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Abstract 

Aim: The main objective of this project is to enhance the Bandwidth of microstrip patch antenna by 

using an E-shaped slot on the patch and varying substrate thicknesses in comparison with the 

Rectangular patch antenna. Materials and Methods: The microstrip patch antenna with an E-shaped 

slot and with varying substrate thicknesses of four groups [1.2mm, 1.6mm, 1.8mm, 2.4mm] is used with 

a sample size of 40 in comparison with rectangular patch antenna of another group with sample size 

10. Results: By using Altair Feko simulation software, the proposed antenna parameters such as 

Bandwidth and Gain are obtained. The results are Gain=9dB, Bandwidth=225MHz for 1.2mm, 

Bandwidth=250.1MHz at 1.6mm, Bandwidth=252MHz at 2.4mm substrate thicknesses and bandwidth 

of conventional Rectangular patch antenna of 1.6mm substrate thickness=243MHz. Attained 

Significance accuracy ratio p(<0.05). Conclusion: The bandwidth appears to be enhanced (12%) by 

varying the substrate thicknesses [1.2mm to 2.4mm] from 225MHz to 252MHz. 
 

Key-words: Radar, FR4, Bandwidth, Gain, Novel Patch, Telemetry, Directivity, Substrate, S-band, 

FEKO, Antenna Design. 
 

 

1. Introduction 

 

The Research is about the Bandwidth Enhancement of the E-shaped microstrip patch antenna 

by varying the thickness of FR4 substrate (Padmavati and Lalitha 2019). The importance of this study 

is the need for high antenna bandwidth to support high data rate and multi user communications 
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(Tejeswee and Verma 2018). This is used in Applications such as bluetooth, Wi-Fi, radars and telemetry 

(Rao and V. 2014). 

 The Microstrip patch antennas need to meet the requirements of small size, less weight, low 

cost, and low profile to achieve wireless connectivity (Balanis 2005). They also have limitations such 

as poor bandwidth, lower gain and efficiency (Kumar and Ray 2003). So the bandwidth and gain of the 

microstrip patch antennas has to be improved (Nandgaonkar, Deosarkar, and Shah 2007; Rafique, 

Khalil, and Saif-Ur-Rehman 2017; Al-Ahmadi and Khraisat 2019)). Because of these features, 

Microstrip patch antennas are widely suggestable for satellite communications (Salarian and 

Mirshekar-Syahkal 2019), WLANs (Kurukshetra et al. 2018), Missiles and telemetry (Malisuwan et al. 

2015), GPS systems (Nandgaonkar, Deosarkar, and Shah 2007), mobile communications 

(Nandgaonkar, Deosarkar, and Shah 2007; Rafique, Khalil, and Saif-Ur-Rehman 2017), etc. 

Previously our team has a rich experience in working on various research projects across 

multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S. R. Samuel, 

Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu, Subramani, 

and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019; Krishnaswamy et 

al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al. 2019; Ke et al. 2019; 

Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the growing trend in this area 

motivated us to pursue this project. 

 The main Problem in existing Research work is the poor antenna bandwidth and need to operate 

in a wide range of frequencies to achieve high Data rates. Hence, the bandwidth of the microstrip 

antennas has to be enhanced for various applications. 

 

2. Materials and Methods 

 

This study was conducted at Antenna and wave propagation lab in Saveetha School of 

Engineering. The study was based on the microstrip patch antenna design with E-shaped patch of 

different substrate thicknesses in comparison with the rectangular patch antenna. Sample size was 

calculated by using previous study results (Parmar, Makwana, and Jajal 2012) using clincalc.com by 

keeping alpha error-threshold by 0.05, 95% confidence interval, Pre-test power 80%. In this study, we 

compare the parameters like Gain, Bandwidth, Directivity by taking 10 samples, one sample group by 

using previous literature (Parmar, Makwana, and Jajal 2012). 
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Rectangular patch and E-shaped patch of four different substrate thicknesses are taken for five 

groups and have a sample size of 50. Each group contains 10 samples of Directivity by varying the 

frequencies ranging from 2.2 to 2.6GHz. 

