WO 2015/182000 PCT/JP2014/074337

- - - ————

“*-———:l-w ;-—--Az
et
, : 110
- __} 100
101p 101b 115105
174
171
104 163\ [101c 103b
100 101a101b
' : 103
173 \ \ o 175
128——
170+ H \ [ ] l —172
167 AN SHEn 1 —169
127 i i | 131b
' | 1312
103a =
 R—— 107
126—— Neseresossessesianiiinne
120 -
164— 166
124—
122 ; oo i /
121 ol [ /41555 R\l +
//// /\///////f///L€ ///%/////////
Al \ ] \ \ / A2
11 162112115 136 123
113a161 114 113b 163




WO 2015/182000 PCT/JP2014/074337

2/40
FIG. 2A o1 100 o1t
A
127\\ """"""""""
—B1 B2l
126\_\ o R
125\\
123 . . \
: =10, ﬁ
s s SN s s
=\
115 110
FIG. 2B

apex (vertex)

FIG. 2C

B1 e B2

apex (vertex)



WO 2015/182000 PCT/JP2014/074337

3/40

FIG. 3

gas supply system

etching chamber

transfer chamber c

\

A\
etching chamber




PCT/JP2014/074337

WO 2015/182000

4/40

FIG. 4

mik

2~ LM/M
SN T
Jil/ =S
~TYHIAN €
—_ J,.lll
MWMJ //// /L/W
Wi N\
Al




WO 2015/182000 PCT/JP2014/074337

5/40
b ] vacuum level
S
2
104
gﬁ 126
[
ol
o
c
o \ /
+ 101a 101¢c
5 101b
A . vacuum level
>
2
- 126 104
o
Q
<
[}
c 101c
[o)
E 101a
< 101b




PCT/JP2014/074337

WO 2015/182000

6/40

FIG. 6A

———

\
105

B2

101b

. 6B

FIG

)AZ

i
104

101c 101b

)
126

Al

107

101a

FIG. 6C

fo) ] B2
01c 104

)

101a 101b {

)
126

B1




PCT/JP2014/074337

103b

103b

1/40

105

FIG. 7A

WO 2015/182000

103a

ﬁ1

101b

103a

N
<
~
T O
y—
<t
— O
y—
£
—
[ O
y—
Kol
D
S
—
S
.\j/o
—
©
—
o
(SR
—
L O
©
\/2
y—
—
<

FIG. 7B

B2

)
104

101c

/

1

101a 101b

)
126

FIG. 7C

B1



PCT/JP2014/074337

WO 2015/182000

8/40

105

FIG. 8A

Qi
ARy
ANt
R

Sy

At
\

103a

)Az

101a

-
104

)
126

Al

107

101c 101b

101¢c

FIG. 8B

107

105

B2

)
104

0§b

1

/

101a

)
126

B1



PCT/JP2014/074337

WO 2015/182000

9/40

FIG. 9A

105 103b

103a

NEEN NN

(
)

) )) A2
101b 104 107

109a 109b

126 1010)
101a

1

A

101c

OSSN
o
%9&“9»”&
W
W ¢¢¢¢¢4.

3
\
1

FIG. 9B

B1

//,104b

101a

B2

K,
)
104

126



PCT/JP2014/074337

WO 2015/182000

10/40

FIG. 10A

105

N
A
\

R
%wv%

X
W

N
PR
AR

0
K
o

N

R /7

pE

04/
/ 104101a
101b

101c

)

107

147b

147a

FIG. 10B

105

107

/X\\\t\
-

|

\
/ B2
104

]

101a 101b

(
)
126

B1

101c



WO 2015/182000 PCT/JP2014/074337

11/40

FIG. 11B

124

122
121

"/ /
and //////////////

123
161 162 163

///////////////////////////////

FIG. 11D

125 ——




WO 2015/182000

PCT/JP2014/074337

FIG. 12A 12749
126——
/2777227772222 0 207227272722z 27z 77 7772724247 7 27
/ % S / / / /
R R R N R R R R R ORIy
FIG. 12B ‘0231?‘% 103 ‘/06
\”)\ NA N
V727227227222 A A A A e A
4 )
.
V4 / e 7 Vs "'/"'/7“{7‘"' s / 2 / Vs / Yz / s / /
/ / / /o / / / / s
FIG. 12C 1411402 141140a 1411£;Oa 1411‘}Oa
DO I\,l T |/‘ N0 O o \flr‘\ J W Wy A !}H‘"‘ DR DDA
N o\ N, SAAARRAARRRAS \\\\0\\\ “ o\\\\ BN ARSS . \\\\ R AR

