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Abstract—A novel printed monopole antenna using slotted 

meandering line is proposed for UWB application. The novelty 

of the design is obtained by using a slotted meandering line to 

reduce the surface area of the antenna structure without 

degrading the original frequency band. The conducting surface 

area of the proposed antenna is 70 mm2, which is 46% less  

compared to the reference antenna. The overall size of the 

proposed antenna is 18% reduced as compared to the reference 

antenna is achieved in this paper. The antenna has been 

constructed on low-cost 1.6 mm thick FR4 substrate. The 

proposed antenna operates between 2.73 – 10.73 GHz and 

stable radiation patterns are achieved over entire UWB band. 

The proposed antenna is fabricated and tested. The Measured 

results are in good agreement with simulated results.    
 
Index Terms—Compact  size,  small area,  ultra-wideband, 

slotted meandering line, Reflection coefficient 
 

I. INTRODUCTION 

The Federal Communication Commission (FCC) had 

released the spectrum from 3.1 to 10.6 GHz for ultra-

wideband (UWB) applications in 2002. UWB 

communication systems have the assurance of very high 

bandwidth, high data rate, low power emission, reduced 

fading from multipath for short-range wireless 

application [1].
 
Meandering line antenna (MLA) is a 

preeminent technique for a compact antenna with 

omnidirectional radiation pattern, good radiation 

efficiency, and less cross polarization [2]. In the literature, 

conventional MLA has a small impedance bandwidth [2, 

3]. Recent research development trends indicate various 

design method was proposed to increase the bandwidth of 

MLAs [4]-[7]. Double rectangular loop geometry was 

used for bandwidth enhancement and compact size 

antenna [4]. A rectangular shape loop has been used 

between the meandering line part and feed line of the 

antenna to improving the operating frequency band [5]. 

The ascendant tapering arrangement, the meandering line 

antenna has also efficiently achieved wideband 

performance [6]. Double layered MLA structure was 

presented for Bandwidth enhancement [7]. A simple 

inverted U-shaped and truncated slit on ground plane 

                                                           
Manuscript received August 15, 2018; revised March 6, 2019. 

Corresponding author email: mahadu2005@gmail.com 

doi:10.12720/jcm.14.4.318-323

mender PDA antenna for GSM, DCS, UMTS, WLAN 

application was investigated [8]. A hexagonal meander-

line structure with defected ground plane structure was 

presented for Wireless application [9]. A meandering line 

antenna was investigated for wireless communication 

such as GSM, DCS, and UMTS application [10]. 

Compact circular patch with slotted mender line 

monopole antenna was investigated for X band 

application [11]. 

With present demands for reliable, flexible, 

economically and light weight antenna for wireless 

communication application, there is progress in using 

small conducting surface area or conductive ink printed 

antenna [12]. A radiating surface area reduction concept 

was studied for sinking the amount of conductive ink to 

be used in printed cell phone antenna resulting in reduced 

weight and cost cut [13]. In the literature printed, a 

radiating surface area of the antenna was reduced by 

applying a grid pattern antenna technique for Radio 

Frequency Identification (RFID) application [14]. 

Considering conductive ink for silver is comparatively 

costlier, reduction of the amount of conductive area on 

every antenna will be cost-effective. On comparing the 

performance of a silver ink antenna with a copper 

antenna, the former turned better [15]. Conductive ink, 

being able to print on the different type of substrate 

material such as polyester to paper and 3D printing 

technique on an asymmetrical surface, provides a capable 

alternative for printing antenna [16].  

In this paper, we’ve proposed for a compact printed 

monopole antenna with small conducting surface area 

based on slotted meandering line ranging from 2.73-

10.73 GHz for UWB which has not been reported in any 

previous work of literature. The demonstration of 

compacting the antenna and reducing the conducting area 

using slotted meandering line is showcased in section II. 

Section III shows the simulated and measured results of 

the proposed antenna. The proposed antenna has a small 

conducting area of 70 mm
2
 and small size of 16x17 mm

2
. 

II. ANTENNNA DESIGN AND APPROACH 

The reduced conducting area and compact size of 

printed monopole antenna based on slotted meandering 

318©2019 Journal of Communications

Journal of Communications Vol. 14, No. 4, April 2019



line is presented in this section. The antenna structure is 

shown in Fig. 1 was designed and fabricated on FR 4 

substrate with relative permittivity (εr) of 4.4, loss 

tangent (tan δ) of 0.02 and thickness of 1.6 mm. The 

antenna is fed by 50 Ω microstrip line with partial ground 

plane.   

The proposed antenna has a compact size of 16 mm x 

17 mm. In Fig. 1 (b) LG is the length of a partial ground 

plane which provided the proposed wide bandwidth. In 

Fig. 1 (a) XF is the width of the micro-strip feed line that 

is fixed at 2.2 mm in order to obtain 50Ω impedance.  