It has been known that the performance of the microstrip antenna can be increased by inserting 

the slots on the rectangular patch and by varying the substrate thickness. In this work, we inserted an 

E-shaped slot on the patch in order to get the enhanced bandwidth of the antenna. The E-shaped 

Microstrip patch has been designed with dimensions of Wᵣₚ x Lᵣₚ at the operating frequency fᵣₒ = 

2.45GHz, with dielectric FR4 substrate. The width and length of the patch are calculated by using the 

following expressions mentioned below (Ang and Chung 2007): 

𝑊ᵣₚ =
∝

2𝑓ᵣₒ√
𝜀ᵣₒ+1

2

     (1) 

 𝐿ₑₚ =
∝

2𝑓ᵣₒ√𝜀ₑₚ
      (2) 

Here, Wᵣₚ is the width of the patch, ‘𝛂’ is the velocity of the light in free space, fᵣₒ is the Resonant 

frequency and ɛᵣₒ is the dielectric constant value of the FR4, εₑₚ is the effective di-electric constant and 

Lₑₚ is the effective length where, 

𝜺ₑₚ =
𝜀ᵣₒ+1

2
+

𝜀ᵣₒ−1

2
√[1 + 12 (

ℎᵣₚ

𝑤ᵣₚ
)]   (3) 

∆𝑙 = 0.412 ℎᵣₚ ∗
(𝜀ₑₚ+0.3)((

𝑊ᵣₚ

ℎᵣₚ
)+0.264)

(𝜀ₑₚ−0.258)((
𝑊ᵣₚ

ℎᵣₚ
)+0.8)

   (4) 

 The actual length of the patch Lᵣₚ is obtained from: 

 𝐿ᵣₚ =  𝐿ₑₚ − 2𝛥𝑙      (5) 

 

Fig. 1 - Design of Microstrip Patch Antenna with E-shaped slot on the rectangular patch with FR4 substrate at 2.45GHz  

using Altair Feko software. 

 



 

 

ISSN: 2237-0722  

Vol. 11 No. 4 (2021) 

Received: 16.05.2021 – Accepted: 08.06.2021 

1059 

 

By substituting the values of fᵣₒ=2.45GHz, 𝛂=3*10^8 m/s and ɛᵣₒ=4.4, the length of the patch 

and width of the patch is obtained as 29.3401 and 38.062mm. The dimensions of the proposed e-shaped 

slot are w1=5mm, w2=4mm, w3=1mm and w4=1mm as shown in fig. 1. 

Rectangular patch (without any slots) is basically used in the design of the conventional 

microstrip patch antennas. In this design, the microstrip line feeding technique is used to feed the 

antenna as shown in Fig. 2. 

 

Fig. 2 - Design of Microstrip Patch Antenna with rectangular patch using FR4 substrate at 2.45GHz in the Altair Feko 

software 

 

 

Testing Setup and configurations used to design the proposed antenna are Altair FEKO software 

in core i5 8th gen Intel processor (8MB cache up to 4.2GHz). The E-shaped microstrip antenna is 

designed at a frequency of 2.45GHz which is taken as the input for mathematical analysis. Variables 

of the antenna like L, W, H, F are defined to construct the proposed antenna in FEKO. Far-fields, ports, 

voltages are requested and assigned once the design of the antenna is completed. After running the 

Feko solver, Antenna parameters such as Gain, Directivity etc, were obtained if no errors were raised 

in the solver. The bandwidth of E-shaped patch and rectangular patch is noted in table 1. 

 

Table 1 - Comparison of E-shaped patch antenna and Rectangular Patch Antenna Parameters (Gain and Bandwidth) at 

2.45GHz having 1.6mm substrate thickness which shows that the bandwidth of the E-shaped patch is high compared with 

the Rectangular patch. 

