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

a-1GZO: Top-contact, bottom gate 40nm-thick a-IGZO / 150nm-thick SiO, / c-Si, W/L = 300/50 (um)
a-Si:H : Inverted staggered 200nm-thick a-Si:H / 200nm-thick SiN,, W/L = 28/6 (um)
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Apple iPad Pro Microsoft Surface Pro4 ~ AQUOS EVER SH-02J
12.9”, 2,732x2,048 12.3”, 2,736x1,824 5.0”, 720x1,280 LCD Full In-Cell
(Sharp, LG etc, 2015/11) (Samsung, 2015/10) (Sharp, 2016/11/4)

iPad Pro

BB K

Wallpaper TV (OLED) OLED TV Rollable TV (OLED)
65” 4K 88” 8K OLED R, 65” 4K

(LG, 2017/4, in Japan) (LG, 2018/1, CES2018) (LG, 2021 on sale at $100,000)
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LG’s 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
65”, 120Hz 4K gaming, variable refresh rate

$87.000 in South Korea in October 2020
$100,000 in US in 2021
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GENTEX Corp.
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Time Machine, 2002, Dream‘works
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F/A-18C Hornet Defi-Link VSD CONCEPT

Wikipedia, Japanese Nippon Seiki Co. Ltd.

http://!?-WIklpedla-org/ http://www.nippon-seiki.co.jp/defi/
UIU — O
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Minority Report, 2002, 20Century Fox
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Hadis Morkoc and Umit Ozgur, Zinc Oxide, Wiley-VCH

Electrical

Thermoelastic

Mechanical Thermal
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€ diverges and discontinuously changes
at the transition temperature
(Curie temperature) T, like A:
A transition
Feature of first order phase transition

T>T¢ T < T, stabilizes
Cubic structure  ions displaced and

lﬁ: X No spontaneous lattice distorted

Bl FREENHII=D. polarization  => Spontaneous polarization
AFFFERIZEST - 2

BENED

Case 1.

R FIEIB-OFEE TR EL
ALT ITEEONIZAEE
Case 2:
R FIZA-OEETRE
BAFA U IEEEOMIIZANE




Feature of ferroelectrics:
D — E /P — E hysteresis loop

P
L
CEe +E
4 mm) P
/ECOI‘
E
_E e
4 p
c)
D =E
P, : Spontaneous polarization

E.... Coercive electric field
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FeERAM (FREFEHAATEY))

 Gate dielectric in conventional FET is replaced with ferroelectrics
 Spontaneous polarization Ps retains if gate voltage Vs Is off

=> A EFATE!)

Ferroelectric gate f lps
|

Drain VDS source

semiconductor

Memory state “0”

N-type semi.

—P, induces positive charge at the insulator-
semiconductor interface, but n-type semi does
not induce mobile carriers

=> FET is “Off” state

Suica ﬁ

Memory state “1”

N-type semi.

+P, induces negative charge at the insulator-
semiconductor interface, so n-type semi
induces mobile celectron arriers

=> FET is “On” state
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Scanning Probe Microscope (SPM)
« Atomic Force Microscope (AFM)

* Scanning Tunneling Microscope (STM)
piezoelectrics Is used as piezoactuator

Fast response, atomic-order precision

Control voltages foi piezotube PZT: d33 — 4OOX1O'12 m/V
Gys = Al /1= dy E

ForV=100V, 1=1cm,

Tunneling Distance control 0-33 — d33E — 400X10-8

Piezoelectric tube
with electrodes

current amplifier  and scanning unit
Al = 400 A
ForV=01V
Tip
Sample ‘ -
\ \ RN,
N
—LTunneIing S
_@ voltage
) Data processing
and display
Wikipedia:

https://ja.wikipedia.org/wiki/%E8%B5%B0%E6%9F%BB%ES5%9E%8B%E3%83%88%E3%83%B3%
E3%83%8D%E3%83%AB%EI%A1%95%ES5%BEYAEWEI%SF%HAL
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Surface Acoustic Wave (SAW) filter

» Surface acoustic wave is induced by piezoelectrics

* SAW s resonant with the piezoelectric body at the frequency f,
=> Transmit signals with f < f,

