
A Compact Kapton-based Inkjet Printed
Multiband Antenna for Flexible Wireless Devices

Item Type Article

Authors Ahmed, Sana; Tahir, Farooq; Shamim, Atif; Cheema, Hammad M.

Citation A Compact Kapton-based Inkjet Printed Multiband Antenna for
Flexible Wireless Devices 2015:1 IEEE Antennas and Wireless
Propagation Letters

Eprint version Post-print

DOI 10.1109/LAWP.2015.2424681

Publisher Institute of Electrical and Electronics Engineers (IEEE)

Journal IEEE Antennas and Wireless Propagation Letters

Rights (c) 2015 IEEE. Personal use of this material is permitted.
Permission from IEEE must be obtained for all other users,
including reprinting/ republishing this material for advertising or
promotional purposes, creating new collective works for resale
or redistribution to servers or lists, or reuse of any copyrighted
components of this work in other works.

Download date 23/05/2023 20:28:29

Link to Item http://hdl.handle.net/10754/550793

http://dx.doi.org/10.1109/LAWP.2015.2424681
http://hdl.handle.net/10754/550793


1536-1225 (c) 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See
http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/LAWP.2015.2424681, IEEE Antennas and Wireless Propagation Letters

 

 

 

Abstract— A low cost inkjet printed multiband antenna 

envisioned for integration into flexible and conformal mobile 

devices is presented. The antenna structure contains a novel 

triangular iterative design with coplanar waveguide (CPW) feed, 

printed on a Kapton polyimide-based flexible substrate with 

dimensions of 70 x 70 x 0.11 mm3. The antenna covers four wide 

frequency bands with measured impedance bandwidths of 

54.4%, 14%, 23.5% and 17.2%, centered at 1.2, 2.0, 2.6 and 3.4 

GHz, respectively, thus, enabling it to cover GSM 900, GPS, 

UMTS, WLAN, ISM, Bluetooth, LTE 2300/ 2500 and WiMAX 

standards. The antenna has omnidirectional radiation pattern 

with a maximum gain of 2.1 dBi. To characterize the flexibility of 

the antenna, the fabricated prototype is tested in convex and 

concave bent configurations for radii of 78mm and 59mm. The 

overall performance remains unaffected, except a minor shift of 

20 MHz and 60 MHz in S11, for concave bending at both radii. 

The compact, lightweight and conformal design as well as 

multiband performance in bent configurations, proves the 

suitability of the antenna for future electronic devices.  

 
Index Terms—Flexible antennas, multiband antennas, inkjet 

printing, Kapton, wireless applications. 

I. INTRODUCTION 

ecent years have witnessed growing research in the field 

of flexible electronics. Enabling components such as 

transistors, inductors, capacitors and antennas are increasingly 

being reported [1] that address the future requirements of 

lightweight, low cost and flexible electronic devices 

compatible with unusual substrates such as paper, textiles and 

plastics. In addition to the trends of flexible and bendable 

devices, multiband support is required in many cases. For 

instance, today’s typical mobile devices support 2G, 3G, and 

4G-LTE as well as WLAN and GPS standards. For such 

devices, antennas that are flexible as well as multiband are 

unavoidable.  At the same time, the antenna, among all other 

components on flexible substrates, is the most prone to 

performance degradation because of its radiation 

characteristics getting severely affected by substrate 

deformation. It is therefore critical to study and analyze the 

flexibility aspect of the antenna.  
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To address these requirements, antennas have been 

attempted on paper and other polymer substrates using 

techniques such as screen printing and inkjet printing. The 

latter of these is becoming popular as a low cost and fast 

prototyping fabrication process. Being an additive process, the 

design is directly transferred on to the substrate without the 

need of expensive masks and material wastage [2]. 

Typically the multiband antennas used in mobile devices 

are planar monopole or planar inverted-F antenna (PIFA) 

structures [3-5]. However, they are implemented on rigid FR-4 

or similar substrates and are not compatible with conformal 

requirements. At the same time, antennas designed on flexible 

substrates such as papers, liquid crystal polymers (LCP) and 

PET films are reported in [6-8], but they are not multiband. In 

[9-10], two different multiband antennas on paper substrate 

are presented but without flexibility analysis. A performance 

analysis in bent and deformed configuration of antennas have 

been done in [11-12] but these antennas cover only one or two 

frequency bands.  

