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Abstract 

The multiband U slotted patch antennas are usually designed with complex feeding such as L- probe, M- probe feedings. In this 

paper, a multiband microstrip patch antenna with simple strip line feeding, which enables a handheld communicating device to 

support different wireless applications, is proposed. The antenna can efficiently support for different bands with their centre 

frequencies as 1.9GHz, 2.4GHz, 3. 3 GHz coming under the bands of different wireless applications as GSM, Bluetooth, 

WLAN/WIFI, WiMAX and some defence applications such as radio navigation. To obtain the multiple bands, multiple U- slots 

are provided with the rectangular patch and to provide impedance matching, the feeding position is varied along the edge of the 

patch, thus availing efficient radiation. The proposed design has the advantage of having simple feed and the structure remains 

single layer and single patch. The simulated results (using Ansoft HFSS) of the proposed antenna are presented and a good 

agreement is observed between them.                 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In most of the handheld devices in wireless communication, there is a need to cover more than a single frequency band to support 

more wireless applications. For example, a base station antenna may be required to provide wireless access services for both 

WCDMA (1.92 -2.17 GHz) and WiMAX (2.50 - 2.69 GHz) simultaneously, while rejecting most of the frequencies between the 

two bands. If the antenna is to cover the band of WiMAX (3.3 - 3.7 GHz), a triple band antenna is desirable. 

 The primary disadvantage of the simple Rectangular Microstrip Patch Antennas is its narrow band frequency response, most of 

the times, not covering the entire frequency band of a single application [5], [6]. So, at first, the concentration was made to broaden 

the frequency band supported by the antenna. Then, the need is to cover more frequency bands to support many applications using 

a single antenna. The solutions for these problems are to use the techniques like Probe Compensation (L-shaped probe, capacitive 

“top hat” on probe), Parasitic Patches, Direct-Coupled Patches, Slot and Slit loaded patches (U or V- shaped slots and E patch, U-

Shaped Slit), Stacked Patches, Patch with parasitic strip and the use of Electromagnetic Band Gap (EBG) structures. Most of these 

methods require complex feeding techniques and complex structures like more layers and parasitic structures. To avoid the foreseen 

drawbacks, a simple antenna is designed considering the following techniques. One of the popular techniques for broadening the 

patch antenna bandwidth is to incorporate a U-slot on its surface [11]. 

 It has recently been found that U slot can be used not only to broaden the bandwidth supported, but also to provide more bands 

by additional U slots [1], [12], [13] and loading the patch with U slots can broaden not only the fundamental mode frequency band, 

but also the higher order mode frequency band [2], [3]. 

 The U- slotted Patch Antenna can be provided with an inset feed, which has its dimensions optimized to provide impedance 

matching such that it can suppress the harmonic frequencies (other than the multiple operating frequency bands) and thus this 

design eliminates the need of BPF (Band Pass Filter) [4]. U slots can also be designed to perform several other functions including 

wideband, dual- and triple- band operations with small and large frequency ratios, as well as for circular-polarization applications. 

Even with reduction in the size of rectangular patch that resulting in asymmetric U- slot patch antenna fed with thicker probe, 

broadening the operating bandwidth is possible [9]. 
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II. MICROSTRIP PATCH ANTENNA DESIGN & CONFIGURATION WITH DOUBLE U-SLOT 

Most of the studies of the U- slot patch antenna were concerned with its broadband capabilities. However, since the U-slot 

introduces another resonance, a dual-band antenna can be obtained by appropriately choosing the parameters [1]. To obtain triple-

band operation, a second slot is needed. Recent studies have shown that there are two approaches, depending on whether the 

frequency ratios are larger than or less than about 1.5. The two cases will be referred to as large frequency ratio and small frequency 

ratio, respectively. This section is concerned with this discussion. 

 For the case with the frequency ratio larger than 1.5, the approach is to use a coaxial feed and to adjust different dimensions of 

the U- slot, so that the resonance of the patch and the resonance of the slot do not merge to yield a broadband response. Two slots 

are necessary to achieve triple- band operation. It is possible to use two U-slots or to use a slot of any other shape (H, V, etc) along 

with the U- slot [3]. For small frequency ratios, one simple approach is to start with a broadband antenna in the form of an L-probe- 

feed patch antenna. When properly designed, this configuration can yield impedance bandwidths more than 40%. When a U-slot 

is introduced into the patch, a notch is introduced within the matching band, and a dual-band antenna is resulted. With two U- 

slots, two notches are introduced, and a triple-band antenna is resulted [3]. 

