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Abstract: A coplanar symmetric dipole slot antenna with inverted-H slot is proposed for 0.9/1.575/2.0/2.4/2.45/5.0 GHz 

wireless communication applications. The inverted-H slot is etched on the metallic layer of a single sided printed circuit board to 

form the coplanar dipole slot antenna. The dimensions of inverted-H slot are changed to design and fabricate the antenna which 

can be operated at 0.9/1.575/2.0/2.4/2.45/5.0 GHz successfully. We use IE3D software to design this dipole slot antenna and 

choose the better parameters to manufacture the proposed antenna. The influences of slot dimension parameters of the 

proposed antenna on resonant frequency, input reflection coefficient expressed in decibel and impedance bandwidth are 

described. The proposed antenna with the volume of 123mm×31mm×1.6mm has been fabricated. The measured result shows 

that the proposed antenna can be successfully operated at 0.9/1.575/2.0/2.4/2.45/5.0 GHz. 
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1. Introduction 

It is well known that compact size, lower cost and easy 

fabrication are important factors to design antenna that can be 

used in wireless commercial products. Planar antennas 

possess these attractive features. Hence, many articles about 

planar antennas had been studied and widely used in Global 

positioning System (GPS), Radio Frequency Identification 

(RFID), and Wireless Local Area Network (WLAN) systems 

[1-9]. Pokemon Go is the popular game in the world. 

Pokemon Go for cellular phone devices let user travel 

between the real and virtual world of pokemon. This game 

platform uses real locations to encourage players to discover 

Pokemon. The hot game of Pokemon Go pushes the world 

come to the applications with location and wireless 

communication. Hence, smart devices with GPS and WiFi 

functions are the trend of the world. Bandwidth enhancement 

in antenna design can meet the need for increasing the data 

transfer. This requirement can be achieved using the slot 

antenna techniques [10-11]. Today, wireless communication 

devices relating to the field of the internet of things are 

developed rapidly. These information devices should be 

capable of large bandwidth and operating at multiple 

frequency bands. Therefore, researches have been reported for 

multi-band planar antenna [12-14]. 

In this study, a simple coplanar dipole antenna with 

inverted-H slot is proposed. The operating frequency band 

and impedance bandwidth are obtained from IE3D 

simulations. The structure parameters of the inverted-H slot 

control the operating frequency band of the coplanar dipole 

antenna. The coplanar dipole slot antenna designed with 

inverted-H slot excites the resonant frequency that can be 

used for 802.11ah standard (902-928 MHz), GPS (1575 MHz), 

TD-SCDMA (2.01-2.025GHz), WLAN (2.4-2.484GHz), 

RFID (2.45GHz), public safety application (4.94-4.99GHz), 

and 802.11a standard (5.15-5.35 GHz). The suitable 

geometric parameters of the inverted-H slot are chosen to 

fabricate the proposed antenna. Therefore, a simple coplanar 

symmetric dipole slot antenna with the size of 

123mm×31mm×1.6mm is presented in this paper. The 

proposed antenna can be built on a single sided printed circuit 

board. The single metal layer structure is suitable for mass 

production and reduces the manufacturing cost. The 

configuration of the proposed coplanar dipole antenna is 

presented in section 2 while the simulation and experimental 
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results including discussion are described in section 3 and 4. 

2. Antenna Design 

The proposed coplanar dipole slot antenna with inverted-H 

slot structure is printed on a single metallic layer of FR4 

dielectric substrate which has permittivity of 4.4 and thickness 

of 1.6mm. The configuration of this proposed antenna is 

depicted in Figure 1. In this figure, the symmetric inverted-H 

slot is etched on the metallic layer to create the operating 

frequency bands. 

 

Figure 1. Geometry of the proposed coplanar dipole antenna with inverted-H slot. 