In this paper, a novel and conformal multiband antenna is 

presented using inkjet printing process on Kapton substrate. A 

generalized iterative design approach is adopted to achieve the 

multiband response. Effects of adding each antenna radiator 

are studied and analyzed. A comparative analysis of antenna 

parameters between straight and different bent configurations 

is also included. 

II. ANTENNA DESIGN & WORKING MECHANISM 

The design of the proposed planar monopole antenna is 

shown in Fig. 1. Focusing on design goals of impedance 

matching at the selected bands and extracting maximum gain 

for each band, the antenna consists of iterative triangular 

radiators, fed by a coplanar waveguide (CPW) with circular- 

shaped ground plane. The radiators are designed to operate at 

four specific frequencies as a proof-of-concept only. In order 

to cover other desired communication bands, the size of each 

radiator and spacing between consecutive radiators can be 

easily adjusted, making it a flexible and scalable design. CPW 

feed is chosen for its simplicity and ease of fabrication in a 

roll-to-roll production process as the radiator and the ground 

plane are printed on the same side of the substrate [13]. The 

curved shape of the CPW ground is carefully designed and 

optimized to adjust the resonance frequencies and operating 

bands of the antenna. For flexibility, the antenna is designed 

on a Kapton polyimide-based substrate with a dielectric 

constant (εr) of 3.5, loss tangent (δ) of 0.002 and compact size 

of 70 x 70 mm2 with substrate height of 0.11 mm. The detailed 
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dimensions of the proposed antenna are shown in Fig.1. 

The iterative design procedure is illustrated in Fig. 2 (a - d) 

and the simulated S11 for various iterations is also shown in 

Fig. 2. In the first step, the antenna contains one CPW-fed 

radiator that radiates at 1.1 and 2.6 GHz with S11 < -10 dB. In 

the second step, another radiator is added inside the first one 

shifting it’s resonance from 1.1 GHz to 1.05GHz. At the same 

time, two more resonances at 2.3 and 3.4 GHz are generated 

because of mutual coupling between the two radiators. 

Similarly, the addition of a third and fourth radiator provides 

resonances at 1.41 and 2.1 GHz, respectively, whereas the first 

two resonances (at 1.1 and 2.6 GHz) are improved at the same 

time. The overall return loss in Fig. 2 shows that four wide 

frequency bands covered by final proposed antenna are 0.88 – 

1.5 GHz, 1.93 – 2.2 GHz, 2.31 – 2.96 GHz and 3.11 – 3.58 

GHz.  

The performance mechanism of the multiband antenna can 

also be understood through the analysis of its surface current 

distribution at the resonating frequencies. The current 

distribution is shown in Fig. 3 (a - e). Fig. 3 (a) shows that at 

1.05 GHz, current is concentrated at first resonator whereas at 

1.41 GHz, second resonator has more current concentration as 

depicted in Fig. 3 (b). Similarly, Fig. 3 (c) shows that at 2.1 

GHz, only third radiator is active whereas at 2.6 GHz, both 

second and third resonators are radiating and finally at 3.3 

GHz, the current is more concentrated on the fourth resonator.  

 
Fig. 2. Design stages of proposed antenna with corresponding S11 (a) 1st Step 

(b) 2nd Step (c) 3rd Step (d) Final Step (proposed) 

 

 
 Fig. 3. Simulated current distribution at (a) 1.05 (b) 1.41 (c) 2.1 (d) 2.6 and 

(e) 3.3 GHz 

III. FABRICATION AND MEASURED RESULTS 

The antenna is inkjet-printed using Dimatix DMP-2831 

printer and UT Dots silver nano-particle ink. Owing to the 

smooth surface of Kapton substrate, the nano-particle drop 

spacing and number of layers are carefully chosen to obtain 

accurate dimensions as well as good conductivity. An 

optimized drop spacing of 30µm and 5 conductive layers on 

top of the each other are used. After printing, the antenna is 

heat sintered at 120ºC for 10 minutes. The conductivity thus 

achieved is approximately 6𝑒6 S/m. An SMA connector is 

mounted using conductive silver epoxy. The antenna is tested 

in normal as well as in bent conditions using Satimo StarLab 

anechoic chamber. A prototype of fabricated antenna on 

Kapton substrate is shown in Fig. 4. 

