FIG. 1

1/48

A

’ o _K_"1 3a ’

; N -
\\\*\ j\\< 18
R NN N\—16a
A—14a
I////////////////////////////////////////////////////////////////////////////////////////////// - 12

IX1 X2!

| |

FIG. 1B

N

:
\ ) fjﬁa

FIG. 19 (1 B
SRR Nr\ﬁl_ww [\\g\\ <—16b
T ) 4—14a

,////////////////////////////////////////////////////////////////////////////////////////////// |

IX1 X2!

| |

FIG. 1D

QH 6b
\\\\x\\




FIG.

2/48

13 |
. ( - 16b

114

FIG. 2B
NN N\ 16b
X1- AR \xz
FIG. 2C
L—20a
l/////////////////////////////////////////////////// T ///////////////////////|
X1 X2!
| |
FIG. 2D

X1

Wiia




3/48

e

16¢c — — 14b
il . &&\\\\\&wﬂ //////// _______ Lxo
—20b
FIG. 3C
i §/24a}
Y- 224

|!x1 xz:

FIG. 3D

. 3




FIG. 4A

4/48

16d
£

| 29b |

7

e

IX1

FIG. 4B

x2=

X1-

e

1 —14p

1 —14p

X2

—22b



5/48

| 26\ wbbi

-

A— 14b
R
CE S0 0N ———}X2
ISk
RS Ts

//"14b

X2

990




6/48

FIG. GA |
; \/2%%
\ %Ezoa
\ N-16b
A —14p
|/////////////////////////////////////////////////// W 1/ 12
X1 X2!
| |
FIG. 6B
N\ 208
X1- \ SN \\--xz
FIG. 6C
i //ZOci
i L —16e l
L —14b
l////////////////////////////////////////////////// W |
X1 X2!
| |
FIG. 6D
\ 1 —14p
X1-]—— —————— ANy - X2
\ 20c




FIG.

FIG.

FIG.

FIG.

7/48

| 20b |

1 —14pb

7B
‘ A—14b
" '_sz
—20b
7C
i X//a;—mc
IS -
| e |
X1
I |
7D

r =5




FIG. 8A

8/48

\

e

IX1

FIG. 8B

X1-|———

S

A— 14b

X2

22¢




:

FIG.
36
30{

A

i

4

P

TR

Jmmi

T ':;; 1

S




36 32
=

[

{ T -
- -{

N ]
N }
. & & {54

{ =g { =

]
]

\
=
\




11/48

FIG. 11A FIG. 11B
66b 72 66 66b
b0a 68a 660\ 7/4 /efls/sb | ba '6%\ 6/60 |
78~ VAR TV VIVVVY T VNN 78 ~p \VV VTN
76 \\\ | [ ] 76 1\ |/
77 —+ 74 —
A= § §
LI AR AR ARARRRR AR 79 il &
YR R 64 111111
gg ’/———-\- \» \ AY \ \& \ \ \ \ \ 3 \ \ gg —_— \ \ \ \ Y
gz:;\\\\\w\\\\\\\ g%:*\\\\\\\
Al 6 A2 A3 Adl
FIG. 11C FIG. 11D
60b 66b 72 79 66a 60b 66b
68 \66c\ 74 / 63b ~ | 66a 6/60 !
78~V N WATN WY VAN VA TV 78 -~ VWA VN

L ! 77 —
77 & NL‘ 79 7%

W= " ’§ I
T 72 i\
64 L M 64 et LTI
63 Pl o VUMM W W W W VA VA W W W W W 63 s WA VAL W W W V. ¥
65 65 7
U A of TR
AT 62 A2! A3 A4l

l l I I



FIG.

80a

FIG.

[e]
[on

FIG.