Group Bandwidth (MHz) Gain(dB) 

Rectangular patch 243.7 6.0 

E-shaped patch 250.1 9.0 
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Table 2 - Bandwidth of the proposed E-shaped patch antenna by varying the FR4 substrate thicknesses [1.2mm, 1.6mm, 1, 

8mm, 2.4mm] having dielectric constant ɛᵣₒ=4.4 at 2.45GHz 

Substrate thickness(mm) Bandwidth of proposed antenna (MHz) 

1.2 225.7 

1.6 250.4 

1.8 249 

2.4 252.73 

 

3. Statistical Analysis 

 

SPSS version 21 was used for the statistical comparison of Directivity. The independent 

variables are width and height of the substrate, length and width of the patch, and operating frequency 

of the antenna. The Dependent variables are Gain, Directivity and Bandwidth of the antenna. 

 

4. Results 

 

The proposed E-shaped Microstrip patch antenna with FR4 substrate is simulated in Altair 

FEKO software and the performance parameters such as Bandwidth, Gain and Directivity are 

calculated from the simulation results. The maximum Gain is represented in Red colour at resonance 

and the value reduces when it is away from the resonance. The antenna is resonating at one frequency 

band between 2GHz-3GHz where reflection coefficient is minimum and bandwidth is obtained at -3dB. 

 

Fig. 3 - The 3-D plot of antenna gain is plotted with frequency at 2.45GHz. The maximum gain obtained as 9.0dB for an E-

shaped microstrip patch antenna. Red colour indicates the maximum Gain of the antenna and blue indicates the minimum 

Gain 
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From Fig 3, it was observed that the maximum gain of the designed antenna is obtained at the 

resonance as 9.0dB which is indicated by red colour. The gain value decreases when it is away from 

the resonance and minimum gain is represented by the blue colour. 

 

Fig. 4 - Reflection Coefficient (dB) vs. Frequency (GHz) is Plotted in the Frequency Range 2GHz to 3GHz, Bandwidth of 

the E-shaped patch antenna with substrate thickness h=1.2mm is obtained as 225.7MHz   

 

 

From Fig 4, it was observed that the bandwidth of an E-shaped patch antenna having 1.2mm 

substrate thickness is 225MHz and the designed antenna gives better performance in the frequency 

range of 2.24GHz-2.45GHz. 

 

Fig. 5 - Reflection Coefficient(dB) vs. Frequency (GHz) is Plotted in the frequency range 2GHz to 3GHz, Bandwidth of the 

E-shaped patch antenna with substrate thickness h=1.6mm is obtained as 250.4MHz 
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From Fig 5, it was observed that the bandwidth of the designed E-shaped microstrip patch 

antenna having 1.6mm substrate thickness is 250.7MHz. This antenna shows better performance in the 

frequency range of 2.24GHz-2.45GHz. 

 

Fig. 6 - Reflection Coefficient(dB) vs. Frequency (GHz) is Plotted in the Frequency Range 2GHz to 3GHz, Bandwidth of 

the E-shaped patch antenna with substrate thickness h=1.8mm is obtained as 249MHz 

 

 

From Fig 6, it was observed that the bandwidth of an E-shaped patch antenna having 1.8mm 

substrate thickness is 249MHz. This antenna gives better performance in the frequency range of 

2.17GHz-2.43GHz. 

 

Fig. 7 - Reflection Coefficient(dB) vs. Frequency (GHz) is Plotted in the Frequency Range 2GHz to 3GHz, Bandwidth of 

the E-shaped Patch Antenna with Substrate Thickness h=2.4mm is obtained as 252.7MHz. 
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From Fig 7, it was observed that the bandwidth of the proposed patch antenna having 2.4mm 

substrate thickness is 252MHz. This designed antenna gives better performance in the frequency range 

of 2.17GHz-2.43GHz. 

