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Theory and Experiment of the Cavity-Backed
Slot-Excited Dielectric Resonator Antenna

Kut Yuen Chow and Kwok Wa Leundviember, IEEE

Abstract—A slot-excited hemispherical dielectric resonator an-  delivered to the cavity and free-space. In this method, the aper-
tenna backed by a rectangular cavity is studied theoretically and tyre field was modeled by a single current term, which is not
experimentally. The magnetic-type dyadic Green’s function for the accurate especially at high frequencies. Hadidi and Hamid [12]
rectangular cavity is derived using the mode-matching method. An dL dch 13 f d simil kb ina th
integral equation for the equivalent magnetic current is obtained and Leung an ow [13] per ormg similar work by using the
by enforcing the boundary condition across the slot. The moment Method of moments (MoM). Extensive measurements were car-
method with the Galerkin’s procedure is then used to find the mag-  ried out by Long [14] for the rectangular CBS antenna, based
netic current in the slot and, hence, the input impedance of the on which a mathematical model [15] was developed. Recently,
antenna. Measurements were carried out to verify the theory and - giapy| and Friedsam [16] have employed layers of dielectric and
good agreement is obtained. The effects of the slot inclination angle, " bstrates t the CBS ant t0 i th
of the slot offset, and of the cavity size on the input impedance are mag“,e Ic Sl‘,' ,S rates to cover the anienna o.|mprove e
discussed. radiation efficiency, pattern shape, and antenna gain. However,
no information of the CBS excited DRA has been available in
the literature.

In this paper, the rectangular CBS excited hemispherical
DRA is studied theoretically and experimentally. The hemi-

. INTRODUCTION spherical DRA is excited at the fundamental broadside, TE

DIELECTRIC resonator has no conductor loss and canode [8]. So far, analysis of the rectangular CBS structure has

be used as an efficient antenna, name|y the dielectric r@@.en limited to the Configuration that the slotis aIiQHEd with the
onator antenna (DRA) [1]-[3]. With the advantages of smatavity edge. A more general case in which the slot has an arbi-
size, high radiation efficiency, and relatively large impedandgary inclination angle is considered in this paper. The Green’s
bandwidth, the DRA is very suitable for modern communicgunction approach is used to formulate an integral equation for
tions. Among the various excitation schemes [4]-[8] for th&e€ slot current, which is solved using the MoM. The Green’s
DRA, the slot fed by a microstripline [8] is often used to excitéunction of the hemispherical DRA in the upper-half plane
the DRA. Recently, A. A. Kishlet al. [6] reported a modified has been well studied [8] and will not be discussed in detail.
structure in which the microstripline beneath the slot is replacE@r the cavity part, the mode-matching method is used to
by free-space, with excitation modeled by a delta-gap souréiglorously derive the magnetic-type dyadic Green’s function
This modified configuration has advantages of being relativefile to a magnetic point current. To save computation time,
simple to build and analyze. However, it always produces ufft€ integration of the impedance elements involving the cavity
desirable backside radiation, which should be avoided in tke€en’s function is performed analytically. The theory agrees
electromagnetic compatibility (EMC) design. A remedy to thi¥ery well with experiment. In this paper, the effects of the slot
problem is to cover the back of the slot by a metallic cavity. inclination angle, of the slot offset, and of the cavity size on

The cavity-backed slot (CBS) antenna (without the DRA) hdBe input impedance are investigated. Finally, the equivalent

been well studied in the literature [9]-[15]. The first theoreticanagnetic current in the slot is calculated and discussed.
analysis of the CBS antenna was introduced by Galejs [9], who
expanded the fields within a rectangular hollow waveguide by [l. FORMULATION