12A

82

/

12/48

84

[

85 —

|

N\

Y A A A\ A\ A\

83 1\ \

\

81 1

12B

82

[

84

[

|

\

85 — L WA WA

83 |/

\

\

12C

82

84

83 T—H

86 1

ARV VA




FIG. 13B

B4/

=

B4/

B3

98
|
o4
\

13/48

93a

FIG. 13A

IB1 922

e R
3 835 = cE I i
2L 3 5 3 S 3 38> >

90b



14/48

| 132 !
136 — :j
/ 41a
46
85 — 32a
83 b
81— 31a
78 —F
66 e 7
ol 172
77— 60b— |
64 /122a [T f'l'l““:’i"“l’l’;\':’J'!
63 —p = |
i N T TR L 122b
61_’ AN \L'\,i_\_f\'_V“H_"‘l_'\’!—‘\—‘\!"'\' \ 3\ A\
110—k 121a 682 66262 74 66b 68b 121b
108 — W1 12a A 112b N\
106 —- T11a / 111b
104 —F s 7 ST S S S S S ey
1025 R
99— 9Oa152_b¥/j§:5_1_k_{ 52¢ 51c
| 1
95— //94 95 |
o] / %x
N /

92293296 93b 92b

C2




FIG. 15

15/48

A

148—

145a—]
147a—

[— ‘.—-'Ai_. o

146a—
85a—

= <z~ y A

}—.

83a—

S W N W N W W W W W W N

32a—

N

}x3 X4/

B

FIG. 15

FIG. 150
|
L -
145 — B - ‘j
147a-— 2“‘—*‘
=x3 x4=
FIG. 15D

— 148



16/48

FIG. 16A
| |
{ 45— = S — |
147b—f T | L ———
146a—F Voo b Ll

RNV O WO VO R . W WL W N

— 143c¢

5x3 x4=

FIG. 16B

FIG. 16C
| |
147b—{- 3 ——— L
146b— L LLZo— Zl——" _Vr,,___
85a—

K N O O W W N WA

— 143d

%xs x4}

FIG. 16D




FIG. 17A

146b—F2 227 =R
85 —— : i”_——143e
83 o L\ VvV VvV VY T
32a—\ NI
I!x3 x4=
FIG. 17B

7 7/ A—146b
o
Z iy
X4
— 32a

/,
X3-[4.

FIG. 17C

L

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

FIG. 17D

%W////WWWM




18/48

FIG. 18A
! |
- N 151b
14865c:~ //////// 150b }41 :
=X3 x4=
FIG. 18B
146¢ — \‘”\\\\ 85
Ko W/,/;;g//ﬂ//////ll;, ........ xa
\\\\\\\\\\l\’w —151b
L 150b 41a
FIG. 18C
/—!——154a
- —153a
<=z ////////////// =4—152a
=X3 x4=
FIG. 18D
A—154a

A -xa




19/48

FIG. 19A
é s
I /'."‘”154a
L153a
o ////////////// =—152a
}xs X4%
FIG.
\//15%
AN - X4
\ // 155
FIG. 19C
! = +——154b
| 146d L —153b }42a
== 152b
{xs X4=
FIG. 19D
4— 85
X3 y

—154b




20/48

In
FIG. 20A | (Unl:[M):[Zn]=
(111 51:8
In]}IM)[Znl=
(1+a){(1~a )1
(1+a):(1~a):2' 11158
- (+a)x(-a)3,
(+a)(-a)4 \ 1:2: 8
(+a)(1-a)5 —\13:8
. 148
Zn
FI1G. 20B In
[nl:IML[Zn])=
5:1:8
nl:Ml:[Zn]= o
(1+oz):(t-2):1 2:1:8
(+a)x(i-a)2/ 11: B
(+a)(1-a)3/ '
(+a)(-a)
(+a)(1~a)5 1:3: B
1:4:8
Zn M
FIG. 20C fn
(In]:[M1:[Zn]=
o 5:1: 8
[In}:[ML:[Zn]=
(+a)(t-a)1,
I+ )(1~a)2 1:8
(s
+ ¥ )i~ )4 \ N
(+a)(1-a)s, 7.2:/3?