 

Fig. 8 - Bars Representing the Mean Directivity(dB) of Rectangular Patch Antenna(6.75dB)  and E-shaped patch antenna 

with four different substrate thicknesses.It shows that the performance is better for E-shaped patch than the rectangular 

patch(Independent Sample T-test means=+/-1SD). 

 

 

In performing statistical analysis of 10 samples in terms of directivity, E-shaped patch obtained 

as 0.79 standard deviation with 0.25 standard error while Conventional rectangular patch obtained as 

0.50 standard deviation with 0.189 standard error (Table 3). The significance value smaller than 0.05 

showed that our hypothesis holds good. With respect to changes in the input values (independent 

variables) the corresponding output values (dependent variables) also changes (Table 4). 

 

Table 3 - Group Statistics Reveal that the mean Directivity of the proposed E-shaped patch antenna is high(8.75) when 

compared with Rectangular patch antenna(6.75). The standard deviation of E-shaped patch is low(0.52) when compared 

with rectangular patch(0.79). 

Group N mean Standard deviation Std.error mean 

Rectangular patch 10 6.75 0.79 0.2500 

E-shaped patch 10 8.05 0.5 0.189 
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Table 4 - Independent sample T-test results for E-shaped patch antenna reveals that p=0.017(<0.05) which shows statistical 

significance when compared with rectangular patch antenna.  

Independent Samples Test 

 

Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Directivity 

Equal variances 

assumed 
6.94 .017 

-

4.14 
18 .001 -1.30 .313 -1.95 -.641 

Equal variances 

not assumed 
  

-

4.14 
16.7 .001 -1.30 .313 -1.96 -.637 

 

Independent t-test was used to compare the Directivity of two patches and a statistically 

significant difference was noticed (P < 0.05). The bandwidth of the proposed antenna at 1.6mm 

substrate thickness is obtained as 249MHz (Figure 4). Bandwidth of microstrip antenna with single 

patch is upto 50MHz (Parmar, Makwana, and Jajal 2012) and for conventional antenna is up to 47MHz 

(Parmar, Makwana, and Jajal 2012; Al-Ahmadi and Khraisat 2019) and bandwidth of the H-shaped 

patch is 110MHz (“[No Title]” n.d.). When compared with the other patches, the E-shaped patch 

achieved better bandwidth. 

 

5. Discussions 

 

Based on the above results, the performance of the E-shaped microstrip patch antenna appears 

to be better than the Rectangular patch antenna at 1.6mm thickness. From SPSS Simulation, E-shaped 

patch is statistically significant (p<0.05) for microstrip antennas. 

The Bandwidth of the antenna depends on the substrate thickness and slots on the patch 

(Colburn and Rahmat-Samii 1999; Kim, Kim, and Chun 2007). It is obtained from the plot of the 

reflection coefficient with respect to the frequency at -3dB (Colburn and Rahmat-Samii 1999; Kim, 

Kim, and Chun 2007; Nagpal, Dillon, and Marwaha 2013). The bandwidth of the E-shaped patch 

antenna is obtained by varying substrate thicknesses [1.2mm, 1.6mm, 1.8mm, 2.4mm] are 225MHz, 

250MHz, 249MHz and 252MHz. 

The Antenna gain is a crucial output parameter for deciding the antenna's efficiency (Rao and 

V. 2014). The Gain of the antenna explains how effectively it transmits the input power into radio 

waves that are directed in a particular direction (Baudha and Asnani 2018). The maximum Gain and 

Directivity of the proposed E-shaped patch antenna is obtained at 2.45GHz as 9.0dB. There is no 

opposing citation and the design done based on the above procedure appears to be good. 
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In the analysis made by parmar, they have used the single parasitic patch. Their results indicate 

that the single patch has obtained the bandwidth as 110MHz and maximum Gain as 6.6dB(Parmar, 

Makwana, and Jajal 2012).This above article is in pair with the proposed analysis as the bandwidth has 

been enhanced by inserting the slots on the patch. 

