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VII. In section III part C parametric study: the authors have to mention clearly:
� which parameter controls the bandwidth of each band
� Which parameter controls the resonant frequency of each band

VIII. In figure 11 radiation pattern the authors has to mention both simulated and measured co polarization and cross polarization in
both E and H planes.

IX. In figure 12 the authors have to mention both simulated and measured gains and radiation efficiency

X. The design used in the article is well known. The design is essentially a wire monopole antenna with multiple arms in the monopole.
Also, other compact designs are available so what is the advantage the proposed design have over other existing compact designs.

XI. The authors are suggested to provide detailed comparison of presented paper with reference [30].

Editor's Remark:

Edit and/or complement the rest references by referring to the format of the first 5 references.

OJS-14963.docx
1979K

Yusnita Rahayu <yusnita.rahayu@lecturer.unri.ac.id> Mon, Aug 26, 2024 at 11:19 AM
To: Dimas Rama Adji Pangestu 2007113721 <dimas.rama3721@student.unri.ac.id>

[Quoted text hidden]

OJS-14963.docx
1979K

https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=19189068605b4e4e&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=19189068605b4e4e&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=1918ce8e17478bd7&attid=0.1&disp=attd&realattid=1918ce8b757d38456b01&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=1918ce8e17478bd7&attid=0.1&disp=attd&realattid=1918ce8b757d38456b01&safe=1&zw


Yusnita Rahayu <yusnita.rahayu@lecturer.unri.ac.id>

On Your Revised Paper
2 messages

Prof. Jason Z. Kang <ijeetc@ejournal.net> Mon, Oct 14, 2024 at 5:51 PM
To: Yusnita Rahayu <yusnita.rahayu@lecturer.unri.ac.id>

Dear Yusnita Rahayu,

You have been informed on August 25 the review decision, Revision Required, of your paper. Up to today, one and half months have
passed, please submit your revised paper ASAP for the editorial board to make the final decision.

Please feel free to contact us if any question.

Regards,

Jason

—
Reply to this comment at #14963 Rahayu et al. or unsubscribe from emails sent by International Journal of Electrical and Electronic
Engineering & Telecommunications.

Yusnita Rahayu <yusnita.rahayu@lecturer.unri.ac.id> Thu, Oct 17, 2024 at 10:46 AM
To: "Prof. Jason Z. Kang" <ijeetc@ejournal.net>

Dear Prof. Jason

Thank you for your reminder.

Attached is the revised version and response to the reviewer comments.

Regards

Yusnita
[Quoted text hidden]
--
DR. YUSNITA RAHAYU, M.Eng (SMIEEE)
Lecturer
Department of Electrical Engineering
Faculty of Engineeing
University of Riau

2 attachments

Response_to_Reviewer_Comments.docx
22K

OJS-14963- revised.docx
1885K

https://ojs.ejournal.net/index.php/ijeetc/workflow/access/14963
https://ojs.ejournal.net/index.php/ijeetc/notification/unsubscribe?validate=eyJ0eXAiOiJKV1QiLCJhbGciOiJIUzI1NiJ9.IlwidW5zdWJzY3JpYmUtNS01Njc3NS01MTIyMDRcIiI.mndDaBVLqBfDF3UM2cL-Ca0mobE2ybXaOj_YhvWmsmo&id=512204
https://ojs.ejournal.net/index.php/ijeetc
https://ojs.ejournal.net/index.php/ijeetc
https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=19298955f10fa3bd&attid=0.1&disp=attd&realattid=f_m2crdu3h0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=19298955f10fa3bd&attid=0.1&disp=attd&realattid=f_m2crdu3h0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=19298955f10fa3bd&attid=0.2&disp=attd&realattid=f_m2crdzce1&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=d16cadc974&view=att&th=19298955f10fa3bd&attid=0.2&disp=attd&realattid=f_m2crdzce1&safe=1&zw


Response to Reviewer Comments 
 

Journal Name:  International Journal of Electrical and Electronic Engineering & 

Telecommunications. 

