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ABSTRACT  

 In order to overcome the shortcoming of narrow bandwidth of conventional PIFA, a novel bandwidth 

enhancement approach is proposed in this paper. A handset antenna technique that combines a parallel 

excitation of  PIFA and slot radiators is presented. To improve the bandwidth of handset antennas in both low 

and high bands, slots can be introduced  into the radiating patch of different shapes such as rectangular and H-

shape. Comparison between the PIFA with U-slot on the radiating patch of these shapes can provide that which 

shape is suitable for enhanced antenna performance. The presented antenna can cover handheld satellite 

phones, WLAN, Bluetooth and Wimax frequency bands. From the simulation results obtained using FEKO, it is 

observed that the relative bandwidth of PIFA with U-slot on rectangular patch is 10.59 times and on H-shape 

patch is 24.3 times more than the conventional  PIFA. 

KEYWORDS: Handset antenna, Planar Inverted F- Antenna(PIFA),Slot , Bandwidth, Patch 

I. INTRODUCTION 

Recently modern wireless communication technologies are in the process of rapid development. 

Multi-system applications have been used explosively. Owing to this, it has been a necessity to design 

antennas with the characteristics of multiband and wideband for mobile terminals[8]. In modern 

mobile handsets, PIFAs  are generally used as built-in antennas. 

Nowadays  PIFA is being adopted extensively as handset antenna because of its advantages of 

compact structure, low profile, easy fabrication, low manufacturing cost and easy integration with 

portable devices. It has reduced backward radiation and enhanced antenna performance. However, a 

major disadvantage of the PIFA antenna is its narrow  impedance bandwidth. Hence, it is desirable to 

find methods that can enhance the bandwidth of  the  PIFA antenna. Therefore the antenna designed 

should be as smaller as possible to be fitted in the handsets and should have acceptable performance.  

Phones are increasingly adding components and features such as large color screens, digital cameras, 

digital music players, digital and analog radio and multimedia broadcast receivers [1]. For 

conventional PIFA, only single band of operation is possible. To have dual band operation, some part 

of top plate has to be removed and another PIFA should be inserted. It will lead to more complexity.  

A rectangular slot is introduced into the ground plane of mobile chassis.  A more compact design of a 

practical wideband PIFA antenna with trapezoidal feed  has the  bandwidth for    S11 < -10 dB ranges 

from 1.67 GHz to 4.05 GHz and the relative bandwidth reaches 83% . The antenna height mainly 

influences the bandwidth, resonant frequencies, and return loss [3]. 

Changes in the width of the planar element can also affect the determination of the resonant frequency 

[7]. The central slot has good matching at low bands (17.4%) but at higher bands it still behaves 

similar to the reference antenna (8.3%) since the slot is in the cut-off state. This means that the slot 

does not operate as a parasitic element [5]. Resonant frequency decreases with the decrease in short 
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circuit plate width. Unlike micro-strip antennas that are conventionally made of half wavelength 

dimensions, PIFA’s are made of just quarter-wavelength.  Analyzing the resonant frequency and the 

bandwidth characteristics of the antenna can be easily done by determining the site of the feed point at 

which the minimum reflection coefficient is to be obtained [6].  

Besides the good bandwidth results obtained when the ground plane is tuned to the same frequency of 

the handset antenna. Analysis of the way to minimize the length of the feeding line maintenance as 

much as possible the advantages of the bandwidth benefits of the open-slots is explained [12].  PIFA-

based internal multiband antenna that can support the following eight frequency bands: GSM ( 860–

980 MHz), DCS (1710–1880 MHz), PCS (personal communication services, 1880–1990 MHz), 

UMTS ( 1.9 –2.17 GHz), WiBro (2300–2390 MHz), Bluetooth (2400–2480 MHz), S-DMB (2630–

2655 MHz), and WLAN (5000–6000MHz)[17].  

A reduced height, multiband internal antenna has been proposed for wireless personal communication 

handsets to operate at GSM- 900, DCS, PCS, UMTS, WiBro, Bluetooth, S-DMB, and WLAN 

frequency bands. Radiation and return loss performances of the antenna are reasonable at all the 

frequency bands[15]. A prototype that can cover the frequency bands of GSM850, GSM900, 

DCS1800 and PCS1900 simultaneously was fabricated and measured. In addition, the measured 

impedance bandwidth (defined at -6 dB level) of the low band ranges from 0.7 GHz to 0.98 GHz and 

for the high band it is between 1.65 GHz and 2.02 GHz, which completely covers the required quad-

band operational bandwidth[2]. 