 
(a) 

 
(b) 

Fig. 1. Configuration of proposed antenna (a) Front view. (b) Back 
View. 

All antenna configurations (Ant. 1, 2, 3, 4 & 5 in Fig. 2) 

use the same substrate and feed dimensions. The 

simulation work has been carried out using High 

Frequency Structure Simulator (HFSS). The width PW 

and length PL of the radiating patch and other antenna 

parameter shown in Fig. 1 are calculated based on the 

following equation.  
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TABLE I: PROPOSED ANTENNA PARAMETER BEFORE OPTIMIZATION 

Parameter L W PL PW XF LG 

Unit (mm)  19 23 9.84 12.42 2.8 5.8 

Parameter FI L1 L2 W1 W2 -- 

Unit (mm)  5.5 11 5.5 -- -- -- 

 

The dimension of the patch, ground plane and slotted 

mender line is shown in Table II for the proposed antenna 

after optimization.  

TABLE II.  PROPOSED ANTENNA PARAMETERS AFTER OPTIMIZATION 

Parameter L W PL PW XF LG 

Unit (mm)  16 17 9.8 12 2.2 5.5 

Parameter FI L1 L2 W1 W2 -- 

Unit (mm)  5.5 6.6 8.8 0.4 1.2 -- 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

Fig. 2. Evolution of the proposed antenna (a) Ant.1. (b) Ant.2. (c) Ant.3. 
(d) Ant. 4. (e) Ant.5 

The Proposed antenna shown in Fig. 2 has undergone 

few evolutions steps before reducing the size and 

conducting surface area. Ant.1 is a simple conventional 

printed square monopole antenna covering conducting 

area of 130mm
2
 with ultra-wideband operating frequency 

2.53 to 11.0 GHz and the gain of an antenna at the center 

frequency (6.85 GHz) is 2.27 dB. Introducing the square 

slots on the radiating patch as represent in Ant.2 shows 

that conducting area is reduced by 18% while the 

operating frequency is the same as Ant.1 and gain of the 

antenna is 2.20 dB. Introducing the meandering line 

method on the radiating patch, Ant.3 area is reduced by 

33% compared with the reference antenna with the same 

operating frequency as Ant.1 and the gain is 1.98 dB. A 

line slot is introduced to the mender line patch of Ant.4 to 

reduce the conducting area of the antenna by 46% 

compared with the reference antenna and the gain is 1.90 

dB. Ant. 1, Ant. 2, Ant. 3, and Ant. 4 have the same 

antenna size of 20mm×20mm but different conducting 

areas without degrading the original frequency band 

resulting in UWB. Ant. 5 reduced by 18% in comparison 

to reference antenna is achieved for a compact design 

which works in 2.73-10.73 GHz band and the gain is 1.80 

dB. 

TABLE III: PERFORMANCE COMPARISON EVOLUTIONS OF THE 

PROPOSED ANTENNA 

Sr. 
No. 

Ant. Size 
(mm) 

Operating 
Freq (GHz) 

Peak 
Return 

loss dB 

Peak 
VSWR 

Gain 
(dB) 

Area Size 
(mm 2) 

1. Ant. 1 20 x 20 2.53-11.0 -19.58 1.27 2.27 130 
 

2. Ant. 2 20 x 20 2.53-11.0 -18.77 1.29 2.20 107 

 
3. Ant. 3 20 x 20 2.53-10.8 -35.28 1.02 1.98 87 

4. Ant. 4 20 x 20 2.53-11.0 -34.39 1.03 1.90 70 

5. Ant.5 16 x 17 2.73-10.73 -28.56 1.40 1.80 70 

 

Table III concludes the performance of the proposed 

antenna with reference antennas. It is discovered that the 

size of the proposed antenna is reduced from 20 x 20 

mm
2
 to 16 x 17 mm

2
. Conducting area size is reduced by 

18%, 33%, and 46%. Ant.1 was covering an area of 

130mm
2 

while the proposed antenna has an area of 

70mm
2
.  Reduction in conducting area of the antenna for 

cost saving is achieved while retaining the operating 

frequency for UWB application. Reducing the size of the 

antenna and conducting area results in reduced gains of 

the antenna. It is observed that gain of the antenna is not 

degrading the acceptable range.  

III. RESULT AND DISCUSSION 

The simulated reflection coefficients of all antenna 

configurations in Fig. 2 are explained in Fig. 3. Ant.1, 2, 

3, 4 (reference antenna) and Ant.5 (proposed antenna) 

resonate at two different frequencies. Ant.1, 2 operate in 

2.53 to 11.0 GHz frequency band with the input 

reflection coefficient less than -10dB. Ant.3 is resonating 

at 4.6 GHz frequency corresponding to 2.53 - 10.8 GHz 

band. Ant.4 is resonating at 4.7 GHz frequency 

corresponding to 2.53 - 11.0 GHz band. With Proposed 

Ant.5, dual resonance frequencies are achieved, with first 

resonance at 3.95 GHz and second resonance at 8.9 GHz 

corresponding to 2.73 - 10.73 GHz band. From the graph, 

it can be seen that the lower resonance frequency of 

Ant.5 is decreased from 4.82 to 3.95 GHz and the higher 

resonance frequency is obtained from 8 to 9.3 GHz 

compared to the reference antenna. This shows how 

impedance bandwidth changes as antenna become 

smaller. 
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Fig. 3. Simulated reflection coefficient for various antenna 
configurations. 

