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Abstract: A new frequency agile BST varactor loaded stacked
circular microstrip antenna is presented. The antenna is
analysed using extended cavity model. One of two bands of
antenna is tunable with the help of BST varactor. The upper
band is useful for WiMAX and lower band for other wireless
communication systems. Various antenna parameters like
return loss, resonant frequency, frequency agility etc. have
been investigated. The simulated results agree well with the
numerical data. A frequency agility of 60.64% is achieved,
which is better than simple Varactor diode loaded antenna.
Lowest resonant frequency of 0.866GHz is obtainable that
shows a significant physical area reduction.

Key words: frequency agile, circular microstrip antenna,
stacked antenna, gain, bandwidth.

1. Introduction

Microstrip antennas are becoming popular for wireless
communication systems since they have low profile, light
weight, low cost and integration capability with MMICs.
But they suffer from low band width and low gain. But
according to Chu’s antenna limit theory, it is very difficult
to design broadband, miniaturized, low profile antennas [1].
Bandwidth may be enhanced by different techniques but
using stacked structure of microstrip antenna has been
interesting in the recent years [2-6]. In [2] the author
achieved an impedance bandwidth of 21.5% by stacking two
rectangular microstrip antennas (RMSA). In this design the
coaxial feed is moved in a circular path to obtain circular
polarization with single feed. Broadband operation
(impedance bandwidth of 76.25%) is achieved in [3] by
shorting the edges of the stacked slot loaded rectangular
microstrip antennas. The antenna presented in [4] works like
inverted F antenna with 7.5 dBi right handed circularly
polarized gain and 15.8% bandwidth. The antenna is
applicable in satellite and terrestrial applications by
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switching of PIN diodes. A transmission line model is
explained rigorously for two H-shape stacked microstrip
antennas [5]. By stacking, bandwidth increased from 0.42%
to 5.5%. An E-shaped patch is stacked [6] on RMSA to
improve the impedance bandwidth from 33.8% to 44.9%.
Moreover, stacking provides many degrees of freedom like
gap between layers, feed point, substrate and superstrate
parameters. The feeding technique that has been extensively
used in stacked patches is coaxial probe. The probe feed
technique has been band-limiting due to inherent reactance
[7]. Recently the frequency agile microstrip antennas have
been seen as solution to the low bandwidth [8]. They don’t
cover whole frequency spectrum at a time but cover a
narrow bandwidth with variable resonant frequency. The
two layered stacked microstrip antenna has two resonant
frequencies, by including a BST tunable device between
ground plane and lower patch, lower resonant frequency
could be varied to hop over. A tunable dual band antenna
using Varactor diode has been presented [9]. Both the bands
were made tunable independently. This is achieved by
combining two varactor loaded antennas at common shorted
end. A dual band reconfigurable slot antenna has been
presented [10]. A frequency ratio ranging from 1.3 to 2.67
has been achieved. Four varactors were used to get wide
tune ability [11]. To compensate the losses of four varactors,
stacking was used.

In the present communication, the analysis and design of
BST varactor loaded stacked circular microstrip antenna is
presented for dual band operation. The antenna is tunable
and useful for wireless applications. The theoretical
investigation of various antenna parameters like return loss,
resonant frequency was carried out. The antenna was
simulated using FEM based electromagnetic simulation
software Advanced Design System (ADS). The details of
investigation are given in the following sections.
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. Theoretical consideration

The structure of proposed antenna is shown in fig.1. It
consists of two layers of circular microstrip patches placed
vertically with aligned center. The lower patch with radius
a, is supported by a substrate of dielectric constant & and
the upper one with radius a, placed on substrate of dielectric
constant ¢,,. The thickness of the lower substrate layer is h;
and that of the upper substrate is h,. In the present design
both layers are filled with PTTE substrate with relative
dielectric constant of 2.2. A BST varactor diode is
embedded between lower circular patch (LCP) and ground
plane. The center conductor of coaxial probe is electrically
connected to the upper circular patch (UCP) through a hole
in the lower patch. Fig. 2 shows a 3D view from ADS. The
numerical analysis of antenna is presented in four parts.
First part describes design of upper cavity assuming lower
patch as ground plane. The lower cavity has been analyzed
with superstrate, neglecting effect of upper patch in second
part of analysis. In the third part, an analysis is given for
stacked antenna. Lastly, theory and effect of integration of
BST in stacked circular microstrip antenna has been
investigated. The theoretical and simulated results are found
and are in good agreement.