 

Our institution is passionate about high quality evidence based research and has excelled in 

various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019; 

Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018; 

Ramadurai et al. 2019). We hope this study adds to this rich legacy.  

This design fails to meet the antenna requirement i.e, small size. Because the size of the antenna 

increases by increasing the substrate thickness. 

In future, the bandwidth can be improved by using Multiple slots, stacked geometry, different 

nano substrate materials to achieve the High Data rates and Multiple users support for 5G 

communications. 

 

6. Conclusion 

 

The bandwidth appears to be enhanced (12%) by varying the substrate thicknesses [1.2mm to 

2.4mm] from 225MHz to 252MHz for E-shaped microstrip patch antenna compared with the 

conventional rectangular patch antenna. The proposed E-shaped Microstrip patch antenna is designed 

to resonate in S-band frequencies which finds the applications for Bluetooth, Wi-Fi and Radar 

standards. 

 

Declarations 

 

Conflict of Interest 

 

No conflict of interest in this manuscript. 

 

Author Contributions 

 

Author NVR was involved in Data collection, data analysis and manuscript writing. Author 

SWR was conceptualization, data validation and critical review of manuscript. 

 



 

 

ISSN: 2237-0722  

Vol. 11 No. 4 (2021) 

Received: 16.05.2021 – Accepted: 08.06.2021 

1066 

 

Acknowledgement 

 

We would like to acknowledge Saveetha School of Engineering for providing all of the research 

information needed for this study, as well as their ongoing assistance and support. 

Funding: We thank the following organizations for providing financial support that enabled us 

to complete the study. 

1. Vajenthura Microwave Products Pvt. Ltd. 

2. Saveetha University. 

3. Saveetha Institute of Medical and Technical Sciences. 

4. Saveetha School of engineering. 

 

References 

 

Al-Ahmadi, Ahmad, and Yahya S.H. Khraisat. 2019. “Bandwidth Enhancement of Microstrip Patch 

Antenna.” Applied Physics Research. https://doi.org/10.5539/apr.v11n1p35. 

Ang, Boon-Khai, and Boon-Kuan Chung. 2007. “A Wideband E-Shaped Microstrip Patch Antenna For 

5 - 6 GHZ Wireless Communications.” Progress In Electromagnetics Research. 

https://doi.org/10.2528/pier07061909. 

Balanis, Constantine A. 2005. Antenna Theory: Analysis and Design. John Wiley & Sons. 

Baudha, Sudeep, and Vishal Asnani. 2018. “Dual Band Microstrip Patch Antenna with Secondary 

Patch.” 2018 International Conference on Communication and Signal Processing (ICCSP). 

https://doi.org/10.1109/iccsp.2018.8524225. 

Colburn, J.S., and Y. Rahmat-Samii. 1999. “Patch Antennas on Externally Perforated High Dielectric 

Constant Substrates.” IEEE Transactions on Antennas and Propagation. 

https://doi.org/10.1109/8.817654. 

Ezhilarasan, Devaraj, Velluru S. Apoorva, and Nandhigam Ashok Vardhan. 2019. “Syzygium Cumini 

Extract Induced Reactive Oxygen Species-Mediated Apoptosis in Human Oral Squamous Carcinoma 

Cells.” Journal of Oral Pathology & Medicine: Official Publication of the International Association of 

Oral Pathologists and the American Academy of Oral Pathology 48 (2): 115–21. 

Gheena, S., and D. Ezhilarasan. 2019. “Syringic Acid Triggers Reactive Oxygen Species-Mediated 

Cytotoxicity in HepG2 Cells.” Human & Experimental Toxicology 38 (6): 694–702. 

Jose, Jerry, Ajitha, and Haripriya Subbaiyan. 2020. “Different Treatment Modalities Followed by 

Dental Practitioners for Ellis Class 2 Fracture – A Questionnaire-Based Survey.” The Open Dentistry 

Journal 14 (1): 59–65. 

