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beyond several hundred. the qualily factor surface of the DR as its Solution domain, 

robust and rellsble for DR's with wry high 
qY.li,y fSCt0.l. 

1. LmRODUOION 

Dielectric ree~omtor (OR) i s  a common 
component in microwave circuit design, 
which can he used in ~ % i I l l ~ r s  or films or as 
antennas [I]. Two important paramefew of 
DR are its resonant frequency and quality 
factor. Also knowing the Reid distnbution of 
resonant modc may help the designer to 
design the coupling stmehre6, therefore a fast 
and accurate simulator for determining the 
resonant modes of DR is desired. Another 
requirement, which has been panicularly 
emphasized by some recent imovafive 
~INcfures. 15 the capability lo Smulale 
arbitraniy shaped D R s  such as cubic 
S ~ N C ~ U E P  with cut c m r "  andlor thosc which 
include slots or notches. 

However, based on OUT comparalive study 
and analysis of SIE-MOM and VIE-MOM for 
determining the resonant modes af  DR in free 
space and semi-open multilayered medium we 
found an imponant shortcoming of  SIE-MOM 
in predicting the quality factor of DR. Th>s 
had not been reported earlier. Different from 
DR in metal endoswe or waveguide, the 
quality factor of which is mainly due to metal 
or dielectric loss and its value is generally 
above thousands, the quality factor of DR in 
free space 01 semi-open multilayered medium 
is mainly due to radiation and its valve ranges 
from tens to hundreds. It is found SIE-MOM 
compulDional scheme for quality famm 
becomes nmencally unstable when the 
quality factor is greater than several hundred, 
while VlE~MoM remains much more robust. 

The outline of  the paper i s  a~ follows: 
Section I LE the mtroductian. Section 11 bnefly 
describes the formulation of WE-MOM and 
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SIE-MOM. Section 111 gives the numerical 
examples. Section IV provides some 
concluding remarks. 

11. FORMULATIONS 

A .  VIE-MOM 

Denote the space occupied by the DR as V, 
and the perminiviry of the DR is e,('). 
Assuming time dependence of e'", the VIE 
can be set up as 

(1) 
~ 

E(?)  = -jajVFAv 1 ?, j , (e 'w '  

- q c v  Ii')p.(iV.' 

where 

is lhe equivalent volume current. is  rhe 
permittivity of the medium in which the DR is  
embedded. B' and are the Green's 
functions for the vector and scalar potential, 

j"(ii = , ~ I ~ ~ ~ ~ I . ~ , I ~ ( F ~  (2) 

respectively. 

The tetrahcdral basis hmcrion proposed by 
Sehauben [7] is uaed to expand '.. Oakerkin's 
procedure is then applied to ( I )  to obtain the 
matrix equation 

IZ I I I  = 0 (3) 

B SE-MOM 

Denote the surface of the DR as S. For the 
convenience of representation, Ihe perminivity 
and permeability inside the DR are denoted as 
c - m d  P , while the permmivity and 
permeabilily of the surrounding medium is 
denoted as E .  and P ' ,  as shown ID Fig.1. 
There are different ways to formulate the S E  
For simplicity, the EFIEs are used here: 



TABLE I1 
DEPENDENCEOFQONTHE LOSSOPTHEDRONAGROUNDEDSUBSTRATE. 

obtained by searching the room of PI, as is Ihe 
ease for VIE-MOM. However, we found thal 
this method cannot be applied to SIE-MOM. 0 IE-.H-) M'CE-X" The details are explained in 161. Instead, the 
minimum of the reciprocal of the condition 
number of impedance matrix is searched. 

Once the complex monant frequency is 
(bl 

pig. Swface Equivatence fheolrm. (a) Ex,aior found. the quality facm i s  calculated through 
prablsm rb) Interior problem Q.L (10) 

2 L  

~ ( ~ ) - . j ~ * ( ~ ) ~ ~ ~ . ( ~ ) . ~ ~ ~ ~ . ( ~ )  (4) 

~ ~ ( ~ ) = . j ~ ~ [ ~ ) ~ ~ ~ - ( ~ ) - ~ ~ ~ ~ - ( ~ )  ( 5 )  
c- 

where 

if (i)= h F " ' ( F  IF,). j; (7.w (6) 

m'(r)=J,c.'(iliX'(i'w (J) 

~ * ( ~ ) = J , ~ ( ~ l ~ ' ) . ~ ~ ( j ' ~ * '  (8) 

o;tr)=-Lv,.j,yT) (9) 

The same set of RWG basis function [SI is 
used to expand both elecbic and magnetic 
-em. However, two set$ of testing functions 
are used for (4) and (5 ) .  one is the same as the 
basis functions, the other is the basis function 
rotated by 90 degree around the normal vccbr 
[6]. Once the testing procedure has been 
applied, a matrix equalton with similar form 
35 (3) i s  obtained. 