 
Fig. 4. Fabricated antenna prototype in various positions 

The simulated and measured S11 is shown in Fig. 5 showing 

good agreement. The simulated and measured impedance 

bandwidths for the tetra-bands are shown in Table I. The first 

band has 54.4 % bandwidth and can cover GSM 900, GPS L2, 

L3 and L5 bands whereas the second band has 14 % 

bandwidth and can cover UMTS bands. The bandwidth of the 

third and fourth band is 25.3 % and 17.2 % respectively, 

supporting the WLAN, ISM/Bluetooth, LTE 2300/2500 and 

WiMAX frequency bands.  

 
Fig. 5. Simulated and measured S11 of antenna 
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Fig.  1. Layout of the proposed antenna (L=70mm, L1=44.8mm,
 L2=34.8mm, L3=27.8, L4=23.5mm, L5=20mm, L6=0.4mm, W=70mm, 

W1=60mm, W2=67.7mm, W3=4.4mm, W4=0.73mm, W5=1.43mm, 
h=0.11mm) 



1536-1225 (c) 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See
http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/LAWP.2015.2424681, IEEE Antennas and Wireless Propagation Letters

 

 

TABLE I  

MEASURED BANDWIDTH AND FREQUENCY BANDS COVERED BY ANTENNA 

Band 

No. 

Measured 

bandwidth 

Covered commercial bands 

1. 0.87 - 1.52 GHz 

(54.4%) 

GSM 900 (880-960 MHz), GPS L5, L2 

& L3 (1176.45 MHz, 1227.60 MHz & 
1381.05 MHz) 

2. 1.93 - 2.22 GHz 

(14 %) 

UMTS (1920-2170 MHz) 

3. 2.29 – 2.90 GHz 
(23.5%) 

WLAN (2400-2480 MHz), ISM & 
Bluetooth (2400-2480 MHz), LTE 2300 

(2305-2400 MHz), LTE 2500 (2500-

2690 MHz) 

4. 3.07 – 3.65 GHz 

(17.2%) 

WiMAX (3400-3600 MHz) 

 

The simulated and measured E-plane and H- plane radiation 

patterns of the antenna at 0.9, 2.0 and 2.5 GHz, are shown in 

Fig. 6 (a) – (c). It can be observed that E- plane and H-plane 

results, at all frequencies show monopole like and 

omnidirectional radiation patterns, respectively, making it 

compatible for the mobile communication applications. The 

simulated and measured realized gain along with simulated 

peak efficiency is compared in Table II. The measured peak 

gain is -1.2 dBi for the lowest frequency band, 0.6 dBi for 2 

GHz band and 2.1 dBi for 2.5 GHz band. The maximum 

difference between the simulated and measured gain is ± 1 dB. 

 
Fig. 6. Simulated and measured radiation patterns at (a) 0.9 GHz (b) 2 GHz 

(c) 2.5 GHz 

TABLE II  

COMPARISON BETWEEN THE SIMULATED AND MEASURED GAIN 

Band 

No. 

Bandwidth 

(GHz) 

Simulated 

Gain 

Measured 

Gain 

Simulated 

Peak Efficiency 

1. 0.8 - 1.0 -1 dBi -1.2 dBi 67% 

2. 1.4 - 2.2  1.3 dBi 0.6 dBi 82% 

3. 2.5 - 2.7 2.7 dBi 2.1 dBi 81% 

IV. BENDING ANALYSIS 

The potential use of the presented antenna in bendable and 

flexible devices requires its characterization in various bent 

configurations. For this purpose, the antenna is bent in convex 

and concave directions by attaching it on a foam with different 

radii. Its return loss and radiation performance is then 

measured in each case. Considering the typical bending 

capabilities for future flexible wireless devices, cylindrical 

radii of R1= 78mm and R2= 59 mm for bending analysis in 

both convex and concave configurations are chosen. The 

antenna in bent form for R1= 78mm in both configurations is 

shown in Fig. 7. 