Ke, Yang, Mohammed Saleh Al Aboody, Wael Alturaiki, Suliman A. Alsagaby, Faiz Abdulaziz Alfaiz, 

Vishnu Priya Veeraraghavan, and Suresh Mickymaray. 2019. “Photosynthesized Gold Nanoparticles 

from Catharanthus Roseus Induces Caspase-Mediated Apoptosis in Cervical Cancer Cells (HeLa).” 

Artificial Cells, Nanomedicine, and Biotechnology 47(1): 1938–46. 



 

 

ISSN: 2237-0722  

Vol. 11 No. 4 (2021) 

Received: 16.05.2021 – Accepted: 08.06.2021 

1067 

 

Kim, Ji-Hyuk, Hyeon Cheol Kim, and Kukjin Chun. 2007. “Performance Enhancements of a Microstrip 

Antenna with Multiple Layer Substrates.” 2007 International Symposium on Signals, Systems and 

Electronics. https://doi.org/10.1109/issse.2007.4294477. 

Krishnaswamy, Haribabu, Sivaprakash Muthukrishnan, Sathish Thanikodi, Godwin Arockiaraj 

Antony, and Vijayan Venkatraman. 2020. “Investigation of Air Conditioning Temperature Variation 

by Modifying the Structure of Passenger Car Using Computational Fluid Dynamics.” Thermal Science 

24 (1 Part B): 495–98. 

Kumar, Girish, and K.P. Ray. 2003. Broadband Microstrip Antennas. Artech House. 

Kurukshetra, M. Tech Student (ece) Gimt, M. Tech. Student, (ECE), GIMT, and Kurukshetra. 2018. 

“Design & Simulation of Circular Rectangular Microstrip Patch Antenna for Wireless Applications.” 

Engineering and Technology Journal. https://doi.org/10.18535/etj/v3i1.04. 

Malisuwan, Settapong, National Broadcasting and Telecommunications Commission Bangkok, 

Thailand, Noppadol Tiamnara, and Nattakit Suriyakrai. 2015. “Design of Dual-Band Circular 

Microstrip Patch Antenna for L-Band Military Applications.” International Journal of Information and 

Electronics Engineering. https://doi.org/10.18178/ijiee.2016.6.1.586. 

Malli Sureshbabu, Nivedhitha, Kathiravan Selvarasu, Jayanth Kumar V, Mahalakshmi Nandakumar, 

and Deepak Selvam. 2019. “Concentrated Growth Factors as an Ingenious Biomaterial in Regeneration 

of Bony Defects after Periapical Surgery: A Report of Two Cases.” Case Reports in Dentistry 2019 

(January): 7046203. 

Mathew, M.G., S.R. Samuel, A.J. Soni, and K.B. Roopa. 2020. “Evaluation of Adhesion of 

Streptococcus Mutans, Plaque Accumulation on Zirconia and Stainless Steel Crowns, and Surrounding 

Gingival Inflammation in Primary ….” Clinical Oral Investigations. 

https://link.springer.com/article/10.1007/s00784-020-03204-9. 

Mehta, Meenu, Deeksha, Devesh Tewari, Gaurav Gupta, Rajendra Awasthi, Harjeet Singh, Parijat 

Pandey, et al. 2019. “Oligonucleotide Therapy: An Emerging Focus Area for Drug Delivery in Chronic 

Inflammatory Respiratory Diseases.” Chemico-Biological Interactions 308 (August): 206–15. 

Muthukrishnan, Sivaprakash, Haribabu Krishnaswamy, Sathish Thanikodi, Dinesh Sundaresan, and 

Vijayan Venkatraman. 2020. “Support Vector Machine for Modelling and Simulation of Heat 

Exchangers.” Thermal Science 24 (1 Part B): 499–503. 

