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This research paper presents two different types of multiband patch
antenna. The first design is a dual-band antenna and the second design
is a quad-band antenna. Both the antennas have a compact size of 30 x 30 x
1.6 mm3, and is designed on FR4 substrate with loss tangent (§)=0.02,
height (h)=1.6 mm, with dielectric constant of 4.4. The dual-band antenna
operates at frequencies 3.9 and 5.71 GHz. These dual band operations
are accomplished by utilizing L-shaped slot in the ground part and T-shaped
slot in the radiating part of the patch antenna. The gain corresponding to
the two frequency bands are 1.27 and 1.35 dB, respectively. The quad band
antenna operates at frequencies 3.6, 4.9, 7.4 and 8 GHz. The gain
corresponding to these frequencies are 0.18, 1.69, 2.25 and 3.99 dB.
For achieving quad band operation from the dual band antenna the back
plane L-shaped slot is modified by cutting a rectangular strip in the middle,

hence dividing it into two different slots. The front plane is also modified by
introducing two rectangular strips to the T-shaped patch. The proposed
antenna shows multiband and has the advantage of simple structure compact
size and good impedance matching. All the simulations of the proposed
design are carried out in HFSS v.13.0.
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1. INTRODUCTION

Due to the competitive advancements in the area of wireless communications in recent years,
there is a necessity for efficient designing of the antenna, as it plays a significant role in the functioning of
the wireless system [1-7]. The discovery of multiband nature of antennas was an important revolution in this
field. Different types of antenna designed to cover the wireless applications are monopole [8-11], dipole [12],
patch antenna [13-15] etc. In order to fulfill the criteria of good wireless quality and larger implantation
coverage on one device, multiband antennas prove to be very beneficial as each part covers the best operation
of a particular band.

Various types of microstrip fed antennas are proposed due to its simple structure and its ability
to easily integrate with RF circuits. In [16] a quad-band antenna of size 30 x 30 x 1.6 mm3 at operating
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frequencies 1.6, 2.5, 5.8 and 9.5 GHz is proposed. The antenna proposed in [17] has a size
of 25 x 30 x 0.8mm?> and operates at dual-band frequencies 2.4 and 5.5 GHz. In [18], two antennas
are proposed where the second antenna is the optimized version of the first antenna. First one is a dual band
antenna with operating frequencies of 1.5 and 3.5 GHz. The second being a triple band antenna operates
at frequencies 1.5, 3.5 and 5.5 GHz. However, the size of both antenna are 180 x 80 x 1.6 mm3 which
is large. The work discussed in [19] depicts an antenna of size 35.5 x 26 x 6 mm?3at operating frequencies
3.6, 5 and 5.6 GHz (triple band) thus, covering WiMAX and WLAN applications. Similarly, dual band
antennas are proposed in [20, 21] of size 17 X 20 x 1.6 mm3and 40 x 30 x 0.8 mm3 operating at resonant
frequencies of 1.72 and 5.3 GHz and 2.4 and 5.6GHz. In [22] a triple band antenna is proposed operating at
frequencies 2.0, 2.45 and 3.5 GHz of size 200 x 200 x 0.8 mm3 which is relatively larger and also covers
larger space on the PCB material. A dual band antenna operating at 0.4 and 2.4 GHz is proposed in [23].
The quad band antenna that is proposed in [24] has a size of 25 x 20 mm? with an operating frequencies
of 24, 35, 52 and 5.8 GHz. Good impedance matching (S11<-10dB) is achieved with coverage
of WiMAX/WLAN ranges. In [25], a triple band antenna of size 18 x 19mm? operates at frequencies 2.4, 3.5
and 5.5 GHz is proposed. The above mentioned antenna shows multiband operation however they suffer
from the disadvantage of complex structure [16-25], large size such as [18, 19, 21, 22], less number
of operating bands [13-18, 25]. The antenna proposed in this paper removes the aforementioned
disadvantages and hence is a competitive candidate for diverse wireless applications.

