WO 2021/015677 PCT/SG2020/050426

1/20

103 103

109

101

105 107 105
111 111 Figure 1

107 105 Figure 2



WO 2021/015677 PCT/SG2020/050426

2/20

Figure 3a

Figure 3b

4 103 103

405
\ \, 101 \ 403

Figure 4

401



WO 2021/015677 PCT/SG2020/050426

5 103 103

101 403
403\;::\ $EX

105 ’ 105
401 107 501

503 Figure 5

=
Y W RESY Y /R RN/ /e
N N
X AN
3 SRR
3 N
3 N 4
N N 3
N .
A \ ¥ %N
¥ ¥ b 3
3 N 2
3 N WY
p N RN
§ 5§
SN

Lpsirnnsrsssnnir

%
]
%
7
7
Z
7

401 501 107 503 107 Figure 6



4/20

$701

101

l
w0 8

$703

405

405

|
§§§§§§§§§§§§§§

S705 / B

105
105

103 S

S70

Figure 7



WO 2021/015677

(00]
(@)
Ul

PL iniw\@iiy {a.11.)

5/20

PCT/SG2020/050426

Figure 8a

E:
§§ 25
X
8
& 1 2 3 & & &
Distance fumd

Raman Intensity {a.4.}

150 W/ W

400
Figure 8b

e TR W
s AR gip

Pt

v i
7
/szﬂf""”y//

iy

i
//////////4////////

%,
“,
Uttty

__— 801

—— 803

P 1.5 18
Energy {8V}

>
fop

28
Figure 8c



WO 2021/015677 PCT/SG2020/050426

6/20

921

921

e W

w08
Figure 9a
0.8
0.6 4

0.0+

80 60 -40 -26 0 20 40 60
V, (V)
Figure 9b



WO 2021/015677

.4 (A)

%@; (A)

7/20

PCT/SG2020/050426

10°°
1051
107 1
8
10 1
9
10 1
10
10 1
A1
10 1
10-12 | ] | | | | | | | | |
-80 -60 -40 -20 0 20 40 60
Vg (V) Figure 9c

911

— 909

17907

o S 905

o 903

— 901

%m

Figure 9d



WO 2021/015677

8/20

PCT/SG2020/050426

\\\\\\\@ @

Y

¥ 3 ¥ ¥
82 4 48 a8

Cs thickness (nm)

83

1.0

Figure 9e

RXY
N
E
RESANNRA
o
N
Y
S
A
Napes™
.~
P
N
‘\&\\‘\ Y%
R
8
BNE

Wb
SN T

Uit »

AR

S
. R N
R R

\Q\\\\\\\\\\w

4’/,2

oS
3 RN
N
S 0
» S
N I8 "
& - oA
& -8
ST ]
\\\\\\\‘ —
S o 915
S N

0.5
Ve V)

)

Figure of



WO 2021/015677 PCT/SG2020/050426

9/20

« IR S .. &

917

&
S8
Rl

&

V= -80 V

150 200 /0 06 356 400
Temperature (K}

N T e

917

& ng‘@ LR Y 100
$

SN 281 3N 3%% 400
Temperature {K}
Figure 9h



WO 2021/015677

PCT/SG2020/050426

g ey
T e

soal o |
s «gt\sfﬁ iys

T oo A

\&\\\%’%\\\\‘ §3§§ \}s‘

b3

A

Temperature (K}

S48

Figure 9i



WO 2021/015677

=
e’

Intensity {a.u.)

(©)

1011 —

Intensity (a.u

1003 — — \

1011
Vi

11/20

-
&
“nagee”

./ 1009
A \

s
T -

s

-7
s,

SERERN & \\\\\\\\\\\
2
1 O 0 7 _k\\\ \\\\
&
8

& o
AR SN

§
~NCCRRRRRRRRRRRRRRRR e

1001 — ™

3
N
15

R
Y]
=4, 02eV

g

N
=226V § =

PCT/SG2020/050426

Intensity {a.u.)

L] L 4 3

3 4 5 3
Kinetic Energy {eV)

SSL

Nol.—-1011

{1009

AN Jde— 1007

\...e“'f V\
AB =G 1oy ™

J«— 1005

« 1003
« 1001

X
™
e

= 3,
1001 — > AB =015 8V

)
3
o
o o

\1007 Q\\@s \\\\ SN
AE=015eV VR

37 36 35 34 33 32 M
Binding Energy {eV)

(d)
1009

ntensity

1005

58 57 56 55 54 53 1.0

Binding Energy {eV}

95 00 B

5
Binding Energy (eV}

Figure 10



WO 2021/015677 PCT/SG2020/050426

12/20

s W,
Ay Us dopad 11 O 3
X —

&
E
o

e AR Y

" 1101

A
//////////I//////ll//\

e
Pt
v
L
it
vy
”