We adjust the inverted-H slot structure parameters L2 and 

W2 to observe the variations with respect to resonant 

frequency (f0), input reflection coefficient expressed in 

decibel (S11), lower frequency band limit (f1), upper 

frequency band limit (f2), and impedance bandwidth (BW) of 

the proposed antennas. The dimension parameters of the 

proposed antenna shown in Figure 1 are listed below: 

W1=29mm, W3=2.0mm, W4=6.0mm, W5=5.0mm, 

W6=12.0mm, W7=2.0mm, G=1mm, L1=61mm, L3=18.5mm, 

L4=8.0mm, L5=43mm, L6=2.5mm, and L7=3.0mm. Points A 

and B are the feeding points of the coplanar dipole slot 

antenna. The 50 ohm coaxial connector was adopted for 

testing. 

3. The Simulations 

We adopted various dimension parameters L2 and W2 

shown in Figure 1 of the coplanar symmetric dipole slot 

antenna to observe the characteristics of the proposed antenna. 

The numerical simulation and analysis for the proposed 

antennas are performed using IE3D simulation software. The 

simulated curves of S11 against frequency for varying the 

inverted-H slot parameter L2 of the proposed antenna with 

W2=5mm are shown in Figure 2. The simulated results 

including resonant frequency (f0), input reflection coefficient 

expressed in decibel (S11), lower frequency band limit (f1), 

upper frequency band limit (f2), and impedance bandwidth 

(BW) are listed in Table 1. 

 

Figure 2. Simulated curves of S11 against frequency for varying L2 of the proposed dipole slot antenna with W2=5mm. 
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From Figure 2 and Table 1, four or five operating 

frequency bands are observed with changing structure 

parameter L2. The lowest resonant frequency is nearly 

unchanged but the higher resonant frequency is slightly 

shifted to higher frequency with increasing the value of L2. At 

the lowest frequency band (0.87-1.57GHz), the impedance 

bandwidth is slightly increased with increasing L2. The 

resonant frequency shifts to higher frequency with increasing 

the value of L2 at the middle frequency bands (1.78-2.45GHz). 

At higher frequency bands (3.96-5.39), larger value of L2 

will excite two valuable frequency bands. The inverted-H slot 

with L2=8.5mm exhibits the better characteristics of the 

proposed antenna which can operate at 5GHz band. The 

simulated curves of S11 against frequency for varying another 

slot parameter W2 of the proposed antenna with L2=8.5mm is 

shown in Figure 3. The simulated results from Figure 3 are 

also listed in Table 2. 

From Figure 3 and Table 2, three or five operating 

frequency bands are observed with changing inverted-H slot 

parameter W2. The lowest resonant frequency and the highest 

resonant frequency are slightly shifted to higher frequency 

with increasing the value of W2. Due to impedance mismatch, 

single band splits into dual band at the middle frequency 

bands (1.95-2.43GHz) and higher frequency bands 

(3.93-5.07GHz) with increasing the value of W2. 

 

Figure 3. Simulated curves of S11 against frequency for varying W2 of the proposed dipole slot antenna with L2=8.5mm. 

Table 1. Simulated results of the proposed dipole slot antenna with 

W2=5mm. 

L2 f0 S11 f1, f2 BW 

(mm) (GHz) (dB) (GHz) (GHz) 

