IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 45, NO. 3, MARCH 1997 439

[11] D. R. Wilton, S. M. Rao, A. W. Glisson, D. H. Schaubert, O. M. Al-
Bundak, and C. M. Butler, “Potential integrals for uniform and linear
source distributions on polygonal and polyhedral domails2E Trans.
Antennas Propagatyol. AP-32, pp. 276-281, Mar. 1984.

[12] R. D. Graglia, “On the numerical integration of the linear shape g
functions times the 3-D Green’s function or its gradient on a plane
triangle,” IEEE Trans. Antennas Propagatpl. 41, pp. 1448-1455,

Oct. 1993.

[13] Numerical Algorithms Group, ilNAG Library Manual. Oxford, U.K.:
Mayfield House, 1983.

[14] S. Caorsi, D. Moreno, and S. Sidoti, “Theoretical and numerical treat- [
ment of surface integrals involving the free-space Green’s function,” | € &)
IEEE Trans. Antennas Propagatol. 41, pp. 1296-1301, Sept. 1993.

Fig. 1. Configuration of a DR in a MIC environment.

generalized impedance boundary conditions (GIBC's) method [7],
the finite-element methods (FEM'’s) [8], and the frequency-domain
finite-difference method [9]. Among them, the simple EDC method
[2] is not rigorous and the field distributions obtained are not accurate
enough in general, while the rigorous GIBC method [7] is tedious and
the results of it are even incorrect in some cases. Numerical results of
these two methods will be demonstrated in Section Ill. Computations
Abstract—in this paper, the highly accurate results of resonant fre- Of the unloaded quality factap., are usually then performed by the
quencies, field distributions, and quality factors of the Tk;s mode for  perturbational method via the calculated resonant frequency and field
the cylindrical shielded dielectric resonator (DR) in monolithic integrated  gjstributions which are obtained from lossless conditions. Literature

circuits (MIC’s) with the practical tuning element, such as the metallic . . . ]
tuning screw and the dielectric tuning device are presented. By using with this approach includes the EDC method [2] and the one

the newly developed FD-SIC method, numerical results can be calculated dime.nsionffll (1-D) FEM [10_]- On the other hand, quality fact0r§ are
accurately and efficiently. The DR structures with tuning elements can obtained directly by searching the complex resonant frequencies for
be more easily modeled by the present approach than the other meth- the lossy resonators in the MM methods [4]-[6] or by the incremental

ods using approximate solutions or the mode-matching (MM) methods. ; ; ;
Numerical results in the literature are compared to the present FD-SIC frequency rule [6]. However, only the basic structure depicted in