Article Title: Compact Triple-Band Monopole Antenna with ACS-Fed for IoT Devices on 

WLAN/WiMAX/5G/V2X Networks. 
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1 The novelty should be clearly listed. The novelty of this work is clearly 
stated in Part 1, in the last paragraph.  

 A comparison of measurement and 
simulation of S11 and bandwidth is needed. 

Part III, Section A, Fig. 4 compares 
measured and simulated S11 and 
bandwidth. 

 A comparison of measurement and 
simulation of the radiation pattern is 
needed. 

A comparison of measured and 
simulated radiation patterns was 
mentioned in Part III, Section D, Fig. 
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 See Table II, size normalization is required 
for the wavelength of the first band. 

Thank you for your comments. We 
have provided the antenna sizes in 
free-space wavelength 
dimensions which are listed in Table II. 
All are highlighted in yellow color. 

 A photograph of the antenna must be 
included. 

A photograph of the antenna is in Fig. 
1 c.  

2 Multi-band antennas are already commonly 
displayed in other works. Author needs to 
explain what the main contribution of this 
work. 

The novelty of this work is clearly 
stated in Part 1, in the last paragraph.  

 Picture 2 (a) shows the evolution of the 
antenna, how did the author determine the 
dimensions of the antenna? 

The dimension of the antenna was 
calculated based on its operating 
frequency and λ/4. The details of 
evolution are explained in the 1st 
paragraph, page 3 (highlighted in red 
color). 

 Figure 2 (b) shows the simulation of the 
antenna model. The simulation results from 
models 2, 3 and 4 are almost similar. The 
author needs to explain the main purpose of 
the development of the proposed antenna 
model. 
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Paragraph 2, line 10, page 3 
(highlighted in red color) 

 The author needs to explain why the 
bandwidth of the third frequency is wider 
than the other two frequencies. 

W7 is a significant factor that affects the 
lower and higher bands as W7 is in the 
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parameter can affect both the lower 
and higher bands as it is also the 
resonant path for both bands. 

 The author needs to explain why the gain 
from the proposed antenna is negative? 

The experimental values of peak gain 
range between the bands of 2.31 GHz 



to 2.63 GHz, 3.3 GHz to 3.77GHz, and 
5.12 GHz to 6 GHz and vary between 
2.4 dBi to 3.7 dBi, 3.6 dBi to 5.6 dBi and 
5.7 GHz to 7.6 dBi respectively. 

3  In TABLE V, the authors have compared 
the performance of the proposed antenna 
with those published in the literature. The 
comparison needs to be fairer since these 
antennas have been designed for different 
operating frequencies. To make the 
comparison convincible, it is better to 
express the dimensions of the presented 
antennas in terms of the free-space 
wavelengths calculated at the lowest 
resonant frequencies. 

Thank you for your comments. We 
have provided the antenna sizes in 
free-space wavelength 
dimensions which are listed in Table II. 
All are highlighted in yellow color. 

 In section II, the authors mentioned that 
adding an inverted L-shaped strip as in 
stage 4 (Ant 4) can deepen the return loss 
at higher bands. A proper justification 
should be added about this. 

We can see the change in current flow 
by adding the inverted L-shaped to the 
structure.  

 In section III the authors presented both 
S11 and VSWR results. There is no need of 
both S11 and VSWR results as they both 
interrelated, it is suggested to remove 
VSWR result. 

Thank you for your suggestion. We 
keep the VSWR results to show that 
we did measurements of VSWR and 
also S11.  

 In section III part B the authors mentioned 
that In addition, Fig. 6 (d) and 6 (e) show 
that the lengths of the two paths also 
converge to half the wavelength which 
gives a higher band resonance of 5.51 GHz 
(paths A-B and C-D) and 6.62 GHz (path A-
B), respectively. When the length of the two 
paths converge to half wavelength how the 
authors consider it as monopole (quarter 
the wavelength). A proper justification 
should be added about this. 

Thank you for your correction. We 
replaced the confusing statement with 
a clearer one based on the current flow 
observation. 

 In section III part C the authors mentioned, 
Fig. 7 shows the return loss of the antenna 
design with different width variations of W1. 
There is difference between reflection 
coefficient and return loss. It is suggested to 
change return loss to reflection coefficient. 

