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Nippon Seiki Co. Ltd.
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V   Eg ~ 3.0 eV => 

V

8.3 cm2/Vs

R = 60mm

2004

K. Nomura et al., Nature 432, 488 (2004)

I D
S

(m
A

)

VDS (V)

7 cm2/Vs

I D
S

(m
A

)

VDS (V)



100

0 5 10 15
0

50

100

150

200

-5 0 5 10
10

-14
10

-13
10

-12
10

-11
10

-10
10

-09
10

-08
10

-07
10

-06
10

-05
10

-04

VGS (V)VDS (V)

VGS=0ï15V

I D
S

(m
A

)

10-14

10-12

10-10

10-8

10-6

10-4

0 5 10 15 20
0

1

2

3

VDS (V)

I D
S

(m
A

)

VGS=2ï20V

-20 -15 -10 -5 0 5 10 15 20
10

-13
10

-12
10

-11
10

-10
10

-09
10

-08
10

-07
10

-06
10

-05

VDS=10V

VGS (V)
I D

S
(A

)
I D

S
(A

)

VDS=2,4,6,8,10V

a-IGZO: Top-contact, bottom gate 40nm-thick a-IGZO / 150nm-thick SiO2 / c-Si, W/L = 300/50 (mm)

a-Si:H  : Inverted staggered          200nm-thick a-Si:H / 200nm-thick SiNx, W/L = 28/6 (mm)

Kamiya et al., Sci. Technol. Adv. Mater. (2010) in print
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IGZO

InGaZnO4
2000

2004



IGZO TFT
Apple iPad Pro

12.9ò, 2,732³2,048 

(Sharp, LG etc, 2015/11)

Microsoft Surface Pro 4

12.3ò, 2,736³1,824

(Samsung, 2015/10)

Wallpaper TV (OLED)

65ò 4K

(LG, 2017/4, in Japan)

AQUOS EVER SH-02J

5.0ò, 720³1,280 LCD Full In -Cell 

(Sharp, 2016/11/4)

Rollable TV (OLED)

OLED R, 65ò 4K

(LG, 2021 on sale at $100,000)

OLED TV

88ò 8K

(LG, 2018/1, CES2018)
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 (5 ~ 10ò) , LG  (55 ~ 77ò) LG

LTPS TFT :  (G6)

RGB OLED:  
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IGZO TFT

GALAXY Note Edge
Nexus 6

LG G Watch R
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Flexible BW E-paper

2ò, 80³60, 50ppi (2005)

2ò, VGA, 400ppi (2009) (Toppan)

Flexible OLED

6.5ò, 160³272 (WQVGA, 85ppi)

(SMD, SID2010/APL2009)

Flexible integrated circuit

310 kHz (5-stage RO)

(Taiwan Natl Univ, SID2008)

Solution & Flexible

Tmax = 250oC, m= 2.17 cm2/Vs

(IMEC, IDW11)

Tri -foldable OLED

Transfer technology, WOLED+CF

(SEL, SID2014)

Kawara-type combined OLED

SEL/AFD (SID2015)

81ò 8K (13.5ò ³36)



LGôs Bringing Its Rollable OLED TV to the US With a 

$100,000 Price Tag
2021/7/16 PC mag

https://www.pcmag.com/news/lgs-bringing-its-rollable-oled-tv-to-the-us-with-a-100000-price-tag

LG Signature OLED R

65ò, 120Hz 4K gaming, variable refresh rate

$87,000 in South Korea in October 2020

$100,000 in US in 2021
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2018 9 13

https://xtech.nikkei.com/atcl/nxt/column/18/00001/01001/
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without toxic/rare elements
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efficiency > 20%



Thermoelectric materials
X. Zhang et al., J. Materiomics1, 92 (2015).
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