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« TEIWI7 AL FERZIRD AR FE (2004-2010)
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Vdd=12Vv —— measured
4|

output(V)
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Si0,
aIGZ0 P s e s ———r
~ channel i source/drain
SiO,
Drive-TFT W/L=1200/30(um)

time (100ps/div) . m

MR T AL —2—DRIR BT

= AhLTZY 3R inch,
TS —REEETFTORE - &R1E QCIF, AM-OLED/ %L DER A

Shimizu et al, AM-FPD 07, 4-2 (2007).  Sato et al, Thin Solid Films 518 (2009) 1309.  Kumomi et al,
Ofuji et al, IEEE EDL.28 (2007) 273. Sato et al, Appl. Phys. Lett. 94 (2009) 133502. J. Display Technol. 5 (2009) 531 .
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7EILI7RIn-Ga-Zn-0O (a-1GZO) TFT D4
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3 BVBRE, LA TER. B — i

| el SIS Sputtering Deposition

in log-scale : :
| & LOO";’yt_z?(‘fTePrs)t“re = Large Area Fabrication
: B Good Uniformity
Power Saving = 3-1GZ0 : )
= High Yield/Low Cost
A = a'Sl:H T T T T T : :
! T 10 | 1
| low OFF-current , 5 C
! (low leakage / high ON-current 2" [ 96 s |
current) , (high movility) 10°F TFTs H i
| [ ] E =
. . & 0" glass i
5 Small Cell Size g
= = High Resolution e ls '
_ > 1p- | S mrf.
gate voltage -10 0 10 20

Gate voltage (V)

Hayashi et al., b s
2008 SID Intl. Symp. Tech. Digest 38 (2008)
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a-IGZO (or similar) TFT 3

TINAZBI(1)

 Active-Matrix Liquid-Crystal Display
(AMLCD)

O

65"
UHD

¢ 4.9-in./ 7-in. LCD + touch screen
for smartphones & tablets
commercial products released by SHARP
(SHARP's IGZO = crystalline?)

+ large size (over 50 inches) &
high-definition (HD) —> ultra-HD (4K) TV,
protptypes developed by

BOE, AU Optronics, Samsung,
SHARRP, etc.
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a-IGZO (or similar) TFT 3

Canon

1T /N1 A5 (2)

frstand Largest

Noda et al., SID intl

» Active-Matrix Organic Light-Emitting

. Symp. 2012 Digest, 998.

Diode (AMOLED) Dlsplay

¢ 56 inches Ultra HD (4K) OLED TV

prototypes released by SONY with oxide
TFTs (IGZO?)

¢ large size HD/UHD OLED TV prototypes

developed by Samsung, AU Optronics,

LG electronics, etc.

+ Flexible OLED display prototypes

developed by
SONY, Toshiba, Panasonic, NHK, SHARP,

Samsung, Arizona State University, etc.
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0,/(0_+Ar) ratio (%) : .
081 32 ‘33’ 3:4 " §°5 36 a7 * by Sputtering Conditions

T T T

* O,/Ar Ratio of Sputtering Gas

" Deposition Temperature

— —
< <
FN w
T LB | T
1 1

" Sputtering Gas Pressure

g N " f-Power
10° ‘\ " Target-Substrate Distance
R ] etc

Electrical Conductivity (S/cm)

* by Annealing After Deposition

10—7 N 1 N 1 N 1 N
0.016 0.017 0.018 0.019 0.020 = Atmosphere (O,, N,, Hz/ He, etc.)

O, partial pressure (Pa)
2 P P " Temperature

" Substrate Material (CVD-SiN_, etc)
" Time Duration

ctc.
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““ a-IGZORD X+ )7 HEDREKFE

*sampiea | ¢ Arrhenius-type thermal activation

met - . 1 estimation of

Sample A ]
_{ donor density & activation enetrgy
80 T—l (K—l) 0.1 _g e
21GZO 40 nm ] degenerate
. . . . . : (fully actwated films
0.00 0.01 0.02 0.03 ~4 orders 10% ——
T (K?
S — This attributes to .\ ¢
E oF ¥1620400M | the wide change 2% . l
200t . of conductivity g i
S m 107 F
2 ° 5 .
S 100} ¥ 20|
3 ¢ 27 °
: 5
o C T 10| ¢ O ]
5 o0 e P & ; a-IGZO 40 nm
E . 1 , 1 SampleB 8115/......| PP | L
S 1 > 3 /ﬂ)” 10* 10* 10° 4

