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Abstract ─ Based on microstrip patch antenna, a cylindrical 

conformal 8×8 array antenna is designed, which uses a 

T-shaped power divider to realize 64 feed channels. The 

simulation results show that the peak gain of planar array 

antenna can reach 24.8dB, while the peak gain of 

cylindrical conformal antenna decreases by 1.2dB and 

1.7dB in phi=0° and phi=90° respectively. And the  

main beam direction deflects by 0° and 4° respectively. 

The measurement results show that the performance of  

the processed object is close to the simulation. After 

conformal with cylinder, the peak gain is 23.5dB, and the 
beam deflection is 4°, which verifies the feasibility of the 

designed cylindrical conformal array antenna. 

 

Index Terms ─ Array antenna, conformal, microstrip 

patch. 
 

I. INTRODUCTION 
With the development of electronic information 

technology, the requirements for the antenna are 

developing towards miniaturization and integration. And 

the demands for the beam scanning range and gain of the 

antenna are also higher and higher. The emergence of 
planar array antenna solves the problems of limited gain 

and difficult wave scanning of single antenna to a certain 

extent [1-2]. However, with the expansion of application 

scope of antenna, planar array antenna is gradually 

difficult to adapt to the needs of complex occasions.  

Conformal array antenna can keep consistent with 

its bearing surface, that is, it fits the surface of the carrier 

completely. If it is attached to the cylindrical surface,  

it is called cylindrical array. The beam direction of the 

array element can basically achieve complete coverage 

along the curved surface [3-4], which can save space and 
avoid the fast change of the inherent beam scanning 

performance of planar array with the increase of scanning 

angle. It can be applied in satellite, airborne, missile and 

other complex occasions [5-7]. 

Compared with the planar array antenna, conformal 

array antenna has some unique advantages in practical 

applications. It is suitable for highly integrated electronic 

design, and the conformal array antenna can effectively 

reduce the weight of integrated electronic system. Using 

conformal array antenna can reduce the air resistance  

of the aircraft in flight, improve its aerodynamic 

performance, and effectively reduce the radar cross 

section (RCS) of the aircraft and improve its stealth 

performance.  

In [8], a cylindrical conformal circularly polarized 

(CP) series-fed microstrip array design for broadside 

radiation is presented. They primarily focusing of the CP 

major lobe of the conformal array by proper dimensioning 

of the aperture spacings. And the direction-of-arrival 
(DOA) estimation of a conformal antenna array with 

directive elements is studied in [9]. The simulation results 

prove that this conformal array achieves better DOA 

estimation performance than that of the planar array 

antenna. In addition, a cylindrical conformal transmission 

array has been developed [10], which has a peak 

measured gain of 19.6 dB and an aperture efficiency of 

25.1%. In the aspect of beam scanning, [11] designed a 

dual-layer multibeam conformal slot array antenna, 

which has a scanning range of ±46°. And [12] proposed 

a conformal phased array antenna for unmanned aerial 

vehicle (UAV) radar, which can scan ±60° in E-plane. It 
shows a wide range of common antenna application 

scenario. Conformal array antenna is naturally suitable 

for wide-angle beam scanning and integrated design. It 

can provide more comprehensive field of view, better 

aerodynamic performance and reduce the volume and 

weight of aircraft as much as possible. Conformal array 

antenna is an important branch of antenna development 

in military and civil fields in the future. 

Compared with other common microwave antennas, 

microstrip patch antenna has the characteristics of small 

size, light weight, easy integration, easy processing, and 
easy carrier conformal [13-15], etc. It has been widely 

apply in electronic information, wireless communication 

and other fields [16-18]. In this paper, a conformal array 

antenna is designed based on microstrip patch antenna unit. 