modal terms. The waveguide was shorted at both ends by tWarig. 1 shows the geometry of the CBS excited DRA. A slot of
conducting planes, one of which contained the slot. He enforcefgth 1, and width W cut from a thin infinite ground plane is
the boundary condition of the magnetic field across the slot afghunted onto a rectangular metallic cavity. The width, length,
found the admittance of the CBS antenna using the variationg]q depth of the cavity are, b, andc, respectively, whereas
method. Cockrell [10] and Let al.[11] employed the complex the radius and dielectric constant of the hemispherical DRA are
Poynting theorem to calculate the input admittances of the regt-ande,, respectively. The slot is located at the center of the
angular and cylindrical CBS antennas, respectively. The fielgRa so that excitation of the DRA TE; mode is strongest
external and internal to the cavity were derived. Use was ma@¢ The slot is inclined at an anglg,, from the z-axis, with
following formulation, the fields are assumed to vary harmon-
Manuscript received April 16, 1999; revised April 5, 2000. This work waécally ase’“*, which is suppressed throughout the paper. Fur-
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n where
sin[ke (d — |7 — 1))
Hemispherical DR faln) = { Sink.d = <0 < - d
0 elsewhere
— 4)
3 inwhichk, = ko/(1+¢,)/2,9, = —L/24nd,d=L/(N+
1), andV,, are unknown coefficients to be determined. Insertion
‘‘‘‘‘‘‘ XX of (3) into (2) yields
z (3)into (2)y
1 &
_W Z Vn //[2Ga(£7 777 5/7 77/)
Rectangular n=1 So
metallic cavity + Go(&m & )0 ds' = Lob(n—mo).  (5)
@) For convenience, the terminal currdgtis assumed to be unity.
Hemispherical DR Using the Galerkin’s procedure, (5) is transformed into a matrix
equation from which the unknown coefficierifs can be solved
Z C Ground Plane " .
Slot / LZann + annJ [Vn] = [fn(WO)] m,n=12,...,N (6)
& [ e\ y where
Eo hd ac -1
c Yo = W // // Sm(MGa,e
b S0 So
x (& &) fu(n) dsds’. @)
Rectangular . . . .
metallic cavity The Green’s functior7,, and its associated admittang&.
have been well studied [8] and therefore are omitted in this
() paper. Instead, the cavity Green'’s functié) and the cavity
Fig. 1. The geometry of the cavity-backed slot-excited DRA. (a) Top view. (@dmittanceY S, will be given in the next section. Once the un-

Side view. known coefficientsV;, are found, the input impedance of the

antennazy, is obtained easily by using
neglected and only the longitudinal compong#y is consid- N
ered in this paper. The slot is excitedrat 7. 7 —WM _ V. ) 8
To begin with, the following boundary condition for the mag- " a(0) nz_:l nfn(10) ®
netic field is enforced across the s(@t= 0)
o+ — (—H;) = Iod(n — o) 1) [1l. DERIVATION OF GG, AND Y5,

mn
n

) ) For convenience, the derivation of the Green’s functian

ground plane, respectively adgthe terminal current of the ex- 7. 4 2} and#(¢, 5, z) coordinates are related as follows:
citation source. In terms of the DRA and cavity Green’s func-

tions, (1) can be written as T = &g + £sin iy + 17 €08 Pin (9)
Y = Ya — £ COS Qi + NSIN Piy (10)
— //[2Ga(£a77;£/a77/) 2 = C (11)

So

. N o .
Q& )My () ds' = To(n — 2y The magnetic current/, (') in the slot is first resolved into the
(& &, )IMy () s 08(n = 10) @ M, (z") and M, (y') components as follows:

whereG,, andG, are the DRA and rectangular cavity Green’s / /

o e @ . M,(z") = M, - 12
functions, respectively, and, is the surface of the slot. The ,,(a:/) ,,(77/)(:95(7) (12)
factor of two associated witt¥, accounts for the presence of My(y') = My (') sin fin. (13)

the ground plane. Using the MoM, the magnetic curtref)() .
. : : ; . : T » H,. Math Il
is expanded using a set of piecewise sinusoidal (PWS) ba5|hsese currents produdg, and #,. Mathematically
functions f,,(n) o // [GHr,y(x vy YMa(z)
T,y M, PR R 9 T
So