There are four methods available to enhance the bandwidth of conventional PIFA. They are  

introducing slots,  capacitive loading, loading dielectric with high permittivity and adding chip 

resistor. This paper describes a modified U-slot coupled H-shaped antenna & U-slot coupled 

rectangular patch to reduce the area of antenna and achieve the termination of high order harmonic 

component behaviours. It also exhibits excellent efficiency, bandwidth enhancement and linearity. 

The paper is organized  as follows. In section II, the survey about slots on the ground plane as well as 

on the radiating patch is discussed. It provides the information about the applications in which slotted 

antennas are used. Section III provides the design parameters for the conventional & slotted PIFA. 

Section IV presents the low profile design covering handheld satellite phones, WLAN, Bluetooth and 

Wimax frequency bands. The simulation results using FEKO are discussed briefly in section IV. 

Finally, Section V summarizes the work. 

II. RELATED WORK 

When the rectangular slot is on the ground plane, enhancement in bandwidth mainly depends on the 

size of the ground plane [8].  The novel H-shaped antenna has many excellent advantages over the 

conventional rectangular microstrip antenna such as the harmonic mode suppression, bandwidth 

enhancement, and the increase of the whole transmitter efficiency.The U-slot on the H-shaped patch is 

discussed [1]. Though the bandwidth and the size of an antenna are generally mutually conflicting 

properties, that is, improvement of one of the characteristics normally results in degradation of the 

other [9], hence compact size antennas are needed for mobile handsets with improvement in 

bandwidth.  

By varying the location and size of the slot, the equivalent length of the ground plane can be adjusted 

to the optimal lengths of the low and high bands, which thus enhance the bandwidth of PIFA antennas 

for both the low and high bands [18]. The resonance frequency depends inversely on the slot length 

and feed point, while it increases with increasing the slot width and coaxial probe feed radius [16]. 

Transmission line feeding is provided in order to provide excitation to antenna and RF module. The 

feeding line follows long meander shape path to reach antenna feeding pad and RF module [14]. The 

operational bandwidth is increased because the electrical length of the ground plane increases when 

meandering or open-end slots are used on the ground plane, although its physical size is fixed [4]. 

III. ANTENNA DESIGN 

Antenna design for mobile handsets can be of two types-internal and external. One of the main 

disadvantage of external antenna is it is very close to the user’s head and the radiation is directly 

incident on the head making the absorption rate high. Internal antenna can be installed on the side of 
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the PCB i.e. opposite to the human head thus avoiding the human interference. One of the techniques 

to obtain multiband behavior for handset antennas is to create several resonant paths.  

The specification of the internal antenna depends strongly on the design of mobile phones and 

changes have to be made for each design. Moreover the internal antenna is difficult to design than its 

counterpart because the designer must consider characteristics such as feed point, ground position, 

radiation  pattern, etc. At present, PIFAs have attracted much interest due to their small size and 

appreciable electrical characteristics compatible with existing specification, making it a promising 

candidate for internal antennas. The PIFA structure in general is shown in Fig.1. 

 

 

Figure.1. PIFA structure 

Bandwidth enhancement and size reduction are not achieved at the same time, especially for resonant 

structures such as PIFA. Dual resonance is obtained by introducing slots parallel to the radiating edge 

of the patch. The resonant frequency of the antenna can be reduced by decreasing the stub width and 

also by introducing open slots. To reduce the PIFA size, it is necessary to shorten the antenna. But it 

affects the impedance of the antenna and the radiation resistance becomes reactive. It can be 

compensated using capacitive load. The shape and size of the slot plays significant role in improving 

the bandwidth. 

In case of the PIFA, the loop structure formed by the shorting pin and feeding line is modeled as a 

shunt inductance and impedance matching of the PIFA can be achieved by controlling the required 

amount of the shunt inductance, which is generated by the loop structure. In the case of the slot 

antenna on the ground plane, the above mentioned loop structure can be modelled as a series 

inductance in contrast with the shunt inductance in the PIFA.  