 In this paper, the simple strip line fed multiband antenna is designed with the concept as follows: first, the simple rectangular 

patch is designed for the resonant frequency of 1.88 GHz. Then, two U- slots are introduced one by one and optimized so that to 

provide multiband response. Since, edge feeding is used, the impedance matching is provided by varying the feed position along 

the y- axis. Thus, the antenna exhibits good reflection response for the 6 different bands, exhibiting the reflection coefficient to be 

less than -10 dB. The substrate size is chosen to be 65.2mm X 76.6mm. The impedance matching is provided by feeding the patch 

at 8.5mm from the edge centre of the patch along the y axis. 

 Antenna Geometry 

 
Fig. 1. Geometry of the Proposed Antenna (A) Top View (B) Front View 

The geometry of the proposed multiband antenna is shown in Fig. 1, where a microstrip line fed rectangular patch is printed over 

a FR4 substrate of thickness 3 mm and permittivity of the substrate is 4.4. The substrate size is selected as 65.2mm X 76.6mm to 

provide enhanced bandwidth response. The width of the microstrip line feed is calculated as 3mm for the above specifications, to 

provide 50Ω impedance to the input signal. The dimensions of the designed multiband antenna are are listed in Table I, which are 

obtained via iterative process. 
Table – 1 

Dimensions of Proposed U-Slot Microstrip Antenna 
Parameter Units(mm) Parameter Units(mm) Parameter Units(mm) 

L 37.2 d 14 Lu2 22.5 

W 48.44 h 3 Wu2 12 

Lu1 25 a1 0.9 𝑊𝑓 3.1 

Wu1 23 a2 0.9 𝐿𝑓 11 
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III. DOUBLE U-SLOT ANTENNA CALCULATIONS 

The resonant frequency is set to 𝑓𝑟= 1.9 GHz and the specified relative permittivity of FR4 epoxy substrate is 𝜀𝑟= 4.4 and assuming 

height of substrate as h=3mm. considering these specifications, the calculated values of the prototype microstrip patch antenna 

with resonant frequency 𝑓𝑟=1.9GHz. 
Table – 2 

Specifications of Microstrip Patch Antenna 

Parameter Values 

Operating frequency 1.9 GHz 

Length of patch 37.2mm 

Width of patch 48.5mm 

Di-electric constant 4.4 

Height of substrate 3mm 

Table – 3 

Design Parameters of Double U-Slot Microstrip Patch Antenna 
Parameters Calculated values(mm) Optimized values(mm) 

Length of ground 63.5 65.2 

Width of ground 74.8 76.6 

Length of patch 36.4 37.2 

Width of patch 48 48.44 

Feed line 9.3 11 

IV. RESULTS & ANALYSIS 

The prototype of proposed antenna in Fig. 2 was investigated experimentally. The overall size is 65.2mm X 76.6mm at 1.9 GHz. 

According to the simulated results, the U-slot technique increases the impedance bandwidth. To study the effect of the U-slot 

inclusion, as well as the variation of the pattern along the frequencies of the entire bandwidth. [10] 

 
Fig. 2: Design of U-Slot Microstrip Patch Antenna 

 
Fig. 3: Return Loss (𝑆11) of Double U-Slot Microstrip Patch Antenna 

1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60
Freq [GHz]

-25.00

-20.00

-15.00

-10.00

-5.00

0.00

d
B

(S
t(

F
E

E
D

_
T

1
,F

E
E

D
_

T
1

))

doub uXY Plot 1 ANSOFT

m 1

m 3

m 2

Curve Info

dB(St(FEED_T1,FEED_T1))
Setup1 : Sw eep

Name X Y

m 1 1.9000 -21.7312

m 2 2.4600 -18.0355

m 3 3.3200 -23.1320



Design of Double U-Slot Multiband Microstrip Patch Antenna  
(IJSTE/ Volume 5 / Issue 1 / 024) 

 

 All rights reserved by www.ijste.org 
 

126 

 

 
Fig. 4: VSWR Double U-Slot Microstrip Patch Antenna 

 
Fig. 5: Radiation Pattern of Double U-Slot Microstrip Patch Antenna 

V. CONCLUSION 

Thus, we have successfully simulated a U-slot microstrip antenna using HFSS software. The Return loss and VSWR on both the 

operating frequency are improved to a better and high value with an increased bandwidth and gain. This prototype can be integrated 

into the design of microwave or millimetre wave integrated circuit where the compactness is crucial and in applications where 

multiband support is required. 
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