21/48

FIG. 21

InMZn0Oy, of crystal structure

~—1In |ayer

~—(M,Zn)layer

~—(M, Zn)layer

-+—1In layer

~—(M,Zn)layer

~—(M,Zn)layer

-—In layer

~<—(M,Zn)layer

~—(M,Zn)layer

-+—I|n layer



22/48

FIG. 22A

vacuum level

66a 66¢

-] — 66b 22—

FIG. 22B

vacuum level

o

] —————— [0 —

66b



23/48

(009)! out-of-plane method

10 20 30 40 50 B0 70

20 [deg]

FIG. 23B FIG. 23C

Intensity
Intensity

I I S TPUR: 1 Lo \L

~160-120-80 ~40 O 40 80 120 16 ~180~120~80 ~40° 0 40 80" 120 160 200
¢ [deg] ¢ [deg]

m”*p{ane ) method (?3 s5can inn-plang. method‘-d,) scan

CAAC~-0S Single crystal OS

FIG. 23D FIG. 23E




24/48




25/48

FIG. 25A FIG. 25B

FIG. 25C

FIG. 25D




26/48

FIG. 26B




Average crystal size [nm]

27/48

P
|

----

i ® caacos
B O nc-0S
i A alikeOs

Cumulative electron dose [10% e / nm?]




28/48

FIG. 28A

FIG. 28B




29/48

FIG. 29A

FIG. 29B

FIG. 29C

3006 —

. ( - ) 3(?02

3500 3200



30/48

FIG. 30

4001 4005 4008 4003
o

J— 4023

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

B o S 4022

0
| | 4021




31/48

FIG. 31A
SBa
800
IN%&OUT
FIG. 31B
800 VDD —+
o e 4810
HLH
o QUT
IN o—o-:-_| |
= <g0
VSS
FIG. 31C
1:1 T2

|\
IN
_| ’r—
ouT ;..(?31 7832

Sga

FET810 \ VTH_B VTH_A
LR

\
Vina



32/48

FIG. 32A

: i - Vgs
0 Viga Vs

FIG. 32B

Vie B

ot
g20— "N
VSs—

FIG. 32C

Vis A

Vg O—==




33/48

FIG. 33A
VDD o 8
B ‘/810 Noc r___i_
h | ' | T Vea_s (Vag_a)
Ao
o OUT
IN o—o-:-_l |: H—
= T<g20
VSS—
FIG. 33B
]:3
IN |
ouT |
Sk
Nag Vae_s




34/48

FIG. 34A
VDD
810
r'\‘ T IN_B
L
o OUT
N o4 [ - Z& 860
"= <90
VSS—
FIG. 34B
T4 T5
i |\ :
IN
our | ) )
IN B | '________
FET810 Vi g Vina
\ VA

Vi a



35/48

FIG. 35A

-
! |
} 902 |
| l
| |
Vo : Vorg Vrog |
—:f_ 901 = 903 —= 904 :
| f
: Vora :
| Viea i
, 905 == 906 ||
| |
| S——

FIG. 35B FIG. 35C

VPOG_/XSS y
—————————— POG
| = 1| ““““““““ Vora
S~ -- Vss (GND)
911
FIG. 35D FIG. 35E
VOR_G_/XSS y

---------- 0RG




36/48

-- Vyeg (KGND)

FIG. 36A

: o ~
_ a | m
o .
e C
| L= 2
S . | =
I P _ “
_ » m !
. 1
| _ !
N A ! “
| o (N i
g . ]
=T [2] !
_ _ln\\ : t
! ' [T [ "
=R "
[T b
gl o "
' t
L= N D !
g |
.vN “
o~
Fr—1 § "
— . [}
S [ - o e
N I R I .
[da]
(AN]
=
=4 ﬁ
[ Xp]
S
D

