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Abstract  The textile antenna for 5G communication presented in this article is designed using circular conductors with 

triangular grooves and teardrop-shaped holes on the conductor sheet. The proposed antenna is fed by a microstrip line, while 

impedance matching is achieved through a trapezoidal ground plane. CST Microwave Studio was used to analyze the antenna. 

A prototype was fabricated on a nylon fabric substrate measuring 80 × 70 mm², with a relative dielectric constant of 2.2042 

and a thickness of 0.537 mm. The proposed antenna operates across an impedance bandwidth of 2.25–7.00 GHz. It exhibits an  

average gain of approximately 2.35 dBi, with an omnidirectional radiation pattern in the X–Z plane and a bidirectional pattern 

in the Y–Z plane. 
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1. INTRODUCTION

Antennas are fundamental components of wireless

communication.  They transmit and receive 

electromagnetic waves through the air. Currently, 

many different types of antennas are used, depending 

on their application and adaptability. However, the 

majority are fabricated of metal because of its strong 

signal propagation qualities. However, their 

shortcomings include being hefty, stiff, and 

inflexible, making them unsuitable for wearable 

electronic devices. Textile antennas have been 

developed because they are lightweight, flexible, 

bendable, and easily attachable to other materials  [1]. 

They are compatible with Wireless Body Area 

Networks (WBANs), which are gaining popularity 

globally and influencing daily activities. As a result, 

research has been conducted on the design and 

development of textile antennas for various wireless 

applications, including WLAN communication 

[2]-[3] and ISM communication [4]. Currently, 5G 

wireless technology provides advantages such as of 

higher data rates, lower latency, and wider bandwidth 

[5]. Much research has been conducted to develop 

antennas for 5G communications, particularly in the 

sub-6GHz band, which has been used in many 

applications due to its balance between coverage and 

capacity. In the past, there has been research on 

textile antennas for various 5G communication 

applications. Such as textile antennas for millimeter 

wave communication [6]; multi-band textile  antennas 

that can be used in various  applications, including 

high-frequency 5G communication [7]; antenna with 

a denim substrate  that can operate in the 5G 

frequency range of 3.02 GHz-4.5 GHz [8]; textile 

antennas with a biodegradable substrate operating in 

the 3.25 GHz-3.8 GHz frequency range [9]; and 

star-shaped textile antennas operating in the 3.43 

GHz-3.56 GHz frequency range [10]. The 
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aforementioned examples demonstrate that there has 

been a significant amount of development of textile 

antennas for 5G frequencies; however, the majority 

of them are built to support frequencies in the 3 GHz  

- 4 GHz range or are specifically developed for

narrow band, multi-frequencies.  

In this paper, a wideband 5G communication 

textile antenna is designed using nylon, which has 

strong, resilient, and flexible properties [11]. It is 

widely employed in a variety of industries, including 

the manufacture of garments, ropes, socks, sports 

equipment, and even machine parts.   The  p ropose d  

an tenna  i s  c ons t ruc t ed  w i th  a  c i rc u la r  conduc to r  

as  a  p ropa ga t ing  c ompone n t ,  w h ic h  is  upg ra de d  

to ob ta in  a  w ide  f re que nc y  ra nge by d r i l l i ng a  

te a rd rop  s ha pe  a nd a  t r i ang le  g roove  on  the  

conduc t ing  shee t .  A mic ros t r ip  l i ne  i s  use d  to  

fee d the  s igna l ,  w h ic h  i s  impe da nc e ma tc he d to a  

t ra pez o ida l  g round  p la ne .  The  an te nna  

cha ra c te r is t i cs  a re  exa mined  u s ing C ST 

Mic row ave  Stud io  so f twa re .  

2. ANTENNA DESIGN

This section describes the design and geometry of

a textile antenna for 5G communication in the 2.6 

GHz - 5.9 GHz frequency spectrum, which use a 

nylon fabric substrate. The parameters of substrate 

were measured using a Vector Network Analyzer 

model E8363B, which obtained a substrate thickness 

(h) of 0.537 mm, a relative dielectric constant for a

polycarbonate substrate (εr) of 2.2042, a conductor 

material thickness (tk) of 0.068, and a dielectric loss 

tangent (tan δ) of 0.00892. The input signal was a 

42.72 Ω matched microstrip line.   

Fig.1  s hows  the  geome t ry  o f p ropose  a n te nna .  