results for the DR without tuning elements and detailed discussions on F19- 1 iS considered in the above-mentioned investigations.
these results are given. In addition, design curves are also presented for ~Rigorous calculations for the DR with the metallic tuning screw
the DR with the metallic tuning screw and with the dielectric tuning or the dielectric tuning device are very limited. To the authors’
device. These design curves are helpful for designing DR systems with knowledge, only two references can be found: the FEM [8] for only
tuning elements in MIC applications. the resonant frequency of the DR with metallic screws and the more
complete investigation in [5] by the MM method. The EDC, GIBC,
. INTRODUCTION and 1-D FEM methods are not suitable for these two structures. To
Dielectric resonators (DR’s) have now become basic componesitain the precise values of the resonant frequency@adactors
for designing filters and oscillators of high quality factors in many mief these practical DR systems, efficient and versatile approaches
crowave systems. The nature of low-loss and ease of miniaturizatidi¢ preferred and needed, especially for € computation with
into microwave integrated circuits (MIC’s) or monolithic microwavethe perturbational method in which the calculated resonant field
integrated circuits (MMIC’s) make them very attractive. The statdlistributions should be as correct as possible. In this paper, the finite-
of-the-art local oscillator design in MIC’s often employs DR’s tddifference and simultaneous iteration with the Chebyshev acceleration
build high-performance DR oscillators. Mechanical tuning elemen{ED-SIC) method [9] is extended to model the DR with tuning devices
commonly accompany the DR to change the resonant frequencymere flexibly. Due to the efficiency of this method, a large number of
compensate for some deviations due to the fabrication tolerance &ede points can be used and adequately distributed over the modeling
for some errors due to the theoretical prediction. The typical tunigoss sections to calculate the required results precisely.
elements are the metallic tuning plate or screw (Fig. 2) and the
dielectric tuning device (Fig. 3). The metallic tuning plate or screw
increases the resonant frequency when moved near to the DR, while
the dielectric tuning device or another DR is used to decrease thedfhe DR placed on the microstrip substrate is shielded by the
resonant frequency for wide-band usage [1]. metallic enclosure, where the side walls are far away from the DR,
Resonant frequencies and field distributions for the DR on ti# indicated in Fig. 1. In actual calculations, the metallic side wall
microstrip substrate or in a cavity have been investigated wieit @ large radius is about eight times the radius of the DR. Only the
many numerical methods, such as the effective dielectric constdio1s mode is considered for its most common usage in microstrip
(EDC) method [2], the mode-matching (MM) methods [3]-[6], the&ystems. These DR systems are first assumed to be lossless to
obtain the resonant frequencies and eigenfield distributions by using
The authors are with the Department of Electrical Engineering, Nationrg'e FD-SIC.method [9]. Then, the quall.ty fagtors are evaluated by
Tsinghua University, Hsinchu, Taiwan 30043 R.O.C. the conventional perturbational method in which the surface current
Publisher Item Identifier S 0018-9480(97)01721-3. densities on the conductor surfaces are related to the magnetic fields
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TABLE | the MM or the FD-SIC methods, while the deviations for the GIBC
COMPARISON OF THE RESONANT FREQUENCIES(GHz) FOR THE TEy1 5 method are quite large for Cases 5 and 6.
MODE OF DIELECTRIC RESONATORS ON THEMICROSTRIP SUBSTRATE As to the quality factors presented in Table II, the EDC, MM
EDC GIBC MM Present and present FD-SIC results for the unloaded quality fact@rs
Case & & D H s g @ 0 FD-51C are in agreement with each other for the first three cases. And the
13419 96 1498 748 07 072 434 435 4.348[4) 4351 present results are closer to the MM results [4] than the EDC results.
2 3421 9.6 1399 695 0.7 1.25 4.51 453 4.523 [4] 4.524 H
3 3407 06 1199 598 07 2215 501 — 5030 502 However, for C_:ase 4, _three r_esults for, are not so consistent,
4 3613 9.6 603 421 07 1010 814 — 8220 [4] 8.228 the MM result is especially a little away from the present and EDC
5362 10 406 515 2903 293 1037 1086 1050 [3]  10.50 results. Both the EDC and the MM results for Case 4 are not accurate
6 362 1.0 800 214 443 4.43 769 837 7.76 [3] 7.751 . . . .
enough, as discussed in what follows with observations on conductor
quality factors(). and dielectric quality factor® .. The results of the
Q. are not explicitly shown in the EDC method [2] and these values
in Table Il are deduced from their correspondig and @, values
TABLE 1l o . .
COMPARISON OF THEQUALITY FACTORS FOR THETEy; s by 1/Q_u = 1/Qu + l/QC_' The Qq value; in [_2] are ap.prOXInjated
MoDE OF DIELECTRIC RESONATORS ON THEMICROSTRIP as the inverse of dielectric loss tangent in their evaluation. It is found
SUBSTRATE. (CONDUCTIVITY ¢ = 6.14 X 10" Shv) that the@.. values for the EDC and the FD-SIC methods are rather
Qu Qc PR Q4 consistent with discrepancies about 2.5%—7.5%. The and the
Case tanéag EDC MM Present | EDC  Present | Present Prescnt electric energy f||||ng factorggDR of the DR by the present FD-
x10 2l [ FDSIC FD-SIC | FD-SIC  FD-SIC SIC method are shown in the last two columns of Table Il. It is seen
1 302 | 2473 2470 2468 | 9769 9507 | 99.3 % 3333 that the inverse loss tangent approximation, used in the EDC method,
2 3.19 | 2457 2440 2449 | 11361 10894 | 99.2 % 3159 is not appropriate for Case 4, because substantial pas¢o) of
3 347 | 2423 2410 2417 | 15214 14144 | 989 % 2915 .y ; ;
W 402 |28 1980 o257 | 27319 28090 | 96.6 % na54 the electric-field energy are_lopated outside the DR._Thl_Jthhm
[2] was underestimated. This is because the top shielding conductor

is somewhat away from the DR for Case 4. Hence, the EDC result of
2181 for(@). should be replaced by 2252 if the preséhtvalue 2454

as used. As to the MM result of 1980 for Case 4, using the present
« value, the deduced conductor quality faotpw should be 12 032,
which is very far away from the present or the EDC result. Hence, it
9¥%ound that the deduced. for the MM method is less than one half

of the present or the EDQ. value, although the deviation f@ép, is

only about 10%. Hence, this MM result for Case 4 is questionable.

that, in turn, are obtained from the eigenfield distribution by thév
simple finite-difference formula.