Donor density, Na (10 cm™) < 2 orders Donor density, N, (cm™)



a-IGZOED BB E D EEKFE

I 'Samp'IeA ' ' '
100 LX) } 100, W Sample A i
S 7]
S E e
X S e
o 5 _
& B 05 i
e 10¢ KD ;
8 L
| |
S st "o
- C [ |
=+ A a-IGZ0 40 nm
1 1 1 1
0.00 0.01 0.02 0.03 0.04
T1 (KD

Orton et al.,

*J. Y. W. Seto, J. Appl. Phys. 46, 5247 (1975),
Rep. Prog. Phys. 43, 81 (1980).

1000 ————————

Potential barrier height, ¢ (meV)

Canon
f\

* Arrhenius-type-like thermal activation ....

with grain-boundary scattering™, u =y, TV 2exp(-¢/ &5 T)

donor density A, barrier height

thus, mobility

100 |

[EE
o
T

a-IGZ0O 40 nm

50

100 150

(meV)

O aue to
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localization
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o
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Donor density,Ng (cm™)
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a-IGZOJE DB E TEMERZ2

» 2-IGZO (100 nm) on Si

" no diffraction spot obsedved = amorphous

" columnar structure observed (~20 nm width)

: columnar
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a-IGZODWHEISTEMELZ

* 2-1GZ0O (100 nm) on Si

carbon
o8 & columnar no diffraction qut from
| - ’ the columnar regions
: = amorphous

(a) i 50 Nnm

A WY

*/a-1GZ0 (100 nm) on S10O>

g Icolumnar
hogr: No open pores at
the column boundaries,
confirmed by
Kr gas adsorption method

P. 14
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a-IGZOEDTRESEMBE —fEE&KENE—

* oranular-like

surface structure

150nm P40Nalng o ~ 15 nm

EJll-llbl.lAl'lll‘ (I)Nzonm
RGO E40 nm

¢ ~ 30 nm

150nmf 100 nm P13
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GISAXS (/M A ST XER /M AEEL)

JEOTEHBE(FEPLE)ERD
EFEHE—MIMESOBE, XE/AME = RHFEO T 9iEE

0.1mm(H) X 0.5mm(V) E=12keV (1.03 A)
o= 0.15°

II II|_|| | £, 29% = 0.05° ~ 3.0°

BL46XU
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GI (Grazing Incidence: #{/NA A5 ECE

l'..iE=20keV p=6.0g/cc DHADEANFES
S T

—_
[}

0.128°  0.158

1 | 1 i 1 ; 1 1 | 1 1 1 1 I
0.0o 0.1a n.z2o 0.30
Incident angle (degres)

[e]
w=0.08
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a-IGZOJEMDGISAXS BIFE#ER

200

Intensity (a.u.)
3

(a)
a-1GZO (20nm)
on SiO,
s
oh,
‘ % - L
[ ]
[ )
[ )
o —— SiO,/Si
* substrate

(b)
a-1GZO (20nm)
on Si

—— Si substrate

0.1 0.2 0.0
Scattering vector, Q (A

0.1 0.2
Scattering vector, Q (A?)

' » Obvious Scattering Intensity at Q ~ 0.05 A

= presence of density distribution (order of 10 nm)

= granular structure or compositional fluctuation ?

19
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RT-deposited 009\]/
INGay 9ZNny O, ON S|02/S| ,l|
- annealed in air I T
_ Ino(ggtzn04 / \.‘.\1702
g [ 1N2Ga,Zn0Oy :ll T, L\..-'I\.\ -
< 0% £ Tan=1100°C ,," . 1j:4
= A
2 i A NPty : -
9 ""x =
< PN . o .30_(,)0? / Ié\ '\ J
I
—_____700°C ,/ \,j" |
15 20 25 30 35

20 (deq.)

o

Film composition : Zn-poor InGap9ZnocOx (In/Ga/Zn=1 /0.9 / 0.6)
No intermediate crystalline phase between
InGaZnOg4 (1 /1 /1) and InGaZnpsO35(1 / 1 / 0.5)

In amorphous state,

intermediate composition

or phase separation ?