Ku-band has low ground interference, low resistance  

to electromagnetic interference of other frequencies,  

and low receiving environment. The antenna of this 

frequency band is small in diameter and easy to integrate. 
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The design of the Ku-band antenna can effectively 

alleviate the shortage of spectrum resources and improve 

the utilization rate of spectrum. There have been many 

studies on Ku band patch antennas. In [19], a S-shape 

microstrip patch antenna that works from 15.35 GHz  

to 19.65 GHz is designed. In [20], a single-layer multi-

band reflectarray antenna in X bands (10.8 GHz to 12.8 

GHz), Ku bands (15.3 GHz to 17.3 GHz) K bands (24 

GHz to 26 GHz) bands is proposed. In [21], a Ku-band 

patch antenna with Enhanced bandwidth is designed 
(14.58 GHz to 16.33 GHz). 

 

II. UNIT DESIGN 
In this paper, the array element is designed based on 

the microstrip rectangular patch antenna, the substrate  

is Rogers 5880, and the designed center frequency is 

15GHz. The initial size of the patch is calculated by the 

theoretical formula. The width of the rectangular patch 

can be calculated by equation (1): 
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where 0c  is the speed of light in free space, 0f  is the 

center frequency, and r  is the dielectric constant of the 

substrate. 

The effective permittivity of microstrip patch antenna 

is obtained by equation (2): 
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Because of the edge shortening effect of rectangular 

radiation patch, ΔL  is the length of equivalent radiation 

gap, which can be obtained from equation (3): 
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The actual length of the radiation patch should be: 
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After getting the initial size, the central embedded 

structure is used for unit feeding and the structure is 

shown in Fig. 1. The radiation impedance of traditional 

microstrip antenna usually adds an impedance converter 

between the antenna and the feeder to achieve smaller 

reflection. However, this kind of patch antenna loaded 

with impedance converter has complicated structure and 

needs to provide loading space for impedance converter, 
which means it is difficult to achieve miniaturization. 

Based on the principle of impedance loading, the central 

embedded feed patch antenna can realize impedance 

matching in a small space by opening two slots between 

the feeder and the antenna and loading a reactance on the 

feeder of the antenna. 

 
 

Fig. 1. Microstrip patch antenna unit. 

 

The optimized parameters are shown in Table 1, and 

the simulation results of S parameters and gain are 

shown in Fig. 2. At the center frequency of 15GHz, S11 

is less than -30dB and the peak gain is 6.7dB. 

 

Table 1: Design parameters and their values 

Parameters Value (mm) 

Px 6.4 

Py 8 

Sx 1.5 

Sy 0.9 

Lx 6.5 

Ly 0.4 

h 0.508 

 

III. ARRAY SIMULATION 
In order to reduce the mutual coupling between 

array elements, the array spacing is 0.7λ= 14mm. The 

structure model of power divider is shown in Fig. 3. The 

designed planar array antenna is 8×8 uniform array, and 

the improved T-type power divider structure is still used 

to realize 64 channels feeding. 
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Fig. 2. Unit simulation results: (a) S11 and (b) gain. 

 

 
 

Fig. 3. 64 channels power divider. 

 

After adding radiation patch, the structure of array 

antenna is shown in Fig. 4, which is 8×8 uniform array. 

 

 
 

Fig. 4. Schematic diagram of planar array antenna 

model. 

 

The simulation results of the array antenna gain are 

shown in Fig. 5. The S11 of the planar array antenna is 

-12.7dB at 15GHz, and the working bandwidth of -10dB 

is 640MHz. The peak gain of the planar array antenna 

can reach 24.8dB. 
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Fig. 5. Simulation results of planar array antenna: (a) S11 

and (b) gain. 

 

The common array structure of cylinder based on 

the designed array antenna is shown in Fig. 6. According 

to the different radius of the conformal cylinder, the gain 
of the antenna will be attenuated and the beam direction 

will be deflected. 

