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MODAL CURRENT DISTRIBUTIONS ON 
CLOSELY COUPLED MICROSTRIP LINES: A 
COMPARATIVE STUDY OF THE SDA BASIS 
FU NCTlO NS 

Indexing terms: Microwave deoices and components, Micro- 
strip, Modelling 

A newly proposed set of basis functions incorporated into the 
spectral domain approach (SDA) can effrciently and accu- 
rately model nearly true current distributions on infinitely 
thin and perfectly conducting coupled microstrip lines. It is 

Formulation: Starting with a two-dimensional perfectly con- 
ducting wedge problem,’ and the quasi-TEM approximation 
as described by Denlinger,’ we derive the following bases 
according to the criteria reported by Jansen:3 

2 m  

~ , , ( t )  = C C clmn . i h  C) 

JX1(t) = C Cd, ,  .i.+k% 5) 

m = 1  n = i  

2 m  

m = 1  n = i  

jn ( I ,  5) = (1 + # - 2 J ’ 2  - J(2). (1 + 
+ 4. (1 + t)”’2 

+ t . (1 ~ tY ’2  

n = l , 2 , 3 ,  ... (1) 

jn(2, 5) = (1 ~ r)‘n”’’2 ~ J(2). (1 - <)‘”’’ 

where clmn and d,,, are unknown constants, to be determined. 
The normalised variables = - 1  and 1 correspond to the 
edges at x = SI and Si + W, shown in Fig. 1, respectively. 
The bases for other strip(s) can be obtained in a similar 
fashion. 

I T  
~p~~~~ ______ ~ _ _ _ _ _  1‘ 

validated by companng the field solutions with those 
obtained by vanous sets of entire-domain and subdomain 
bases h2 

t 
Introduction The spectral domain approach (SDA) has been hl 
used extensively to determine the circuit parameters of planar 
or quasiplanar structures used in the microwave and milli- 
metre wave frequency regme The field solutions will be exact, 
if the current distributions on the infinitely thin and perfectly 
conducting strim are correctlv obtained Since the SDA for- 