Nagpal, Ajay, Sukhwinder Singh Dillon, and Anupama Marwaha. 2013. “Multiband E-Shaped Fractal 

Microstrip Patch Antenna with DGS for Wireless Applications.” 2013 5th International Conference 

on Computational Intelligence and Communication Networks. https://doi.org/10.1109/cicn.2013.14. 

Nandgaonkar, A.B., S.B. Deosarkar, and P. Shah. 2007. “Design of a Low Cost Microstrip Patch 

Antenna for GPS Applications.” IET International Conference on Radar Systems 2007. 

https://doi.org/10.1049/cp:20070606. 

“[No Title].” n.d. Accessed March 28, 2021. http://www.ajer.org/papers/v2(9)/D0292330.pdf. 

Padmavati, S.T., and Y. S. Lalitha. 2019. “Design and Simulation of Dual Band Microstrip Patch 

Antenna with Heterogeneous Substrate.” 2019 International Conference on Communication and Signal 

Processing (ICCSP). https://doi.org/10.1109/iccsp.2019.8698038. 

Parmar, Paritaba B., Balvant J. Makwana, and Mehul A. Jajal. 2012. “Bandwidth Enhancement of 

Microstrip Patch Antenna Using Parasitic Patch Configuration.” 2012 International Conference on 

Communication Systems and Network Technologies. https://doi.org/10.1109/csnt.2012.21. 



 

 

ISSN: 2237-0722  

Vol. 11 No. 4 (2021) 

Received: 16.05.2021 – Accepted: 08.06.2021 

1068 

 

Pc, J., T. Marimuthu, and P. Devadoss. 2018. “Prevalence and Measurement of Anterior Loop of the 

Mandibular Canal Using CBCT: A Cross Sectional Study.” Clinical Implant Dentistry and Related 

Research. https://europepmc.org/article/med/29624863. 

Rafique, Umair, Hisham Khalil, and Saif-Ur-Rehman. 2017. “Dual-Band Microstrip Patch Antenna 

Array for 5G Mobile Communications.” 2017 Progress in Electromagnetics Research Symposium - 

Fall (PIERS - FALL). https://doi.org/10.1109/piers-fall.2017.8293110. 

Ramadurai, Neeraja, Deepa Gurunathan, A. Victor Samuel, Emg Subramanian, and Steven J.L. 

Rodrigues. 2019. “Effectiveness of 2% Articaine as an Anesthetic Agent in Children: Randomized 

Controlled Trial.” Clinical Oral Investigations 23 (9): 3543–50. 

Ramesh, Asha, Sheeja Varghese, Nadathur D. Jayakumar, and Sankari Malaiappan. 2018. 

“Comparative Estimation of Sulfiredoxin Levels between Chronic Periodontitis and Healthy Patients - 

A Case-Control Study.” Journal of Periodontology 89 (10): 1241–48. 

Rao, Neeraj, and Dinesh Kumar V. 2014. “Gain Enhancement of Microstrip Patch Antenna for Wi-Fi 

Applications.” 2014 Loughborough Antennas and Propagation Conference (LAPC). 

https://doi.org/10.1109/lapc.2014.6996384. 

Salarian, Shahin, and Dariush Mirshekar-Syahkal. 2019. “Ka-Band Microstrip Patch Array Antenna 

for Satellite Communication.” 2019 Antenna Measurement Techniques Association Symposium 

(AMTA). https://doi.org/10.23919/amtap.2019.8906422. 

Samuel, Melvin S., Jayanta Bhattacharya, Sankalp Raj, Needhidasan Santhanam, Hemant Singh, and 

N. D. Pradeep Singh. 2019. “Efficient Removal of Chromium (VI) from Aqueous Solution Using 

Chitosan Grafted Graphene Oxide (CS-GO) Nanocomposite.” International Journal of Biological 

Macromolecules 121 (January): 285–92. 

Samuel, Srinivasan Raj, Shashidhar Acharya, and Jeevika Chandrasekar Rao. 2020. “School 

Interventions-Based Prevention of Early-Childhood Caries among 3-5-Year-Old Children from Very 

Low Socioeconomic Status: Two-Year Randomized Trial.” Journal of Public Health Dentistry 80 (1): 

51–60. 