1 &
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WhereGAHji(a, B = x,y) are magnetic-field Green’s functionsande,, , are Neumann’s number (1 fprg = 0 and2 for p, ¢ >
of the rectangular cavity and will be derived in the next parb). In implementing (18)—(21) numerically, the summations are
The magnetic field$1, andH, are then combined to form thetruncated ap = P andq = Q.
magnetic fieldd, in (1)
B. Evaluation ofY ¢

mn
H," = H, cos i + Hy sin gin. (15) To evaluat&’)? ., a large number of cavity modes are needed
for the function to converge. Integratingf,,, numerically takes
a long time to obtain a satisfactory result. To save computation
time, the integration is done analytically. It is found that the
admittance integrals fo@AHji (o, B = z,y) can be expressed
as products of two double integrals. The generalized form for

the double integrals is given as follows:

w0 fo . f

Subsequenthy. is found as follows:
Ge = [GAHﬁ (z,y;2",4/) cos Pin
+ G]\Hl: (z,y52, ') sin ¢in:| COS Pin
+ [GAHﬁ (z,y;2",y) cos Pin

+ Gyt (2,032, ) sin i sin sinfay + bat o+ ear) cos(az - bat o+ )

) x sinfk — |n —m|)] d€ dn
Note that G. can be reduced to simple forms ke sin[(by + the) W]
G (,y;2 4/ cos? ¢y and GAHL‘ (z,y;2', 9 ) sin® ¢y f = Z . 3 a7 1c0s(ked)
Pim = 0 andw /2, respectively. ’ t=—11 (b tho) ey o) = K]

— cos[(c1 + teo) d]}sin[(ay + taz) + (c1 + tea)n;](24)
A. Green's Function&} , G1 , G andGy
Using the boundary condition that the tangential electric fie
is zero on the interior surface of the cavity, it is straightforwar
to solve the following differential equation by using the Tai's
procedure [17]:

herea;, b; andc; are constants. Note that there is a singularity
g&(bl + tbs) = 0, which is handled in the program by using
m,_o(sinz/z) = 1.

IV. COMPUTED AND MEASURED RESULTS
a To verify the theory, four cavity-backed slot-excited hemi-
M spherical DRA's (Antennas |-1V) were constructed. Antenna
| is used to show the feasibility of this antenna configuration,
whereas Antennas |-V are used to study cavity resonances and
WhefeGM and! are the magnetic type dyadic Green’s functionge effect of the slot inclination angté,,. Antenna | has a slot
in the rectangular cavity and the idem factor, respectively. OngelengthL = 1.54 cm and widthi’ = 0.5 mm and a cavity of
GJW is solved, the Green's funct|or@]w , GZ , GJW,' and Wwidtha = 2.11 cm, lengthh = 3.38 cm, and deptle = 4.6 cm.

7 The slot inclination angle ig;,, = 90°. In Antennas lI-1V, a slot

of length L = 1.8 cm and widthiW = 0.6 mm and a cavity of
width a = 4.24 cm, lengthb = 7.41 cm, and deptla = 10.1 cm
were fabricated. The slot inclination angles in Antennas II-IV
are 0, 90 and 45 respectively. In each antenna, a ground plane

VXVXC:?AH”{(F,F) koG

= —jwel§(F — )

(7,7)
(17)

Gﬁy can be found from the components(éf; and are given
as follows:

G GRS — k2) sin(k, )

RO ICTAL:

p=1q=0

of size 15x 15 cn? and thickness 0.1 mm was made by sticking

x sin(k,x') cos(kyy) cos(kyy’)  (18) adhesive conducting tapes onto a foam board. The slot cut from
o o0 the ground plane was excited by a semi-rigid cable RG402 of
G (@2 y) = DY Culkeky) sin(k,) outer radiug-; = 3.6 mm and inner radius, = 0.9 mm, which
p=1g=1 coupled energy to the cavity and DRA. The semi-rigid cable
x cos(kzx') cos(kyy) sin(kyy’)  (19) penetrated the cavity and lay on the ground plane. The DRA s of
. 00 00 radiusa,. = 1.25 cm and dielectric constaai = 9.5. To solve
Gy (z,y5x ") Z Z Ci(kzoky) cos(ky) the air-gap problem, the DRA was mounted tightly onto the ad-
p=lg=1 hesive side of the tapes to remove any possible air gap between
X sin(k z'ysin(kyy) COS(kyy’) (20) itself and the ground plane. The slot is located at the center of
I ) the DRA to maximize the coupling for the DRA TR mode.
CYACR TN Z Z Ciep (kg — ky) cos(k,x) The measurements were taken using an HP8510C network an-
p=0¢g=1 alyzer.
x cos(kyz')sin(k,y)sin(k,y’)  (21)  To check the convergence of the theory, the input impedance
is calculated using various modal ternis and @ for the
where Green’s functionG.. A bad case is considered which requires
2 more modal terms to converge. Since more modal terms are
- jwpoabk, tan(k,c) (22) _needed for a larger cavity, Antenna Il instead of Antenna |
pr qm TR is selected. Moreover, we t_akin = _a/8 so that the slot is
ko =", ky=7 kg=1/ko —ki—ky (23) not at the center of the cavity. In this case, both TE and TM
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Fig. 2. Convergence check of the modal solutier ¢;, = 90°, L = 1.80
cm, W = 0.6 mm,a, = 1.25 cm,e,, = 9.5,a = 4.24 cm,b = 7.41 cm,