« f.: uptoseveral GHz, used e.g. in mobile phones

SAW

signal! signal

In-plane comb electrodes

piezoelectric substrate

https://www.murata.com/ja-jp/group/kanazawamurata/products/device/saw
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1. SBFBA AT — (FeERAM)

1999: & T @D FeRAMEELSI
2006: ) ——0@) FeliCalZ1£H

2. I ZE{E AT — (ReRAM)
2013: /\FY =% 8bit AVt 1% (Ta,0;)
H2 7 LT

3. TLoMAOZO3YY
— SO BEEBERGERIL—LZTS—

4. EBEIZIYIAR
MEEEY— EEDvAO

5. TARTLARBIENSVORE
2012~ RX—hkT#+2, 80” LCD, 88” OLED TV
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EAICEHONATLAMBIZFEAER
Pb(Zr,Ti)O, PZTZEMELTS

- PbDEN

EUTIXRoHSx

o

AEIZKYPbIf#EZ £

https://www.jetro.go.jp/world/ga/04J-100602.html

B BFHRBICETARERSTVEONERAHRICEATS
B < - BELES (Directive on the Restriction of the Use of
Certain Hazardous Substances in Electrical Equipment) D&

A, EEWFILE B RBFMHLNEL, BISHIE-oTLNS

=> i, HfO, &, (AL SC)NRIZE D

ERRBRAER- EBEOBRN

BAICEH-DTLNS
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VASP

ViE. EAMEBEOETHEE =

PBE96
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2 fr & S
2h,, a Sn, In, Cd7g & MD5sENE

2. R FREIDEEZEDITS
BFDIGEIEAF U REHEHEEOS
BAE-BEXFEZEAEE (SN0, In,0,)

3.[GAA U EIEAA L DiRLVERELEZDLS
AP R ER AL ¥ D 3 R (1997): CUuAlO,
ZnO SnoO, In203
(EAH) (cﬁmﬁm-&#ﬁ)
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6 7 8 9 10 11 12 13 14

1 A M el

% Li | Be B|C|[N/|O]|F
3 4 5 6 7 8 9
Na | Mg Al Si P S Cl
11 12 13 14 15 16 17

3
4 K|{Ca| Sc | Ti |V |Cr| Mn | Fe| Co | Ni | Cu prdier-® Ge | As Se Br
19 | 20 21 22 | 23 | 24 25 26 | 27 28 | 29 30 31 32 33 34 35

9 Rb | Sr | Y | Zr [Nb| Mo | Tc | Ru| Rh | Pd | Ag e EEREEESIE Sb | Te | |
37 | 38 | 39 | 40 | 4 | 4 43 44 | 45 | 46 | 47 EE 49 50 51 52 53

ZnO:Al (AZO) SnO,:F (FTO)
Zn0:Ga (GZO) SnO,:Sh (ATO)

In203 Sn (ITO)
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BB ITdrF—E>S
B (A EHK =—> BFF—7

Zn“*0 + Ga => Zn**0:Ga’* + e + Zn
Zn,. + Ga(s) => Ga,, + e + Zn(s)

BRERE (BAAViBER): EFF—7
Zn%*0 =>Zn?*0:V 42" + 2e” + 1/20,

BAARiE (BFREF]): EAN—T
Zn**0 => Zn**0:V,, > + 2h* + Zn(s)

K= BFF—7
Zn> 0 + 1/2H2 => Zn2+O:Hi+ + e



BHAEEEE{L (TCO) Dl
ERIELEh TWATCOITT RTnEI L ELEK

In,0,:Sn  In3* fIE(Z Sn**  ITO (Tin-doped In,0,)
BEXIEEITCOHFHRK
EITIZEEL (KFRTSXYTEIL)
TARTLA ZYFNRI, EBIREKFEMD L EE
Zn0O:Ga Zn* fiiE[Z Ga** GZO

ZnO:Al AZO
EHRENFL
LM AL
SEIEKIZEMD T HBES
SnO,:F O* MEIZF FTO (F-doped tin oxide)

Sn0O,:Sb Sn** I EIZ Sb>* ATO (Sh-doped tin oxide)
(A= TR FATSTA
BRERKIGEMDEE