Multiband antennas not only cover various applications but also display features like size,
cost and high data rate. In this research paper two types of patch antennas are presented. The first one
is a dual-band antenna having a compact size of 30 x 30 x 1.6 mm?® and operates at frequencies 3.9
and 5.71 GHz. The gain corresponding to the two frequency bands are 1.27 and 1.35 dB respectively.
The second one is a quad-band antenna having the same compact size as of dual band and operates at
frequencies 3.6, 4.9, 7.4 and 8 GHz. The gain corresponding to these frequencies are 0.18, 1.69, 2.25
and 3.99 dB. The dual-band antenna has an L-shaped slot in the ground part and a T-shaped radiating stub in
the front part, in order to achieve the required frequency bands. In the quad-band antenna which is evolved
from dual band antenna, has a rectangular and L-shaped slots in the back plane and a modified T-shaped
radiating stub in the front plane.

2. DUAL BAND ANTENNA DESIGN
2.1. Design equation
The width and the length of the microstrip patch antenna are evaluated as given in (1)-(6) [26].

Width = ;ﬂ (1)
20 |75~
_ < (err+0.3)(M 2™ 40.264)
Length = TN 0.824h ((seff—o.zss)(‘”i:t”+o.8) 2)

&+l &—1 1
terr = T\ T @)
1+12Width

The length and width of the strip line are evaluated as (4)-(6) [21],

g
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2.2. Design evolution

Firstly, a dual band antenna is designed which is again optimized in order to achieve a quad band.
Figure 1(a) illustrates the evolution stages of proposed dual band antenna. Firstly, a T shaped patch
is designed on the front plane with full ground plane on the back side (i.e. “R1”) as presented in Figure 1(a).
This antenna operates at 3.8 and 7.5GHz with gains-0.38 and 2.73dB respectively as depicted in Figure 1(b)
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and Figure 1(c). The reflection coefficients (S11) are-14.6 and-9.98dB at 3.8 and 7.5GHz respectively. Hence
one lower frequency band is achieved at 3.8GHz (covering WiMAX range) with good impedance matching
(S11<-10dB) but gain is negative. Second band is formed towards higher frequency range (covering X-band)
with positive gain but have less impedance matching. For better impedance matching, a rectangular slot is
made on the back plane as presented in configuration “R2” of Figure I1(a). It operates at 3.8
and 7.6 GHz with gains-0.14 and 2.09 dB as depicted in Figure 1(b) and Figure 1(c). The values of Si;
are-14.28 at 3.8 and-8.6 dB at 7.6GHz.

It is observed that the operating frequency bands remain same for both the configurations i.e. “R1”
and “R2”, but at 7.6 GHz impedance matching improves. In order to get desired frequency bands with
positive gains and good impedance matching, the rectangular slot is modified resulting in an inverted
L-shaped slot on the back plane, and the front plane is kept same as presented in configuration “R3” of
Figure 1(a). With this modification the antenna operates at 3.9 and 5.7GHz with gains 1.27 and 1.35dB
respectively, as presented in Figure 1(b) and Figure 1(c). S11 values are-21.55 dB at 3.9 GHz and-14.73dB at
5.7GHz. So the higher frequency band shifts to a lower one thus, covering WLAN range (i.e. the band with
resonating frequency at 7.6 GHz shifts to 5.7GHz). Gains are also positive for both narrow bands and
the reflection coefficients are also <-10dB for the configuration “R3”. Hence, “R3” is the proposed dual band
antenna. The Si1 and gain plots of all the evolution stages (till “R3”) are detailed in Figure 1.
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Figure 1. Proposed dual band antenna, (a) Evolution stage, (b) Si1 results,
(c) Variation of gain with frequency for different configurations

The overall proposed design of dual band antenna is outlined in Figure 2. The proposed
configuration i.e. “R3” consists of T-shaped stub like radiating patch and inverted L-shaped slot on ground
plane. The antenna is fed using rectangular microstrip feedline to achieve an impedance matching of 50 ohm.
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Figure 2. Proposed “R3” configuration, (a) Front view, (b) Back view