When the radius of the conformal cylinder is 600mm 

(30λ), the simulation results of the conformal array 

antenna pattern are shown in Fig. 7. The S11 of the planar 

array antenna is -12.3dB at 15GHz, and the working 

bandwidth of -10dB is 2GHz (14.2GHz-16.2GHz), which 

is nearly three times larger than before. The peak gain of 

phi=0° and phi=90° is reduced to 23.6dB and 23.1dB 

respectively, which is 1.2dB and 1.7dB lower than that 

of the planar array, and the main beam direction is 

deflected by 0° and 4° respectively. 
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Fig. 6. Cylindrical conformal array antenna model. 
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Fig. 7. Simulation results of cylindrical conformal array 
antenna: (a) S11 and (b) gain. 

 

IV. ARRAY MEASUREMENT 
Based on the designed antenna model, the prototype 

is fabricated. The prototype of the designed array 

antenna is shown in Fig. 8. 

 

 
 

Fig. 8. Array antenna prototype. 

 

 
 

Fig. 9. The measurement of designed antenna. 

 

As shown in Fig. 9, the fabricated antenna is tested 

to verify the effectiveness of the conformal array antenna 
design. The antenna test environment is shown in Fig. 9. 

The S11 and Gain measurement of the conformal antenna 

is shown in Fig. 10. The working bandwidth of -10dB  

is 1.9GHz(14.6GHz-16.5GHz), and the peak gain is 

23.5dB, the beam direction is deflected by 4° in the 

measurement. The comparison results of measurement 

and simulation are shown in Fig. 11. The comparison of 

single antenna, planar antenna and conformal antenna is 

shown in Table 2. The comparison of proposed work 

with recent antennas is shown in Table 3. These results 

shows that the designed conformal array antenna has 
certain practical significance. 
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Fig. 10. Measurement results of designed antenna: (a) S11 

and (b) gain. 
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Fig. 11. Comparison of simulation and measurement 

results: (a) S11 and (b) gain. 

 

Table 2: Comparison of single, planar and conformal 

antenna 

Antenna 
-10dB Bandwidth 

(GHz) 

Peak Gain 

(dB) 

Array 

Size 

Single 0.4 6.7 - 

Planar 0.7 24.8 8×8 

Conformal 1.9 23.5 8×8 

 

Table 3: Comparison of proposed work with recent 

antennas 

Ref. 

Bending 

Radius 

(mm) 

-10dB 

Bandwidth 

(GHz) 

Peak 

Gain 

(dB) 

Array 

Size 

[8] 50 ＜0.5 10 1×10 

[11] 90 0.6 19.3 10×10 

[14] - 0.25 4.5 1×4 

[15] 304.8 0.6 15.36 4×4 

This 

work 
600 1.9 23.5 8×8 

 

V. CONCLUSION 
In this paper, a cylindrical conformal array antenna 

is designed based on microstrip patch antenna unit, 

which can achieve a gain of 24.8dB. Based on the model, 

a cylindrical conformal array antenna prototype is 

fabricated, and the measurement is carried out. The 
results show that the peak gain of the conformal antenna 

prototype is 23.5dB and the beam deflection is 4°. The 

feasibility of the designed cylindrical conformal array 

antenna is close to the simulation results, which can  
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verify the rationality of the conformal antenna design. 
 

ACKNOWLEDGMENT 
This work was supported by the National Natural 

Science Foundation of China (Grant No. 61871086); the 
Science and Technology Support Project of Sichuan 

Province (2020YFG0231, 2021YFG0017, 2021YFG0015, 

2020YFG0043, 2021YFG0023), Sichuan Province 

Outstanding Young Science and Technology Talent 

Project (2021JDJQ0026); Sichuan Science and Technology 

Service Industry (2020ZHCG0065); the Central 

University Basic Research Funding (ZYGX2020ZB006, 

ZYGX2019J007); Foundation of GF Key Laboratory 

612502200303. 
 