22000

V2222222222

222 2222222

Zzzzzzz2zz2z 27z

7222222222223

Q72




WO 2015/182000 PCT/JP2014/074337

13/40

FIG. 13A

1 963 106a 106a

RN [AON DO ) i) NI ll‘ A ANAAINN
’ AN J ','Uu., :‘N, :'|",It|‘|'|lll||‘|'|\\v|'l', ENA ! ||' l||'|',l|\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

/2222222272 02 2 e 7 L zzzzzzz2z27.27;2222;2772 727

////////

LS
LI T T T s,

FIG. 13B

141a
141a 103a 141a 140b 103al
140b' 9321 [ 1400 / |
RN il /’_‘—Tll'x'.Tlllu'Hlll‘;'l'l||'|'Hl‘|'.TT'J|‘|'|||x."h [T.Vllu';'lex'lTuJ‘
ARRANNAY = & AR AN AR A A A AR N \ AR AN N
/ 4 W
N A\
V2222222 2 2 0 00222402772 0

’//




WO 2015/182000 PCT/JP2014/074337

14/40
146a 1461 14 a14fb 1462 146b
W Y,

Vi
m

...... Lol D >
R R R R R O R O R ORI,

FIG. 14B

164 | 166

7
DAV
s s s s s s s




WO 2015/182000 PCT/JP2014/074337 ., = .

15/40

FIG. 15A

10322 101a 10fb 131p103c 45,

AA A - A~ Y

FIG. 19B




WO 2015/182000 PCT/JP2014/074337

16/40

FIG. 16A

L

AN

-

2222222222223

N

FIG. 16B

168 | 169

167~

108 =

1077

> L
A S s
7T O R RPNy,

RO s L.




WO 2015/182000 PCT/JP2014/074337

17/40
174
171 .
104 168\ 101c 103b
100 101a101b | 443,
173 \ 175
1284
170 172
167 AN - : 169
1274+ : ; [131b
103 : : -131a
a7 / i YLD, ,/"’108
; = ek 107
126+ || T 1'0'5- """"""
120
164 - T N— oCL 166
125+ 137- é
124 = T N—
180”/// . . §
122 g , /
1 21 - ] I 1
A7 ///"/“f""7)'(' oINS s,
/\\//)\\-\ LD Y
111 62112/115| 136 181 123
161 165 1130 163
113a 114 1o 105

130



WO 2015/182000 PCT/JP2014/074337

18/40
174
171
104 468\ [101c 103b
100 101a101b | 4036
173 B \ 175
170~ | L 172
167- AW, =W - 199
127~ : : 1316
103 : : L 131a
a_
L/ AN/ X/ ‘108
A / 7 107
126 71— 106a 105 106 106a
120 z
164 —166
125
124—= L
180 . . .
122 Ui\ Y /
121 T BHoA 2 T
o /‘//‘//'f}[ﬂ://///////// s,
) { \ / } \ \ \ \ \ \ /
111 62112/115| 136 181 123
161 165 113b 163

130



WO 2015/182000 PCT/JP2014/074337
19/40
174
171
104 168\ [101c 103b
100 101a101b
103c
173 \\ \ \ L 175
128 4 1
1704 l[ \ 172
169

1674+—_ 1| U3 - it
1274 1315
103a- 108

& cedees 107
126 ]| e
120
164~ 166
125- 36
124-=
1 22 LY
121

NS o/UﬁVVO/\/o
\
1 162112(115| 113
113a161 11a 1136 463

105 110



WO 2015/182000 PCT/JP2014/074337
20/40
FIG. 20A 171174
104 101c 103b
100 1012101b
103
173 \ C 175
sl T
170- 172
I L ) | 131b
110237 " -131a
a7 o4 /'./ X '/}8§
126 || e '
120
129 136
124-E
122 ‘ /
121 . ’
A7 v ///“;/(.”/X‘ PRI
) \ | /] ) \ \ /
111 105 162112/115|113p 123
113a 114 10
FIG. 20B '
: 171
101¢ 103b
100 1012 101b |
173 \\ \ 108 175
128 N 1REER
170- | 172
I h - ) L 131b
127~ 1312
103a . 108
= coe 107
126 1]
120
1251 36
124
122 /
121 /
/ / v v / - h /S J / v / v
1111 1 ‘ 16211/2,1115 N \ 12[3
115, 05 21115 110 113p



WO 2015/182000 PCT/JP2014/074337

21/40

FG.21A ¢ FIG. 218,

..............




PCT/JP2014/074337

WO 2015/182000

22/40

¢00¢

G00¢ OQMm

¥00€ £00¢°100¢

¢¢ Old




PCT/JP2014/074337

WO 2015/182000

23/40

............