Thank you for your correction. We 
have replaced all return loss terms with 
the reflection coefficient.  

 The quality of almost all pictures is 
substandard and need to be replaced. 
Higher resolution is certainly needed. 

Thank you. We have provided the 
optimum resolution for all figures. 



 In section III part C parametric study: the 
authors have to mention clearly: 

 which parameter controls the bandwidth 
of each band 

 Which parameter controls the resonant 
frequency of each band 

We have clearly explained each 
parametric study and the effect of 
varying parameters in controlling the 
antenna performance. 

 In figure 11 radiation pattern the authors 
has to mention both simulated and 
measured co polarization and cross 
polarization in both E and H planes. 

Thank you for your comments. We 
measured and compared both 
radiation patterns for E and H planes 
only. The YZ and XZ slices depict the 
E (Elevation) plane and the XY slice 
depicts the H (Azimuth) plane. 

 In figure 12 the authors have to mention 
both simulated and measured gains and 
radiation efficiency 

Thank you for your comments. We 
focused on measured gain and 
efficiency, which are more important to 
prove that this antenna works in a real 
prototype.  

 The design used in the article is well known. 
The design is essentially a wire monopole 
antenna with multiple arms in the 
monopole. Also, other compact designs are 
available so what is the advantage the 
proposed design have over other existing 
compact designs. 

The novelty of this work is clearly 
stated in Part 1, in the last paragraph. 

 The authors are suggested to provide 
detailed comparison of presented paper 
with reference [30]. 

We can not make a detailed 
comparison with this ref [30] since this 
antenna uses HCFA and NN for its 
design. Their method is different with 
our work unless only the ACS type.  
Comparison work has been done in 
Table II.  

   

 Editor Remarks:  

 Edit and/or complement the rest of 
the references by referring to the format of 
the first five references. 

Thank you for your comments. We 
have completed all the required 
information in all references. Additional 
information is highlighted in red color. 
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Abstract—This research investigates a compact asymmetric 

coplanar strip (ACS) fed monopole antenna that generates 

three frequency bands in wireless communication 

applications. The antenna design combines the ACS-fed 

technique with C-shaped, inverted L and U-shaped radiating 

strip branches to downsize the antenna size and generate 

multi-band radiation. The antenna is implemented on an 

inexpensive FR-4 substrate measuring 20×9×1.6 mm3. A 

systematic parametric assessment that includes variations in 

the length and width of the radiating strip has been carefully 

carried out, identifying three optimal frequency operational 

modes for the proposed antenna using an EM simulator 

Ansoft HFSS. The impedance bandwidths of the lower, 

middle, and higher frequency modes are 320 MHz (2.31-2.63 

GHz), 470 MHz (3.3-3.77 GHz), and 2820 MHz (5.12-7.94 

GHz), respectively. At 2.5 GHz, 3.55 GHz, and 5.45 GHz 

resonant frequencies, the measured antenna gain parameters 

are 5.67 dBi, 5.21 dBi, and 4.56 dBi. Due to its compact form 

factor and stable characteristics, the proposed antenna 

design emerges as a promising solution for internal antenna 

implementation in the Internet of Things (IoT) devices, 

especially in the context of wireless local area networks 

(WLAN), worldwide interoperability for microwave access 

(WiMAX), 5G sub-6GHz, and vehicle-to-everything (V2X) 

applications. 

Index Terms—Triple-band antenna, ACS-fed, IoT device, 

wireless network, V2X. 

I. INTRODUCTION  

The fast advancement of wireless communication 

systems has increased the demand for fast, reliable, and 

pervasive connectivity, especially for IoT devices. It is 

reported that before 2020, 25 billion devices were 

connected with 50 billion permanent connections and more 

than 200 billion intermittent connections, while Strategy 

Analytics estimates that there will be 38 billion 

connections by the end of 2025 and 50 billion by 2030 [1]. 