REFERENCES 
[1] Z. Hao, X. Liu, X. Huo, and K. Fan, “Planar high-

gain circularly polarized element antenna for array 

applications,” in IEEE Transactions on Antennas 

and Propagation, vol. 63, no. 5, pp. 1937-1948, 

May 2015. 

[2] A. Pal, A. Mehta, R. Lewis, and N. Clow, “A  

wide-band wide-angle scanning phased array with 

pattern reconfigurable square loop antennas,” 2015 

9th European Conference on Antennas and 

Propagation (EuCAP), pp. 1-4, Apr. 2015.  
[3] P. Sanchez-Olivares, R. V. Haro-Baez, P. P. 

Sanchez-Dancausa, J. L. Masa-Campos, and J. A. 

Ruiz-Cruz, “Conformal array antenna fed by radial-

waveguide divider for omnidirectional coverage at 

Ku band,” 2016 10th European Conference on 

Antennas and Propagation (EuCAP), Davos, pp. 1-

5, Apr. 2016. 

[4] Y. Xia, B. Muneer, and Q. Zhu, “Design of a full 

solid angle scanning cylindrical-and-conical 

phased array antennas,” in IEEE Transactions on 

Antennas and Propagation, vol. 65, no. 9, pp. 

4645-4655, Sept. 2017. 
[5] M. G. M. Hussain, “Cylindrical array beamforming 

based on ultra-wideband signals,” IEEE International 

Radar Conference, pp. 618-622, May 2005. 

[6] J.-J. Peng, S.-W. Qu, M. Xia, and S. Yang, “Wide-

scanning conformal phased array antenna for UAV 

radar based on polyimide gilm,” in IEEE Antennas 

and Wireless Propagation Letters, vol. 19, no. 9, 

pp. 1581-1585, Sept. 2020. 

[7] H. Zhu, X. Liang, S. Ye, R. Jin, and J. Geng,  

“A cylindrically conformal array with enhanced 

axial radiation,” in IEEE Antennas and Wireless 
Propagation Letters, vol. 15, pp. 1653-1656, Jan. 

2016. 

[8] S. Ogurtsov and S. Koziel, “A conformal circularly 

polarized series-fed microstrip antenna array 

design,” in IEEE Transactions on Antennas and 

Propagation, vol. 68, no. 2, pp. 873-881, Feb. 

2020. 

[9] S. Mohammadi, A. Ghani, and S. H. Sedighy, 

“Direction-of-arrival estimation in conformal 

microstrip patch array antenna,” in IEEE 

Transactions on Antennas and Propagation, vol. 

66, no. 1, pp. 511-515, Jan. 2018. 
[10] P.-Y. Qin, L.-Z. Song, and Y. J. Guo, “Beam 

steering conformal transmitarray employing  

ultra-thin triple-layer slot elements,” in IEEE 

Transactions on Antennas and Propagation, vol. 

67, no. 8, pp. 5390-5398, Aug. 2019. 

[11] Y. Liu, H. Yang, Z. Jin, F. Zhao, and J. Zhu,  

“A multibeam cylindrically conformal slot array 

antenna based on a modified Rotman lens,” in 

IEEE Transactions on Antennas and Propagation, 

vol. 66, no. 7, pp. 3441-3452, July 2018. 

[12] J.-J. Peng, S.-W. Qu, M. Xia, and S. Yang, “Wide-

scanning conformal phased array antenna for UAV 
radar based on polyimide film,” in IEEE Antennas 

and Wireless Propagation Letters, vol. 19, no. 9, 

pp. 1581-1585, Sept. 2020. 

[13] S. F. Jilani, M. O. Munoz, Q. H. Abbasi, and  

A. Alomainy, “Millimeter-wave liquid crystal 

polymer based conformal antenna array for 5G 

applications,” in IEEE Antennas and Wireless 

Propagation Letters, vol. 18, no. 1, pp. 84-88, Jan. 

2019. 

[14] W. T. Li, Y. Q. Hei, P. M. Grubb, X. Shi, and R.  