/

2006 S00€ ooge

¥00€  £00£°'100¢

£€¢ Old



WO 2015/182000 PCT/JP2014/074337

24/40
FIG. 24
805 806 809
% ( (
) — -
801 802
S 9 *§°‘°’ -1
| —] |
Wil 810
804 |
— 808\@
2N
800\A 811




PCT/JP2014/074337

WO 2015/182000

25/40

FIG. 25

RN ININISININISINISININININISINY NN
NINININININININININIRINININININISINININININN
Y
-
(®)
Y ] i
[T
o D
o0 b
_ S >
2 ) i E
> S
s ;

CLK2




PCT/JP2014/074337

WO 2015/182000

26/40

FIG. 26

e e e e e e e e e e e e e e e e e e e e o — — — — —  ve . ——— — — = - — — —

1206

1220




WO 2015/182000 PCT/JP2014/074337

27/40
FIG. 27A
T
704 \77 A
700~ [/ / 202
| 703/\“% "~

FIG. 27B
712

714 ——

——

5

né 718
o1
no 7%7 = 719

=

713

FIG. 27C




WO 2015/182000 PCT/JP2014/074337

28/40
FIG. 28A FIG. 288 ) °"
915‘ \ BT

916 913 911
FIG. 28D
b—2 - 931
= P S R

— ¢ 933




WO 2015/182000

FIG. 29A

Name

address

N

OO,

7,
Wr2irre.

44/,/555///////

Lt

Y

29/40

FIG. 29B

PCT/JP2014/074337

FIG. 29F

AN

/I%C/

4000



PCT/JP2014/074337

WO 2015/182000

‘40

3




PCT/JP2014/074337

31740

WO 2015/182000

3




WO 2015/182000 PCT/JP2014/074337

32/40

o

{apex(y




WO 2015/182000 o . PCT/JP2014/074337

FIG. 33A 33/40

S

AT
AT




WO 2015/182000 PCT/JP2014/074337

FIG. 34A




WO 2015/182000 PCT/JP2014/074337

35/40

FIG.35A

(009) Eout—of—plane method
.. CAAC-OS

intensity

10720 30 40 50 60 70
26 [deg]

from substrate

FIG.35B FIG.35C

in—plane method ¢ scan _in—plane method ¢ scan
. CAAC-0S single crystal,OS
| ) T

intensity

intensity
o

|
L]

1 il

SO

[ i H i N { R, H 3 N
~160-120-80 —40 0 40 80 120 160 -160-120-80 -40 0 40 80 120 160 200

¢ [deg] ¢ [degl




WO 2015/182000 _ PCT/JP2014/074337

36/40

FIG. 36A FIG. 36B

electron beam enters in direction electron beam enters in direction
parallel to sample surface perpendicular to sample surface



WO 2015/182000 PCT/JP2014/074337

37/40

FIG. 37

3
|
o i
— |
= - .
g !i;:&:i“;t: = L"""‘“‘*"‘""“’"H [afas sl ﬂ’?ﬁ"‘ "’J?‘?"' 9&';"&5 !1:1.- aEpsrdemREROLE ”‘.
Lot 2 4 D
w ;.,. "
pé‘ - w-»,,u""*a“i : -
P ’ ) ,'_n“"!hu __'sﬁg,_uuQ lllllll I L L I e 0
e g il V
S s :
3] s i )
}"_.__,‘.___ | '
=2 1 £ ° : (3)
E 3 : i : X E,
g N : i : A sample A
e & i
T i :(33 1(2) ; (O sample B
1k M
i 1 E \ @ sample C
i ; !
L | 5
i . : b
G Lj"ifllillVllillWIllllll%llIi

Cumulative electron dose [10% & / nm?]



WO 2015/182000 PCT/JP2014/074337

FIG. 38A 38/40

Heated Substrate
I

5130

Target

FIG. 38B

Room—temperature Substrate

5130

Target



WO 2015/182000 PCT/JP2014/074337

FIG. 39A /%

Ga—-Zn-0 layer
Ga-Zn—-0 layer
In-0 layer

Ga—Zn—0 layer
Ga—-Zn-0 layer

k7 -
R S S N )

® In
& GaorZn

= jﬁ-‘-'{“j& 39”} Ga-Zn-0 layer
0.67 nm ) »’/_‘/ X } In-0 layer
c VA “ﬂ%{:{“@} ,‘} Ga-Zn—0 layer

f In GaorZn O

cross section of pellet

FIG. 39C

Ga or Zn

top view of pellet



WO 2015/182000

FIG. 40A

51052~ 5105b~5105¢
5105a \\\\ \\\\ A -

PCT/JP2014/074337

40/40

5102\\\ om

5103

FIG. 40B

5105a2\\\:105b\\\\ 51050\\\\

\

| |

FIG. 40C

/

5105a2

FIG. 40D

5105b

Y

51056\\\

5105d1\\\ ///5105d
22

%0

e

5103