 0.99 -22.02 0.87, 1.49 0.62 

 1.85 -20.09 1.78, 1.94 0.16 

4.5 2.30 -26.44 2.25, 2.36 0.11 

 4.70 -17.10 4.43, 4.85 0.42 

 0.99 -21.90 0.87, 1.53 0.66 

 2.00 -34.56 1.94, 2.09 0.15 

8.5 2.31 -27.16 2.24, 2.37 0.13 

 4.29 -18.72 3.96, 4.57 0.61 

 4.92 -33.47 4.69, 5.07 0.38 

 0.99 -21.68 0.87, 1.57 0.70 

 2.38 -18.38 2.29, 2.45 0.16 

15.5 4.38 -15.85 4.18, 4.56 0.38 

 5.30 -14.38 5.21, 5.39 0.18 

The inverted-H slot with W2 equals to 8.5mm and 15.5mm 

exhibit more operating band characteristics of the proposed 

antenna. In other word, the smaller size of inverted-H slot 

results in impedance mismatch. At the middle frequency 

bands (1.95-2.43GHz), the upper frequency band limit (f2) of 

the proposed dipole slot antenna with L2=8.5mm increases 

with increasing the value of W2. While the upper frequency 

band limit (f2) of these antennas is nearly unchanged with 

increasing the value of W2 at higher frequency band 

(3.93-5.07GHz). Therefore, carefully adjusting the inverted-H 

slot structure parameters L2 and W2 of the proposed antenna 

is very important to design the coplanar dipole slot antenna 

that can be used at 0.9/1.575/2.0/2.4/2.45/5.0 GHz. 

Table 2. Simulated results of the proposed dipole slot antenna with 

L2=8.5mm. 

W2 f0 S11 f1, f2 BW 

(mm) (GHz) (dB) (GHz) (GHz) 

 0.97 -21.95 0.86, 1.50 0.64 

3 2.02 -26.97 1.95, 2.33 0.38 

 4.87 -35.99 3.93, 5.03 1.10 

 0.99 -21.90 0.87, 1.53 0.66 

 2.00 -34.56 1.94, 2.09 0.15 

5 2.31 -27.16 2.24, 2.37 0.13 

 4.29 -18.72 3.96, 4.57 0.61 

 4.92 -33.47 4.69, 5.07 0.38 

 1.01 -22.18 0.88, 1.55 0.67 

 1.93 -22.92 1.89, 1.99 0.10 

8 2.38 -19.55 2.31, 2.43 0.12 

 4.24 -32.27 4.03, 4.59 0.56 

 4.93 -32.89 4.75, 5.07 0.32 
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4. Experimental Results and Discussion 

Figure 4 shows the photography of fabricated traditional 

type coplanar dipole antenna without slot. The simulation 

and measurement results of this antenna are depicted in 

Figure 5 and listed in Table 3 including f0, S11, f1, f2, and BW. 

 

Figure 4. Photography of fabricated traditional type coplanar dipole antenna without slot. 

From Figure 5 and Table 3, only dual operating frequency 

bands can be excited for the traditional type coplanar dipole 

antenna. From the simulation results described in section 3, it 

is easily observed that the coplanar dipole antenna with 

inverted-H slot exhibits more operating frequency bands than 

the traditional coplanar antenna without slot. We use the same 

geometric parameters as described in section 3 to fabricate the 

proposed coplanar dipole slot antenna. Photographs of 

fabricated coplanar dipole slot antennas with changing L2 and 

fixing W2=5mm and with changing W2 and fixing 

L2=8.5mm are shown in Figures 6 and 7, respectively. 

 

Figure 5. Comparison of simulated and measured S11 against frequency of the traditional type coplanar dipole antenna without slot. 

Table 3. Simulated and measured results of the traditional type coplanar dipole antenna without slot. 

 f0 S11 f1, f2 BW 

 (GHz) (dB) (GHz) (GHz) 

 1.01 -28.35 0.89, 1.61 0.72 

Simulation 4.71 -13.81 4.51, 4.91 0.40 

 1.08 -27.16 0.90, 1.45 0.55 

Measurement 5.49 -10.68 5.38, 5.98 0.60 
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Figure 6. Photography of fabricated coplanar dipole slot antenna with 

W2=5mm and (a) L2=4.5mm(b) L2=8.5mm (c) L2=15.5mm. 

The measured curves of S11 against frequency for varying 

the inverted-H slot parameter L2 of the proposed antenna with 

W2=5mm are shown in Fig.8. The measured results including 

f0, S11, f1, f2, and BW are listed in Table 4. From Figure 8 and 

Table 4, multiple operating frequency bands are also obtained. 

