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ABSTRACT 
Stretchable electronics are a promising technology for 

bringing in a new style of display applications. We 
demonstrate a high-performance stretchable metal oxide 
thin-film transistors (TFTs) array using an acrylic adhesive 
structure. The TFTs array exhibit stable electrical 
performance under 50% strain and excellent switching 
characteristics. 

1 Introduction 
Displays are an essential device for interacting with 

media and people. As displays improve, they become 
better in terms of picture quality, resolution, thinness, and 
size, allowing for more realistic images. Nowadays, 
bendable and rollable displays are made possible by an 
innovative plastic film-based flexible active-matrix organic 
light-emitting diode technology. However, future prevalent 
electronics will require new styles such as domes, spheres, 
and other unique three-dimensional (3D) shape display to 
provide a more realistic and immersive media experience 
(Fig.1). We are exploring a wide variety of viewing styles 
to enjoy and experience immersive and realism-based 
content [1]. 

Stretchable electronics are a promising technology for 
bringing in a new era of display styles [2-6]. Currently, 
flexible displays are limited in two-axis deformation, such 
as folding and rolling. Realizing the various deformed 

styles requires the stretchability of displays to enable 
any free shapes to integrate 3D shapes. Wearable 
applications are also expected to be a promising 
technology for making electronics more pervasive. 
Therefore, display stretchability is needed as a future 
technology for displays to meet the requirement at all 
times and in all areas of daily life. 

Deformable and stretchable organic light-emitting 
diode displays have been extensively investigated to 
date, but they are still in the early stages of development 
and require breakthroughs before they can be used in 
practical applications. Most research is based on 
passive matrix-drive displays with a limited amount of 
pixels and low stretchability [5, 6]. A method for 
stretchable thin-film transistors (TFTs) array for 
active-matrix driving is essential for future deformable 
displays to be realized. 

In this study, reliable stretchable metal oxide TFTs 
array is investigated using acrylic adhesive with 
excellent switching characteristics even under deformed 
shapes. We integrated metal oxide TFTs array onto 
stretchable substrates owing to their high mobility, good 
reliability, scalability, and high on–off ratio 
characteristics [7]. The developed structure also enables 
easy and reliable transfer processes from film to elastic 
stretchable substrate, allowing for the fabrication of 
stretchable metal oxide TFTs array. 

Fig. 1. Future living space and automated driven vehicle with sophisticated display devices: three-dimensional 
shapes, wearable, newspaper style, and dome-style display etc. Stretchability can explore a whole new display 
styles with its unique functions.  
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2 Experimental 
Figure 2 shows the fabrication process of stretchable 

metal oxide TFTs array with acrylic adhesives and surface 
modification layer to obtain reliable stretchability. The 
process involves the following steps: i) fabrication of 
flexible TFTs array, ii) TFTs isolation, and iii) TFTs transfer 
to a stretchable substrate. 

Firstly, the bottom-gate top-contact of In-Sn-Zn-O 
(ITZO) TFTs was fabricated on a flexible polyimide film 
with carrier glass substrate [8]. After the formation of a 
SiOx underlayer on a glass substrate, a Mo-alloy gate 
electrode was deposited and patterned, and then formed a 
SiOx gate insulator film. An ITZO film was formed by 
sputtering deposition with a composition that was 
optimized for high mobility. After the film was annealed at 
300°C in air, source/drain electrodes of Mo-alloy were 
produced by sputtering deposition. Then, a 
photo-patternable passivation layer was formed by a 
photoresist polymer on top of TFTs. Finally, to obtain the 
flexible TFTs array, flexible polyimide films are 
mechanically peeled. 

In the next fabrication process, the fabricated flexible 
TFTs were laminated on a double-coated silicone tape 
with carrier glass substrate. Then, each of the TFTs was 
isolated using a laser processor. After forming a surface 
modification layer of SiOx on the reverse side of the 
polyimide film, unnecessary perimeter parts are removed 
by mechanical peering. Finally, the stretchable substrate 
with acrylic adhesives was conformably laminated on the 
fabricated array. After removing the double-coated 
silicone tape, stretchable metal oxide TFTs array on the 
stretchable substrate was obtained. For integrated TFT 
array in elastic polymer, rubber passivation was also 
formed on the top of TFTs. 