The current distribution of dual band antenna is presented in Figure 3. At 3.9 GHz, the horizontal
part of T-shaped stub is more active as dense red color current is more in that area. Similarly, at 5.7 GHz
the feed of the stub is more active with scattered distribution of current at the ground part. These current
distributions clearly explains the importance of etching slots and stubs for the required dual band resonanace.
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Figure 3. Current distribution at (a) 3.9, (b) 5.7GHz

3. QUAD BAND ANTENNA DESIGN
3.1. Design evolution

The evolution stages for quad band antenna from dual band antenna is presented in Figure 4(a).
The ground part of configuration “R3” (i.e. proposed dual band antenna) is kept same whereas on the front
plane the patch is modified by adding rectangular strips in order to achieve more number of frequency bands.
Because of this modification the total current length path of the configuration “R4” changes thus making it to
operate at 3.7 and 5.7 GHz with gains 1.1 and 0.91 dB respectively, as outlined in Figure 4(b) and
Figure 4(c). The reflection coefficients (S11) are-13.38 and-12.17 dB at 3.7 and 5.7 GHz. The ground part of
configuration “R4” is kept on modifying until quad bands are achieved at the desired frequencies. Now the
front plane is kept same and on back side the L-shaped slot is modified by adding a rectangular strip in
between leading to formation of two slots as outlined in configuration “R5” of Figure 4(a). It operates at 4.8,
7.4 and 8 GHz with gains 1.65, 2.25 and 3.99 dB, and Si1 values-16.94,-21.38 and-13.67 dB respectively, as
outlined in Figure 4(b) and Figure 4(c). Hence, three bands are achieved with all positive gains and good
impedance matching. In order to incorporate more band a small rectangular slot is cut out from lower slot at
the ground plane (now this slot becomes inverted L-shaped) and the front plane is kept same leading to the
configuration “R6” as depicted in Figure 4(a). The incorporation of this slot further deviates the patch current
length path which in turn increase the total current flow area thereby making the configuration “R6” to
exhibit additional operating band at 3.6 GHz (WiMAX).
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Figure 4. (a) Evolution stage of quad band antenna, (b) Si1 results, (c) Variation of gain with frequency

From Figure 4(b) and Figure 4(c), it can be seen that now configuration “R6” operates at 3.6, 4.9,
7.4 and 8 GHz with gains 0.56, 1.82, 1.98 and 4.02 dB having S11-12.79,-14.92,-11.77 and-20.66 dB,
respectively. “R6” is the quad band antenna that is proposed with four operating bands at the desired
frequencies (covering WLAN/WiIMAX) having acceptable gains and Si1 values less than-10dB resulting in
good impedance matching. Thus, between dual band and quad band antennas discussed above the latter being
a quad band antenna (R6) is better and hence the final proposed structure.

The overall proposed design of the quad band antenna is outlined in Figure 5. The antenna consists
of T-shaped stub like radiating patch with rectangular strips attached to it and two slots on the ground plane,
one being a rectangular slot and other being an inverted L-shaped slot. The antenna is feed using rectangular
microstrip feedline to achieve an impedance matching of 50 Q (as already discussed in dual band antenna).
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Figure 5. Proposed “R6” configuration, (a) Front view, (b) Back view

The current distribution of quad band antenna at the operating frequencies 3.6, 4.9, 7.4 and 8 GHz,
are shown in Figure 6. It is seen that for different operating bands corresponding part of the antenna
becomes active.