 
Fig. 7. Antenna bending (a) convex configuration (b) concave configuration 

Fig. 8 depicts the simulated and measured return loss 

comparison of the bent antenna at different radii in both 

convex and concave configurations with the unbent antenna. 

In the former configuration, no significant degradation is 

observed, apart from the slight shift in resonance frequency of 

the first band (0.87 - 1.52 GHz). This happens primarily due to 

the outer most radiator, which gets most effected by the 

convex bending. In case of concave bending, a maximum shift 

of 20-60 MHz is observed towards the lower-end in all the 

frequency bands. The wide impedance bandwidth of the 

antenna still retains the matching at the desired operating 

frequencies.  

The radiation patterns in the bent configurations are also 

measured in detail and a small shift is observed between them 

as shown in Fig. 9 and 10. The detailed comparison of the 

peak gain in bent and unbent configurations is also shown in 

Table III. In case of the convex bending, maximum increase of 

0.3 dB and 0.4 dB in gain is observed in the frequency band at 

2 GHz for 78mm and 59mm respectively. Similarly, for 

concave bending, maximum increase of 0.3 dB is observed in 

the 2 GHz frequency band, for both radii. This change in gain 

is observed due to slight increase in the directivity when 

antenna is bent. Furthermore, after repeated testing of antenna 

under different bending conditions, no major degradation in 

the radiation characteristics is observed. The excellent 

repeatability and the durability qualify the presented design 

for future flexible devices. 

 

 
Fig. 8. Simulated and measured S11 of the antenna when unbent and bent on 

foam of different radii in (a) convex (b) concave configurations 
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Fig. 9. Comparison between the measured radiation patterns of the unbent and 

convex bent antenna at (a) 0.9 GHz (b) 2 GHz (c) 2.5 GHz 

 
Fig. 10. Comparison between the measured radiation patterns of the unbent 

and concave bent antenna at (a) 0.9 GHz (b) 2 GHz (c) 2.5 GHz 

TABLE III  
GAIN COMPARISON BETWEEN UNBENT AND BENT ANTENNA 

CONFIGURATIONS 

Convex Configuration 

Band No. Unbent antenna Bent at R1 = 

78mm 

Bent at R2 =  

59mm 

1. -1.2 dBi -1.2 dBi -1.2 dBi 

2. 0.6 dBi 0.9 dBi 1.0 dBi 

3. 2.1 dBi 2.3 dBi 2.5 dBi 

Concave Configuration 

Band No. Unbent antenna Bent at R1 = 

78mm 

Bent at R2 = 

59mm 

1. -1.2 dBi -1.1 dBi -1.1 dBi 

2. 0.6 dBi 0.9 dBi 0.9 dBi 

3. 2.1 dBi 2.1 dBi 2.2 dBi 

V. CONCLUSION 

A novel design of inkjet-printed flexible multiband antenna 

is presented with detailed simulated and measured results. The 

multiple iterations within the triangular monopole design helps 

to achieve the multiband operation with wide bandwidths 

without increasing the antenna form factor. The antenna 

resonates at 1.2, 2.0, 2.6 and 3.4 GHz with measured 

bandwidth of 54.4%, 14%, 23.5% and 17.2% respectively and 

can cover GSM 900, GPS, UMTS, WLAN, ISM, Bluetooth, 

LTE 2300/ 2500 and WiMAX frequency bands. A maximum 

resonance frequency shift of 3% is observed in concave 

bending, while no significant change is observed in convex 

bending. The measured results reveal omnidirectional 

radiation patterns with -1.2 to 2.5 dBi gain, when tested in 

unbent as well as bent conditions. As a result, the proposed 

flexible, compact, lightweight and robust design along with 

good radiation characteristics suggest that the antenna is 

suitable for various wireless applications for future conformal 

and flexible electronic devices. 
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