3 Results and discussion 
Figure 3 shows the fabricated 32 x 32 stretchable 

metal oxide TFTs array with acrylic adhesive and 
surface modification layer. Generally, metal oxide TFTs 
for stretchability are needed to be fabricated on a stiff 
island that is isolated from elastic materials due to its 
brittle characteristics [9]. However, most conventional 
stretchable oxide TFTs have delamination issues of a 
stiff island from elastic soft material that limits its reliable 
stretchability due to weak adhesion [10]. Most previous 
metal oxide TFTs were simply placed or embedded on 
elastic stretchable parts without specific modification [9]. 
Therefore, a unique structure that prevents delamination 
is one of the most important factors in ensuring a reliable 
stretchable TFTs array [11]. 

Figure 4 shows the comparisons of the stiff island of 
polyimide on differential elastic materials to investigate 
the delamination problems at the interface between the 
elastic substrate and the polyimide film. As the figure 
shows, conventional silicone elastomer (Ecoflex, 
Smooth-On, Inc.) showed significant delamination after 
a small strain of less than 20%. These trends are also 
the same as the 
polystyrene-block-poly(ethylene-ran-butylene)-block-pol
ystyrene (SEBS) polymer, which is a commonly used 
elastomer for stretchable substrates. The delamination 
issues at the interface are observed between an elastic 
soft material and rigid materials due to the weak bonding 
strength. Our proposed structure, which uses an acrylic 
adhesive with a SiOx modification layer demonstrated 
great stable integrated performance even when 
subjected to 100% strain without any delamination 
issues. After releasing 0% strain, it does not show any 
displacements or delamination at the interface. Thus, we 

Fig. 2. The fabrication process of stretchable metal oxide TFTs array with acrylic adhesives to obtain reliable 
stretchability. Processes are consisted of mainly 3 steps: i) fabrication of flexible TFTs array, ii) isolation 
process of TFTs, iii) transfer process to the stretchable substrate. 
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confirmed the advantages of this structure for obtaining 
stable and reliable stretchability. 

This adhesive structure is also helpful in achieving 
reliable mass transfer of 1,024 TFTs from carrier glass to 
the stretchable substrates without any defects. We 
carefully selected the type of silicon double-sided tape 
with weak adhesive on the acrylic adhesive to achieve 
selective transfer of the stiff polyimide film on the elastic 
substrate. Thus, as shown in figure 2, the mass-transfer 
process from film to elastomer can be easily carried out by 
the strong adhesiveness between the elastomer and the 
modification layer on the polyimide film without any 
defects. 

The performance of stretchable ITZO TFTs array was 
evaluated. Figure 5 shows (a) the stretched metal oxide 
TFTs array and (b) the microscope images of metal oxide 
TFT stretched by 0%, 10%, 20%, 30%, 40%, 50%, (c) the 

transfer characteristics of TFT. The transfer 
characteristics of the ITZO TFT at gate voltages (Vg) 
ranging from −20 V to 20 V were assessed at the fixed 
drain voltage (Vd) of 20 V. The device demonstrated 
good stability characteristics under stretched conditions. 
The electrical performance showed no changes when 
stretched by 0%, 10%, 20%, 30%, 40%, 50%, and 
released to 0%. Furthermore, ITZO TFT exhibited high 
mobility of about 30 cm2/Vs, and a high on-to-off ratio of 
>108. These advantages of metal oxide TFT such as 
high mobility, high on–off ratio, and good switching 
characteristics, are also confirmed with this developed 
structure using stretchable elastomer with acrylic 
adhesive. 

4 Conclusion 
A fabrication method to realize a reliable and highly 

Fig. 4. Experimental results of delamination at the interface between elastic substrate and polyimide film. The 
silicon elastomer stretchable substrate, when placed under a strain test, showed delamination at less than 
20% strain. The SEBS stretchable substrate also fails at around 20% strain. Elastomer with acrylic adhesive 
showed very stable integrated characteristics without any delamination even under 100% strain. It also 
exhibits any displacement of polyimide film after stretched at 100% strain. 
 

Fig.3. (a) A photograph of fabricated dome-shape stretchable metal oxide TFTs array with acrylic adhesive 
and (b) Magnified image of metal oxide TFT, and (c) Schematic of the TFT structure with acrylic adhesive 
and modification layer to achieve better integration between polyimide film and elastic substrate. 
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stretchable metal oxide TFTs array was developed using 
acrylic adhesive. The stretchable metal oxide TFTs array 
showed excellent and stable characteristics under 
stretched conditions with good switching characteristics. 
This stretchable structure also enables easy and reliable 
transfer processes from film to the elastic stretchable 
substrate without any defects. We consider that this 
stretchable metal oxide is a promising vital technology for 
realizing future various displays such as dome or sphere, 
as well as other unique 3D curved shapes using the 
stretchable metal oxide TFT backplane technology. 