FIG. 36B
Spa
Nag

Floating




37/48

FIG. 37A
903 ~y

v
T DI D2 D3 D4 D5 y

C1 T C2 C3| C4 G5

CLK
—>—o—' >0
777

FIG. 37B

O
(S

905 ~y
DI D2 D3 D4 D5

fﬂ——l@%%%ﬂm

G2 C3 C4 C5

CLK
[ E 777




38/48

FIG. 38A

903A ~y

CLK |
v

oRa [NV1
| . A )
1 Yy | YHlwe | H[mo [
Vpog
M1 _|M4_b1‘| _]E" M10
C11 c12 c13
—[ M2 Y[ m5s  "—[ M8 Tc14

I l l l l
FIG. 38B

9038 ~y

CLK [

INV2

b L___L L

L LT T
Vora Cﬁ[— ] —[616 VF'gG
T IM2 — M4]

FIG. 38C

903C ~y

g = o

[11 06

|
M5 }—EN c
|




39/48

FIG. 39A

RG

:—_| ] ] ] ] VPOG
|| __
s 7T s T e T 2o

C1 T C2 C3 | C4 Cd

CLK
-—»—o—l >0
777

903D ~y
Vo

INV
FIG. 39B
903E ~y
Vors
G ] ] ] ] Vios
s R e i e
M21 | m22 | w23 | m24 | M25
C1—— ©2 63— C4 c5

CLK E
INV "7



40/48

FIG. 40A

905A ~

CLK [

INV1

NEG
M "'IM4?1"‘ — é‘{ 5‘ M10 ] °
c11 012 C13
Vors —m2 w5 " —[ms TC14

-

FIG. 40B
9058 ~

CLK

Vorg

T INV2

Vieg
)

. 1
M15 I7\J

I




41/48

FIG. 41A

CLK I:
——t
777

FIG. 41B
05E ~y

2 ' M24 | M25
Gl = C2 C3—— C4—— G5

CLK
—>—o—| >0
777

r T g s S




42/48

FIG. 42

1191

1192

1193

1195

ANMMNNNY

1196

1197

1194

1198

1199

1189

AMNNAY

1190




43/48

FIG. 43

1220
/
«—< RES




44/48

FIG. 44A 5

291
N 260
Y
[ 4
{(1,1) ...... :
C 1] ... |
L |
21— || :
(I |
| | 210
| ]
by |nm) SR
270—11 : - 21| 280
! |
i ...... (p,q)E
— =
L
FIG. 44B 290
200 291
——260
| |

211—T] <><><><><> ...... <>i | 210

270—11|! = = ¢ D1 PT~—230




45/48

FIG. 45A
231 247
211
N T [ g
1 R §249[n]
j T ] |J_ 250
_T' G ._+__
= mwo(i
e
— i
j IL253|:m:|B
212 253[m]G
253[m]R
FIG. 45B o
: - :
G >n-—th row
B
R
G }(n+1)—th row
; B
L
N Y,
N

m—th column



FIG. 46A

N S—— 230
NN

2 2
S

; INVE KA

~—X— 10 5

FIG. 46B




47/48

FIG. 47A
353 352
/ /
A
Ll R
340 } ) % 370
Y TR - ) LRS- K. A-372
1 | o | ~376
330 | L |
: EK 3H+H+H+H+ ! /
| H'{//,\“{'//',“\ A1/ S— \t_\__\,_\,-\.".’(l’lf__\__\_-/_.‘””l’”"“ 380
320 AN AN KN Sl 371
363

A
340 N N N N \Q\/373
x / -~ 370
320 AN AN RN [ 371
ol 171 i 1] ol 1/
x B S5 (| -
310 //%// 11363
Y
\

/
351




48/48

FIG. 48A FIG. 48B

1914 1912

1906
|

////////////////
////////
/////
///////
/ 10771
///////////
//////
19777
15757
7074
757

150y
7yl
757

//////////////
7 /
A
/
| /17
N\ \//777
\ / /
7457
/57
757
757
;/;// T
////////////////////////
//////////////
///////////////////////////
/////////////

757
/,;
/

/
757
A

1916 1913 1911

FIG. 48D

— 1932

— 1933