The  deve lopmen t  se que nc e  o f  a  te x t i le  an t e nna  

fo r  5G  c ommunic at ion  c a n  be  de sc r ibe d  a s  

fo l lows .  Fi r s t ,  a  c i rc ul a r  p ropa gat ion re g ion  i s  

de s igne d  to  obta in w ide  ba ndw idth  [12 ] ,  a nd  

ma tch ing  is  a cc ompl i she d by  pl ac ing  a  g round  

p la ne  beh ind  the  mic ros t r ip  l i ne .  Ne x t ,  the  

enha nce men t  o f  the  p ropa ga tion  re g ion  to  

ac h ie ve  the  a n te nna 's  i n te nde d  ope ra t ing  

f requenc y ra nge .  A t ea rd rop -s ha ped  hole  i s  

d r i l l e d ins ide  the  c i rc u la r  c onducto r,  a nd a  

t r ia ngu la r  ho le  is  d r i l l e d  on  the  sa me  c onducto r.  

The  l as t  improved  s ignal  ma tc h ing  by  

e l imina t ing  the  g round  on  bo th  s ides ,  g iv ing  i t  

t he  a ppe a ra nce  o f a  t r a pe zo id .

A fte r  des ign ing  the  a n te nna  c omponen t s ,  C ST 

Mic row ave  Stud io s imu la t es  the i r  ope ra t ion ,  a nd  

the  s iz e  o f ea ch  c ompone n t  i s  a d jus te d  to  ac h ieve  

the  bes t  r es pons e .  The  op t ima l  p ropa ga t ion a nd  

g round  p l ane  pa ra me te rs  a re  s how n  in  Ta b le  1 .  

(a) (b) 

Fig.1.  Geometry of the proposed antenna (a) front and  

(b) back

Ta ble  1 .  The  op t imiz e  pa ra me te r s  o f p ropose d  

an tenna    

Parameter  W L h tk  Wg 

Values(mm) 7 8 0.537  0.068  20.5 

Parameter  Wt R1 R2 Rx Gw  

Values(mm) 2 10.5 4 4 80 

Parameter  Gl  R3 Wx Wf  CF 

Values(mm) 26  11.5  5.4 4.2  2.6 

F ig.  2  de pic ts  t he  s imula t ion  re su l ts  fo r  t he  

p la nne d  a n te nna  us ing  the  op t ima l  pa ra me te rs .  I t  

ca n be  s ee n  tha t  t he  a n te nna  ha s  a  r e f le c t ion  

coe f f ic i en t  o f  l es s  tha n -10 dB th roughout  the  

2.4  GHz  to  6 .3  GH z band .  T ha t  is ,  t he  sugge s te d  

an tenna ha s  a  func t ioning  f re que nc y  ra nge  tha t  

cove rs  t he  5G c ommunic a t ion  f re que ncy  ba nd .  

Fig.2.  Simulated S11 result of the proposed antenna 

wi th  the  op t ima l  pa rame te r s . 
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3. RESULTS AND DISCUSSION

The  op t ima l  a n te nna  pa ra mete rs  we re  

es ta b l is he d  bas e d  on  the  des ign .  T his  was  u se d  

to  p roduc e a  p roto type a nte nna ,  a s  s hown  in F ig .  

3 . The  a n te nna ' s  c ha rac t e r is t ics  we re  e valua te d

us ing  a n  A g i le n t  PN A Ne twork  A nalyze r  M ode l  

8720c .   

( a )  (b )  

F ig. 3 .  The  p ro to type  o f p ropose d  a n te nna  

(a ) f ron t  a nd (b )  ba ck   

The  pa ra me te rs  w e re  me as u re d ,  a nd  d isc us se d  

a re  a s  fo l low .   

3.1. REFLECTION COEFFICIENT (|S11|) 

 A c ompa r is on  o f  s imula te d a nd  mea s u re d  

re fl ec t ion coe f f ic i e nt  ( | S11 | )  da ta  is  d i sp l aye d in  

F ig.  4 .  T he res u l ts  a re  c ons is te n t .  The  s imu la te d  

re fl ec t ion coe f f ic i en t s  ha ve a  f re que nc y  

res pons e  in  t he  ra nge  o f  2 . 4  GHz  -  6 . 3GH z,  w hi l e  

t he  mea su re d re f le c t ion c oe f f i c i e n ts  have a  

f requenc y  re spons e  in  the  range  o f  2 .2 5  GH z  –  7  

GH z.  I t  obs e rve d that  t he  ac tua l  an t e nna  

p rov ide s  a  s l i gh t ly w ide r ope ra t ing ba ndwid th  

tha n  the  des ign ,  w h ic h  c ou ld  be  a t t r i bute d to  the  

an t enna fa b r ic a t ion.  

