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Single-element antenna that uses microstrip line as a feeder and cylindrical dielectric resonator orthogonally oriented relative 
to the line as a radiating element has been investigated. The complete mathematical model of proposed design consisting of a 
number of analytical expressions for main antenna characteristics is obtained and verified. The analytical relation for antenna 
return loss versus stub length and coupling coefficients of dielectric resonator with the feeding line and open space is derived. 
The assessment of the potential possibility and conditions of perfect antenna matching with feeding line is carried out. The 
influence of main parameters of a dielectric resonator antenna on its characteristics is examined. The numerical analysis of 
different antenna parameters proving the obtained analytical expressions is performed. The results of theoretical analysis are in 
good agreement with experimental data. 
 

 

Introduction 
 

A dielectric resonator (DR) as a radiating element 
was first investigated in [1]. Currently, dielectric reso-
nator antennas (DRA) are presented by a large number 
of designs and are widely used as small-sized antennas 
in microwave devices. The DRAs that use microstrip 
line as a feeder and DRs as radiators have wide applica-
tions. Two basic excitation methods have been pro-
posed for such antennas: using slot, etched in ground 
plane of microstrip line [2], and placing DR beside a 
strip on the surface of dielectric substrate of the line [3]. 
In both cases, DR is placed so that its axis of symmetry 
is orthogonal to ground plane of microstrip line. The 
excitation method different from both ones stated above 
was proposed in [4]. It implies that the axis of symme-
try of cylindrical DR lies in a ground plane of micro-
strip line. Such an arrangement of a DR relative to mi-
crostrip line was called as orthogonal. 

In the case of orthogonal arrangement of DR in mi-
crostrip line, the influence of construction metal sur-
faces on characteristics of entire radiating system in-
cluding the Q-factor and operating frequency is no-
ticeably less relative to slot excitation. The advantage of 
DRAs using orthogonal orientation is construction sim-
plicity: it is not necessary to adjust the parameters of 
coupling element (slot) and coordinates of the place-
ment point of the DR. 

Regardless the excitation method used in such an-
tennas, dielectric resonator is placed in a segment of 
feeding line open-ended on one side. The last one forms 
a stub, which length has impact on antenna parameters 
and characteristics and can be used to control them. The 
existing approach to analyzing dielectric resonator an-
tennas consists in considering DR as lumped obstacle, 

which impedance is a complex value in certain section 
of the line. The impedance is calculated numerically, 
and the stub length is chosen so that its reactance could 
compensate the reactance of the DR on resonant fre-
quency [5]. Such an approach does not allow obtaining 
general dependences characterizing the influence of 
main elements of a device on its parameters and charac-
teristics. At the same time, such general expressions 
would permit to analyze mutual influence of each pair 
of parameters on one another. Additionally, the re-
placement of the numerical analysis by analytical ex-
pressions would shorten the duration of calculation. 
 

Formulation of the problem 
 

The single-element DRA with orthogonally oriented 
resonator is shown in Fig. 1. The half of DR’s volume 
is situated inside the shielding box and coupled with 
feeding line, and the rest is situated outside the con-
struction and provides radiation into surrounding space 
(Fig. 1b). In this work, the impact of basic parameters 
of construction (parameters of DR and microstrip line, 
location point of DR, stub length) on parameters and 
characteristics of the device (operating frequency, 
bandwidth, reflection coefficient, coefficient of effi-
ciency) is studied. 

The purpose of the present work is to obtain and ver-
ify a number of analytical expressions for main antenna 
characteristics, which, being put together, present the 
full mathematical model for DRA of proposed design. 
They are as follows: coupling coefficient of cylindrical 
DR with microstrip line in the case of orthogonal orien-
tation of a DR relative to microstrip line; return loss of 
the antenna as a function of stub length and coupling 
coefficients; antenna coefficient of efficiency as a func-
tion of the same parameters. 
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In addition, the assessment of the potential possibil-
ity and conditions of perfect matching with feeding line 
in the proposed design will be considered. 

 
(a) 

 
(b) 

 

Fig. 1. Design (a) and appearance (b) of DRA using orthogo-
nal orientation of DR relative to microstrip line. 