A. Analysis of upper patch:

The analysis of upper patch is done as simple microstrip
antenna with h, as thickness and ¢, as dielectric constant
[12]. Reverse current induced at lower patch hence acts as
ground plane. But current gets reflected from the edges of
the lower patch due to its finite size. That is, the ground
plane is not finite which is taken in the calculation. That is
why some error is expected in the results.
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Figure2.

3D view of proposed stacked antenna from ADS
The input impedance of upper cavity is given as

Zin2 = ! (1)

1 ; 1
[j+(1wcz)+[ijzj

R2

Where resistance R,, capacitance C, and inductance L,
are equivalent circuit components for circular microstrip
antenna expressed as parallel combination for TM,, mode.

The resonance resistance (R,) for upper patch at feed
location p is given by [13]

1 3; (ko)

2=—— 2
Gr J2 (kaz) @
n
Where J, is the first kind of Bessel function of order n, k
is wave number at operating frequency, with argument kp or
ka, Gt is total conductance for upper cavity that includes
dielectric loss, radiation loss, and conduction loss.

The capacitance associated with upper cavity patch is
given by

Qr
Co=r7— ®)
2 27Z'fre52 RZ
and inductance L, of upper layer is given as
R2
(4)

L=+
27ZfreszQT

Where Qq is total quality factor [14] of upper cavity,
which includes radiation loss, dielectric loss and
conductance loss. The resonant frequency (frs;) for upper
cavity circular microstrip antenna is calculated as [15]

Comp

— (5)
2 718eff 2+ Ereff 2

Where c is velocity of light in free space, ay, is p" zero
of first kind Bessel function of order n, ag.p is effective
radius of the upper patch and e, is effective permittivity
[15] of upper substrate considering fringing effect of upper
patch.

fresZ =
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B. Analysis of lower patch:

Lower circular patch is analyzed as circular microstrip
antenna with superstrate and neglecting the effect of upper
patch. One or more dielectric layer above radiating patch
disturbs fringing fields thus changing the effective radius of
lower patch. Resonant frequency of rectangular microstrip
antenna with superstrate has been calculated in [16] taking
filling fraction into consideration. In this, an antenna system
with one or more superstrate is represented as antenna
having one substrate with same radiation characteristics.
Moreover, the formulation provided in [15] along with
analysis carried out in [17] is used to analyze the present
problem more accurately.

The effective dielectric constant of equivalent substrate
is calculated using equations (1-10) of reference [16].

Now effective radius of LCP is calculated as

Ay, = a+/(L+0) (6)

In this g is calculated as given in [15] where in equations
(9)-(14) the result of above equation (15) is used. Using &
as calculated in equation (16), the input impedance of LCP
Zin is calculated. The antenna is assumed to be edge fed in
above calculation.

c. Stacked Circular Patch:

There is no variation of electric field in z direction so
total electric field is sum of the electric fields in LCP and
UCP. Moreover, LCP is represented as parallel combination
of a resistance (R,), an inductance (L,) and a capacitance
(Cy). The equivalent circuit of stacked microstrip antenna

may be represented as series combination of input
impedances of the two antennas i.e. LCP and UCP.
Hence
Zin = Zinl + Zin2 (7)

D. BST Varactor Diode Integrated

Stacked Microstrip Patch:

Compared to MEMS varactors, thin-film BST capacitors
exhibit a higher tuning ratio under relatively low bias
voltages. High permittivity thin film dielectrics (like Barium
Strontium Titanate (BST), Bizmuth Zink Niobate (BZN))
may exhibit strong field dependence in the dielectric
constant that can be exploited for voltage variable capacitors
in RF circuits. Varactors made from high permittivity
materials show symmetrical small signal C-V characteristic.
A typical BST is shown in fig. 3a while the equivalent
circuit is shown in fig. 3b. The device may be modeled as
series combination of bulk capacitance, C(v), and interfacial
capacitances, C;, in parallel to fringing capacitance, C;.

The bulk capacitance is given as [19]

51

Cmax _Cf

2 cosh gsinh*l v -1
3 v,

Which includes fringing capacitance given as Ci=k;P/d.
Zero bias capacitance is Cna, Vo is voltage at which
capacitance becomes half of C.x and k; is a constant.