Sathish, T., and S. Karthick. 2020. “Wear Behaviour Analysis on Aluminium Alloy 7050 with 

Reinforced SiC through Taguchi Approach.” Journal of Japan Research Institute for Advanced 

Copper-Base Materials and Technologies 9 (3): 3481–87. 

Sharma, Parvarish, Meenu Mehta, Daljeet Singh Dhanjal, Simran Kaur, Gaurav Gupta, Harjeet Singh, 

Lakshmi Thangavelu, et al. 2019. “Emerging Trends in the Novel Drug Delivery Approaches for the 

Treatment of Lung Cancer.” Chemico-Biological Interactions 309 (August): 108720. 

Sridharan, Gokul, Pratibha Ramani, Sangeeta Patankar, and Rajagopalan Vijayaraghavan. 2019. 

“Evaluation of Salivary Metabolomics in Oral Leukoplakia and Oral Squamous Cell Carcinoma.” 

Journal of Oral Pathology & Medicine: Official Publication of the International Association of Oral 

Pathologists and the American Academy of Oral Pathology 48 (4): 299–306. 

Tejeswee, Sugandha, and Sudhanshu Verma. 2018. “Dual Band Circularly Polarized Antenna for 

Wireless/Vehicular/Satellite Applications.” 2018 IEEE International Students’ Conference on 

Electrical, Electronics and Computer Science (SCEECS). 

https://doi.org/10.1109/sceecs.2018.8546969. 

Varghese, Sheeja Saji, Asha Ramesh, and Deepak Nallaswamy Veeraiyan. 2019. “Blended Module-

Based Teaching in Biostatistics and Research Methodology: A Retrospective Study with Postgraduate 

Dental Students.” Journal of Dental Education 83 (4): 445–50. 



 

 

ISSN: 2237-0722  

Vol. 11 No. 4 (2021) 

Received: 16.05.2021 – Accepted: 08.06.2021 

1069 

 

Venu, Harish, V. Dhana Raju, and Lingesan Subramani. 2019. “Combined Effect of Influence of Nano 

Additives, Combustion Chamber Geometry and Injection Timing in a DI Diesel Engine Fuelled with 

Ternary (diesel-Biodiesel-Ethanol) Blends.” Energy 174 (May): 386–406. 

Venu, Harish, Lingesan Subramani, and V. Dhana Raju. 2019. “Emission Reduction in a DI Diesel 

Engine Using Exhaust Gas Recirculation (EGR) of Palm Biodiesel Blended with TiO2 Nano 

Additives.” Renewable Energy 140 (September): 245–63. 

Vignesh, R., Ditto Sharmin, C. Vishnu Rekha, Sankar Annamalai, and Parisa Norouzi Baghkomeh. 

2019. “Management of Complicated Crown-Root Fracture by Extra-Oral Fragment Reattachment and 

Intentional Reimplantation with 2 Years Review.” Contemporary Clinical Dentistry 10 (2): 397–401. 

Vijayakumar Jain, S., M.R. Muthusekhar, M.F. Baig, P. Senthilnathan, S. Loganathan, P.U. Abdul 

Wahab, M. Madhulakshmi, and Yogaen Vohra. 2019. “Evaluation of Three-Dimensional Changes in 

Pharyngeal Airway Following Isolated Lefort One Osteotomy for the Correction of Vertical Maxillary 

Excess: A Prospective Study.” Journal of Maxillofacial and Oral Surgery 18 (1): 139–46. 

Vijayashree Priyadharsini, Jayaseelan. 2019. “In Silico Validation of the Non-Antibiotic Drugs 

Acetaminophen and Ibuprofen as Antibacterial Agents against Red Complex Pathogens.” Journal of 

Periodontology 90 (12): 1441–48. 