 

Coupling coefficient of a cylindrical DR 
with an edge microstrip line 

 

To locate DR in microstrip line, it is required to re-
move parts of both dielectric substrate and ground plate, 
which are adjacent directly to the strip (Fig. 1a). To 
simplify the problem, let us consider the interaction of a 
cylindrical DR with infinite microstrip line, part of 
which is completely removed on one side of the strip 
(Fig. 2). The prerequisites for such a simplification are, 
firstly, low disturbance of natural oscillations of the DR 
by the removed part of the line, and, secondly, the fact 
of concentration of the major part of traveling wave 
energy in a small volume around the strip. Let the mi-
crostrip line with removed part, as described above, 
(Fig. 2) be called as edge microstrip line (EML) in the 
text below. Therefore, to provide the analysis of inter-
action of a cylindrical orthogonally oriented DR with 
microstrip line, the system comprising of DR in EML is 
enough to be studied. 

To provide the calculation of parameters of the sys-
tem, it is sufficient to compute coupling coefficients of 

the cylindrical DR with the line and with open space 
( w , os  respectively) [6, 7], which can be obtained 
from general power expressions: 
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where ext  denotes the external Q-factor of the dielec-
tric resonator;  is the power stored in the resonator 
volume; 

Q

P
P

  represents the total power radiated by the 
dielectric resonator; w  defines the power radiated by 
the dielectric resonator into the transmission line; os  is 
the power radiated by the dielectric resonator into open 
space; w , os  are the DR coupling coefficients with 
the transmission line and open space respectively; 

P
P

k k
f  is 

the oscillation frequency of the dielectric resonator; 
 denotes the frequency dependent energy stored in 

the volume of the DR over the period of oscillations. 
( )w f

 

 
Fig. 2. Orthogonal orientation of the DR in edge microstrip 
line. 

 

When calculating the parameters of the system, at 
the first stage the parameters of DR should be computed 
[7], at the second one the values of mentioned above 
coupling coefficients are defined, at the third one the 
characteristics of the whole system are determined. 
Therefore, the problem of analysis of the DR coupled 
with microstrip line is reduced to a study of these coef-
ficients as functions of x coordinate in the case of the 
orthogonal orientation of the DR relative to the line [4]. 
The expression for  was obtained in [7] and is con-
sidered to be known. For the coupling coefficient of the 
DR with EML the following expression was obtained: 
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where 0 0 0( ,  ,  )хН x y z  is the x  component of the mag-
netic field strength of the line in the point of geometri-
cal centre of the resonator; other parameters are defined 
by geometrical sizes of the DR and its dielectric con-
stant as described in [7]. 

To verify (1), the obtained theoretical values of cou-
pling coefficient w  were compared with the experi-
mental data as shown in Fig. 3. The magnetic field 
strength of the transmission line 0 0 0

k

( ,  ,  )хН x y z  was 
computed using three numerical techniques [4]: finite-
difference method, finite element method and method 
of conformal mapping. 

 

 
Fig. 3. The coupling coefficient of the dielectric resonator 
with edge microstrip line as a function of x  coordinate: (sol-
id line) finite-difference method; (dotted line) finite element 
method; (dashed line) method of conformal mapping; mark-
ers represent the measured results. 
 

When turning from the electrodynamic system 
shown in Fig. 2 to antenna (Fig. 1b), a segment of mi-
crostrip line with DR placed beside it is complemented 
with metal box shielding parasitic radiation of micro-
strip line and DR. The half of DR’s volume is situated 
inside the shielding box and interacts with transmission 
line, while another part of the DR is outside and pro-
duces radiation into open space. 

After the shielding box has been installed, the depth 
of resonance rises, which is caused by less level of out-
side radiation of the DR. It was established that cou-
pling coefficients of the DR with transmission line and 
with open space in cases of absence and presence of 
metal box obey the following relations: 
 

0 01
;  

2w w os osk k k k  , 
 

where ,  are coupling coefficients without the 
shielding box in the structure depicted in Fig. 2; , 

os  are coupling coefficients in the case if metal shield-
ing box is present as shown in Fig. 1b. 
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The impact of the stub length 
on the characteristics of the DRA 

 

The scattering matrix of a cylindrical dielectric reso-
nator orthogonally oriented relative to infinite matched 
with a source microstrip line can be expressed as fol-
lows [8]: 
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where t/w wK P , /os os tK P P  are coupling coeffi-
cients of the dielectric resonator with microstrip line 
and open space respectively; 0 0  

0d

( / / )dQ f f f f  
2 ( / 1)Q f f   is relative frequency detuning; w , 

os  are powers of waves, radiated by the dielectric res-
onator into microstrip line and open space respectively; 

t  denotes the power of heat loss in the volume of the 
dielectric resonator; dQ represents the Q-factor of the 
dielectric resonator material; f denotes the operating 
frequency; 0

P
P

P

f  is the resonant frequency of the dielectric 
resonator on the TE  mode. 101

If microstrip line of finite length is loaded on any 
complex impedance, the reflection coefficient of such 
structure (Fig. 1a) can be determined by the following 
expression [9]: 
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where R  defines the reflection coefficient of complex 
impedance load; /l    ; sl A  is stub length;   
denotes the wavelength in the transmission line. 