The governing equation for the TE modes in each homogene
region is

o? 10 o\ | ,
<7 5 + aT)w('r, z) = —kge('r, z)(r, z) (2)
B. DR with the Metallic Tuning Screw

wherey:(r, =) = rE4(r, =) ande(r, z) = ¢, is the relative dielectric =~ When the diameted of the screw is somewhat wider than that

constant in theith material. The required boundary conditions ar€f the DR (Fig. 2), the metallic screw can be modeled as a wide
the Dirichlet condition ¢ = 0) at the axis and metallic conductors,Plate parallel to the ground plane (Fig. 1). The same DR and MIC
and the continuity condition of tangential magnetic fields at th@hvironment as in the EDC method [2] are used for simulations
permittivity discontinuity [9]. The unequally-spaced finite-differenc®f tuning characteristics with several different diameters of metallic
grids are used which are flexible to coincide with the outer bounda$¢rews. The tuning curves are shown in Fig. 2 with the resonant
and with material interfaces of the structure. The arms in ithe frequency and)). variations in the tuning range. It is seen that the

direction are gradually larger when the meshes are away from th&ing ability is obvious ford = 10 andd = oo (simulation with

DR. By so doing, the resulting matrix dimension will not be tod™9- 1), and somewhat limited fot= 5 mm. It is also found that the
large and computation time will be saved. Q). of the screw is very near to that of a wide tuning pldte= oo

when d is just equal to diameteD of the DR for this example.
However, the resonant frequencies are not so close to each other
for the two tuners. The tuning range for this kind of metallic tuners
A DR in MIC’s is generally not so wide without degradation @f. or Q.. If the
) ) ~ required@. is 20000, the tuning range is about 0.2 GHz for the
The six examples to be analyzed for the DR in MIC's, as depict§fige tuning plate. For a wider tuning range, the dielectric tuning

in Fig. 1, are listed in Table I. The quality factors of the first fougevice can be used to reduce the conductor loss as shown in the
cases are shown in Table Il with the dielectric loss tangenténr  foliowing section.

of the DR shown in the second column. The substrates are assumed

to be lossless. Typically, the finite-difference discretization used for ) ) ) ] ]

Case 1 as an example is 18090. The required central processingC: DR with the Dielectric Tuning Device

unit (CPU) time is about 3 min for 3600 iterations on a 486DX4- In the dielectric tuning device, a dielectric rod or DR is adhesive
100 PC. It is seen from Table | that the authors’ results for thte the metallic screw with the same diameters, as shown in Fig. 3.
resonant frequencies are in very good agreement with those of @ comparison, the same DR and MIC environment of Fig. 2 for
MM methods [3], [4] for all cases. Also, the results of the EDC [2metallic tuners are used to obtain the tuning curves. The results are
and GIBC [7] methods are close to the present results for the first twbown in Fig. 3 withd = D and with thicknesg of the DR in the
cases in which both the spaciggand the substrate thicknessare tuning device as a parameter. It is seen that with proper dimensions
small compared to the heiglf of the DR. However, for the other (¢ > 3 mm for this example) the dielectric tuning device can have
four cases, both the EDC and the GIBC results are not very goddning ability. On the other hand, there is almost no tuning ability
The discrepancies for the EDC method are about 1% comparedfdot = 2 mm. This is because the opposite effects of dielectric and

I1l. NUMERICAL RESULTS
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Fig. 2. Resonant frequency and conductor quality factor for the DR with the

metallic tuning screw.{(=2 mm, H =4 mm, D =10 mm,g+h =8 Fig. 3. Resonant frequency and conductor quality factor for the DR with the

mm, e, = 38, e, = 1, ando = 5.336 x 107 S/m). dielectric tuning device.d = 10 mm,s =2 mm,H =4 mm, D = 10 mm,
g+h=8mm, e, =38, e =1,ands = 5.336 x 107 S/m).