¢ =10.1cm,z, = 5.3 mm, andy, = b/2.

Impedance (Ohm)

400 - Theory
Experiment

TEou
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200 Slot inclination angle ¢w = 90°
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Frequency (GHz)
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N A N—
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- Bxperiment

4
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(b)

Fig. 3. Measured and calculated resufis; = 90°, L = 1.54 cm, W = 0.5
mm,a, = 1.25cm,s, = 9.5,a = 2.11 cm,b = 3.38 cm,c = 4.6 cm,

rq = a/2,andys = b/2. (a) Inputimpedance. (b) Return loss.

600 Impedance 1({Ohm)

a

400 + Theory

....................... - Experiment

200 TEi01

200 Slot inclination angle ¢w=0"
4055 3 3.5 4 4.5 5
Frequency (GHz)
@
600 Impedance l({Ohm)
400 - Theory
......................... Experiment Rb TE013
200 X
0
-200¢ Slot inclination angle ¢n = 90°
- 400 Il 1 1 1 Il
2.5 3 35 4 4.5 5
Frequency (GHz)
(b)
600 Impedance 1(QOhm)
400 - E Theory
-——-=---_ Experiment
R, TEi02
200 TEso _ TEo

-200¢ Slot inclination angle ¢w= 45"
40055 3 3.5 4 45 5
Frequency (GHz)
(©

Fig. 4. Measured and calculated input impedances against frequency for
different slot inclination anglest. = 1.80 cm, W = 0.6 mm,a, = 1.25
cm,e, = 9.5, a = 4.24 cm,b = 7.41 cm,c = 10.1 cm, x4, = a/2, and

Ya = b/2. (@) din = 0°. (0) Pin = 90°. (C) Pin = 45°.

analytical result (24). With reference to Fig. 2, several reso-
nances are observed which are labeled in the figure. The first,

modes of the cavity are excited and many more modal termscond, and third indexes refer to the y-, and z-variations,

are required for the solution to converge. The results are shorespectively. It should be noted that the natural resonances of
in Fig. 2 where it is found thal” = @ = 100 gives a very the cavity occur at the minimum resistance points [13], [16].
good result for this antenna configuration, but to further ensufdis is because at the natural resonances of the cavity, the
the convergenceP = @ = 120 are used in the following tangential electric field in the slot is almost zero, giving a very
calculations. Fof7,, it was found that [8] using 15 modal termssmall input resistance. The cavity [&- and TM,,,,-mode

is sufficient to obtain a converged result. The computatiomatural resonant frequencies can be predicted accurately by
were carried out on a Digital Alpha Workstation 250. It tookising (f,.) o™ = \/(m/a)? + (n/b)? + (r/c)?/(2\/Z0i0)

mnr

about 15 min for a single data point by using the Gaussi@t8]. Using this simple formula, the natural resonances of the
numerical integration, while it took only 18 s by using theavity TEy1, TEgi2, TM110, TM111, and T3 modes are
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TABLE |

MEASURED AND CALCULATED RESONANT FREQUENCIES INFIG. 4. THE TE;4: MODE IS TOO WEAK TO MEASURE (@) ¢;n = 0° CORRESPONDING TCFIG. 4(a).