Substituting ij  from (2) into (3), the expression for 
reflection coefficient of the antenna as a function of 
relative detuning and stub length can be obtained: 
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where cos2wK   ; sin 2wK   . In (4), the value 
1R   corresponds to open-ended line (open stub) and 

1R    to short circuited line. 
To determine the frequency (or detuning  ), at 

which reflection coefficient is minimal, the equation 
/ | ( , | 0r      should be solved. There are short-

circuited and open-circuited stubs cases when 1R   and 
1R    respectively, that are of interest. For these cas-

es, the point of function |  minimum under con-( , |r  
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dition of fixed   defines the optimal value of relative 
frequency detuning: 

 

sin 2opt wRK                             (5) 
 

Using expression (5), the relative shift of resonant 
frequency as a function of the stub length can be deter-
mined as: 

 

0

0

f f
sin 4

2 2
optr w

d d

K R l

f Q Q


   


.            (6) 

 

Substituting (5) into (4), it is possible to obtain the 
least value of the reflection coefficient of short-
circuited or open-circuited structure as a function of 
stub length. In the case of microstrip line, it is more 
suitable to use the open-circuited stub (R=1). Then, tak-
ing into account the relation , we can obtain 
the required expression for reflection coefficient as a 
function of stub length l in the following form: 

/l   

 

4 /

( / [ (2 / 2 / ]

cos(4 / )

1 cos(4 / )

opt

j lw w os

w w os

r l r l l

R K K l K R
e

K l K
  

      

  


  
R

K R



 
 

0f


.     (7) 

 

A study of the antenna shown in Fig. 1a with reso-
nant frequency  GHz and coupling coefficients 

, os  has been performed. The expres-
sions for computing these coefficients are given respec-
tively in [4] and [7]. The value of Q-factor of the di-
electric resonator material was chosen as 

2.6
5.334.5wK  K

1300dQ  . 
The antenna parameters and its characteristics in the 
case of   short-circuited stub which is equivalent to 

 open-circuited one are given in [10]. 
/ 2

/ 4
To verify the expression (7), the numerical experi-

ment was made. For each value of stub length, the stud-
ied system was modeled using finite element method 
with following determination of the reflection coeffi-
cient. Results of the numerical antenna modeling are 
presented in Fig. 4. The choice of this numerical tech-
nique was conditioned by its simplicity comparing with 
full-size experiment and absence of errors while meas-
uring the stub length. As far as the results of modeling 
the studied DRA coincide with the ones obtained from 
the experiment carried out for a few certain values of 
stub length, the numerical experiment (i.e. computer 
modeling) can be considered as valid approach to the 
analytical expressions verification. 

As follows from relations (5)─(7), the frequency of 
minimum return loss, as well as the width of the reso-
nant curve 11|  (antenna bandwidth) depends on stub 
length l. These conclusions are confirmed by Fig. 4, 
where the following values are plotted for each quantity 

of the stub length. Results of numerical simulation of 
the reflection coefficient (7) are plotted by solid curve. 
Measured values of reflection coefficient 11|  are pre-
sented by circles. The relative shift of antenna operating 
frequency from resonance 0 0r  calcu-
lated according to (6) is shown by dashed line. The dot-
ted line illustrates the relative width of resonant curve 

0

|S

100%f ( ) /f f

/ 100%f f   at level of  dB, where 3 f  is deter-
mined by solving the equation 20log | ( ) |r f 3   for 
each value of stub length. 

|S

 

 
Fig. 4. Characteristics of microstrip resonator antenna as 
functions of the relative stub length : (solid line) reflec-
tion coefficient; (dotted line) relative bandwidth 

/l 
0/f f ; 

(dashed line) shift of resonant frequency 0 0( ) /rf f f

) / 4
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It can be seen from Fig. 4 that maximal value of 
bandwidth is observed at , where 

1,2,...n  . However, changing the stub length relative 
to basic value / 4 , it is possible to decrease the return 
loss considerably and thereby enhance antenna match-
ing with slight reduction of bandwidth. 

