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Abstract − A new small size dual-band microstrip antenna 
structure is proposed.  The antenna consists of two 
resonant elements designed separately and integrated in 
such a manner to improve the compactness of the dual 
band structure and maintain the performance of each 
element.  The structure is analyzed using lumped element 
approach and design curves are produced.  The proposed 
approach is validated through a design example using 
theoretical curves and simulations.  Implementation of an 
antenna operating in the 900 MHz and 1800 MHz bands is 
presented and comparisons between simulated and 
experimental results are given.    
 
 

I. INTRODUCTION 
 
In many regions over the world the two operating 
frequency systems, GSM system operating at 900 MHz, 
and the DCS 1800 at 1800 MHz, are simultaneously used 
for mobile communications. Therefore, the design of dual-
band antennas for mobile handset applications has received 
much attention.  Beside its dual-band operation, the 
antenna should also be small in size and excited by a single 
feed to meet the handset requirements.  Due to their 
inherent flexibility, planar antennas are the most 
appropriate candidates to achieve these requirements.  
Recently, various types of planar inverted-F antennas 
(PIFAs) have been proposed for such applications [1]-[7].  
Most of the previous works were based on simulator 
packages that use finite-difference time-domain (FDTD) or 
the method of moment.  In this case the selection of the 
antenna dimensions for dual band operation becomes a 
tedious job.  
In this paper, we propose a compact, dual band 
microstrip antenna that consists of two resonant elements.  
Each element can be designed separately at a specified 
center frequency and both elements integrated in such a 
way to maintain matching at the two frequencies, to have a 
compact structure and to provide negligible effect on each 
other.  Each element consists of a short-circuited narrow 
line connected to a wider open circuited line as shown in 
Fig. 1.  The lower frequency element (Fig. 1a) is a T-
shaped patch and the high frequency element is an L-
shaped patch (Fig. 1b). Both elements have a short 
circuited pin at the end of the narrow arm. The integrated 
dual band antenna is shown in Fig. 1c.  The lumped 

element model extracted from the transmission line theory 
is used to predict the resonant frequency of each element.  
The lumped element equivalence of the antenna elements 
is described in the next section where design curves are 
introduced.  Discontinuities effects are explained in 
Section 3.  In Section 4, we introduce specific design cases 
and conclusions are given in Section 5.  
 
 

II. LUMPED ELEMENT EQUIVALENCE OF THE 
PROPOSED ANTENNA ELEMENTS 

 
The simplest microstrip resonator is a half wavelength line 
opened at both ends, or a quarter wavelength line opened 
at one end and short-circuited at the other.  Unfortunately, 
the size of an antenna based even on a quarter wavelength 
line is physically too large to be used for handset GSM 
applications.  For this reason, a shaped short circuit 
resonator such as short circuited H-structure [8] or T-
structure [9], which is considered as half of an open H-
shaped antenna [10], has been developed as a compact 
antenna for single frequency operation.  The H-shaped 
antenna has been analyzed using FDTD method, while the 
T-shaped one has been analyzed using the magnetic wall 
concept and transmission line theory.   
The proposed dual-band antenna is shown in Fig. 1c and 
consists of two elements: a T-element that resonates at the 
lower frequency (Fig. 1a) and an L-element that resonates 
at the higher frequency (Fig. 1b).  The transmission line 
equivalence of the short-circuited resonator elements in 
Figs. 1a and 1b are shown in Figs. 2a and 2b, respectively.  
For the T-shaped element, θ1 and θ2 are the effective 
electrical lengths of the lines of physical lengths l1 and l2, 
respectively, after including the discontinuity effects.  Z1 
and Z2 are the characteristic impedances of the microstrip 
lines of widths W1 and W2, respectively.  These 
transmission lines can be represented by the lumped 
elements L and C as shown in Fig. 2c.  For the T-shaped 
element (Fig. 1a) the short circuited line is equivalent to a 
lumped inductance given by: 
 

 ωL = Z1 tan θ1   (1) 
 
where θ1 = ωl1/vph1, vph1 and Z1 are the phase velocity and 
characteristic impedance of a microstrip line of width W1 
and effective length l1.  The capacitance of the two parallel 
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open lines is related to their physical dimensions by 
 

 ωC = 2 Y2 tan θ2   (2) 
 
where θ2 = ωl2/vph2, vph2 and Y2 are the phase velocity and 
characteristic admittance (1/Z2) of a microstrip line of 
width W2 and effective length l2.  Now combining (1) and 
(2) at the resonant frequency LC/10 == ωω , we get 
 