References 
[1] NHK. NHK Future vision 2030-2040 2021; Available 

from: 
https://www.nhk.or.jp/strl/english/future_vision/index.
html. 

[2] T. Sekitani, H. Nakajima, H. Maeda, T. Fukushima, T. 
Aida, K. Hata, and T. Someya: "Stretchable 
active-matrix organic light-emitting diode display 
using printable elastic conductors. Nat Mater", Vol.8, 
No. 6 pp. 494-499 (2009) 

[3] J.-H. Hong, J.M. Shin, G.M. Kim, H. Joo, G.S. Park, 
I.B. Hwang, M.W. Kim, W.-S. Park, H.Y. Chu, and S. 
Kim: "9.1-inch stretchable AMOLED display based on 
LTPS technology. Journal of the Society for 
Information Display", Vol.25, No. 3 pp. 194-199 
(2017) 

[4] J. Liu, J. Wang, Z. Zhang, F. Molina-Lopez, G.N. 
Wang, B.C. Schroeder, X. Yan, Y. Zeng, O. Zhao, H. 
Tran, T. Lei, Y. Lu, Y.X. Wang, J.B. Tok, R. Dauskardt, 
J.W. Chung, Y. Yun, and Z. Bao: "Fully stretchable 
active-matrix organic light-emitting electrochemical 
cell array. Nat Commun", Vol.11, No. 1 pp. 3362 
(2020) 

[5] J. Kang, H. Luo, W. Tang, J. Zhao, Y.-M. Wang, T. 

Tsong, P. Lu, A. Gupta, L. Zeng, Z. Zhang, J. Zhou, 
S. Wang, R. Ma, X. Chen, B.-G. Lee, Z. Yuan, P. 
Wei, and X. Yu: "71‐2: Enabling Processes and 
Designs for Tight‐Pitch Micro‐LED based 
Stretchable Display. SID Symposium Digest of 
Technical Papers", Vol.52, No. 1 pp. 1056-1059 
(2021) 

[6] Y. Lee, J.W. Chung, G.H. Lee, H. Kang, J.Y. Kim, C. 
Bae, H. Yoo, S. Jeong, H. Cho, S.G. Kang, J.Y. 
Jung, D.W. Lee, S. Gam, S.G. Hahm, Y. Kuzumoto, 
S.J. Kim, Z. Bao, Y. Hong, Y. Yun, and S. Kim: 
"Standalone real-time health monitoring patch 
based on a stretchable organic optoelectronic 
system. Sci Adv", Vol.7, No. 23 (2021) 

[7] T. Kamiya, K. Nomura, and H. Hosono: "Present 
status of amorphous In-Ga-Zn-O thin-film 
transistors. Sci Technol Adv Mater", Vol.11, No. 4 
pp. 044305 (2010) 

[8] M. Nakata, C. Zhao, and J. Kanicki: "DC sputtered 
amorphous In–Sn–Zn–O thin-film transistors: 
Electrical properties and stability. Solid-State 
Electronics", Vol.116,  pp. 22-29 (2016) 

[9] X. Li, M.M. Hasan, H.-M. Kim, and J. Jang: "Oxide 
Electronics Transferred on Stiff-Stripe/PDMS 
Substrate for High-Resolution Stretchable Displays. 
IEEE Transactions on Electron Devices", Vol.66, 
No. 7 pp. 2971-2978 (2019) 

[10] N. Lu, J. Yoon, and Z. Suo: "Delamination of stiff 
islands patterned on stretchable substrates. 
International journal of materials research", Vol.98, 
No. 8 pp. 717-722 (2007) 

[11] N. Naserifar, P.R. LeDuc, and G.K. Fedder: 
"Material Gradients in Stretchable Substrates 
toward Integrated Electronic Functionality. Adv 
Mater", Vol.28, No. 18 pp. 3584-91 (2016) 

 

Fig. 5. (a) photograph of the stretchable metal oxide TFT under 50 % strain. (b) Photograph of a stretchable 
metal oxide TFT on an elastomer with acrylic adhesive. (c) Transfer characteristics of the metal oxide 
transistor stretched by 0%, 10%, 20%, 30%, 40%, 50%, and released to 0%. 
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