The measured results show better S11 performance than the 

simulated results which may come from impedance matching 

phenomenon. Therefore, the measured results appear the 

additional operating band at 5.88GHz for the fabricated 

planar dipole slot antenna with L2=4.5mm. For the fabricated 

planar dipole slot antennas, the dual band phenomenon 

merges into single band at 3.93-5.23 GHz for L2=8.5mm and 

at 4.60-5.92 GHz for L2=15.5mm. The measured S11 curves 

are slightly shifted to higher frequency compared with the 

simulated S11 curves. 

 

Figure 7. Photography of fabricated coplanar dipole slot antenna with 

L2=8.5mm and (a) W2=3mm(b) W2=5mm (c) W2=8mm. 

 

Figure 8. Measured S11 against frequency of the fabricated coplanar dipole slot antenna with W2=5mm. 
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The measured curves of S11 against frequency for varying 

the inverted-H slot parameter W2 of the proposed antenna 

with L2=8.5mm are shown in Fig. 9. The measured results are 

also listed in Table 5. From Figure 9 and Table 5, multiple 

operating frequency bands are also obtained. At higher 

frequency band, the merged band phenomenon has also been 

observed for W2=5mm and W2=8mm which may come from 

better impedance matching phenomenon. The measured S11 

curves are slightly shifted to higher frequency compared with 

the simulated S11 curves. The trends of the measured results 

relate well with the simulated results. 

To reach the operating frequencies covering 900/1575 MHz 

and 2.0/2.4/2.45/5.0 GHz, the better performance antenna 

with L2=8.5mm and W2=8mm is used to study the 

characteristics of the proposed antenna. The curves of S11 

against frequency of the simulated and fabricated antenna with 

L2=8.5mm and W2=8mm are illustrated in Figure 10. The 

simulated and measured results of this proposed antenna are 

listed in Table 6. 

 

Figure 9. Measured S11 against frequency of the fabricated coplanar dipole slot antenna with L2=8.5m. 

Table 4. Measured results of the fabricated coplanar dipole slot antenna with 

W2=5mm. 

L2 f0 S11 f1, f2 BW 

(mm) (GHz) (dB) (GHz) (GHz) 

 1.01 -32.4 0.89, 1.43 0.54 

 1.86 -21.94 1.79, 1.93 0.14 

4.5 2.37 -17.65 2.29, 2.42 0.13 

 4.00 -28.65 3.75, 4.60 0.85 

 5.88 -18.27 5.63, 6.21 0.58 

 1.01 -26.27 0.89, 1.56 0.67 

 2.05 -28.63 1.99, 2.15 0.16 

8.5 2.38 -30.77 2.29, 2.44 0.15 

 4.26 -44.94 3.93, 5.23 1.30 

 1.08 -27.85 0.89, 1.38 0.49 

15.5 2.44 -13.18 2.36, 2.50 0.14 

 5.61 -23.02 4.60, 5.92 1.32 

From Figure 10 and Table 6, the merged band phenomenon 

also appears at higher frequency of the fabricated coplanar 

dipole antenna with L2=8.5mm and W2=8mm. The measured 

impedance bandwidths of this fabricated antenna show better 

performance than that in simulation condition. There are 

discrepancies between the computed and measured results 

which may occur because of the effect of the coaxial 

connector soldering process and fabrication tolerance. 

Table 5. Measured results of the fabricated coplanar dipole slot antenna with 

L2=8.5mm. 

W2 f0 S11 f1, f2 BW 

(mm) (GHz) (dB) (GHz) (GHz) 

 1.00 -21.36 0.88, 1.44 0.56 

3 2.11 -18.68 2.01, 2.42 0.41 

 4.31 -30.93 3.91, 5.22 1.31 

 1.01 -26.27 0.89, 1.56 0.67 

 2.05 -28.63 1.99, 2.15 0.16 

5 2.38 -30.77 2.29, 2.44 0.15 

 4.26 -44.94 3.93, 5.23 1.30 

 1.07 -23.68 0.90, 1.61 0.71 

 1.99 -18.96 1.94, 2.07 0.13 

8 2.45 -15.07 2.38, 2.50 0.41 

 4.46 -24.65 4.13, 5.47 1.34 
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Figure 10. Simulated and measured S11 against frequency of the proposed coplanar dipole slot antenna with L2=8.5mm and W2=8mm. 