PL Intensity (g}

1.3 1.4 15 18 FX

Energy eV}
Figure 11a

S -
R L COSIEE

Raman Intensity {a.u.}

R

100 200 08 409

Raman Shift {omY
Figure 11b



WO 2021/015677

PCT/SG2020/050426

TR SRR SR R
T s i 1307
. \b¥‘!¥‘3‘§¥\\\§\\\\\&\}$§*\-\:\\\\\\\\\\\\‘ «

¥
{80

AN

. 4 )%
B R §§‘§‘§

Y

ettty

——1305

«}—1303
«—1301

S S
S SRR e
SN

S S

2
Y
%,

Rtttz

T

Figure 12a

§
38 i
R g‘*
@ A E
@ &
§ * : 3‘?
R B gf
& y
1B o8
S e,yzé“
= 10 gg}f“fﬁ
85‘
o
&9 #
8 ae”
3 W g . ¥
4.5 AR

&0

Cs thickness {(nm}  Figyre 12b



WO 2021/015677 PCT/SG2020/050426
14/20
30
— 1317
20+ 131
2 " e 1313
3— RS
= ¢ L1311
©
\m
o e Vi OV
o o K FXSNSSNS q-_: 20 V
204 . g: 40V
e V[ = 50 V
30 : ‘ '
1.0 0.5 0.0 0.5 1.0
V., (V
sd( ) Figure 12c
0.34
1311 ‘ 1317
< 13:13/ A 1315
& 0.0 m@‘\ SR ‘ 1313
- . .N\ N WQWW ........ v\
~ 1311
k\\\\“ F
1315 | §§
/
1317 44
1.0 0.5 0.0 0.5 1.0

Figure 12d



WO 2021/015677 PCT/SG2020/050426

15/20

&G

o

R0 -

§3- \\

N W [OSEN R R L L s - .§
1 84 maV N
0 \‘* $ o

5B height (meV)
%

20

03 04 05 06 07 OR 08 10

o
%) Figure 13a

1204 Vy= 8V

100 R= 158Kam

R, (KO um)
3

£
o

tu
&

o 1 2 3 4 5 & 7
Channel Length {um) Figure 13b



WO 2021/015677 PCT/SG2020/050426

16/20
1 -3
0 Cs== 0.00nm 1409
1 & 0.01nm 1407
o 008
1071 v 0.2023 — 1405
1 7o ~ 1403
— 7
< " —1401
= ]
~ 400
]
1
10-13 E | L 4 \' L] E )
-8 -4 -2 0 2 4 6
V, (V)
Figure 14a
/O
£l /
L §
§:§{§ §
B
84 W
Ty . | .
8.0 8.5 1.0

Gs thickness {(nm)
Figure 14b



WO 2021/015677 PCT/SG2020/050426

17/20

2.0+ Pristine e—1 1425

1.5 VQ=WOV

— &
&
o 8
S
| &
o &
. S
&
R
*
b S
&

S
o8 4
& L
- o
A S
&

&
o
w\\@\\\\‘\\‘ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 1 4 2 1
\ . \\\\\\\\\\\\\\\\\\\\\\
V \\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\
x

~ 1417
1415

0.0 0.2 0.4 0.6 0.8 1.0 1:’2
V.q (V) Figure 14c

80 -
SV < 1425
SEERNCER Y
S
S
S
&
&
o
S
&
&
&
&
N
o
S RN
=~ o RS +—3
& SIR RN
S S
S S
& <
& o
S S
— R &
& S
N S
S S
= =
& S
S S
& S
S S
& S F S
= 3V e——1421
& o SN N
" S o Sl
& N N
& o S
& S o
& S Q¥
& SN S
h & S S
& & =
N & & S
& o o
S S S
& S
& \\‘\“\\\\\
SRS S
S S ~ %t
20 . & o SN ——
S S SRR g J
& ¢ W SRS
o
& & RO
F& S
SIS S e
>
S \\\‘\\\\ S
RS e
S S
R o
§\\\“\\\\\\ M {7
A s 1\ 4——3—
\\\Qs\\&“ HERY

00 02 04 06 08 10 12
Figure 14d
Vsd (V) 5



WO 2021/015677 PCT/SG2020/050426

18/20
109 —— .
5 Pristine WSa, - 1411
104 o After om Os contact doping
103 PL 81 mVidee
,‘( B N
~ 10 3
F 00 141\2 357 mVidec §
{1 F 417 mviidae
o
33—?2
107"
£ 2 4 8

Figure 14e

§
) 1501
!
Q&‘{s; ﬁ\\\\\\\«\\\\‘\\\\\\\\\
’ — 1503
)
R
1501

2 8 2 4 8
V. (V) Figure 15a



WO 2021/015677 PCT/SG2020/050426

19/20

P VRtV
s Vp=2V

1509

wnfy
2
5
%




WO 2021/015677 PCT/SG2020/050426

20/20

£
1t
\\g‘
o 4% 4
LA /’
o gy
& 1Yy .
2 s
§ 334{5# *@*‘ﬁ}w«l
,g{} 3% R /
§§~i§ " " '
&8 1.8 18 .8 ES

1605 1609

1607
{a) \ (b /

Vi 203V 254
Y =10V
Vo S 15V
g B2OV

Vg 523V

Vour (V)

S \\\\W 8.4

Figure 16