IoT devices have the ability to connect various devices 

through internet networks that enable real-time data 

collection, exchange, automation, decision-making, and 

analysis [2]. Therefore, IoT devices can improve 

efficiency, convenience, and innovation, playing a crucial 

role in various fields such as healthcare, transportation, 

smart cities, agriculture, and manufacturing [3]. The 

efficiency of IoT devices is highly dependent on stable and 

widespread wireless connectivity. To fulfill this need, an 

internal antenna that can operate across multiple 

frequencies, such as WLAN, WiMAX, 5G, and V2X, on 

portable devices is required. Therefore, there is a need for 

small-sized antennas that can be easily integrated into IoT 

devices. 

Several factors affect the size of an antenna, one of 

which is the selection of the antenna feeding methods. 

Three commonly used and highly regarded feeding 

methods in the research community are microstrip, 

coplanar waveguide (CPW), and ACS. These methods are 

favored due to their cost-effectiveness, straightforward 

design, broad impedance bandwidth, and omnidirectional 

radiation patterns [4]. Single-sided printing in CPW [5], 

[6] and ACS [7], [8] is relatively low-cost compared to 

microstrip feeding techniques. ACS feeding techniques 

can significantly reduce the size compared to microstrip or 

CPW feeding methods [9]. Importantly, this reduction in 

size does not compromise the antenna's performance 

characteristics. 

Many studies have shown that antennas designed using 

the ACS-fed technique are capable of achieving good 

multiband performance. ACS-fed antennas are effective in 

supporting various network operations used by modern 

wireless communication standards, such as WLAN and 

WiMAX [10]-[14]. In addition, this technology also 

supports applications in 5G sub-6GHz networks with 

optimized performance [15]-[18]. Furthermore, ACS-fed 

antennas are able to meet the needs of V2X or vehicle-to-

vehicle (V2V) [19]-[21]. 

In [22], integrating defected structures and ACS 

feeding, with a circular ring resonator (CRR) in the ground 

plane and an inverted T-shaped slot on the radiation strip, 

resulted in a smaller triple-band antenna that reduces 

interference, suitable for WLAN/WiMAX operations. 

Increasing the fractal order of the Hilbert Curve Fractal 

Antenna (HCFA) coupled with ACS-fed can reduce the 

antenna size and obtain high performance in multiband 

applications [23]. A swastika-shaped monopole antenna 

with ACS feeding is designed for tri-band WLAN and 

WiMAX applications, consisting of mirrored C-shaped 

strips, L-shaped strips, and meandering strips with a partial 

ground plane [24]. The antenna adopts an inverted L-shape 



and a separate rectangular split ring resonator (RSRR) 

structure combined with an ACS feedline to reduce the 

antenna size and generate three resonant frequencies for 

multiband applications [25]. To achieve the desired dual-

band frequencies for long-term evolution (LTE) and mid-

band 5G, a meandering line radiation structure and 

uniplanar design with ACS feed are used, significantly 

reducing the antenna size [26]. The monopole antenna was 

successfully downsized and produced four operating bands 

after combining a split ring resonator (SRR), an inverted 

U-stub, and a complimentary split ring resonator (CSRR) 

on the ground plane [27]. An electrically small ACS-fed 

antenna for WiMAX and WLAN applications uses a 

metamaterial-inspired open SRR as the radiator, achieving 

four operating bands [28]. A compact dual-band antenna 

inspired by a uniplanar metamaterial (MTM) has a circular 

closed ring resonator (CRR) radiating element on the 

outside, non-bianisotropic split ring resonator (NB-SRR) 

on the inside, and a meander strip line connected by an 

ACS fed to reduce size and improve impedance matching 

[29]. The designed antenna features an HCFA fed with an 

ACS and loaded with metamaterial RSRR, resulting in 

multiband radiation and a compact size [30]. However, the 

dimensions of some of these antenna designs make them 

less adaptable when integrated into IoT devices as internal 

antennas. 