F ig . 4 .  Th e  s im u l a t e d  an d  m ea s ur e d  re s u l t s  o f  t h e  

re f l ec t i on  c oe f f i c i en t  of  t he  pr o p os e d  a n t en n a  

3.2. RADIATION PATTERN FORMATTING  

This  s ec t ion  p re se n ts  t he  re su l ts  o f  t he  

rad i a t ion pa t t e rn exa mina t ions  in  t h re e  

f requenc y ba nds ,  s uch  a s  2.6  GHz ,  3 .5 GH z,  a nd  

5.9  GH z.  Co -po la r i za t ion  and  c ro ss -po la r iz a t ion  

s tudies  w e re  ca r r i e d  ou t  i n  ea ch  f re que ncy  ra nge .  

F ig .  5  –  F ig .7  s how  the  c o r re spond ing  

rad ia t ion  pa t te rn s  o f  the  me as u re d  a nd  s imu la te d  

res ul t s .  In  t he  X -Z pl a ne ,  t he  a nt e nna  i s  

omn id i re c t ional  ac ros s  a l l  t h re e  f re que nc ies .  

Fu r the rmore ,  the  Y -Z pl a ne  d is p la ys  a  

b id i rec t iona l  pa t t e rn  a t  a l l  t h ree  f re que nc ies ,  

wi th  t he  h ighes t  ra d ia t ion  pa t t e rn  occ u r r ing a t  0  

and  180 a t  2 . 6  GHz ,  wh i l e  t he  pea k  rad ia t ion  

pa t te rn  s h i f ts  as  f re que ncy  inc re as es .  T ha t  is ,  a t  

3 . 5 GH z ,  t he  pea k ra dia t ion pa t t e rn is  a t  195  a nd  

345 ,  w he rea s  a t  5 .9  GH z ,  i t  is  a t  210   a nd  330 .  

Fu r the rmore ,  i f  t he  f re que nc y  inc reas es ,  the  

c ro ss  po la r i za t ion a ls o bec ome s  l a rge r .  

( a )  (b )  

F ig . 5 .  Th e  ra d i a t i o n  p a t t e rn  a t  2 . 6  G H z i n  

(a )  X- Z  p l a n e  a nd  ( b)  Y -Z  p la n e  

( a )                           (b )  

F ig . 6 .  Th e  ra d i a t i o n  p a t t e rn  a t  3 . 5  G H z i n  

(a )  X- Z  p l a n e  a nd  ( b)  Y -Z  p la n e  
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(a )  (b )  

F ig . 7 .  Th e  ra d i a t i o n  p a t t e rn  a t  5 . 9  G H z i n  

(a )  X- Z  p l a n e  a nd  ( b)  Y -Z  p la n e  

3.3. GAIN

 F ig .  8  c ons ide r  t he  an t enna  ga in s  in  t he  5G  

f requenc y ra nge  f rom 2 .6  GH z  to  5 .9  GH z .  The  

an tenna ga in  mea su re me n t  res u l ts  a re  

compa t ib le  wi th  t he  s imu la t ion  res u l t s .  The  

ac tua l  an t enna  ga in  is  a round  0 .5  dB i  les s  t ha n  

the  s imula t ion  re su l ts .  The suggested antenna has 

an average gain of 2.35 dBi.  

Fig.8.  Simulated and measured gains of the proposed 

antenna.  

4. CONCLUSION

This paper presented a nylon -substrate antenna

with a circular radiating conductor. The 

introduction of teardrop -shaped holes and 

triangular grooves on the conducting plate 

enhanced its impedance bandwidth, while 

impedance matching was achieved using a 

trapezoidal ground plane. The antenna, fed by a 

microstrip transmission line, measures 80 × 70 

mm² and maintains an impedance match better 

than –10 dB across the entire 2.25–7.00 GHz 

frequency band. It demonstrates omnidirectional 

radiation patterns in the X–Z plane, bidirectional 

patterns in the Y–Z plane, and an average gain of 

2.35 dBi. These results confirm that the proposed 

textile antenna is well-suited for 5G 

communication applications and has potential for 

broader use in other wireless communication 

systems. Moreover, the nylon textile substrate 

makes the antenna compact, lightweight, flexible, 

and easily integrated into fabrics, supporting its 

suitability for Wireless Body Area Networks 

(WBANs).  
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