.

Crystallizing to confirm this

non-equilibrium
intermediate phase
at low temperatures

v
no compositional fluctuatiom
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a-IGZOJE D GISAXS AIE$#E R

200 T T
(a) (b)
a-1GZ0O (20nm) a-1GZ0O (20nm)
onSiO, | | on Si
-
8 ..3"..
> 100F .& % . B 7
= .
c
9 °
= o —— Si0,/Si
* substrate —— Si substrate
E g™ 0.0 0.1 0.2 0.0 0.1 0.2

Scattering vector, Q ( A?) Scattering vector, Q ( A?)
® « Obvious Scattering Intensity at Q ~ 0.5 Al

= distribution of mass-density

= granular structure ereomposttonathretaation
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TFEILIFPAMEB DO ART— )L iEE O E

(1)XAFS (Xifx T [N i 16 )

- BFETLRE(NGaZn) DEFTEE(BEERE. BUB)ICREIHRRE
- Short Range Order DIEEIBTIHRMNFOHMND

(2)XS (X#REAEL)

: ﬁ??ﬁlZWﬁﬁfﬁUEﬂﬂﬁE
- TLERIBEDH B HAEE
- Mid Range Order@*ﬁL’|ﬁ$ WYY (RS

= 2FFEHALTT7EILT7RIGZOENIEEL LM
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Fluorescence
1,71

znkp ~ C2KP I \\
) L_/L__/\.—-— _

l In K-edge

-

\ In K-edge

Victreen®zt |

Cake w3 RRINL ] 0% U R AR AL
Zn Ko ﬂ : Zn K-edge Ga K-edge

/ 27500 28000

Ei
| (=7

6000 ' 7000 ' 8000 9000 10000 11000
E (eV) E (eV)
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12000

28500 29000
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XAFSRITHER

aInGazno, a-IGZOTIXInEY DO RS THE

RT depo. 100 nm . -
f-1=L. Cho 5D IETIZE
0 HILXAFSD T HD
Ga CN(n-0) = 5.9, CN(Ga-0) =49 LEH
Zn
ST ADFREELGL(HDGZYERBEIZALY)

Cho et al., Appl. Phys. Lett. 94 (2009) 112112.

BUTILDEDENN?
BIE R (BDAHVDIELERITIER) DEWLM?
-' a-1GZ0 crystalline InGaZnO, ideal*
I
CN r(A) CN r(A) CN r(A)
In-O 4.6 2.14 6.0 2.18 6 2.18
§ 4 1.93
i Ga-O 4.3 1.87 4.5 1.88 1 5 97
4 1.93
. Zn-0O 4.3 2.01 4.1 1.99 1 5 97

* calculated from the crystal structure data of an InGaZnQ, single crystal.
- P. 25
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/A ASTXERAEL (GIXS)

25 B Ee B X #R EEL

200680147 (B
2007A1457 (B
200781809 (B
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TFEILIFPAMEB DO ART— )L iEE O E

(1)XAFS (Xifx T [N i 16 )

- BFETLRE(NGaZn) DEFTEE(BEERE. BUB)ICREIHRRE
- Short Range Order DIEEIBTIHRMNFOHMND

(2)XS (X#REAEL)

: ﬁ??ﬁlZWﬁﬁfﬁUEﬂﬂﬁE
- TLERIBEDH B HAEE
- Mid Range Order@*ﬁL’|ﬁ$ WYY (RS

= 2FFEHALTT7EILT7RIGZOENIEEL LM
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w

GIXSIZKBTFEIWI7REDEITH

* 7EILITF7RIZOFED GIXS
Utsuno et al., Thin Solid Films 496 (20006) 95.