C. Determination of Resononr Frequency and 
Quoliry Factor 

Eq.(3) has non-zero ~dutions only at 
complex resonant fmquencier, where Ihe 
impedance mabk becomes singlllar. 
Generally Ihc complex resonant frequency is 

IW 

111. NUMLRiCAL RESULTS 
Fir$ we consider rectangular DR's with the 

same djmensions, high dielectric constant, but 
with different loss tangent. Such DRs wil l  
have similar resmanl frequencies but different 
quahi?, factor due to lass. The purpase of 
using high dielectric ~omtant is to decrease 
radiation 105s so that ths quality fanor CM be 
conbdbd through varying the loss tangent. 
Table I shows lhe simulation reiu1ts using 
VIE and SIE and different mesh sizes. The 
mesh size is denoted by 3 numbers. These 
numbers are the number of seegmcns along 
the thres onhogonal axes. An example of 
which is shown in Fig.2. From Tab1e.l we can 
see that the qalculated re$omf frequencies 
a p e  quite wdl. Whcn the qulity factor is 
less than about 150, the quality factor 
calculafed by SIE and VIE are vev close. 
However, when lhe quality factor i s  above 
about 150, the q d i t y  factor obtained by SIE 
bccomes stable. For some meshes it is positive 
while for other mesh configuration il might 
even become negative. 



As a second example, a nedayular DR on a 
grounded subrmts  is wnnidcrsd. The 
dielccvic consfant of the rubseate i s  9.8 and 
ill thic!aess i s  0.9m. The r e ~ ~ l t s  are lirted 
in Table 11, from which we can SK that the 

quite well, while lhe qualily factor calcvlated 
by SIE becomes unstable when ths quality 
factor becomes large. 

,681 p m  of the resonant frequencies agree 

The main reason far this behavior, although 
i f  is  atill under mvcstigafian, IS kl ieved fs be 
the stranger variational name and the weaker 
ringularities of the VIE-MOM pmeedure 
compared to the Other formulation. 

N. CONCLUSIONS 

In this paper VIE-MOM and SE-MOM arc 
c a m p e d  for determining the nsonant 
frequency of DR. It is  found both of them can 
get accurate result for real pan of the resonant 
Ikqusnfy. Howevsr, the imaginary pan of the 
rsson~nt frequenfy obtained by SIE-MOM 
becomes not unrrliablc when the qualiIy factor 
of &e DR is high, which CBUS~S the qvalily 
fw obtpinod by SWMoM numniCally 
unstable. 

ACKNOWLEWEhlEm 

This work was supportsd by Ericsron 
Caoada and NSERC (lhe Nanuol Science 
and Engineering Rnearch Council of Canada) 
CRD (Ca l lah l ivc  R-h and 
D+velq"nt) Orant. 

REFERENCES 

D. Kajfu and P. Cuillon. Ed%. Dielrenic 
Ruonoim.  Norwood. M A  Mech. 1986. 

S.-L. Lin and G. W. HsnJOn "An efficient 
full-wave methad far andyris of did&< 

I t ]  

121 

resonstm p ~ s ~ ~ s s i n g  separable gcomesic~ 
immersed in inhomogeneous  environment^:' 
1.5% Trmr. Microwove T k e q  Tech, vol. 
MTT4S. no. I. pp. 84-92. Jan. 2000. 

111 s .Y. Ks and Y.-T Chsng, "lntcpration 
~gnation analysis on resonant hquencier and 

factors of reCtangUIal die1ecmc 
resona~~n." E E E  Trons. Microwove Tkmv 
Tech., vol. MTT49. pp. 571-574, Mar 2001 
Y. ~ i u ,  S. Safavi-Nasini. S. K. Chaudhvri 

and R. Sably, '"Simulation of resonant modes 
of r c c m g ~ I a r  DR in MIC envimnmmt using 
MPlEMoM wish combined enrirrdoma<n and 
subdomain bark funclions." 2002 IEEE 
M T - S  Iniimoiiand Mlcrowaw S y m ~ r i u m  
Digerr. Scattle. 2002,v01.3, pp.1901-1904 

A. W. Glissm. D. Kajftr, and I .  Jamer. 
" E V ~ I ~ B I ~ O O  af  mode in dielecm'c resonators 

IEEE Trmr Miaowuvo Theory Tech.. vol. 
MlT31,pp. 1023-1029,Dec. 1983. 
Y. Liu. S. Safavi-Nasini, S. K. Chaudhd 

and R. Sably. "Om che d~rsrminniion of 
resonant madcr of dieICCme objecrs using 
surface intcml equations." subminsd to IEEE 
Tram. Anlnnvs Pronogal. 

D. H. Schavbm D. R. Wilton. and A. W. 
Clirrm. " A  tetrahedral modeling method for 
slemomagn~tic scattering by arbitrarily 
shapsd inhomogeneous dielechs bodicr:' 
I€€€ Trans. AnlrnnlU P r u p p l . .  vol. AP-32. 
pp. 77-85, Jan. 1984. 

[8] S. M. b o ,  D. R. Willon, and A. W. 
Glissan, "Elc~n~magnctic scans6ng by 
surfaces of arbitrary shape." IEEE Trans. 
Anlsnnar P.oplpor. vol. AP-30, pp. 409418. 
May 1982. 

141 

( 5 )  

using a rurface integra1 qualion formulation," 

(61 

171 

644 