Equating (7) to zero, it is possible to find such val-
ues of stub length, where perfect matching of the device 
is observed: 

 

 / arccos[l K 1 /w osK ] / (4wR K )     . 
 

For 1R   and stated above values of coupling coef-
ficients for the studied antenna ( opt . Then, 
the minimal values of  occur at 

/ )l  
| /

0.151
/ (l l11| S )opt   ; 

/ 1 / 2 (l l / )opt    ; opt/ 1 / 2 ( / )l l    l; / 1    
( /l )opt  . At these points the return loss in dB con-
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verge to . The graphs of  for two values of 
stub length  and  

 are depicted in Fig. 5. 

 11| S
/

|
5/ 0.2l   1/ 2 ( / )optl l    

0.34
 

 
Fig. 5. Modulus of reflection coefficient for different stub 
lengths: (solid line) the basic value ; (dashed line) 
the value corresponding to perfect matching . 
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Let us analyze the expression (7) for different values 
of coupling coefficients. Equating |  to zero, we 
can obtain the expression describing the relation be-
tween  and , which causes zero return loss (in 
natural units): 

wK osK
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In the case when R   and , the last expres-
sion gives the following value: 
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The calculated return loss of the standing wave an-
tenna as a function of stub length for constant  and 
different values of w  is presented in Fig. 6. As can be 
seen, there are no points of perfect matching if 

w w . Value  corresponds to zero coupling 
when dielectric resonator can be considered as removal 
from the transmission line. Since in this case 11| |

osK

S

K

0wK optKK 

  
dB, the complete reflection of the incident wave is ob-
served. For , there are two points of perfect 
matching disposed at  and . If 

w w , splitting the curve around each of these 
points occurs, so that there are four points of perfect 
matching. 
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For the antenna under study . To reduce 

w  to the value  and thereby provide perfect 
matching, the DR should be moved away from the strip 
along axis x as shown in Fig. 7a. 

 
 

Fig. 6. Return loss of the standing wave antenna as a function 
of stub length for 5.33osK   and different values wK : (1) 

1wK  ; (2) 3wK  ; (3) ; (4) (1 ) / 2 3w osK K   .165
4.8wK  ; (5) 30wK  . 

 

 
(a) 

 
(b) 

 

Fig. 7. Matching the antenna: (a) general appearance of the 
scheme; (b) return loss  as a function of distance  be-
tween dielectric resonator and the strip. 

L d

 

Return loss values at operating frequency calculated 
by finite element method are plotted in Fig. 7b. It can 
be seen that optimal distance  mm. 1.5d 

The expression for coefficient of efficiency of DRA 
as a function of coupling coefficients and stub length 
was also obtained: 
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] The frequency shift is in linear dependence on cou-
pling coefficient w . Moreover, bandwidth decreases if 
stub length deviates from basic value . There is 
optimal value of coupling coefficient of a dielectric res-
onator with the line, which linearly depends on cou-
pling coefficient of a dielectric resonator with open 
space. Owing to this fact, it is possible to decrease re-
turn loss and thereby enhance matching by moving the 
DR away from the strip (if ). 

K
/ 4

opt
w wK K

2 2( cos2 ) sin 2w osK R RK   . 
 

The coefficient of efficiency as a function of coeffi-
cient wK  for different values of osK  is shown in Fig. 8. 

Analyzing the results presented in Fig. 8, one can 
see that with an increase of wK  relative to opt

wK  the coef-
ficient of efficiency slowly decreases. As wK  decreases 
relative to opt

wK , coefficient of efficiency falls much 
faster, reaching zero in . Therefore, the range 0wK 

opt
w wK K  is characterized by low efficiency and inabil-

ity of perfect matching. Thus, this range is unacceptable 
for operation. Coefficient of efficiency can reach the 
values 80─90% and rises while the coupling coefficient 
of DR with open space grows. 

The main benefits of the antenna considered in the 
present work are small size, high efficiency in millime-
ter wave band and higher power capability comparing 
with DRA using slot excitation. The main application of 
such antennas is mobile and stationary terminals for 
wireless telecommunication systems operating in high 
frequency bands. 
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