Figure 6. Current distribution at (a) 3.9, (b) 4.9, (c) 7.4, (d) 8 GHz

4. RESULTS AND DISCUSSIONS

4.1. Results of dual band antenna (i.e. proposed configuration “R3”)

The proposed structure of dual band antenna has a total dimension of 30 x 30 x 1.6 mm? at lower
resonance of 3.9 GHz. The proposed dual band antenna operates at two bands with S11<-10 dB bandwidth of
about 300 MHz (3.7-4.0 GHz) and 500 MHz (5.4-5.9 GHz), respectively as presented in Figure 7(a).
Both resonating bands fulfils the criteria of good impedance matching (S1:<-10dB) and acceptable gain.
The proposed dual band antenna can work for middle WiMAX (3.9 GHz) and WLAN (5.7 GHz)
applications. The input impedance graph of the dual band antenna is presented in Figure 7(b). The dual band
antenna has an input impedance of (58-j4) Q at 3.9 GHz, and (72-j0.6) Q at 5.7 GHz, respectively. [Note Y1
represents input impedance]. The Table 1 shows the detailed results of the designed dual band antenna.
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Figure 7. (a) S11 versus frequency, (b) Impedance vs frequency of dual band antenna
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Table 1. Summarized results of dual band antenna
Dual band antenna (proposed configuration “R3”)

Frequency Su -10 dB impedance . Gain -
(GH2) (dB) Bandwidth (GHz) % Bandwidth (dB) Applications
3.9 -21.55 3.7-4.0 25 1.27 Middle WiMAX
5.7 -14.73 5.4-5.9 4.16 1.35 WLAN

The radiation pattern for the two operating frequencies are depicted in the Figure 8. The antenna has
directional radiation pattern in both the plane (i.e. ¢ = 0° (E — pane) and ¢ = 90°(H — Plane).

Radiation Pattern 1 Radiation Pattern 2

-180

(@)

Figure 8. Radiation patterns at (a) 3.9, (b) 5.7 GHz
[Note:-(¢ = 0° (E — pane) — blue color andg = 90°(H — Plane) — red color |

4.2. Results of quad band antenna (i.e. proposed quad band configuration “Ré6”)

In order to achieve the quad band antenna, the dual band antenna is modified. It also has a total
dimension of 30 x 30 x 1.6 mm? at lower resonant frequency of 3.6 GHz. The proposed quad band
configuration “R6” operates at four bands with S;1<-10 dB bandwidth of about 200 MHz (3.5-3.7 GHz)
centered at 3.6 GHz, 200MHz (4.8-5.0 GHz) centered at 4.9 GHz, 200 MHz (7.3-7.5 GHz) centered at
7.4 GHz, and 400 MHz (7.8-8.2 GHz) centered at 8 GHz, respectively, as presented in Figure 9(a).
All the four operating bands fulfils the criteria of good impedance matching (S11<-10dB) and positive gains.
The proposed quad band antenna can work for middle WiMAX (3.6 GHz), WLAN (5 GHz) and X-band
(7.4 and 8 GHz) applications. The input impedance graph of the quad band antenna is presented in
Figure 9(b). The quad band antenna has an input impedance of (51+j23.8) Q at 3.6 GHz, (38+j11) Q at
4.9 GHz, (29-j0.2) Q at 7.4 GHz and (44+j7.1) Q at 8 GHz respectively. [Note Y1 represents input
impedance]. The detailed summarized results of the quad band are given in Table 2.
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Figure 9. (a) S11 versus frequency, (b) Impedance vs frequency of the proposed quad band antenna
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Table 2. Summarized results of quad band antenna
Quad band antenna (prposed configuration “R6”)

Fr(egtﬁezn)cy S11(dB) égn(cij?vilcrj]:ﬁ e((éaﬂzz)e % Bandwidth %egr)l Applications
3.6 -12.79 3.5-3.7 1.67 0.56 Middle WiMAX
4.9 -14.92 4.8-5.0 1.67 1.82 WLAN
74 -11.77 7.3-75 1.67 1.98 WLAN
8.0 -20.66 7.8-8.2 3.33 4.02 X-band

The radiation pattern at the four operating frequencies 3.6, 4.9, 7.4 and 8 GHz are presented in
Figure 10. Here, also we can see that like dual band antenna, the quad band antenna has stable and directional
pattern both in ¢ = 0° (E — pane) and ¢ = 90°(H — Plane).