Therefore, in this article, we propose the use of a printed 

monopole antenna with compact-sized triple-band 

capability. This antenna can be embedded inside IoT 

devices to support WLAN, WiMAX, sub-6 GHz 5G, and 

V2X operations.  Most researchers have designed the 

ACS-fed antenna for one of the WLAN/WiMAX/sub-6 

GHz 5G or V2X/V2V applications, but not all. This 

compact configuration includes C-shaped, inverted L, and 

U-shaped radiating strip branches to generate three 

different resonant modes with higher peak gain. In real 

application scenarios, the suggested antenna not only 

upholds a compact physical profile but also achieves good 

characteristics. 

II. ANTENNA DESIGN 

The overall structure of the proposed compact 

monopole antenna for IoT device systems can be observed 

in Fig. 1. The antenna has a small size of 9×20 mm², 

printed on an FR-4 substrate with a thickness of 1.6 mm, 

permittivity, and loss tangent of εr = 4.4 and tan δ = 0.02 

respectively, as illustrated in Fig. 1 (a). For ease of 

integration and compactness, the antenna's transmission 

line is fed using a 50 Ω ACS feeding technique and a 

partial ground plane on the front side, both connected with 

an SMA connector as shown in Fig. 1 (b). Therefore, the 

fabrication of the proposed antenna is realized using a 

single-sided metallization process. Fig. 1 (c) shows the 

physical manifestation of the proposed antenna. 

To assess the proposed antenna's performance, Fig. 2 

presents four stages of the modified antenna design's 

evolution using an EM simulator, Ansoft HFSS. Each 

evolution stage aims to meet the specifications of various 

frequency bands, such as WLAN, WiMAX, sub-6GHz 5G, 

and V2X. 

 
(a) 

   
(b)                                                       (c) 

Fig. 1. The proposed antenna geometry: (a) detailed dimensional design 

of the proposed antenna, (b) 3D visualization of the proposed antenna 

with SMA connector, (c) the physical manifestation of the antenna. 
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Fig. 2. (a) Evolution of antenna designs to the proposed model, (b) 

analysis of S11 responses from the evolution of the proposed antenna 

model. 
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The first antenna (Ant 1) was designed as an inverted U-

shaped meander with a long length designed to generate a 

frequency band at the lower resonant mode, which is 

dominated by the center frequency of 2.6 GHz. In addition, 

Ant 1 also stimulates a band in the higher resonant mode 

with an upper frequency of 5 GHz. Then, in the second 

stage (Ant 2), the antenna was adapted to target the middle 

band frequencies, with the modification of adding the 

length and configuration of the C-shaped radiating element 

effectively stimulating the 3.7 GHz middle band. Not only 

does Ant 2 stimulate the mid-band frequencies, but it also 

shifts the resonant frequency of the lower modes to 2.5 

GHz. In the third stage (Ant 3), a rectangular strip is placed 

at the end of the C-shaped radiating element to 

successfully shift the middle band to the resonant 

frequency of 3.5 GHz. Finally, adding an inverted L-

shaped strip as in stage 4 (Ant 4) can deepen the reflection 

coefficient at higher bands and thus form the proposed 

antenna. Through evolutionary stages and a series of 

careful evaluations, the optimal parameters of the 

proposed antenna are finally determined and attached in 

Table 1. 

TABLE I: OPTIMIZED VALUES OF THE PROPOSED ANTENNA 

Parameter Value (mm) Parameter Value (mm) 

W 9 W10 1.59 

Wf 2.39 L 20 

Wg 6.3 Lg 3.55 

W1 2.5 L1 8.2 

W2 2.54 L2 3.45 

W3 0.7 L3 1.4 

W4 3.2 L4 2.2 

W5 0.82 L5 2.3 

W6 0.7 L6 10.85 

W7 0.85 L7 0.8 

W8 1.44 L8 0.85 

W9 0.95 L9 9.4 

 

Furthermore, the effective bandwidth of the antenna is 

also checked with the antenna impedance, as plotted in Fig. 