2 tan θ1 tan θ2     =   K  (3) 
 

where K is the ratio of the line impedances; K = Z2 / Z1. 
 Using (3), θ2 is plotted against θ1 for different values of K 
in Fig. 3a.  It is observed that for a given value of θ1, θ2 
decreases with decrease of K resulting in a reduction of the 
total antenna size. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similar analysis can be carried out for the L-shaped 
element.  So let us denote by  θ’1 and θ’2 the effective 
electrical lengths of the lines l’1 and l’2, respectively.  Z’1 
and Z’2 are the characteristic impedances of the microstrip 
lines of widths W’1 and W’2, respectively.  Following the 
same steps as for the T-shaped element, at resonance we 
get: 

 tan θ'1  tan θ'2     =  K.  (4) 
 

In this case K is equal to Z’2/Z’1.  The design curves for 
this antenna are drawn in Fig. 3b for the same values of K 
as in Fig. 3a.   
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Fig. 1. a) T-shaped antenna operates at the lower
frequency,  b) L-shaped antenna operates at the
higher frequency, and c) Geometry of the
proposed dual band antenna. 
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Fig. 2.  a) Transmission line equivalence of antenna of 
Fig. 1a,  b) Transmission line equivalence of 
antenna of Fig. 1b, and c) Lumped element 
equivalence of the resonators in Fig. 2(a) or 
2(b). 

Fig. 3.  θ1 versus θ2 for different values of K. 
a) T-shaped antenna, and b)  L-Shaped 
antenna.
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In this case the total electrical length of the antenna is 
given by θ't = θ'1 + θ'2.  It is noted that for K = 1 (uniform 
resonator), the total electrical length is 90o while the total 
length decreases as K decreases.  
 
Figs. 3a and 3b, which determine the electrical lengths of 
the antenna arms, are helpful for a primary design of the T 
and L shaped elements through judicial selection of the K 
factors.  The antenna physical dimensions l1, l2, W1, and 
W2 (primed and unprimed) can then be calculated for 
specific frequencies of operation as will be described in the 
next section.  
 

III. CIRCUIT LAYOUT 
 
The circuit layout shown in Fig. 1, is the result of the 
conversion of the design parameters Z1, θ1, Z2, θ2, Z'1, θ'1, 
Z'2, and θ'2, to a physical dimensions W1, l1, W2, l2, W'1, l'1, 
W'2, and l'2 in a selected substrate material at a design 
frequency. However, for wide bandwidth requirements, 
microstrip antennas are usually implemented on a thick air 
substrate. In this case, the required discontinuities in the 
structure significantly affect the resonance frequency of 
the antenna. Microstrip discontinuity can be represented as 
an equivalent circuit at some point in the transmission line. 
The component values, of the equivalent circuit, depend on 
the parameter of the line and the discontinuity as well as 
the frequency of operation. In some cases the equivalent 
circuit involves a shift in the phase reference planes on the 
transmission lines [11]. One approach for eliminating the 
discontinuity effect is to construct an equivalent circuit, 
including it in the design of the circuit, and compensating 
for its effect by adjusting other circuit parameters. In our 
case, the effects will be compensated in the lengths of the 
lines using either closed form expressions or through the 
aid of the IE3D simulator. The main discontinuities that 
exist in the proposed structure are the open end, T-
junction, shorting post, and the bend.  
 
Open end 
An empirical expression for the open-end effect is given in 
[12, Eq. 1]. It can be used to calculate the equivalent 
additional line length ∆loc.  
 
Tee junction 
The more useful representation of the Tee junction, for the 
design procedure, is to define the shift in reference planes 
as shown in Fig. 1a. The reference planes parameters d1, 
and d2 can be calculated in terms of the substrate 
parameters and the lines widths W1, and W2 from semi-
empirical expressions given in [13, p. 245].  
 
Shorting post 
The shorting post is usually characterized by its equivalent 
inductance. This definition is not suitable to be 
incorporated in microtsrip antenna design since the 

resonance frequency is highly dependent of the location of 
the post. For this reason the shorting post is studied and 
compensated using the IE3D simulator.  This can be 
achieved, first, by calculating the phase angle of S11 of a 
short circuit line of characteristic impedance Z1 and 
electrical length θ1 from   
 

)
50

tan
(tan2180)( 111

11
θZ

scSAng −−= . (5)  

 
After that, an equivalent line of width W and length l 
terminated by a shorting post can easily be calculated with 
the optimization procedure tool of the IE3D. The 
optimization objective in this case is to match the 
theoretical angle from Eq. (5) to the angle of S11 of the 
physical length l at the design frequency.   
  