30x10° F
— obs

25t L ) PR VTS
. — REMC
'.ﬂ = oA S R
5 20f e 6000 “\ 4 il
= L] {
. E
z'\ ]5 B -'_::_ ¥
E S 40001 4
.-_|E 10 s

U 2000+
3 :\
.kk 4 . ) — ! ) L ] | | I |

20 41 i B0 [od 1200 140

¥ 3 4 5 [ 7 ki g
28 / deg, (15keV) Radius /A
HIEH R @BL19B2 FELMENER

6 ABLVETHRENRA TS

BRI EZ 5 X E(Zdetect TED
mm) FH<DaIGZOETELRSA
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Pt mirror I

Anon
GIXS tyt7vS x
0.5mm(H) X0.5mm(V) \\ \
U

| o
| | ul |
| |

AP E =20 keV (0.62 A)
e . m= 0080 - 0120

20 =3°~123°
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GI (Grazing Incidence: #{/NA A5 ECE

l'..iE=20keV p=6.0g/cc DHADEANFES
S T

—_
[}

0.128°  0.158

1 | 1 i 1 ; 1 1 | 1 1 1 1 I
0.0o 0.1a n.z2o 0.30
Incident angle (degres)

[e]
w=0.08

% RAEERAFETARALEHET LT
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A EFRREBDES MEIRABRITIER

Intensity (a.u.)

a-1GZO (20nm)
on Si

0 2 4 6 8 1012 14 16 18
k(A)

polycrystalllne ' *
" In-Ga-Zn-O ]

RDF (a.u.)

- a-1GZO (20nm)
on Si by

2 4 6 8
r (A)
-EBRHNRVEBREET

%V’li"ajﬁ?‘é( 8A)
AERISIEWVNVEE P31
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BRiTRROREL

N 100 nm
| \M\ \/ \\ﬂA a-1GZ0(20 nm) on Si 0.12° A&t
b 'v".'-'l\ 0.12° A& — 2006
I / A‘ \ \ [\/ 0.08" A \ —2006E
- \« — 2006t
| 20 nm
/ \ \-M M\‘ /\ A 0.08° AS&T —2006E

b . " —2006¢
B T I

1000 f 1 A

/o TM a’\

SiERDH - qu
== LR{ /2N ~ 3 == %V
/ Eﬁﬂ&b/ﬁﬂm i WV Q; ; .,
Any ; < ; o ; 1 ; <> ; o
1Y0 1Y2 1:, ;5 ;g 6 8 10 12 14 16 18
A

p
o

peaks from Si sub.

GIECE CTEMDTZEFTHFRLI=IET A, SIERD AT NELOTULVS2
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SiO2E R Ea-IGZOEDIZE

====Scan4805(No7Si02-100)

1000
\\ 20 nm on Si ——Scan4792(Si02-sub)
900 i

800 === Si-sub(2006B)

100 nm on Si02

====20nm on Si(2006B) —

) -~ 'V\
",
s /\ ?i Sub M \'\/\M
[ 4/ 1 TV
My,

W W\¢ $i02 Sub

A s

WW’VWW

0 20 40 60 80 100 120

SiO2E MK Fa-IGZOEILSIO2E D EE(FELVKLSIIZR A S
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FT &0 3
0-18A1
0-16A"1
0-14A1
0-12A1 A
0-10A1

0 2

1 A 100
150

4
r (A)

. GIXS 1GZO 20 nm on Si, GIXS 1GZO 100 nm on Si02, 2007B, FT check
%k 2006B, FT check

REERE <iiip - SiO2EAR_EHISFTEEE AL, 6 AMEDEENHEIAS
=) HROEERBNESVTINEDOMN ?
BIEZH>TT—3ZIRT~I 5=0IZ(F
FHEVETIZEHHL(E K Sfetc)Z L THELARE=o1
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758 A0 B XS

INABYT 99T 577AMER LEICaIGZOBEE R IE
FT—T (T ITFARDBALLENKSID) S TR/ —IL+ KTk
FYES)—IZHKEL, KRBT NS S5—HASZERVTIAE

il

it 8000 — 8000 —
—— RDF — RDF
d mean electron density mean electron density
007 E = InlRUREH—300eV 6000 7 E = InIR YR i
< g
§ 4000 = § 4000 —
2000 — 2000 —
0 | 0 | | | | |
0 2 4 6 8 10 0 2 4 6 8 10
r(A) r(A)
EEMNBABRIZHENLZND RETHTREuwZH> =
GIXS[FERKE R FREMN EASMGIXSIEFE TIEAL

Lo EHEEHEIL, GIXSliaﬁjJt;“J—M:f;é(l;td*‘)
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Canon

a-In0O-Ga0-ZnO multilayered films

e artificial lattice imitating crystalline InGaZnOq4

® ~27 A

crystalline InGaZnO,

L >-~3A
. L<<3A
210 - N times{
G|i8 n substrate
Substrate with small L
— isotropic structure

stacking deposition with large L
— multi-layer structure amorphous In-Ga-Zn-O

I/ substrate
[GaO/ZnO/InO/ZnO/Ga0/In0],,

/] substrate
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Canon

L

intensity (arb. units)

GaO layer on SiO2 (100 nm)/Si
by PLD (KrF, 50 mJ, 2 Hz)

Number of
input pulses?