The design parameters for  PIFA without slot on rectangular patch and H-shaped patch are given in 

Table1 & 2 respectively. The simulated result of PIFA as per Table.1 &2  are shown in Fig.2 & 3 

respectively. The feeding voltage is given at one of its edge. The resonant frequency of PIFA can be 

approximated using the following equation(1).  

              L1 + L2 = �/4                                                               (1) 

Here in Table 1, Lg, Wg are length and width of the ground plane respectively. Lp, Wp are length and 

width of the radiating patch respectively. Lf, Wf, are length and width of the feed respectively. Ls, Ws 

are length and width  of the shorting pin respectively. H-shaped patch is made using 3 rectangles. 

Lp1, Wp1 are length and width of the first rectangle, Lp2, Wp2 are length and width of the second 

rectangle and Lp3,Wp3 are length and width of the third rectangle. The U-slot dimensions are given 

in Table 3. The resonant frequency of the PIFA mainly depends on the length of the ground plane and 

the radiating patch. The simulated results for PIFA with U-slot on rectangular and H-shaped patch are 

shown in Fig.4 & 5 respectively. 

Table 1.Values of the Design Parameters (PIFA on rectangular patch) 

Parameter Value(mm) 

Lg 100 

Wg 40 

Lp 16 

Wp 30 

Lf 2 

Wf 3 

Ls 4 

Ws 3 
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Table 2.Values of the Design Parameters (PIFA on H-shaped patch) 

Parameter Value(mm) 

Lg 100 

Wg 40 

Lp1 16 

Wp1 5 

Lp2 3 

Wp2 5 

Lp3 16 

Wp3 5 

Lf 2 

Wf 3 

Ls 4 

Ws 3 

Table.3.Slot Dimensions 

U-slot(mm) 

L1 10 

L2 6 

W 2 

The slot antennas of half wavelength structures are generally used to operate at the fundamental 

resonant mode. The electrical length of the proposed slot is shorter than a half of a guided wavelength. 

In the case of the slot antenna on the ground plane, the previously mentioned loop structure can be 

modeled as a series inductance in contrast with the shunt inductance in the PIFA. The slot antennas of 

half-wavelength structures are generally used to operate at the fundamental resonant mode. The 

electrical length of the slot  is between a quarter and half of  guided wavelength. 

 

 Figure.2. Conventional PIFA on rectangular patch in CADFEKO 

 

Figure.3. Conventional PIFA on H-shaped patch in CADFEKO 
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Figure.4.PIFA with U-slot on rectangular patch in CADFEKO 

 

Figure.5.PIFA with U-slot on H-shaped patch in CADFEKO 

Its half-wavelength resonance at the desired resonant frequency can be achieved because the 

impedance of the slot antenna is transformed to the series resonance, which is generated by the loop 

structure of the feed line. Thus, the amount of shunt and series inductance is dependent on the loop 

size formed by the feed line and the shorting pin. Hence, the resonant frequencies of the proposed 

hybrid antenna can be controlled by adjusting the distance between the feed line and the shorting pin. 

The distance between feed and shorting pin for the desired resonant frequency is chosen  to be 1.5 

mm.  

IV. RESULTS & DISCUSSIONS 

The return loss and field distribution on the PIFA without & with slots has been computed using the 

FEKO. From the simulated results of Fig.6 & 7, it can be seen that PIFA with U-slot on rectangular 

patch has three resonant modes at 1.6GHz, 4.147GHz and 6.56GHz. Bandwidth can be calculated 

using the following equation(2), where fH, fL and fC are high frequency, low frequency and centre 

frequency respectively. 

                      (2) 

The calculated bandwidth for each of these antennas are shown in Table.4. Bandwidth can be 

improved by varying the slot width and also by varying the distance between feed and stub. Slot on 

the ground plane is more efficient than the slot on the patch. The optimal performances of the low and 

high bands are mainly depends on the slot location and size. Also, the optimal slot location and size of 

the low band are different from those of the high band. Hence, to broaden the bandwidths for the low 

and high bands simultaneously, a compromised solution for the slot location and size should be 

selected. A U-slot adds a capacitive component in the input impedance that compensates for the 

inductive component of coaxial probe. 