i x ,  
~~~~ ~ 2a  ~~ -4 m Z 

Fig. 1 Cross-sectmal view of the asymmetric coupled mrcrostrIp frnes 
with stra*lfied drefectrlc layers - .  

mation is variational for the modal propagation constant B, 
an accurate modelling of the current distributions will result 
in the true value for the propagation constant. On the other 
hand, the characteristic impedance defined by the power/ 
current definition is not variational and its accuracy strongly 
depends on the modelling of the current distributions on the 
strips. This paper presents a set of new basis functions for use 
in the SDA and tests it on modelling the true currents of 
closely coupled microstrip lines. 

The accuracy of the modal current distributions computed 
on the basis of eqn. 1 is validated and compared with those 
obtained by the entire-domain and subdomain bases. The 
entire-domain bases utilise the well-known bases reported by 
Schmidt et a14 (the S type) and Tripathi and Lee’ (the C type). 
The subdomain bases are the triangular pulse functions.6 

Results: Table 1 lists the comparative study of the propaga- 
tion characteristics of the n-mode for asymmetric coupled 

Table 1 COMPARATIVE CONVERGENCE STUDY OF THE NORMALISED PROPAGATION 
CONSTANTS AND CHARACTERISTIC IMPEDANCES OF THE n-MODE FOR CLOSELY 
COUPLED ASYMMETRIC MICROSTRIP LINES 

N 104 5 x 104 

Bases N B  Blko Z z ,  zz, B l k O  z x  I ZZ* 

Proposed 6 1.2610138 51.8792 31.2293 1.2610501 51.9134 31.2505 
bases 8 1.2609023 51.9049 31.2105 1.2609003 51.9386 31.2312 

IO 1.2609090 51.9025 31.2118 1.2608971 51.9366 31.2324 

s type 6 1.2626142 52.4952 31.3538 1.2625962 52.5170 31.3644 
8 1.2616612 52.2207 31.3002 1.2616486 52.2441 31,3123 

10 1.2612951 529969 31.2715 1,2612855 52.1214 31.2846 

c type 6 1.2612059 52,0435 31.0846 1.2611854 52.0734 31.0995 
8 1,2609168 52.0107 31.0752 1,2609064 52,0417 31.0918 

10 1,2608705 52.0054 31,0725 1,2608641 52,0369 31,0900 

Subdomain 20 1.2609004 47,9382 27.1951 1.2608971 51.2720 30.5523 
bases M 40 1.2609011 47.9249 27.1651 1.2608972 51.2658 30.5581 

N 105 

Subdomain 20 1.2608967 51.6389 30.9241 
bases M 40 1.2608968 51.6387 30,9303 

2a = 2.54mm; 
E r, = E  r 3  = I ; ~ , ~ = 2 . 2 ; f = I 5 0 G H z  
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h ,  = h, = 0.245mm; h, = 0.762mm; S ,  = 0.0127mm; S ,  : W, : S ,  : W, : S ,  = 49.5 20:  1 : 40 : 89.5; 



lines with structural parameters as shown in Fig. 1 .  N is the 
number of spectral summation terms, NB is the number of 
entire-domain bases for modelling J ,  or J ,  on a strip and M is 
the number of equally partitioned intervals of each conducting 
strip when using the subdomain bases6 Here, the case of 
closely coupled asymmetric microstrip lines is employed to 
depict the power of the bases in eqn. 1. The aspect ratios 
SI : W, : S, : W, : S ,  are equal to 89.5 : 20 : 1 : 40 : 49.5. Notice 
that W, is nearly one third of the guided wavelength so strip 2 
is electrically wide. Since S, is very small, the coupling 
between two microstrips is very strong. This makes the asym- 
metric microstrip lines a difficult case in which to produce 
convergence for the SDA program. 

In Table I,  the propagation constants obtained by the pro- 
posed bases have the best agreement with those computed by 
the subdomain bases. The numerical data obtained by the C 
type and proposed bases converge faster than those obtained 
by the other two sets of bases as N and NB are increased. The 
characteristic impedances’ obtained by the subdomain bases 
seem to require more than lo5 summation terms to approach 
their final values. This manifests itself in the fact that the 
subdomain bases are often not efficient in practice to apply 
them. 

Figs. 2 and 3 show the normalised current distributions on  
the microstrip lines for the particular case study. Each current 

(iii) the particular numerical investigation shows that the 
amplitudes of these fluctuations around the results obtained 
by the proposed bases get smaller as N E  is changed from 6 or 
8, to I O  or M from 10 or 20 to 40, and so on 

(iv) each midpoint of the adjacent corners of the zigzag current 
distributions obtained by the proposed subdomain bases falls 
on the solutions obtained by the proposed bases. 

By deduction, based on the discussions reported in (i) to (iv), 
we conclude that if M (in the case of subdomain bases) is 
further increased to infinity with a sufficient number of spec- 
tral terms N, the J ,  and J ,  obtained by the subdomain bases 
will have their infinite number of middle points coincide with 
those obtained by the proposed bases. The same conclusion 
applies to the field solutions of the C mode. Thus, we conclude 
that the values for Z,, and Z,, obtained by the proposed 
bases are accurate and that the proposed set of bases is 
capable of representing nearly true current distributions on 
the coupled microstrip lines and becomes a viable set of bases 
for the SDA analyses of planar or quasiplanar transmission 
lines. 

C.-K. C. TZUANG 
J.-T. KUO 
Institute of Communication Engineering 
National Chiao Tung University 
75 Po Ai Street, Hsin Chu, Taiwan, Republic ofChina 
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Fig. 2 Normalised J, and J, on strip I for the n-mode obtained by  the 
subdomain and various types of entire-domain bases 
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Structural parameters as Table 1 
~ proposed bases; - - - - Chebyshev (C) type; 
. . . . . . . sinusoidal (S) type; subdomain bases 

LOW THRESHOLD HIGHLY EFFICIENT 
STRAINED QUANTUM WELL LASERS AT 1.5 
MICROMETRE WAVELENGTH 

Indexing terms: Lasers and laser applications, Quantum optics 
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Fig. 3 Normalised J, and J, on strip 2 
~ proposed bases; - - - - Chehyshev (C) type; 

sinusoidal (S) type; subdomain bases . . . . . . . 

Low threshold and high efficiency operation of strained layer 
multiple quantum well InCaAs/lnGaAsP lasers at 1.5 micro- 
metres wavelength is demonstrated. Current thresholds as 
low as 2.2mA with threshold current densities of 440A/cm2 
have been obtained. With 7.3 mA threshold current, 
quantum effciency was 65%/front facet. At 2OmW CW 
output power the drive current was as low as 53 mA. 

component is normalised by I,, the total current on the strip 
1. N B  is 10 for S and C type bases and 8 for the proposed 
ones. M equals 40 for the subdomain bases. The results in& 
r s t n  thnt 

InGaAdInGaAsP multiple quantum well (MQW) lasers at 1.3 
to 1 . 5 ~  wavelength have yielded several advantages over 
bulk h ? r S  in the same wavelength range, such as low internal 
loss, high quantum effciency, low threshold current operation 

W Y L I  lll... 

and small linewidth enhancement There have been 
(i) the proposed bases have the smoothest current distribu- several reports predicting that further improvements are pos- 
A:--” sible bv emuloving strained laver Quantum as the 
LlUllJ 

effective mais i f  holes in the heavy hole subhand of quantum 
(ii) the entire-domain S and C type bases and the subdomain well layers can be significantly reduced in the plane of the 
bases have current distributions fluctuating around those wells by compressive strain. This should result in lower 
obtained by the proposed bases threshold currents and other improvements of the laser 
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