metallic portions of this tuner balance each other. Fer 1 mm, ) ) )
the resonant frequency will even increase when the dielectric tunifg'ésponding even-like mode (5.349 GHz) and odd-like mode (6.524
device is moved to the DR. These are by no means the desired turfifig?) € shown in Fig. 4. Itis seen that much of the fields are lying

performances for the dielectric tuning device. Hence, the dimensidAs€ tuning DR region. Observing the normalized contour lines for

for this kind of tuner should be properly designed to match the mali§'d £« the major peaks of unit value are near the middle-section

DR on the substrate. planes of the main DR and the tuning DR for the even-like and odd-
If the DR in the tuner is the same as the main DR on the substrdlk€ modes, respectively. The minor peak is near the lower-side plane

it is called the double DR system, where the two DR’s act ascgthe tuning DR for the even-like mode, while for the odd-like mode

single resonator [11], [12]. The= 4 mm case shows this condition.the minor peak is close to the middle-section plane of the main DR.

It is seen from Figs. 2 and 3 that the double DR system has thRe relative magnitude of the minor peak is about 0.6 for both modes.

widest tuning range than the other dielectric or metallic tuners in

the preceding subsection if the required minimum conductor quality IV. CoNCLUSION

factor is 20000. The tuning range is at least 0.3 GHz. The field The FD-SIC method with the unequally spaced node points has
distributions of the double DR are significantly different from thoseeen used to compute the resonant frequencies and quality factors of
of the DR with metallic tuners in nature. Large electromagnetic fieldse TE;s mode of the DR in a MIC environment with the practical
are penetrating into the DR portion of the dielectric tuner. Since tieechanical tuning elements. Due to the versatile ability of the finite-
TEo1s mode in each individual DR is coupled to each other, therdifference method to deal with different situations and the efficiency
are two Tks modes in this resonator. As the whole structure isf the simultaneous iteration with the Chebyshev acceleration, the
not symmetric in the: direction, the authors call the one with thecalculated numerical results are of high accuracy in the examination
higher resonant frequency the odd-like mode (associated with thiethe published results in the literature. Graded meshes as large as
“antisymmetric” mode for two open DR’s in [11]) and the otherl10 by 140 have been used to obtain the numerical results. Design
with the lower even-like mode (symmetric), which is the operatingurves are presented for the performance characteristics of the tuning
mode. For the tuning distange= 2 mm, field distributions of the elements. Plots of the field distributions for the double DR system in
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A Waveguide-to-Microstrip Transition with a
DC/IF Return Path and an Offset Probe
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Abstract—This paper describes a type of waveguide-to-microstrip
transition incorporated with a “built-in” DC/IF return and an offset
probe which is proposed for the applications of submillimeter-wave
superconducter—insulator—superconductor (SIS) mixers. The effects of the
DCI/IF return and the probe location and orientation are understood by
simulating a 100-GHz transition using the finite element method (FEM).
The simulation results are compared to the experimental results of a
Ka-band scale model for the simulated transition. The performance of a
100-GHz SIS mixer employing such a transition is finally presented.

Index Terms—Probe, SIS mixer, waveguide transition.

Fig. 4. Field distributions of the two Tfs modes for a double DR in a
MIC environment. Normalized contour lines for field, and flux lines for

fields H, and H.. Conventional waveguide superconducter—insulator—superconductor
(SIS) mixers, which employ one or two mechanical tuners to adjust
a],lge mixer's RF impedance to suit the SIS junction (or array of
junctions), are inappropriate to complex systems such as a focal-
plane receiver array or an interferometer array and are not desirable
for single receivers due to the inconvenience of operating. It is,
therefore, important to develop tuneless SIS mixers. To yield a
[1] E. Marchionna, E. Martini, and A. Panzeri, “Dielectric resonator widéuneless waveguide SIS mixer, broadband RF matching between the
band tuning cavity for high performance filters,”fmoc. 17th European
Microwave Conf., 1987, pp. 865-871. Manuscript received June 16, 1995; revised November 21, 1996.
[2] R. K. Mongia and P. Bhartia, “Accurate conductor Q-factor of dielectric The authors are with the Nobeyama Radio Observatory, National Astro-
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Theory Tech.yol. 41, pp. 445-449, Mar. 1993. Publisher Item Identifier S 0018-9480(97)01720-1.

|I. INTRODUCTION

MIC’s are also shown probably for the first time. These results
helpful in the design of DR oscillators and filters.
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