A single half wavelength slot resembles the half wave dipole in terms of gain and radiation except that 

there is a difference in polarization. The electric field across the slot is maximum at the centre and 

tapers off towards the edges as indicated. In general, rectangular and circular slots are easy to analyze 

and hence U shaped slots are analyzed in this paper. The introduction of an open slot adjacent to U-
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slot reduces the frequency, particularly of the higher band drastically. This is due to the fact that there 

are currents flowing at the edge of the U-shaped slot, therefore a capacitive loaded slot reduces the 

frequency and thus the antenna dimensions drastically. The impedance matching of the dual band can 

be obtained by positioning of the single feed and the shorting pin within the U-shaped slot, and by 

optimizing the space between feed and shorting pins.  A shorting wall, which is placed at the edge of 

this PIFA, controls the isolation/separation between the two bands.  

The current follows larger path due to slot on the ground plane. Slots are not only useful to antenna 

design but also for damping undesired modes for EMC purposes. Maximum current distribution of the 

PIFA is obtained close to the shorting pin and decreases away from it. The slot is weakly excited at 

900MHz compared to the excitation at 1720 & 2000MHz. The antenna performance is good when the 

feeding port and slot are arranged on the same side. Fringing fields are the radiating sources of PIFA. 

A dual band PIFA antenna has been used to analyze the bandwidth and efficiency improvement when 

a slot in the ground plane is introduced: the original dual-band antenna has been enhanced to 

introduce more frequency bands. Therefore, a multiband antenna with good bandwidths and 

efficiency response can be obtained with only adding a slotted ground plane.  

 

Figure. 6. Simulated return loss against frequency for PIFA without slot on rectangular & H-shaped patch 

 

Figure.7. Simulated return loss against frequency for PIFA with U slot on rectangular & H-shaped patch 
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It can be noticed that introducing slots in the ground plane is a simple way to achieve a multiband 

antenna without modifying PIFA antenna geometry and increasing the handset volume. A dual band 

PIFA antenna has been used to analyze the bandwidth and efficiency improvement when a slot in the 

ground plane is introduced. From Fig.7, PIFA with U-slot provides three resonances. The separation 

between the resonances is sensitive to the dimension of the slot. The original dual-band antenna has 

been enhanced to introduce more frequency bands. The present technique is useful since it simplifies 

the length of the feeding transmission line. Therefore, a multiband antenna with good bandwidth and 

efficiency response can be obtained with only adding a slotted ground plane. 

Table 4.Performances of the Proposed Broadband Antennas 

Antenna Type 

(Rectangular 

patch) 

Bandwidth(%) 

Antenna Type 

(H-shaped 

patch) 

Bandwidth(%) 

PIFA without slot 6.16 
PIFA without 

slot 
16.5 

PIFA with U-slot 

on patch 
10.59 

PIFA with U-

slot on patch 
24.3 

If the S11 parameter is above -6dB, then it provides good impedance matching. From Fig.6, PIFA 

without slot on rectangular patch has return loss of  -5.8dB and H-shaped patch has return loss of -

13dB. From Fig.7, PIFA with U-slot on rectangular patch has return loss of -8dB and H-shaped patch 

has return loss of -16dB. Hence the impedance of PIFA with U-slot on patch is better than the 

impedance of conventional PIFA and also PIFA with U-slot on H-shaped patch is having more 

enhanced bandwidth than PIFA with U-slot on rectangular patch. By adjusting the shorting plate 

width, good impedance matching can be achieved. Hence more energy has been radiated from the 

PIFA with U-slot on patch to the load.  

Adding open slots in certain locations of the ground plane improves the bandwidth of the antenna. 

When the open slots are added, the feeding line length should be high. In order to minimize the length 

of the feeding line, open slots are avoided in this paper. To generate a slot resonating at the second 

band, slot length should be increased. The slot width was varied in the model to achieve a feed point 

input impedance of approximately 50 Ω. Here enough power is transmitted from one end to other end.  

The slotted PIFA could be suitable to be used in wireless communication applications. By feeding the 

slot in its edge, triple resonance response is obtained with U-slot on H-shaped patch whereas with U-

slot on rectangular patch double resonance response is obtained. By instead using a slot in the ground 

plane as the radiating element the antenna performance becomes independent of available height. In 

order to provide very broadband response, the slot should be placed in the center of the ground plane. 

