 1291-1297, Sept. 1998.
SurVIVG the mcre_ase In strip Wldth. I_S greater than that of the[2] M. I. Aksun and R. Mittra, “Choices of expansion and testing functions
Umfprm Cel_l- For improved re.5U|f[S, itis |mportan'c_ to choose the ~ for the method of moments applied to a class of electromagnetic prob-
basis function after an examination of the strip widths. Also, the  lems,"IEEE Trans. Microwave Theory Techol. 41, pp. 503-509, Mar.

IS it ; 1993.

y cur_rent components should be addltlona”y taken into accoun&s] M. I. Aksun, “Robust approach for the derivation of closed-form Green’s

for wider strips. functions,”IEEE Trans. Microwave Theory Techol. 44, pp. 651-658,
May 1996.

[4] 1. S. Gradshteyn and |. M. RyzhiRable of Integrals, Series, and Prod-
ucts New York: Academic, 1980.
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