(b) ¢in, = 90° CORRESPONDING TaFig. 4(b). (C)¢in, = 45° CORRESPONDING TOFIG. 4(C)

Theory Experiment Error Simple formula
(GHz) (GHz) (%) (GHz)
R, (zero reactance) 3.00 2.99 0.33 _
TE¢; (min. resistance) 3.84 3.84 0.00 3.84
Ry, (zero reactance) 4.45 4.45 0.00 _
TE ¢, (min. resistance) 4.61 4.61 0.00 4.62
TE 10, (zero reactance) 4.63 4.63 0.00 _
@
Theory Experiment Error Simple formula
(GHz) (GHz) (%) (GHz)
TEgy;(min. resistance) 2.51 2.51 0.00 2.51
R, (zero reactance) 3.01 3.01 0.00 _
TEoy, (min. resistance) 3.59 3.59 0.00 3.59
Ry, (zero reactance) 4.48 4.48 0.00 B
TEg;s (min. resistance) 4.89 4.88 0.20 4.89
TEoy3 (zero reactance) 491 491 0.00 .
(b)
Theory Experiment Error Simple formula
(GHz) (GHz) (%) (GHz)
TE¢11(min. resistance) 251 2.52 0.40 251
R, (zero reactance) 3.01 3.01 0.00 -
TEor, (min. resistance) 3.59 3.60 0.27 3.59
TE1¢; (min, resistance) 3.84 - - 3.84
Ry, (zero reactance) 4.47 4.48 0.22 _
TE ¢, (min. resistance) 4.61 4.61 0.00 4.62
TE 02 (zero reactance) 4.63 4.63 0.00 .
TEq3 (min. resistance) 4.89 4.89 0.00 4.89
TE3 (zero reactance) 4.90 4.90 0.00 _

(©

found to be 2.51, 3.59, 4.08, 4.34, and 4.89 GHz, respectivdiygtween theory and experiment is observed. Three peaks
which are exactly the same as those at the minimum resistaace found, namel?,, R;, and the cavity Tk ; mode. The
points in Fig. 2. The resonancdg, and R, are due to the measured forced resonant frequencies (zero reactande),of
coupling between the slot and the DRA {iE mode. Note that R, and the cavity Tk; mode are 3.34, 4.72, and 5.54 GHz,
the frequencies differ from the source-free values (3.38 GHespectively, whereas the corresponding calculated values are
for the slot and 3.68 GHz for the DRA) because the slot ar&d32, 4.71, and 5.55 GHz. The errors are less than 1%. For
DRA modes are affected by each other and influenced by ttiee natural resonance of the cavity g E mode, the measured
nearby cavity modes. A similar phenomenon was observedand calculated frequencies (minimum resistance) are 5.48
[1] when there were two closely spaced DRA resonant modeand 5.52 GHz (0.73% error), respectively, which agree very
The measured and calculated input impedances of Anterwell with the predicted value of 5.51 GHz using the simple
| are displayed in Fig. 3(a), where a reasonable agreemémmula. In actual applications, the return loss is of practical
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interest. The measured and calculated return losses of Antenna 55, Peak resistance (Ohm)
| are shown in Fig. 3(b), where it is observed that a very
good impedance match is achieved for the configuration. The
measured and calculated resonant frequencies |(hir}) are
3.55 and 3.56 GHz (0.28% error), respectively, which are now
very close to the DRA source-free value of 3.68 GHz. Asimilar 5301
phenomenon has been observed in the aperture-coupled DRA
[8]. The measured and calculated bandwidtts( < —10 500 L
dB) are 7.48 and 7.55%, respectively, which are very close to
that of the aperture-coupled DRA [19]. As seen from the figure, 510 ‘ ‘ ‘
a resonant mode due to the cavity ;TE mode is observed 0 0.1 02 0.3 0.4 0.5
around 5.5 GHz. The cavity mode, however, does not affect the ¢ (Degree)

DRA resonance very much, as desired in practical apphcatlons
g.5. Inputresistance of the first resonance against the slot inclination angle
Next we investigate Antennas II-IV to see other cavity resg, 7. The parameters are the same as Fig. 4(a).