It provides better quality factor to the antenna.  
The slot is located under the antenna projection in order to get a good coupling between the PIFA and 

the slot. It can also be used as a parasitic antenna. It means that the slot can serve as part of the 

directional antenna but has no direct connection to the receiver and transmitter. It reflects or reradiates  

the energy that reaches it. When the slot length is similar to 0.5λ the slot acts as an effective parasitic 

element and a coupling effect between PIFA and slot may be obtained. The slot used in Fig.4&5 are 

too short to resonate at higher frequencies (1800–2000 MHz), this is why it only improves bandwidth 

at low bands.  

The ground surface waves produce spurious radiations or couple energy at discontuities leads to 

distortions in the main pattern or unwanted loss of power. All the antennas have the same radiation 

pattern at low frequencies. Therefore, adding some slots in the ground plane does not modify the 

antenna radiation structure. Introducing slots in the ground plane is a simple way to achieve a 

multiband antenna without modifying PIFA antenna geometry and increasing the handset volume.  

It is also observed that the first resonant frequency shifted upwards with the increasing of slot width. 

Again, with decreasing the slot width, second resonant frequency exhibits better resonant at the 

expense of reducing the upper edge frequency resulting in a bandwidth reduction. The slot is selected 

in an attempt to reduce the two orthogonal resonant modes to lower frequencies. Independent control 

of the two operating frequencies is possible with a U-shaped slot.  
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The proposed antenna shows an interesting dual band resonant behavior with a wide range of the two 

resonant frequency ratio without changing the external dimensions of the combined slot structure. It is 

clear that slot can be either resonant or non-resonant. If it is resonant, the current along the edges of 

the slot introduces an additional resonance. If these additional resonances are near the patch 

resonance, adding them together causes enhancement in impedance bandwidth. Enhancement of 

impedance bandwidth and gain does not affect the nature of broadside radiation characteristics. 

It is found that lower and upper resonance frequency shifts towards lower side as the slot length 

increases and the bandwidth at both frequencies decreases. Higher resonance frequency shifts to 

higher side and lower resonance frequency shifts to lower side and the bandwidth for different slot 

width. It is also found that at lower resonance frequency the bandwidth depends inversely on the slot 

width whereas at upper resonance frequency the bandwidth depends directly on the slot width. It is 

clear that the resonance frequency decreases with increasing the feed position. The resonance 

frequency is highly dependent on the slot dimensions as well as the feed locations. From these 

discussions, it is noted that PIFA with U-slot on H-shaped patch enhances the bandwidth, whereas 

PIFA with U-slot on rectangular patch reduces the quality factor. 

V. CONCLUSION 

It can be observed that the relative bandwidth of slotted PIFA is larger than conventional PIFA from 

the simulation results. The concept based on a PIFA-slot has been shown to be useful to design 

multiband handset antennas where the number of frequency bands is given by the sum of the bands 

given by each radiator. Moreover, said bands can be controlled independently which adds an extra 

freedom design.  

It is proposed that a novel hybrid PIFA with U-slot on rectangular and H-shaped patch for  handheld 

satellite phones, WLAN, Bluetooth and Wimax applications. Its resonant frequency can be 

controlled by adjusting the inductance of the loop structure formed by the feed line and shorting pin. 

Thus, the PIFA for the lower band (1.6 GHz) and the slot for the higher band (11 GHz) operate using 

the same feeding voltage source. The relative bandwidth of PIFA with U-slot on H-shaped patch is 

greater than the conventional PIFA and PIFA with U-shaped slot on rectangular patch. 

Small volume, good electrical characteristics make slotted PIFA a promising candidate for the 

wireless applications. Main considerations for the design are  

� Dimensions of conducting patch: They depend on the design frequency. The conducting patch 

should be of λ/4 dimension.  

� Size of the ground plane: Ground plane affects the bandwidth to a greater extent; it should be 

optimized for the design frequency. The optimized value is 45% for the length and 25% for 

the width respectively.  

� Position of the feed: It plays a major role in the impedance matching. The position of the feed 

should be as close to the short in order to get good impedance matching.  

� Height of PIFA from ground plane: It will determine the bandwidth of PIFA. More the height, 

more the bandwidth will be.  
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