3. By adjusting the antenna impedance including the real 

and imaginary parts (resistance and reactance) located in 

the desired frequency band, it can achieve a definition 

bandwidth of 10 dB, while the following conditions are 

satisfied simultaneously. In general, these conditions are 

that the resistance value is controlled in the range of 20 Ω 

to 75 Ω and the reactance value in the range of -25 Ω to 25 

Ω. The Ant 1 structure achieves excellent matching at 2.6 

GHz, (resistance and reactance are close to 50 Ω and 0 Ω, 

respectively), so the reflection coefficient of Ant 1 reaches 

as deep as 24 dB. Furthermore, by adding a C-shaped 

radiating element to form Ant 2, it effectively stimulates 

the 3.7 GHz middle band and shifts the lower frequency 

band to the 2.5 GHz resonance. Additionally, Ant 3 and 

Ant 4 offer good band matching at 3.5 GHz and deepen the 

reflection coefficient at higher bands, to fulfill the final 

antenna design. 
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Fig. 3. Model impedance of the four proposed antenna stages. (a) real 

part and (b) imaginary part. 

III. RESULTS AND DISCUSSIONS 

A. S11 and VSWR Measurement 

The antenna prototype was implemented by using a 

precise LPKF ProMat E33 circuit board etched machine 

and the measurement results were carefully measured by 

adopting a ShockLine MS46122A vector network 

analyzer. To compare the difference between the simulated 

and measured results, both results are plotted in Fig. 4. It 

can be observed that a slight deviation occurs in each band 

and this may come from the manufacturing process of the 

antenna and the connection between the SMA connector 

and the antenna. It can be found that the measured and 

simulated results are consistent according to the -10-dB 

impedance bandwidth, the measured reflection coefficient 

can cover 2.31 GHz to 2.63 GHz, 3.3 GHz to 3.77 GHz, 

and 5.12 GHz to 7.94 GHz. In addition, the VSWR 

measurement results, according to the general rule, can 

also be considered good; a value below 2:1 is considered 

good because it indicates that the majority of the energy 

emitted by the transmitter is successfully received by the 

antenna with little reflection, as shown in Fig. 5. 
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Fig. 4. Comparison of simulated and measured antenna S11 results. 
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Fig. 5. Comparison of simulated and measured antenna VSWR results. 

B. Current Distribution 

The resonance mechanism of the monopole-type 

antenna is dominated by the guided quarter wavelength 

resonance [21], described as 

 =
𝑐

4𝑓√eff

                                 (1) 

eff =
𝑟 + 1

2
                                (2) 

where λ is the wavelength in free space, c represents the 

speed of light (3×108 m/s), f and eff are the antenna 

working frequency and the effectiveness of some selected 

substrates. For further study of the resonant characteristics, 

simulation of the antenna current distribution using the 

Ansoft HFSS package will also be introduced in the next 

section. 

The designed pattern is installed on the top of the system 

base plane; corresponding branch strips are added to drive 

the lower, medium, and higher bands of the proposed 

antenna. In accordance with the triple band resonance, the 

simulated current distributions at various resonant 

frequencies (2.53 GHz, 3.54 GHz, 5.51 GHz, and 6.62 

GHz) will be executed as follows. For a clearer picture, the 

point-labeled map with detail marks is plotted in Fig. 6 (a), 

and the three simulated antenna current distributions at the 

previously mentioned frequencies are also plotted in Fig. 6 

(b) to (e), respectively. Fig. 6 (b) is the simulated current 

distribution when excited at 2.53 GHz. It is noted that the 

strong current density mainly flows along the right outer 

branch line (A-B-D-C-D line), whose length is estimated 

to be 30.2 mm and is close to a quarter of the wavelength 

of 2.53 GHz. In addition, the proposed antenna adopts a C-

shaped strip in the left part to stimulate mid-band 

resonance. Fig. 6 (c) displays the maximum current density 

flow along the vertical branch lines (lines A-E-F), when 

the antenna is excited at 3.53 GHz. The length of the main 

current distribution is 19.24 mm, which is equivalent to a 

quarter of the 3.53 GHz wavelength. In addition, Fig. 6 (d) 

shows the most current flow along paths A-B and C-D, 

which gives a higher band resonance of 5.51 GHz,  and 6 

(e) shows 6.62 GHz (path A-B), respectively. 

