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Abstract: ZnO-based transparent conductive films have been widely studied to achieve high performance optoelectronic devices

such as next generation flexible and transparent display systems. In order to achieve a transparent flexible ZnO-based device, a

low temperature growth technique using a flexible polymer substrate is required. In this work, high quality flexible ZnO films

were grown on colorless polyimide substrate using atomic layer deposition (ALD). Transparent ZnO films grown from 80 to

200C were fabricated with a metal-semiconductor-metal structure photodetectors (PDs). As the growth temperature of ZnO film

increases, the photocurrent of UV PDs increases, while the sensitivity of that decreases. In addition, it is found that the response

times of the PDs become shorter as the growth temperature increases. Based on these results, we suggest that high-quality ZnO

film can be grown below 200C in an atomic layer deposition system, and can be applied to transparent and flexible UV PDs

with very fast response time and high photocurrent.

Keywords: Photodetector, Zinc oxide, Atomic layer deposition, Flexible substrate, Colorless polyimide

Afefordd 7lvte] ll
o A], 60 meVe] A= A UA] H 2 B A=
o2 Qs ApJAd HE7]9 vheA] ez Sl
[1-3]. SRS Atstotd 7I¥he] & H&7]+=

& Sung-Nam Lee, snlee@kpu.ac.kr

Copyright ©2022 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Me| =, 2jok 2ol 30| 9t THdt 7| TS AL stol
ARHEICE [3-5]. 2eju 52 Fojelg @ B g
Zelo] So A& 7hsd RSt SAT BAHAY 5
Qrt o', WA}, FFLE, FAF HopolA] F7sta
9lo0, ol ufe} QIR|o] SR A E GAKo] ke
AAS BH ARt et AP7t AISA 02 o] Rojx| 1
oIt [1-3,6.7). ol2j3t A7 5L A2 Fejo| 7| wo] NG
3 X2 S s Ystel Betants B8 1E
u} Zetsoh Awe] AR S Behaot otel o)y 53 A



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 1, pp. 80-85, January 2022: Choi et al. 81

FA1Z1ct [1-3,8,9]. Z22iut S&t
1Al= gate] 242 Alslist=
=A) Sorg Yot
= ZAMH(atomic layer
deposition, ALD)® % %2}50}% A&-SHA] oA
= AAAS £, Aa 7IA HAE v sto] AAS &
Aol gel WAlo 2 AN AP IHEE RS
3t =2 Az ol “A A g d thx} o] Ao] 2435}
Z A o] vk &) grato] AAto] 71551t [11-15]. o] o 7‘3|P9_]-
sfof 2 AN =14 L gejHo] 257} g ol
A2 = 2R /gl Hojuw £t FA Z2]o]o]
E(colorless Pl, CPI)& 7|58 AH8-5to] Atstoldd 7]4dto]
AFQ)A 7% 7] vlake RIE ZRMAFR| 2 o] 85)0] A Als}
Rt 53], 200°C o]st] A237gofl T 4tetoreiof vt
of 543t Aleld 23719 S4S A%t (13.16]
Atgtope] wtuko CN1AFQ] Atomic-Classic YAS &
A71E AREste] FAL Zefolul 7|3 YoflA dAE L
U5 FAFR ] W20 24 E2jojuj =S FY
375; 5% oc oAl 200°C Ato]2 Wig}sto] 2w of
= ASHRAT. ol], A mA]
w2 1,200 scch %"ﬁoj g2 A AL, ot}
A40] ALA| 2 DEZn®}t H,07} AR-E] Qlct. ojwj, DEZn
Q) H,09] 2AA7HE 2.0X 2 SX|5l9 o, A4 71AE
ARg3to] 1.0% 5ote] WA|S MG o] DEZn £¢) -
Az WA - H0 59 - A4 1{x|9] 202 2508] yhust
of ssfotel ulote HAFstoITt. o] %, AAE Atstolel/
Z2jojul= &3 ;}CU}*qé 0133}04 23 1014
BojR%o], a45-VeA-3 %71‘3 A=Y
lsic, ol A gl 24 At
nme] 22 0] WIS FA5H9
A1 Zajoju|= 7|3 9jo] Al Astolel vtato] &
© £ BA5t7] 9stel Bx} & #0]7(atomic force
microscopy, AFM)& AR&-5to] /7%= = of] I 4tetobdd

morm

o 4:

>

(@) (b)
ZnO film . Ak
Colorless Polyimide ks

Fig. 1. Cross-sectional schematic (a) and photograph (b) for ZnO-
based metal-semiconductor-metal (MSM) ultraviolet photodetectors
fabricated by a hard masking process.
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Fig. 2. (a) AFM images of ZnO films grown on colorless polyimide
substrates with different growth temperatures from 80 to 200°C, (b)

the surface root mean square roughness, and (c) average surface grain
size of ZnO films as a function of growth temperature.
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Fig. 3. (a) The overall image of the whole samples and non-deposited
bare CPI film and (b) transmittance of the fabricated samples under
different growth temperature and a non-deposited bare CPI film.
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Fig. 4. PL spectra of ZnO film on colorless polyimide substrates
grown at 150°C and 200°C in the ALD system.
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Fig. 5. (a) Log scaled I-V curves of dark (dot line) and UV currents
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calculated by subtracting ldark from IUV (Iphoto = luv - ldark).
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Fig. 6. Photocurrent (Iphoto) and photosensitivity (Suv) of ZnO-based
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