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INTRODUCTION
Dipole Antenna is an antenna that can be made by a simple wire, with a
center-fed driven element for transmitting or receiving radio frequency
energy. It was invented by Heinrich Rudolph Hertz around 1886. One of the
characteristics of these antennas is that the amplitude decreases uniformly
from maximum to zero. These antennas are the simplest practical antennas
from a theoretical point of view; the current amplitude on such an antenna
decreases uniformly from maximum at the center to zero at the ends [6].
Printed Dipole antenna is usually implemented when a printed circuit board
is in need of an antenna. To save cost and area, the antenna is implemented
on the same board as the circuit. This kind of antenna is generally
omnidirectional which means the transmission/reception is invariant of the
direction. Printed dipole antennas are very popular because of their ease of
fabrication and practically no additional cost when implemented on the same
PCB as the primary circuitry. The antenna design is based on the doublesided flat dipole implementation. To get optimum performance from a printed
dipole antenna, the length of the dipole needs to be approximately half the
wavelength (0.47 λ). The calculation is shown below in equation (1). Some of
the works show that if the ground plane of the printed dipole is extended
similar to the corner reflector geometry of a traditional dipole an increase in
gain can be obtained [3]. By using triangular instead of rectangular dipole
arms, the bandwidth of the antenna can be increased [1]. In some cases,
balancing a dipole antenna is required. Balancing refers to matching the
impedance on both branches so that both dipoles have same impedance along
their lengths and same impedance to ground and other circuits. Advantages
of balanced line include good rejection of external noise [6]. Balanced and
unbalanced lines can be interconnected using a transformer called a balun.
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Length of the dipole can be calculated using the following equation [1].
l = 0.47λ = 0.47 v/f

(1)
(2)

√

Where c is the speed of the light in vacuum and εeff is the effective dielectric
constant of the medium.
[(

) ]

(3)

Where h is the thickness of the substrate, w is the width of the trace and

is

the relative dielectric constant of the substrate used. Figure 1 below shows
two types of traditional printed dipole antennas [4].

a.
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b.
Figure 1a: center fed coplanar strips dipole, 1b: double sided printed dipole

DEVICE APPLICATIONS
Printed dipole antennas are widely used in urban environments. It can be
found in devices like computers, PDAs and cell phones. These antennas tend
to operate either in multi-band mode for specific applications or in a
wideband mode covering several different services [2]. Furthermore, they are
used in devices that require omnidirectional reception.

PRELIMINARY DEVICE DESIGN & OPERATION
In the printed dipole antenna used in [5], two hatched rectangular copper
pieces are on top of the substrate. Each of it is connected with the microstrip
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bend. The gap between the two pieces is G and the microstrip dipole is fed at
the middle of the gap [5]. The value of G is 0.9 mm. Figure 3 below shows the
structure of the dipole antenna of length l, width w and gap G.

Figure 3

SIMULATION AND VERIFICATION USING ADS
The design described above was simulated using ADS at a fixed length and
different widths described in literature [5]. For the simulation, the following
substrate specs were used.

Keeping the length constant at 16.5mm, as suggested in the report, center
frequency was calculated at different widths using ADS. Table 2 below shows
these values.
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Table 2
Length

Width

Center Frequency Center Frequency
(Simulated Data)

(Literature)

16.53 mm

3 mm

2.977 GHz

2.911 GHz

16.53 mm

5 mm

2.633 GHz

2.615 GHz

16.53 mm

7 mm

2.578GHz

2.333 GHz

The center frequency values found using simulation are close to the values
shown in the report. The simulation results from ADS are shown in figures 4,
5 and 6. Some other simulations were performed which show that center
frequency decreases with increase in length.
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Figure 4: Adaptive simulation results for 3mm wide antenna
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Figure 5: Adaptive simulation results for 5mm wide antenna
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Figure 6: Adaptive simulation results for 7mm wide antenna
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SIMULATION OF OWN DESIGN USING ADS
Using the equations described earlier in the report, the half-length, L, of the
dipole antenna is calculated using a fixed width.
Given Values:

( )
(

)

Using above values, the antenna was simulated in ADS. The length had to be
adjusted to get a center frequency of 2.45 GHz. Two different widths were
simulated and all produced desired result at different lengths close to the
calculated value. For the first case, the width is chosen to be 3 mm.
Calculated Values:

√

For the second case, the width was 5 mm.
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Calculated Values:

√

Table 3
Length of the

Width

VSWR

dipole

Center

Return Loss

Frequency

12.41 mm

3 mm

1.11

2.453 GHz

25.4 dB

12.98 mm

5 mm

1.03

2.484 GHz

35.3 dB

For actual fabrication, the 3 mm wide design was chosen since it is closer to
the center frequency and has a larger bandwidth. The antenna was then
simulated in ADS using linear S parameter simulation and at 100 simulation
points between 2-3 GHz. The ADS simulation results are shown in figure 7.
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Figure 7: Linear Simulation results for 3 mm wide antenna
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RESULTS AND CONCLUSION
A layout for the above mentioned antenna with the width of 3mm was made
using Autocad for fabricating the device. The device was then fabricated in
the Electronics Fabrication lab and Wise-Net lab. Some pictures of the
fabrication process are shown in figures 8 and 9. The resulting antenna was
then tested in the Microwave Lab using Agilent Network Analyzer and the
results are shown in the table 4.

Figure 8: Microstrip Patch, Resonator and Printed Dipole Antenna during
fabrication (before etching).
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Figure 9: Resonator, Microstrip Patch and Printed Dipole Antenna after
fabrication.
Table 4
Length

Width

Center

Return Loss

Frequency
12.41 mm
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3.01 GHz

36 dB
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The deviation in result can be attributed to the inconsistency of device
characterization during simulation. A different substrate was used while
actually fabricating the device than what was used for simulation. Therefore
we see a large anomaly from the expected result.
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Figure 10: S11 of the printed dipole antenna
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Figure 11: VSWR of the fabricated antenna
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