C(v)= +C; (8)

The interfacial capacitances is given as

& A
C, ="~
t
A is device area and t is thickness of “dead layer”. The
BST varactor is connected between LCP and ground plane

and is positioned opposite to coaxial feed. The diode is kept
at the edge of the antenna.

)

The device impedance is calculated from fig. 4b as
Z, =1/(jaC,,) (10)

where

t2

d-t

> 4——> <«
;_':
-
2 o
— |
A
o
N

Figagure 3. (a) Schematic of device (b) Equivalent

C1

%
Zim
Yo%
R Lo

Figure 4. Equivalent circuit of stacked CMSA loaded with BST varactor
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C,C(v)
C, +C(v)

Hence total input impedance of BST varactor loaded
stacked circular microstrip antenna as shown in fig. 4 is
given as

C,=C, +

eq

(1)

Ziw=Zing + LinZy (Ziy + Zy) (12)
and return loss is given as
RL = 20log|[| (13)

Where reflection coefficient (I') for coaxial probe of
characteristic impedance 50o0hms is given as

Z.. —50
F:( i y(zint+50)

(14)

m. Design Parameters:

The stacked circular microstrip antenna is designed to
operate on two resonant frequencies 2.2 GHz and 3.5 GHz.
The antenna design parameters are given in Table 1. The
radius for UCP is calculated assuming LCP as ground plane.
The device parameters corresponding to 30/70 BST with Pt
electrode were taken to simulate the design. This is a large
area (2000pm?) device. The value of V,, film thickness (d)
and k; were taken to be 13V, 210nm and 0.6fF respectively.
Though for large area devices fringing capacitance and non-
tunable “dead layer” capacitance could be ignored, but for
more accurate results these values were accommodated in
the calculation. The fringing capacitance of 5fF and
thickness of “dead layer” of 30nm were taken.

TABLE I. STACKED CMSA SPECIFICATION
Parameters Value

Radius of LCP (a;) 26mm
Radius of UCP (a,) 16.25mm
Height of LCP(h,) 1.6mm
Height of UCP(h,) 1.6mm
Relative dielectric constant of substrate & | 2.2 (PTTE)
superstrate (eri= &r)
Probe position for UCP 5.5mm
Loss Tangent (tan o) 0.0012

iv. Results and Performance of

antenna:

A MATLAB code was developed based on description
given in previous sections and simulation was carried out
using ADS simulation software [20]. Fig. 5 shows simulated
and calculated return loss variation with frequency for
simple stacked CMSA. The calculated result (fig. 5a) shows
two resonances - one at 2.2 GHz and other at 3.5 GHz which
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were in close agreement to the simulated (fig. 5b) values of
resonance 2.16 GHz and 3.47GHz.

A BST varactor of BagsSrosTiO; [19] was taken to
integrate between LCP and ground plane. A low pass filter
was used to prevent the RF signal to reach at DC supply
used for biasing of diode. The behavior of diode is obtained
by varying bias voltage from -40V to +40V. Fig. 6 shows
variation of bulk capacitance of BST varactor. Similar
monotonic variation is seen for both polarities of bias
voltage.
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Figure 6: Variation of capacitance with bias voltage
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Figure 8. Variation of resonant frequency with bias voltage

Fig. 7 shows calculated and simulated impedance variation
of BST loaded stacked circular microstrip antenna. The three
bands in lower spectrum are corresponding to 0V, 8.7V and
13V. A close resemblance in the simulated and calculated
results may be observed.. The slight mismatch in the resonant
frequencies is due to the fact that LCP is not providing proper
ground for UCP. It is also seen that higher resonant frequency
remains unchanged, while the lower bands are electrically
selectable from bias voltage of diode.

The variation of resonant frequency with bias voltage is
shown in fig. 8. Minimum frequency of 0.866GHz has been
achieved giving 60.64% frequency agility.

v. Conclusion

A BST varactor loaded stacked circular microstrip antenna
has been analyzed and designed using extended cavity model.
Tuning property has been achieved using BST varactor which
makes antenna suitable for wireless communication like
WIMAX, UTMS and PCS bands. A significant physical area
reduction has been achieved. Also a frequency agility of
60.64% has been achieved.
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