T. Chen, “Inkjet printing of wideband stacked 
microstrip patch array antenna on ultrathin flexible 

substrates,” in IEEE Transactions on Components, 

Packaging and Manufacturing Technology, vol. 8, 

no. 9, pp. 1695-1701, Sept. 2018. 

[15] A. T. Castro and S. K. Sharma, “Inkjet-printed 

wideband circularly polarized microstrip patch 

array antenna on a PET film flexible substrate 

material,” in IEEE Antennas and Wireless 

Propagation Letters, vol. 17, no. 1, pp. 176-179, 

Jan. 2018. 

[16] B. D. Braaten, S. Roy, I. Irfanullah, S. Nariyal, and 

D. E. Anagnostou, “Phase-compensated conformal 
antennas for changing spherical surfaces,” in IEEE 

Transactions on Antennas and Propagation, vol. 

62, no. 4, pp. 1880-1887, Apr. 2014. 

[17] X. Dai, T. Zhou, and G. Cui, “Dual-band 

microstrip circular patch antenna with monopolar 

radiation pattern,” in IEEE Antennas and Wireless 

Propagation Letters, vol. 15, pp. 1004-1007, Oct. 

2016. 

[18] Y. Cao, Y. Cai, W. Cao, B. Xi, Z. Qian, T. Wu,  

and L. Zhu, “Broadband and high-gain microstrip 

patch antenna loaded with parasitic mushroom-
type structure,” in IEEE Antennas and Wireless 

Propagation Letters, vol. 18, no. 7, pp. 1405-1409, 

July 2019. 

[19] M. H. Ullah, M. T. Islam, and J. S. Mandeep, 

“Printed prototype of a wideband S shape microstrip 

ACES JOURNAL, Vol. 36, No. 8, August 20211013



patch antenna for Ku/K band applications,” 

Applied Computational Electromagnetics Society 

Journal, vol. 28, no. 7, pp. 307-313, Apr. 2013. 

[20] Z. Hamzavi-Zarghani and Z. Atlasbaf, “A single-

layer multi-band reflectarray antenna in X/Ku/K-
bands,” Applied Computational Electromagnetics 

Society Journal, vol. 31, no. 5, pp.555-561, May 

2016. 

[21] M. M. Islam, R. I. Faruque, R. Azim, M. T. Islam, 

and T. Alam, “Design of a Ku-band patch antenna 

with enhanced bandwidth,” Review of Progress in 

Applied Computational Electromagnetics, pp.89-

94, Mar. 2014. 

 

 

 

 
Tianming Bai Graduate student of 

Information and Communication 

Engineering, University of Electronic 

Science and Technology of China. 

Main research direction is conformal 

antenna, reflection array antenna, 

phased array antenna, etc. 

 

 

Di Jiang Associate Professor and 

Doctoral Advisor of Information 
and Communication Engineering, 

University of Electronic Science 

and Technology of China. Mainly 

engaged in broadband recon-

figurable microwave devices, array 

antennas and other research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sha Luo Graduate student of 

Information and Communication 

Engineering, University of 

Electronic Science and Technology 

of China. I love learning new 
knowledge, like to contact new 

things, willing to communicate with 

people, have a sense of 

responsibility. In the graduate stage, I studied in the 

direction of RF and microwave. My main research topics 

are reconfigurable antenna and passive components. 

Designed passive phased array antenna, holographic 

antenna, phase shifter, filter power divider, microstrip 

log periodic antenna, waveguide slot antenna, etc. 

 

Kai Zhu Graduate student of 

Information and Communication 
Engineering, University of Electronic 

Science and Technology of China. 

Main research direction is terahertz 

array antenna, reflection array 

antenna, liquid crystal phase shifter, 

etc. 

BAI, JIANG, LUO, ZHU: DESIGN OF CYLINDRICAL CONFORMAL ARRAY ANTENNA 1014