nances and the effect of the slot inclination angle. Fig. 4 shows

the measured and calculated input impedances of the antennas. Impedance (Ohm)

As can be observed from the figure, good agreement between 0 R,

theory and experiment is obtained. The calculated and mea- ;1  TEou 4 Slot inclination angle ¢ = 90°
sured resonant frequencies are summarized in Table |, where R, TEos
the results using the simple formula are also given. With refer- 200

540

ence to Fig. 4, thé?, and R, resonances are not affected sig- 0 TE‘f“

nificantly by the slot inclination angle. Conversely, the cavity V

modes are strongly affected by the slot inclination angle, as ex- -200+ ¢=10.1cm

pected. Comparing Fig. 4(a) with Fig. 4(b), it is observed that f --------- c=90cm

only TE;q, (r = 1,2) modes are excited when the slot inclina- -400¢ ————c¢=8.0cm

tion angle is zerd ¢y, = 0), while only TEy,» (+' = 1,2, 3) -600 — w w

modes are excited wheh, = 90° Wheng;, = 45° (Fig. 4(c)), 2.5 3 Frequzfcy GHzy 45 5

both TE, and Tk,» modes are excited. Note that no cavity
TM modes can be excited since the slot is now located at thg. 6. calculated input impedance against frequency for different cavity

center of the cavity (i.ezq = a/Q’ Yd = 5/2)_ depthsc = 8.0, 9.0, and10.1 cm. Other parameters are the same as Fig. 4(b).
Fig. 5 shows the peak resistance Bf in Fig. 4(a) as a

function of the slot inclination anglé;,. With reference to the 600 mpedance (Ohm)

figure, the peak resistance decreases from 540 td5a84¢;,

increases from Vto 9C°. The deviation is about 4.5%. The 400
corresponding resonant frequency (zero reactance) of the peak

as a functionp;, was also plotted but the frequency was found 200 -
to remain nearly constant as observed in Table 1(a)—(c).

Fig. 6 shows the calculated input impedance of the antenna 0
forc = 8.0,9.0, and10.1 cm, with¢;, setto 90. With reference
to the figure, the cavity depthmainly affects the cavity reso- -200¢ Slot inclination angle ¢ = 90°
nance; the deeper the cavity is, the lower the resonant frequency, 400 ‘ ‘ . ‘
as expected. It was found that the natural resonant frequencies 25 3 35 4 4.5 5

of the cavity were accurately predicted by the simple formula. Frequency (GHz)

Fig. 7 shows the calculated input impedance of the antenfg 7. calculated input impedance against frequency for different slot offsets
for x4 = 0.53, 1.06, and2.12 cm, with ¢;,, = 90°. It is seen =4 = 0.53,1.06, and2.12 cm. Other parameters are the same as Fig. 4(b).

from the figure that the slot offset restores the TM(r = 1, 2)

modes. Observe that the resonafigés affected strongly by the  The magnetic currents in Fig. 4(a) are shown in Fig. 9. As the

TM11; mode. Once again, all the natural resonant frequencieg, ;. mode is too weak, it is not considered here. Due to the

of the cavity can be predicted very accurately by the S'mp@mmetry of the current, only the positive h&lf < y < L/2)

formula. is shown in the figure. With reference to the Fig. 9(a), the current
Fig. 8 shows the calculated inputimpedance of the antennaadshe first resonancef{ = 3.00 GHz, zero reactance) has the

a function of frequency fog, = 1.50, 2.60 and3.71 cm, with  largest amplitude. The currentsgf, R;, and TE > mode have

o = 90°. Unlike the previous case in which both cavity TEa typical resonant waveform, as expected. Note that the ampli-

and TM modes are excited, the offggtcan only excite cavity tude of the current at the natural (1) resonant mode is rel-

TE modes. It is noted that, excites an additional cavity mode,atively small, which was previously found in the hemispherical

the Tky2; mode, which cannot be found when the slot is placezhvity-backed slot antenna [13]. Fig. 9(b) shows the phase of the

at the center of the cavity. magnetic current. It is found that the phase is zerg at0 for
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600 Impedance ((;hm)
: ye=3.71 cm
400 T Ye= 2.60 cm TEo13
ey = 1.50 cm E

200

-200T Slot inclination angle ¢ = 90°
40055 3 35 4 45 5
Frequency (GHz)

IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY, VOL. 42, NO. 3, AUGUST 2000

as the far fields radiated by the antiphase current segments are
cancelled out.