Bend 
The bend is usually modeled in terms of its equivalent 
circuit [11], which is not easy to compensate for in the 
lines lengths. However, it is easy to compensate for the 
bend and the open end, simultaneously, of the L-shape 
through the optimization tool of the IE3D. This can easily 
be performed by equating the phase angle of S11 of the 
open circuit layout in Fig. 4c to the theoretical angle of the 
open circuited line given by   
 

 )
50

'cot'
(tan2180)( 221

11
θZ

ocSAng −+−= . (6) 

 
For thin conventional dielectric materials, where, 2 < εr < 
10 and thickness 0.5 < h < 2 mm, the use of closed form 
expressions [11-13] for most of the microstrip 
discontinuities below 10 GHz leads to very good results.   
 

IV. DESIGN CASE 
 
The design approach described in the previous section is 
now validated through the design of an antenna that 
operates in the 900/1800 MHz bands.  An air substrate of 
thickness 6.4 mm is used. Considering the T-shaped 
element, the thin line width W1 is selected to be 2 mm.  
This small value helps to reduce any parasitic loading 
between the T and L elements after their integration.  The 
resultant characteristic impedance of this line is Z1= 193 
Ω.  Now, if we take the impedance ratio K= 0.6, the 
characteristic impedance of the wide line, Z2 will be 115.8 
Ω, corresponding to about 7.7 mm line width W2.  Fig. 3a 
is now used to compromise between θ1 and θ2.  Taking θ1 
= 25o, θ2 is 32.8o.  A probe feed of radius 0.5 mm is 
located close to the shorting post of radius 0.3 mm.  For 
ideal lines with no discontinuity effects, the physical 
lengths of this element calculated at 900 MHz correspond 
to 25o and 32.8o would be 23.2 mm and 30.4 mm, 
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respectively.  The physical dimensions shown in Fig. 1a 
are calculated as follows:   
 
∆loc   = 3.1 mm [12, Eq. 1]. 
d1 and d2 are computed as  0.4 mm and 3.2 mm, 
respectively by use of [13, p. 245], while  l2 = 30.4 – 3.1 = 
27.3 mm. 
l1 is obtained from the IE3D to match the theoretical phase 
angle of S11, calculated from Eq. (5) as 58.1o, to the angle 
of the line terminated by a shorting post of radius 0.3 mm 
located as shown in Fig. 4a. The optimum length for l1 is 
19.4 mm. This means that, the effect of the shorting post at 
this position is equivalent to a line of the same width 2 mm 
and 3.8 mm length at 900 MHz.   
 
The simulated resonance frequency corresponding to these 
dimensions is 935 MHz.  This little variation is due to the 
neglection of feeder effect and the accuracy of the model 
used to calculate the reference planes. Slight increase of l1 
to 19.7 mm and l2 to 28.6 mm reduces the resonance 
frequency to 908 MHz.  In order to do a further reduction 
of the area occupied, the right arm of the T element is bent 
parallel to the narrow arm as shown in the inset of Fig. 5a.  
The effect of the bend is accounted for by using the 
simulator, and the simulation results of |S11| are given in 
Fig. 5a.  The resonant frequency of the T- shaped element 
is 908 MHz and the bandwidth, corresponding to a 10 dB 
return loss, is 8 MHz. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similar steps are used to design the L-shaped antenna 
element at 1800 MHz.  The narrower line width is selected 
to be W’1 = 3 mm which corresponds to a characteristic 
impedance of 169 Ω. Taking the impedance ratio K = 0.5, 
the characteristic impedance of the wider line is 84.5 Ω 
which requires a line width of 14 mm.  Taking θ1’ = 28o in 
Fig. 3b, θ2’ is 43o.  For ideal transmission line elements, 

