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Fig. 5 shows the measured amplitude and phase characteristics of thetegration Equation Analysis on Resonant Frequencies

high-power amplifier under test. The two-tone average output powers and Quality Factors of Rectangular
of fundamental, IM3, and IM5 are plotted in Fig. 5(a). The measured Dielectric Resonators

relative phases are plotted in Fig. 5(b). The first measurement point of

fundamental is set to zero phase and the others are calculated to have Shyh-Yeong Ke and Yuan-Tung Cheng

relative values. The measured phases of IM3 and IM5 vary rapidly as

the power level approaches saturation.

Abstract—in this paper, the resonance problem of rectangular dielectric
resonators (DRs) is analyzed by using the spectral dyadic Green’s func-
tion and volume integral-equation formulation. The rectangular dielectric

: — ody is replaced by a set of entire-domain polarized volume current basis,
To adequately consider the memory effect for high-power ampgnd Galerkin’s moment method is used to solve the resonant frequency and

fiers, we have preser}ted anew accurate method for mgasuring tWo-tg0\ity factor of the rectangular DR. The effects of electrical and geomet-
transfer characteristics. We measured the characteristics of a multistage parameters on the resonance of th&E;1; mode of isolated DRs are

high-power amplifier with a 500-W power output and 44.5-dB gain. Welso presented. Additionally, the case of a rectangular DR with a ground

have used a trustworthy reference IM generator at a very low frequen@igne is aiso discussed. Results are found to be in good agreement with the
. . . blished experimental data.

The two-tone harmonic balance simulation shows the accuracy of fhe

relative phase of the reference IM generator. The complete measurgadex Terms—Dielectric resonators, method of moments.

ment setup and sequence have been described.

We measured the relative phases of fundamental, IM3, and IM5. The
measured data of IM3 and IM5 are very smooth and continuous, and
vary rapidly as the power level approaches the output power saturabielectric resonators (DRs) are extensively used for microwave cir-
tion. The measured two-tone transfer characteristics are very usefuldoit components such as filters and antennas [1], [2]. Recently, open
the design of predistortion linearizer or nonlinear model extraction foectangular DRs for use as radiation elements have received increasing
high-power amplifiers. attention due to their simplified mechanism and easy integration with

microwave integrated circuits (MICs). Besides, the microwave com-
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IV. CONCLUSION

|. INTRODUCTION

Fig. 1 shows the geometry of the rectangular DR under considera-
tion. The rectangular DR is with a dimension2%” x 2L x 2h and a
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Fig. 1. Geometry of a rectangular DR on a grounded substrate. . . . . .
9 y 9 g The first term on the right-hand side of (4) is the Green’s function for

] o ) the rectangular DR in an unbounded medium. The second term on the
relative permittivity ofz,., and is located on a grounded substrate. Thgght-hand side of (4) is the Green’s function that accounts for the effect
substrate has a thicknesstoénd a relative permittivity.. Here, the  of the obstacle on the wave propagation. The leakage phenomenon of
substrate is assumed to be uniform and of infinite extension. The gifjielectric material is caused by TE-TM wave coupling [8].; and
is with permittivity <, and permeabilitys, . In the absence of the feed RTM are, respectively, the reflection coefficients of TE and TM waves

£1 = g.&y IS equivalent to have the polarized current source (sug;g,on

pressmge’“ time dependence)

Jea (T) = jwealer — DE (7) 1)
whereE(7) is the total electric field, which consists of the inciden
electric fieldE* (v ) due to/., (7 ) and the scattering fiel#*(+ ) due
to the obstacle (the grounded substrate). The total electric field can

B. Entire-Domain Basis and the Moment-Method Solution

t This section describes the numerical method of calculating the elec-
tric-field integral equation in (2). The computation time is largely re-
dugeed by calculating the integral equation in a two-dimensidnaitd
written as the integral equation k,) space. First, a sgt ot entite-tjomaln volume current basis is utilized

_ to expand the electric fields inside the rectangular DR. The advantage

E(T)=k(=r — /// E(7')av (¥') (2) from choosing the entire-domain basis is its efficiency in the numer-

ical calculation since few unknowns are to be determined. Here, the

wherek, = w,/jioto, Va is the volume occupied by the rectangulaintire-domain basis functions based on the magnetic wall model are
DR andG(g 7' denotes the dyadic Green’s function, described byhosen to be

the following spectral expression [7]: . >~ =
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In (3),7(k., k,; z, ') can be expressed in the following matrix form: oo oo
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where 14 L z
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are the unknown coefficients of the electric field inside the DR~ 120 TE? mode

If ne ) cos ke pnz and I ., o) sin k. .2 in (6C) dominate
the electric fleIdE inside the DR at the resonance of thé7;;
mode. Similarly, I5 mne,(;f?l coskz mnz, I3 mnenﬁl sink. mnz,