Radiation Pattem 2 Radiation Pattem 3 Radiation Patter 4

(a) (b) (©) (d)
Figure 10. Radiation patterns of the quad band antenna at (a) 3.6, (b) 4.9, (c) 7.4, (d) 8 GHz
[Note:-(¢ = 0° (E — pane) — blue color and ¢ = 90°(H — Plane) — red color |

A comparison between the proposed configurations with similar type existing in the literature
is performed and presented in Table 3. The proposed antenna as can be seen from table has advantageous
over its counterparts.

Table 3. Comparative analysis of the proposed dual and quad band antenna with similar type in the literature

No. of Operating Operating Bandwidth

. ) o
Ref.  Size (mm’) bands Frequencies (GHz) (GHz) Applications

[16] 30 x 30 4 1.6/2.5/5.8/9.5 (1.7-1.9)/(2.7-3)/(5.6-5.9)/(9.2-10.1) GPS/WiMAX/WLAN/X-band
[17] 25x 30 2 2.4/55 (1.87-2.99)/(5.1-5.88) WLAN/WiIMAX

[18] &) 180x80 2 1.5/3.5 (1.43-1.62)/(3.36-3.64) GPS/WiMAX

b) 180 x 80 3 1.5/3.5/5.5 (1.35-1.56)/(3.33-3.54)/(5.34-5.68) GPS/WiMAX

[19] 35.5x26 3 3.6/5/5.6 (3.5-3.75)/(4.85-5.2)/(5.5-5.7) WiMAX/WLAN

[20] 17x20 2 1.72/5.30 (1.6-1.85)/(4.95-5.8) GPS/WLAN

[21] 40 x 30 2 2.4/5.6 (2.39-2.51)/(5-6.1) WLAN/WiIMAX

[22] 200 x 200 3 2/2.45/35 (1.93-2.15)/(2.35-2.58)/(3.27-3.72) WLAN/Bluetooth/WiMAX
[23] 165x165 2 0.402/2.4 (0.43-0.49)/(2.47-2.58) WLAN

[24] 25x 20 4 2.4/35/5.2/5.8 (2.07-2.77)/(3.3-3.8)/(5.15-5.35)/(5.7-5.89) WLAN/WiIMAX

[25] 18x 19 3 2.4/35/5.5 (2.40-2.51)/(3.35-3.94)/(5.02-6.63) WLAN/WiIMAX
Prop a) 30 x 30 2 3.9/5.7 (3.7-4)/(5.4-5.9) WiMAX/WLAN

" b)30x30 4 3.6/4.9/7.4/8 (3.5-3.7)/(4.8-5)/(7.3-7.5)/(7.8-8.2) WiMAX/WLAN/X-band

5. CONCLUSION

In this paper, two antennas have been designed and analyzed. First antenna operates at dual band
and the second operates at quad band. The dual band antenna exhibits operating frequency at 3.9 (WiMAX)
and 5.7 GHz (WLAN), with fractional bandwidth of 2.5% and 4.16% respectively. The quad band antenna
has operating frequencies at 3.6 (WiMAX), 4.9 (WLAN), 7.4 and 8 GHz (X-band) with fractional bandwidth
of 1.67%, 1.67%, 1.67% and 3.33%, respectively. Both the antenna exhibits good impedance matching and
have stable radiation patterns. These antennas have been designed in order to cover the WiMAX, WLAN and
X-band applications. Changes in slots dimensions affects the impedance matching of the antennas which has
been depicted in the parametric analysis. The proposed antenna is compact in nature, has simple design

A quad band planar slotted microstrip patch antenna for wireless applications (Reshma Roy)
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configuration, acceptable gain and bandwidth, thus, serves as a competitive candidate for the aforementioned
wireless applications.
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