Table 6. Simulated and Measured Results of the fabricated coplanar dipole 

slot antenna with L2=8.5mm and W2=8mm. 

 f0 S11 f1, f2 BW 

 (GHz) (dB) (GHz) (GHz) 

 1.01 -22.18 0.88, 1.55 0.67 

 1.93 -22.92 1.89, 1.99 0.10 

Simulation 2.38 -19.55 2.31, 2.43 0,12 

 4.24 -32.27 4.03, 4.59 0.56 

 4.93 -32.89 4.75, 5.07 0.32 

 1.07 -23.68 0.90, 1.61 0.71 

 1.99 -18.96 1.94, 2.07 0.13 

Measurement 2.45 -15.07 2.38, 2.50 0.41 

 4.46 -24.65 4.13, 5.47 1.34 

Due to the measured S11 curve shifts to higher frequency, 

this fabricated antenna with L2=8.5mm and W2=8mm can be 

operated at 2.45 RFID system. The measured radiation 

patterns of this fabricated antenna with L2=8.5mm and 

W2=8mm at 0.9/1.575/2.0/2.4/2.45/5.0 GHz are shown in 

Figure 11. The measured peak gains for testing frequencies at 

x-z and y-z plane of this fabricated antenna are listed in Table 

7. From Figure 11, it can be observed that the radiation 

patterns are almost omnidirectional in the y-z plane. The 

omnidirectional antenna radiation pattern indicates that the 

fabricated antenna is good for mobile devices. 

5. Conclusions 

In this study, the fabricated coplanar dipole antenna with 

inverted-H slot exhibits simple structure and multiband 

characteristics. The size of inverted-H slot is designed and the 

frequency bands covering 0.9-1.61 GHz, 1.94-2.07 GHz, 

2.38-2.5 GHz, and 4.13-5.47 GHz are obtained. Various 

designs of inverted-H slot for dipole antenna could perturb 

the current distribution around the slot and then affect the 

impedance matching phenomenon. Therefore, carefully 

choose the designed parameter of the inverted-H slot would 

implement the suitable antenna that can be used in GPS, RFID, 

TD-SCDMA, WLAN, public safety application, and 

802.11a/802.11ah standard. 

 

(a) f= 0.9 GHz X-Z plane                 (b) f= 0.9 GHz Y-Z plane 
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(c) f= 1.575 GHz X-Z plane                       (d) f= 1.575 GHz Y-Z plane 

 

(e) f= 2.0 GHz X-Z plane                         (f) f= 2.0 GHz Y-Z plane 

 

(g) f= 2.4 GHz X-Z plane                           (h) f= 2.4 GHz Y-Z plane 
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(i) f= 2.45 GHz X-Z plane                         (j) f= 2.45 GHz Y-Z plane 

 

(k) f= 5.0 GHz X-Z plane                          (l) f= 5.0 GHz Y-Z plane 

Figure 11. Measured radiation patterns of the fabricated coplanar dipole slot antenna with L2=8.5mm and W2=8mm. 

Table 7. Measured peak gains of the fabricated coplanar dipole slot antenna 
with L2=8.5mm and W2=8mm at operating frequency. 

Frequency X-Z plane Y-Z plane 

(GHz) Peak gain (dBi) Peak gain (dBi) 

0.9 2.18 3.11 

1.575 1.05 1.25 

2.0 0.76 1.11 

2.4 1.23 3.09 

2.45 1.26 3.17 

5.0 0.91 0.50 
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