Fig. 4 shows a surface current distribution of the 

proposed antenna. Maximum current is concentrated on 

the edges of the meandering line and on the feed line. It 

shows how the meander line increases the length of the 

current patch.   

 

Fig. 4. Simulated surface current distribution of the proposed antenna. 

 
(a)                                 (b) 

Fig. 5. Photographs of proposed slotted meandering line antenna 

(prototype). (a) Front View (b) Back View 

 
Fig. 6. Simulated and measured reflection coefficient of the proposed 

antenna. 

Based on the design parameter, the proposed antenna 

structure is fabricated as shown in Fig. 5. The antenna 

was tested using Agilent VNA (8722ET). The measured 

results return loss (S11) is compared with simulated 

results. In Fig. 6 simulated results is denoted by a plane 

line while measured result is denoted by a dotted line. 

The simulated and measured result of the proposed 

antenna is operated on UWB band which is 2.73 to 10.73 

GHz. Antenna hardware may produce few fluctuations in 

the measured results for reasons like fabrication errors 

and measurement inaccuracy. However, in general, 

measured results are close to simulated results.  

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Radiation patterns for the proposed antenna with copolar and 

cross-polar at resonant frequencies (a) 4 GHz, (b) 6 GHz and (c) 8 GHz 

Fig. 7 shows simulated normalized co-polar and cross-

polar H plane (xy-plane) radiation pattern of the antenna 

at 4, 6 and 8 GHz respectively. The copolar H-plane 

radiation pattern is purely omnidirectional at all the 

frequencies. Cross-polar H plane radiation pattern at 4, 6 

and 8 GHz is between -30 and -25 dB. As less energy 

radiation occurs in the cross-polar direction compared to 

co-polar direction, it makes a proposed antenna an 

efficient radiator in the required direction. 
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Fig. 8. Gain Vs Frequency plot of proposed antenna 

The proposed antenna gain is shown in Fig. 8 which 

indicates the maximum gain of 4 dBi at 9 GHz. Gain 

varies from 0.8 dBi to 4 dBi over the UWB band of 2.73 

to 10.73 GHz.  

 
Fig. 9. Efficiency Vs Frequency plot of proposed antenna 

At the frequency of around 9 GHz, it has an efficiency 

of more than 95%. As shown in Fig. 9, over the UWB 

range, it has the efficiency of 78-95% which implies that 

the result of efficiency is appropriate for all UWB 

applications. 

TABLE IV: PERFORMANCE COMPARISON OF THE PROPOSED ANTENNA WITH REFERENCE ANTENNAS 

Ref Size (mm) Conducting 

Area. 

(mm2) 

Operating Frequency Gain  (Peak) Application 

4. 30 x 30 180 216-224 MHz -14.2 dBi Wireless mic 

5. 40 x 50 169 1.66 –2.4  GHz 3.66 dBi GPS,DCS,PCS,UMTS, and 

WiBro Band 

6. 59 x 24.4 516 2.55 GHz ------ Broadband Wireless Application 

7. 46 x 98.5 935 423 MHz 3.4 dBi ------ 

8. 100 x 61 5060 868-995 MHz 

and 

1550-2490 MHz 

3.8 dBi GSM, DCS,PCS,UMTS, 

9. 50 x 60 532 1.68-1.7 GHz, 2.49-2.71 

GHz and 2.75-2.98 GHz 

2.3 dBi GSM 1800, WiMax 

10 40 x 60 561 0.9 GHz, 1.8 GHz, 2.1 

GHz 

3.7 dBi GSM, DCS,UTMS 

Proposed 16 x 17 70 2.73- 10.73 GHz 4 dBi UWB Application 

 

Table IV concludes the performances of the proposed 

antenna with other reported meandering line antennas. It 

is discovered that the operating frequency and gain of the 

proposed antenna are higher compared to [4]–[10]. The 

proposed antenna consists of a small conducting area and 

compact size which is easier to fabricate for UWB 

applications. 

IV. CONCLUSIONS 

A compact printed monopole antenna based on the 

slotted meandering line is presented for UWB band 

applications at operating frequency of 2.73-10.73 GHz. 

The overall size reduction of 18% and conducting area 

reduction of 46% has been achieved using the 

aforementioned techniques. The proposed antenna offers 

omnidirectional radiation pattern of 4 dBi  gain and 95% 

efficiency. It is observed that the proposed antenna 

produces higher antenna gain and operating frequency 

than the reported antennas in the literature. 
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