V. CONCLUSION

The input impedance of the cavity-backed slot-excited DRA
antenna has been studied theoretically and experimentally. The
Green’s function technique and moment method have been used
to solve the problem. The integration of the cavity admittances
has been done analytically to speed the computation. To demon-
strate the feasibility of the antenna configuration, the dimen-
sions of the cavity are so chosen that there are no cavity resonant
modes around the DRA T,; mode. An excellent impedance

Fig. 8. Calculated inputimpedance against frequency for different slot offséatch has been achieved.

ya = 1.50,2.60, and3.71 cm. Other parameters are the same as Fig. 4(b).

M
600 ™)
R (zero reactance) }=2:998 GHz
500 [0 readtance) f =445 GHz
....... £=4616 GHz
400 e f= 4,629 GHz
300 | TEuwa (zero reactance)
2001 Rs (zero reactélilgéj
100
[ IE]})_z (min. resistanm_‘«_) _____________
00 0.2 0.8 1
WI(L2)
@
100 Fhese Desree)
— £=2.998 GHz [1]
N f=4.451 GHz
------- f=4.616 GHz (2]
e £ = 4,629 GHz
o [3]
[4]
=501
{ [5]
100, 02 04 06 08 1 (6]
WIAL2)

(b)

Fig. 9. Calculated equivalent magnetic current in the slot. The parameters are

the same as Fig. 4(a). (a) Magnitude. (b) Phase.

The second part of the study is to investigate the cavity res-
onances with the presence of the DRA. In this case, the cavity
resonances are near the DRA resonance. The inputimpedance of
the antenna has been measured and calculated for different slot
inclination angles. Good agreement between theory and exper-
iment has been obtained. It has been found that the inclination
angle can be used to change the impedance level of the first res-
onance by a few percent, while the resonant frequency remains
almost unchanged. The effects of the cavity depth and of the slot
position on the input impedance have been studied. It has been
observed that all excited cavity resonances are TE modes when
zq = a/2, otherwise TM modes are also excited. Finally, the
magnitude and phase of the magnetic currents in the slot have
been discussed for different resonant modes. It has been found
that the DRA and forced cavity resonant modes can radiate but
the natural cavity resonant mode cannot, as expected.

REFERENCES

S. A.Long, M. W. McAllister, and L. C. Shen, “The resonant cylindrical
dielectric resonator antenndEEE Trans. Antennas Propagatol. 31,
pp. 406—412, May 1983.

M. W. McAllister, S. A. Long, and G. L. Conway, “Rectangular dielec-
tric resonator antennaflectron. Lett, vol. 19, pp. 218-219, 1983.

M. W. McAllister and S. A. Long, “Resonant hemispherical dielectric
antenna,’Electron. Lett, vol. 20, pp. 657—658, 1984.

R. A. Kranenburg and S. A. Long, “Microstrip transmission line ex-
citation of dielectric resonator antennaglectron. Lett, vol. 24, pp.
1156-1157, 1988.

——, “Coplanar waveguide excitation of dielectric resonator antennas,”
IEEE Trans. Antennas Propagatol. 39, pp. 119-122, Jan. 1991.

A. A. Kishk, G. Zhou, and A. W. Glisson, “Analysis of dielectric res-
onator antennas with emphasis on hemispherical structueesE An-
tennas Propagat. Magvol. 36, pp. 20-31, Apr. 1994.

K. W. Leung, K. M. Luk, K. Y. A. Lai, and D. Lin, “Theory and exper-
iment of probe fed dielectric resonator anteni&EE Trans. Antennas
Propagat, vol. 41, pp. 1390-1398, Oct. 1993.

——, “Theory and experiment of an aperture-coupled hemispherical di-
electric resonator antenndEEE Trans. Antennas Propagatol. 43,
pp. 1192-1198, Nov. 1995.