   
(a)                                    (b) 

     
(c)                              (d)                                (e)   

Fig. 6. Simulated results of antenna current distribution at (a) label-dot 

map, (b) 2.53 GHz, (c) 3.54 GHz, and (d) 5.51 GHz, (d) 6.62 GHz. 

C. Parametric study 

To further evaluate the characteristics of the proposed 

antenna, three important parameters (W1, W7, L7, L9) are 

selected for parametric study in this section. Fig. 7 shows 

the reflection coefficient of the antenna design with 

different width variations of W1 (2 mm, 2.5 mm, and 3 

mm). As mentioned earlier, the W1 parameter is located in 

the C-shape strip section, which is the main path of mid-

band resonance. The wider the W1 path, the intermediate 

frequency band will shift to a lower frequency. 

Meanwhile, the three results of varying the W1 values for 

the lower band and the high band cover the proposed band 

range. Through careful calculation, the optimized W1 value 

is finally selected to be 2.5 mm and can achieve the 

  

A 

B 

C 

D 

E 

F 



proposed mid-band to cover completely from 3.3 to 3.7 

GHz. 

Fig. 8 shows the effect of W7 variation on the reflection 

coefficient results of the antenna design. W7 is a significant 

factor that affects the lower and higher bands as W7 is in 

the resonance path of both bands. Increasing the value of 

W7 will shift the lower frequency band to higher frequency 

and the higher frequency band to lower frequency. 

Through careful simulation and evaluation, an optimized 

W7 value of 0.85 mm was obtained. This value provides 

the best performance in balancing the shifting of the lower 

and higher frequency bands, achieving optimal reflection 

coefficient. 

Furthermore, the L7 parameter affects the reflection 

coefficient results of the entire antenna frequency band. As 

seen in Fig. 9, the larger the value of L7, the overall 

frequency band will shift to a lower frequency. When L7 = 

0.3 mm, the lower frequency band does not cover the 

proposed band range. Meanwhile, when L7= 1.3mm, the 

higher frequency band also does not cover the proposed 

band range. After careful evaluation, a value of L7 = 0.8 

mm was chosen because its reflection coefficient results 

cover the entire proposed frequency band. 
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Fig. 7. Simulated results of antenna reflection coefficient with various 

values of W1. 
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Fig. 8. Simulated results of antenna reflection coefficient with various 

values of W7. 
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Fig. 9. Simulated results of antenna reflection coefficient with various 

values of L7. 
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Fig. 10. Simulated results of antenna reflection coefficient with various 

values of L9. 

In addition, the L9 parameter can affect both the lower 

and higher bands as it is also the resonant path for both 

bands. The larger the L9 value, both the lower and higher 

bands will shift to the lower frequency band. In Fig. 10, it 

can be seen that L9 =9.4 mm is chosen because its 

reflection coefficient results cover all three proposed 

frequency band ranges. 

D. Radiation Pattern Measurement 

In the context of antenna testing, aspects such as 

radiation pattern, gain, and efficiency are vital and must be 

tested in an anechoic chamber to prevent interference from 

surrounding electrical sources. The radiation performance 

of the designed antenna has been verified in an anechoic 

chamber. To demonstrate the antenna's performance at its 

intended working frequency, we selected three frequencies 

of 2.5 GHz, 3.55 GHz, and 5.45 GHz, each of which 

displays an optimal reflection coefficient to proceed. The 

radiation pattern of the tested antenna is shown in Fig. 11 

(a) to (c), where the YZ and XZ slices depict the E 

(Elevation) plane and the XY slice depicts the H (Azimuth) 

plane. From these measurements, it can be seen that the 

radiation patterns in the H and E planes indicate nearly 

omnidirectional and bidirectional characteristics across all 

targeted operational bandwidths. 
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Fig. 11. Measured antenna radiation patterns results at (a) 2.5 GHz, (b) 3.55 GHz and (c) 5.45GHz. 
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Fig. 12. Measured antenna peak gain and radiation efficiency results. 

In addition, the inherent peak gain and radiation 

efficiency of the antenna are also examined and verified 

inside the far-field anechoic chamber as mentioned earlier. 