-

e ;--..'. ..'..':-3602

.
00 ses cmene

N . -
o ® o oo s we 3
cee cemem o o s smen e o @ comemen 240;

T L 601

-
E L | L | L | L | L |

0 1 2 3 4 5

Incident angle (deq)

X5 2 515 (XRR) B K1 &
R E%

Pulsed Laser Deposition (PLD)j%
ATy L R TR R 1

Thickness (A)

0 f L | L | L | L |
0 200 400 600 800
Number of input pulses

INOEDEBENSDT 1l
B 5 bz kYiE SR B=6Hh P s
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a-In0O-GaO-ZnO multilayer (L = 4.5 A): TEM




Canon
a-In0O-GaO-ZnO multilayer (L = 15 A): TEM

* periodic
multilayered

Structure




Canon
a-In0-Ga0-ZnO multilayer : XRD

* XRD peaks at low angles
assigned to the Brage peaks of the stacking period
* No Bragg peak from crystalline InO GaO or ZnO

[GaO/ZnO/InO/ZnO/GaO/InO]n

DV total thickness = 54 nm
Cu-Ka A4 n=20

- (@) _
G M _ | Cu-Ka
; [ L=6A, ] = |
= §7_ -
c
g | E
c o5
— N
1 1 6 (b) | E | 1
4 6 8 10 -0.2 -Ol OO 0.1 0.2

20 (deg.) Ao (deg) P. 41



Canon

L dependences of Hall mobility & carrier density

* Almost the same mobility in the samples with
L =1 A (amorphous) & L. = 6 A (artificial lattice)

Mobility maximum at L. = 15 A

MgO substitution for ZnO ,

YO substitution for InO 25
decreases carrier density
drastically

@

20

Hall mobility (cm*V™'s™)
= =
o (@) ]

(6

o

@ v [Ga0/Zn0O/In0/ZnO/Gal/In0O] //glass

O 7 [GaO/MgO/InO/MgO/GaO/InO] //glass

: 1021
/v vf — ~ 10%°
I v s 110"
{10
v""""""/
85 25 3 1017
- . _é 1016
\ _. 15
_; 1014
X M
T C Total thickness: 50-60 nm * 10
L L - Q . ) . o E 1012
1 10 100

L (A)

Carrier density (cm™)
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TG SEX$R D & FR AT RETE

REEMICHSIBEIERD

@ Vv [Ga0/ZnO/InO/ZnO/Gal/InC] //glass :ZnOfftﬁEa’[t(:J:éﬁﬁﬁLh >

25 O ['GaO{Mg'O/I'n(')/!\/Ig'OIIGaO/InQ]n//gIas§ A -

110 *XRRICKDHKRE - F EHi
— _' 10 - %@E@X%i@*ﬁ
;w ,T (Gl RESHED)
> 110 S
E 110" 2
> Z
= 16
= 110 8
o 15 @
S 11072
s 11048

_. 1013

ot alGZORRREIHR.

" 100 GISAXS, GIXS, XAFSIZ &3
FLWVEIRLHEAIFTES

X#REHT-<vELST
BEFIIVI R (BREL) DHRIZLD
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CRIEHYMNESTTNVELT

(&% Xk)

Hisato Yabuta, Nobuyuki Kaji, Mikio Shimada, Toshiaki Aiba, Kazuhiro Takada, Hideyuki
Omura, Taihei Mukaide, Ichiro Hirosawa, Tomoyuki Koganezawa and Hideya Kumomai;
"Microscopic Structure and Electrical Transport Property of Sputter-Deposited Amorphous
Indium-Gallium-Zinc Oxide Semiconductor Films" , to be published in the proceedings of the

26th Symposium on Plasma Science for Materials (SPSM26), Journal of Physics: Conference
Series (2014).

(M&H%)
v/ OoBAE"R F/MPARMS2HRE  HHE AN, yabuta.hisato@canon.co.jp
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