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Development of transparent diodes using oxide semiconductors and these
applications to energy harvesting circuits
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We developed a fabrication process of zinc oxide thin film transistor using
cyclo-olefin polymer as a flexible substrate, and elucidated the mechanism of bending resistance
test and property deterioration. In the repeated bending resistance test, the TFT operated stably
even with 100 times of repetition with a radius of curvature of 5 mm, and it was clarified that the
oxide material has flexibility comparable to that of the organic material. On the other hand, an
oxide diode having a MIS structure was developed, and a maximum current value of 7.0 mA/mm, a
rectification ratio of four digits or more was obtained. In addition, using a flexible TFT
fabrication process, we succeeded in fabricating a flexible oxide diode with almost no decrease in
rectification ratio compared to a flat state for a bend of 15 mm in curvature.



mwW

Proc. of SPS 2004, 251, 2004
2006 ATR Proc. of IMWS-1WPT2012, 39, 2012
Intel Proc. of RWS2009, 16, 2009
Quality Factor

RFID
Zn0

Zn0 p Zn0 pn

pn

Self-Switching Diode; SSD SSD
Zn0
pn
Zn0
RFID Radiofrequency identifier
Rectifyingantenna LAN

(Cyclo-0Olefin Polymer; COP
CoP PET
Polyethylene terephthalate PEN Polyethylene naphthalate

COoP
COoP CoP
ZnO-TFT CoP Zn0
(Pulsed Laser Deposition; PLD) 40 nm
1.0x 10™ Torr Nd:YAG Spectra-Physics 4 1266 nm
:10Hz 30 mJ/pulse
Zn0
(Si0y) Ti  Au
100
(¢)) Zn0
ZnO-TFT
20 mm 10 mm 7 mm
Lg=3um TFT Vs = BV
1 TFT  on/off 2.9x 10° 20 mm 10 mm
on/off 1.7x 10° 8.6x 10*
7 mm

Si0;



Si0;

g Le =3 um Before E E Le =3 um n Before
E L EVes=5V Bending | £ 108 [ Vos=5V Bending
<é: 10 r=20mm < E r=10mm
— — o D r=20mm
2104 Ar=10mm £10-10
8100 s |
8. 3 1012)
210%8 o
'z (a) Ar=7mm'| &
5 10_10 [ B B T S | 1 L (D 10-14
-10-8-6-4-20 2 4 6 810 -10-8-6-4-20 2 4 6 810
Gate Voltage Ves[V] Gate Voltage Ves[V]
1 Zn0 TFT (@) ()
() ZnO-TFT
COP TFT
COP Zn0 SEM
20 mm Si0;
Zn0 10 mm 7 mm
Si0;
Zn0 Zn0
Si0;
Si0;, SEM
COP Si0; 600 nm 5 mm
SEM SEM 2
SEM Si0;
Si0;
Si0;
TFT
Si0;
Zn0 SiOz
Zn0
COP
188 pm 25 um 2
3 2
— 18
sz ORARABA
um = 14
g 12 |
3 1¢
§ o [
:-.L—. 0.6 === COP un:‘ 50 n:nv
E 0.4 —{— COP sub. 25pm
S 02| L=6um
o L— - -
oo 20 15 10 5 ]
Sio, Bending Curvature Radius, r [mm]
3 COP
3) ZnO-TFT
CoP 25 um 2
ZnO-TFT
Cop 25 um 2 5 mm

100



0.8
Zn0  Ti/Au
Zn0
100 Zn0
Si0; 5 mm
100
25 um  COP ZnO-TFT 5
on/off 5.2x 10° g 0.07 mS/mm 100
on/off 1.6x 10" g, 0.14 mS/mm 100
on/off Oh
2
on/off
5 mm 2 5 mm
100
+1V
5mm 100 TFT
TFT 1mm
§iﬁ2 e
“_; Rl =6 pmm Eeig T %13—2 f
o g‘iﬁ;
ﬁm " Bpm g -seeso 510::
§S|n == P PN S o
Eé o gmr—sos—so5-505-5057505—
58| o [E T T m w6 Gate Voltage, Vs [V]
éé Ez e NN E 18; = EQ 10M 300 50 100"
T | A . T T ————— EERES
€ 0.9 (9]
e | R NI NG AN On i gringring g B - 107
0.7 ® I :, 10®
(X3 ;g 5 104
Before 1 2 3 5 10 20 30 40 50 75100 O S I
Eending . OO0 : Flat (4 O 1
Bending Times ® : Radius = 5 mm £
510-5 0 55 0 55 0 55 0 55 0 55 0 5
Gate Voltage, Vgs[V]
4 2
5 ZnO-TFT
( Lg=20 pm)
@®
Zn0-SSD
6
7 Zn0-SSD 104
Zn0-SSD 15 mm
HfO, Ti/Au 0.4 102
50/100 nm = ra &
Eo.s — gm;g ElO“‘ E
2 120 mm 2 /j
€ 0.21__ curvature —10°% -curvau.‘nﬂ:a
- Radius M\ - radius
£oap T + 10°F
3 5
5 0 :10-10.
o 3
_Ol -12 1
-5 0 5 10 -5 0 5
\oltage, V [V] \oltage, V [V]

6 Zn0-SSD 7 Zn0-SSD



N

10.

11.

12.

13.

14.

15.

16.

CoP Zn0

61 2018 274-279 https://doi.org/10.1380/vss.61.274
Shotaro Shinya, Toyokazu Kaneko, Masatoshi Koyama, Toshihiko Maemoto, and Shigehiko
Sasa, Effects of He plasma treatment on zinc oxide thin film transistors, IEEE Xplore,
2017 66-67 DOI:10.1109/IMFEDK.2017.7998045

ED2016-132,SDM2016-149 2017 13-16

2018
2018
Al ZnO-TFT
78 2018
78 2017
ZnO TFT He
78 2017
Al
Zn0 Al 78
2017
78 2017
2017
2017
&
2017

Oliver Kaltstein, Koki Nagayama, Masatoshi Koyama, Toshihiko Maemoto, Shigehiko Sasa
Bending Experiment and Resistance Evaluation of Zinc Oxide Thin Films Grown on Cyclo
Olefin Substrates The 2017 International Conference on Flexible and Printed
Electronics (ICFPE2017) , 2017.

Shotaro Shinya, Toyokazu Kaneko, Masatoshi Koyama, Toshihiko Maemoto, and Shigehiko
Sasa, Effects of He plasma treatment on zinc oxide thin film transistors The 2017

International Meeting for Future of Electron Devices, Kansai ) 2017.
MIS 64
2017
MIS 64
2017
2017
2016



2016
17.S. Matsuda, K. Nagayama, K. Ashida, Y. Sun, M. Koyama, T. Maemoto, S. Sasa and S.
Kasai Fabrication and characterization of zinc oxide based self-switching nano-diode
International Workshop on ZnO and Related Materials 2016
18.F. Kimura, S. Sasaki, K. Oura, Y. Sun, M. Koyama, T. Maemoto and S. Sasa Fabrication
and characterization of AZO multi-layer thin film transistors using AZO thin film
buffers by soution method International Workshop on ZnO and Related Materials

2016
19.
77 2016
20. 120
77 2016
21.
AZ0 AZ0 77
2016
22.

- 2016

http://www.oit.ac. jp/japanese/nanotech/

¢y

YOSHIMURA Tsutomu

8 00460767