I o esi)n cos k. mnz, andIg, mneEiL sin k- mnz in (6C) dominate

the electric fieldE. inside the DR at the resonance BE},, and x
TE?f,, modes, respectively. Here, the mode nomenclature foIIov§
the definition by Mongia and Ittipiboon [9]. If the dimensions of ars

i

isolated DR are such thatV’ > 2L > 2h, the modes in the order of a0 L g, =37.84
increasing resonant frequency &&j,,, TE?;,, andTET, ;. /———\

Next, substituting the Fourier transforms of (6) into (2), then ag 0 e =20
plying the Galerkin’s moment method, and integrating (2) over the rec '/_,f -
angular dielectric volume, we have the following matrix equation: 0 I

L 2 | L 1 L I '
= ==r 0.4 0.8 1.2 1.6 2

ZZ/ / dkypdk, U A0 (ks Ky 2)S b7 (ks Ky, 2) LW

m=1n=1
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J(u 1)/ / dzdz' w ko, by, 2)
2 Fig. 2. Resonant frequencies afyd factors of théeTE,; modes versus the

Gy byi 20 ) Ty J,N)}_U

()

k .

with

aspect ratios{/w) for isolated rectangular DREW
0.351 cme,. = 20, 37.84, and 79.46. (a) Resonant frequencieg)(blactors.

= 0.877 cm,2h =

surfaces of the DR, respectivei}z‘ mn (kz, ky, z) is the two-dimen-
sional Fourier transfrom af? .. (x, y, z), ¢ = =, y, z.

7 In (7), the integration along- and :’-directions can be derived as
Zb,) mn(=key —ky, 2) analytical expressions, which, for brevity, are notincluded in this paper.
Thus, the three-dimensional integral equations in (7) can be transferred
= - into two-dimensional integral problems. Finally, (7) is rewritten as a
Wk, ky, 2) = szﬂnn(_kﬁ —ky, 2) general matrix form in the moment method
—
ZnxnIn =0 (8)
pr mnl ~h. 2) ] whereZy x v is the impedance matrix whose elements are electric-
p field integration equations defined in (7)y is a column matrix whose
[ ©  F X ] elements correspond to the unknown coefficEnt,,., in (6). Equation
S L by (s Feys 2)
et (8) has a nontrivial solution foF v if the determinant o x x v van-
B 6 ishes. This condition is satisfied by complex resonant frequencies, i.e.,
O A D XU R det (Zan)| =0 ©
=1 f=Frtifi
wheref, and f; are, respectively, the real part and imaginary parts of
Z bornUp, mn (K Fy, 2) the complex resonant frequency. For a particular resonant mode of a
- DR with real permittivity, /- gives the resonant frequency afd (=
T 0 0 fr/(2f:)) gives the radiatior) factor of the DR.
S=1(01 0
0 0 = Ill. RESULTS AND DISCUSSIONS

where the superscrifit denotes a matrix transpose an@éndz, are the

In this section, two cases for open rectangular DRs in typical mi-

z-directional positions that correspond to the top surface and bott@mowave applications are investigated. As shown in Fig. 1, they are the
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Fig. 3. \Variations of resonant frequencies af)d factors with the aspect
ratios C/W) for grounded rectangular DRs excited BE?, ,, TEY,,, and
TEf,, modes2W = 0.877 cm,2h = 0.351 cm,s,. = 37.84. (a) Resonant
frequencies. (b}, factors.

isolated DR (in the absence of the grounded substrate) and the DR on
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mode of a rectangular DR on a ground plane is much higher than that
of the isolated rectangular DR case. Thus, a high-permittivity grounded
rectangular DR excited at tHhEE7,; mode is suitable for using as a
filter (or a resonator) under adequate aspect ratio (&,1 = 1)
conditions. On the contrary, the grounded rectangular DR excited at
the TET,, or TE{,, modes is better for using as an antenna since it
has lowerQ, factors. It should be noted that the resonant frequency
and@, factor of theTE{,, mode are the same as those of THe?, ,

mode atiW = L. That is, degenerate modes can also be excited in a
rectangular DR structure. Furthermore, the behavior features 6fthe
factors strongly depend on the resonant modes of the DRs. The reason
is the different radiation effects resulted from vertical magnetic dipoles
(resonance in th@'E{,;, mode) and horizontal magnetic dipoles (res-
onance in th&'E{,; or TEY,, mode) above a ground plane [9].

IV. CONCLUSIONS

In this paper, the integral-equation approach has been employed to
solve the resonance problems of open rectangular DR structures. It can
be used to accurately calculate the complex resonant frequencies of
rectangular DR structures, as discussed here. Besides, the entire-do-
main basis functions based on the magnetic wall model has been pre-
sented. The integral equation in conjunction with the sinusoidal basis
functions is more efficient for computing the resonance problems of
three-dimensional rectangular structures. Next, the numerical results
show that a high-permittivity grounded DR excited atTié;,; mode
is suitable for use as a filter or a resonator. On the other hand, the
low-permittivity rectangular DR excited at tH&T, , (or TEY;; ) mode
is good for use as an antenna. Here, we conclude that the DRs permit-
tivity together with geometrical factors should be considered in a rect-
angular DR antenna (or filter) design.
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