(71

(8]

fr = 3.0, 4.45, and4.63 GHz, causing the input impedance to [9]
be purely real at these frequencies. The phase at these frequen-
cies decreases gradually along the slot. In contrast, the phasqu]
y = 0is 9C for f,. = 4.62 GHz and, hence, the input resistance
at this frequency is almost zero. In other words, the energy i
reactive and cannot be radiated. Moreover, at this frequency
180° phase change &|/(L/2) = 0.3 is also observed and the
current forms two parts (totally three parts along the whole slot? :
in opposite directions. Unlike the other three casgs=£ 3.0,

4.45, and4.63 GHz), there is no net radiation at this frequency

oy

J. Galejs, “Admittance of a rectangular slot which is backed by a
rectangular cavity,1IEEE Trans. Antennas Propagatol. AP-11, pp.
119-126, Mar. 1963.

C. R. Cockrell, “The input admittance of the rectangular cavity-backed
slot antenna,”IEEE Trans. Antennas Propagatvol. AP-24, pp.
288-294, May 1976.

M. Li, K. A. Hummer, and K. Chang, “Theoretical and experimental
study of the input impedance of the cylindrical cavity-backed rect-
angular slot antennaEEE Trans. Antennas Propagatol. 39, pp.
1158-1166, Aug. 1991.

A. Hadidi and M. Hamid, “Aperture field and circuit parameters of
cavity-backed slot radiatorProc. Inst. Elect. Engpt. H, vol. 136, pp.
139-146, Apr. 1989.



CHOW AND LEUNG: CAVITY-BACKED SLOT-EXCITED DIELECTRIC RESONATOR ANTENNA

[13] K.W.LeungandK.Y. Chow, “Theory and experiment of the hemisphei
ical cavity-backed slot antenndEEE Trans. Antennas Propagatol.
46, pp. 1234-1241, Aug. 1998.

[14] S. A.Long, “Experimental study of the impedance of cavity-backed sl
antennas,TEEE Trans. Antennas Propaga¥ol. 23, pp. 1-7, Jan. 1975.

[15] ——, “A mathematical model for the impedance of the cavity-backe
slot antenna,IEEE Trans. Antennas Propagatol. 25, pp. 829-833, ?
Nov. 1977. .

[16] E. M. Biebl and G. L. Friedsam, “Cavity-backed aperture antennas wi
dielectric and magnetic overlayJEEE Trans. Antennas Propagatol. @\
43, pp. 1226-1232, Nov. 1995.

297

Kwok Wa Leung (S'90-M'93) was born in Hong
Kong on April 11, 1967. He received the B.Sc. (elec-
tronics) and Ph.D. (electronic engineering) degrees
from the Chinese University of Hong Kong, Shatin,
Hong Kong, in 1990 and 1993, respectively.

From 1990 to 1993, he was a Graduate Assistantin
the Department of Electronic Engineering, Chinese
University of Hong Kong. He joined the Department
of Electronic Engineering, City University of Hong
Kong, in 1994 as an Assistant Professor and became
an Associate Professor in 1999. His research inter-

[17] €. T. Tai, Dyadic Green's Function in Electromagnetic ests include dielectric resonator antennas, microstrip antennas, wire antennas,
Theory Scranton, PA: Intext, 1972. numerical methods in electromagnetics, and mobile communications.

[18] R.F. Harrington;Time-Harmonic Electromagnetic FieldsNew York:
McGraw-Hill, 1961.

[19] K. W. Leung, “Rigorous analysis of dielectric resonator antenna using
the method of moments,” Ph.D. dissertation, Chinese Univ. Hong Kong,
May 1993.

Kut Yuen Chow was born in Guangdong Province,
China, on August 25, 1971. He received the B.Eng.
and Ph.D. degrees in electronic engineering from the
City University of Hong Kong, in 1995 and 1999, re-
spectively.

He has worked as a Senior Research Assistant in
the Department of Electronic Engineering, City Uni-
versity of Hong Kong from September to December
1999. Since 2000 he has been an RF Engineer with
Philips Semiconductors-Electronic Devices Limited.
His current research interests include the wireless
communication systems, electromagnetic theory, and microwave measurement
techniques.