the physical lengths would be 13 mm, and 19.9 mm for 
narrow and wide lines, respectively. The physical 
dimensions of the L-shaped circuit layout shown in Fig. 1b 
are calculated as follow: 
The length of the narrow line ended by a shorting post of 
0.3 mm radius, shown in Fig. 4b, is calculated by equating 
the phase angle of S11 from the IE3D with the theoretical 
value from Eq. (5) for Z’1 and θ’1 at 1800 MHz.  The 
resultant l’1 is 6.5 mm.  This means that the shorting post 
at this position is equivalent to a line of 3mm width and 
6.5 mm length.   
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Fig. 5. Simulated S11 of the separate T and L shaped 
elements designed on air substrate of 6.4 mm 
thickness,  a)  Simulation results of the T-shape 
element designed at 900 MHz, and b) 
Simulation results of the L-shape element 
designed at 1800 MHz. 
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Fig. 4. Circuit layout elements to calculate discontinuities 
effect (a) the shorting post for the T-shaped at 900 
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MHz, and (c) the bend and open circuit effect of the 
L-shaped at 1800 MHz.
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The bend is then calculated by the help of the optimization 
procedure of the IE3D as described in the previous section. 
The theoretical angle of the open circuited line from Eq. 
(6) is -57.8o. The circuit layout proposed is shown in Fig. 
4c. The short length ∆l is chosen to be 1.8 mm.  The 
optimum value of the length l’2 to match this angle is 11.5 
mm. The simulated resonance frequency obtained based on 
these dimensions is 1870 MHz. The shift in the resonance 
frequency is due to the feeder effect. This can be simply 
modified by little increase in any length of the circuit. For 
l’2 = 15.4 mm the simulated resonance frequency becomes 
1787 MHz. The simulation results for the L-shaped 
element are shown in Fig. 5b where the 10 dB return loss 
bandwidth is 40 MHz at the center frequency. 
 
Integration of the dual band antenna: Now the two 
elements are integrated as in Fig. 1c, while maintaining the 
same shorting post and feeder locations. The simulation 
results of the integrated structure are shown in Fig. 6.  The 
lower band and upper band resonance occur now at fL = 
907 MHz and fH = 1835 MHz with bandwidths of 8 MHz 
and 24 MHz respectively.  It is thus seen that while the 
integration has almost no effect on the center frequency 
and bandwidth at the lower band, it caused an increase of 
the resonant frequency at the higher band by about 48 
MHz, and a reduction in the bandwidth from 40 MHz to 24 
MHz. We attribute this frequency shift and bandwidth 
reduction to the parasitic loading of the T- element on the 
L-element at the higher band.  The simulated radiation 
patterns at the two resonant frequencies are plotted in Figs. 
7 and 8.  Both show an approximate omnidirectional 
radiation in the azimuth plane (x-z plane).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The antenna gain is computed to be about -0.15 dBi and 
1.5 dBi for the lower and upper resonant frequencies, 
respectively. Such relatively low gains are typical for 
compact antennas [6], [14].  We note that the antenna 
efficiency at the lower band is about 70%, so while the 
gain is -0.15 dBi the antenna directivity is equal to 1.8 dBi.  
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Experimental work:  The dual band antenna is built on a 
foam substrate with dielectric constant close to that of air.  
The ground plane used is a copper plate of dimensions 64 
× 47 mm2.  The experimental results are shown in Fig. 9.  
The measured bandwidths based on 10 dB return loss, are 
about 12 and 31 MHz (compared to 8 MHz and 24 MHz 
from simulations) centered at 870 MHz and 1756 MHz, 
respectively. The observed change of the center 
frequencies and bandwidths from the simulation results 

may be attributed to the inaccurate tools used for installing 
the feeder and short circuit.  Simulations have shown that 
the resonance frequencies and bandwidths are sensitive to 
the locations of the short circuit and the feed.  In addition, 
extra losses in the experiment, due to dielectric loss and 
finite ground plane, may be responsible for the increased 
experimental bandwidths compared to the simulation 
results.   
 
Finally, to appreciate the size reduction achieved, we note 
that the built antenna occupies a volume of 27 × 44 × 6.4 
mm3 and mounted on a ground plane of 64 × 47 mm2.  In 
terms of the wavelength at 1800 MHz (λ =166 mm), the 
antenna volume is about 0.16λ × 0.26λ × 0.04λ which 
makes it quite compact. 
 

 
 
 

V. CONCLUSION 
 
A new small size dual-band antenna structure has been 
proposed.  Namely a T-patch antenna element tuned at 900 
MHz is integrated with an L-patch tuned at 1800 MHz. A 
simple design procedure based on lumped element 
representation is used to obtain design equations and 
curves that are used for a preliminary design.  The design 
is trimmed by using the IE3D simulation tool to account 
for the end and bend effects.  Simulation results show the 
feasibility of achieving a compact dual band antenna 
occupying a volume of 0.16λ × 0.26λ × 0.04λ, where λ 
is the wavelength at the upper band (1800 MHz).  The 
simulation results are validated by building and testing an 
antenna prototype. Experimental and simulation results 
show reasonable agreement in terms of the center 
frequencies and bandwidths. 
 

Fig. 8.  Simulated radiation patterns at 1835 MHz for 
the antenna in Fig. 5a.  
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Fig. 9. Measured S11 of the integrated T and L 
shaped elements in Figs. 5a and 5b. 
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