All the experimental results, including peak gain and 

radiation efficiency, can be seen in Fig. 12. Meanwhile, the 

experimental values of peak gain range between the bands 

of 2.31 GHz to 2.63 GHz, 3.3 GHz to 3.77GHz, and 5.12 

GHz to 6 GHz and vary between 2.4 dBi to 3.7 dBi, 3.6 

dBi to 5.6 dBi and 5.7 GHz to 7.6 dBi respectively. In 

addition, the experimental efficiency from Fig. 9, the 

values show that the results range between 45% to 50%, 

43% to 71%, and 52% to 90% across the three operating 

bandwidths. With a smaller size and simple structure, the 

proposed antenna has good performance, which includes 

not only sufficient impedance bandwidth and satisfactory 

efficiency but also omnidirectional and bidirectional 

radiation patterns in both horizontal and vertical planes. In 

addition, this antenna has a multiband operation that easily 

includes WLAN, WiMAX, sub-6GHz 5G, and V2X 

bands. It can achieve various communication standard 

specifications and is a good candidate for IoT device 

antennas. 

Table 2 provides a comparison of the performance of 

the proposed antenna with other antennas using the ACS-

fed technique. From this table, it can be seen that the 

antenna described in this study has the most compact size 

compared to other antennas, which is only 20×9 mm². 



Despite its smaller size, this antenna still exhibits optimal 

performance with effective triple-band operation 

capability, as reflected by its bandwidth and peak gain. 

This shows that the proposed antenna is not only smaller 

but also efficient in maintaining good performance quality 

across multiple frequency bands. 

TABLE II: PERFORMANCE COMPARISON OF THE PROPOSED WORK WITH OTHER ACS-FED ANTENNAS 

Ref. Resonance 

frequency (GHz) 

Type of band Bandwidth (MHz) Peak gain (dBi) Size (mm2) 

[22] 2.4/3.5/5.2 Triple-band 340/390/1110 3.3/4/7 0.2λ0 x 0.096λ0 

[23] 1.58/3.07/5.5 Triple-band 120/320/2360 0.27/1.33/2.27 0.0948λ0 x 0.087λ0 

[24] 2.4/3.5/5 Triple-band 200/540/900 1.8 (Avg) 0.172λ0 x 0.112λ0 

[25] 2.45/5.5/7.5 Triple-band 560/680/3000 1/3.1/3.7 0.176λ0 x 0.096λ0 

[26] 2.35/3.6 Dual-band 120/300 NA 0.13λ0 x 0.083λ0 

[27] 2.46/5.8/6.78/10.4 Quad-band 270/340/180/1160 1.3/2.43/2.61/3.15 0.186λ0 x 0.11λ0 

[28] 2.64/3.36/4.38/5.2 Quad-band 220/160/270/390 1.2/2.33/2.75/2.66 0.136λ0 x 0.158λ0 

[29] 3.2/4.85 Dual-band 230/1500 2.8 (Avg) 0.253λ0 x 0.124λ0 

[30] 1.4/4.4/5.3 Triple-band 330/570/340 0.37/1.37/1.68 0.084λ0 x 0.077λ0 

This work 2.5/3.55/5.45 Triple-band 320/470/2820 5.67/5.21/4.56 0.167λ0 x 0.075λ0 

 

IV. CONCLUSION 

A compact ACS-fed monopole antenna with three 

frequency band modes is investigated in this paper. ACS 

feedline connected with C-shaped, inverted L, and U-

shaped radiating strip branches are printed on a 20×9×1.6 

mm3 FR-4 substrate. The measurement results of the 

fabricated antenna have good characteristics demonstrated 

through empirical measurements, focusing on parameters 

such as impedance bandwidth, gain, efficiency, and near-

field pattern. The antenna operates in the frequency ranges 

of 2.31-2.63 GHz, 3.3-3.77, and 5.12-7.94 GHZ making it 

suitable for WLAN, WiMAX, sub-6GHz 5G, and V2X 

wireless applications. Antennas with compact size, and 

good performance are potentially good candidates for IoT 

devices. 
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