WO 2024/162904 PCT/SG2024/050060
1/74

B

3 o eenor (MR

Spir-coating

Annesling
S

Fig. 1B

PEAZRX, (0D)



WO 2024/162904 PCT/SG2024/050060
2/74

[Fig. 1] cont.

Fig. 1C
T2
: PEAZNG
¢ PEAILG
5
86 pEan
.
* prove)
jﬁ& PEAFAPD,),
#
PEAFBL,
i
¥
PEAI

{ §

H 1
3 & 2 12
? Theta {degres)

Fig. 1D

PEA.ZNCl,

”
o

PEALZNLCY

PEA.Zn,

i PEAFAPb,I,

| PEAPBI,

f PEAI

Intensity {a.u.}

3 g 15 21 27 33 38 45
2 Thets {degrer)



WO 2024/162904

[Fig. 1] cont.

Fig. 1E

&
N WA W

3/74

PUPEAZRLOL

R

.
& S ]
e «*“‘“\\“\\«m «A
N :
N N $
E S X

e w0 N F3

BUPEAZN,

Y

228
e

4
%

-

N, : BUPEA]
TR & N R
SN & N
* Wi X kY N
BB v R R o S s
s
’ N e~
: N 5 o | .
: b Ps RbaUsy,
N N 2 2
N N
NS e e N MS§ &
: £ £ 2.
| B S B SR LK | [ | ¥

T
3 &8 §&

Fig. 1F

14 27 29 41
2 Theta (degree)

43 45

PCT/SG2024/050060

Rb:Cs,o/PEAZOL,CLy
i

3

| RS N

VO —

L

Rb;Csyq

N
Rb,Ce o PEA I,
‘;}? s % & ¥ i . &
= RbC6.oPEA,PbI,
B¢ g\aww e A - o X X
E Rb,Cs ./ PEAL
) &35‘“ ﬁ 3 £ & & . ]
bt _ﬁ _,g A, LY ,J& &

i\ N

2

2 Theta {degree}

+ ; Ly
38 45



WO 2024/162904 PCT/SG2024/050060
4/74

[Fig. 1] cont.

Fig. 1G

. L BAPEATALCL

S
S 3 N
AN R N N
T e e S Y o N N

P2PEAZR,

P2IPEA,PHE

hR3
3
FBarnonen soese®™ W e (FN
M N ¥
| : PIPEA
N & P 5 e P
§ - N LA ol o §
B N SRRRRNNY: N
i
¢
§ . S
N . ¥ PR
\\\ R N B3 = LS
R b
G N
\\\x\\\\‘.\“\\ N §
. s e R o N

I ¥ T B s 172 e e S e
I 6 8 14 27 29 4 43 45
2 Theta {degree)

Fig. 1H

CsPEAZNLCL
Cs,/PEAZNY
(s PEAPYL,
S
Cs/PEAL

| WP S S L.
Csye

,l & a{ . .s. & % Hon

i ¥ H T £ ¥ t s i "

3 g 15 21 27 a3 38 45
2 Theta {degres)

%
{
nase
2
o

F3
ot

passns,
o

72

zZ

intensity (2.0}

""‘-’/««
P

)
-
2
o
.
g



WO 2024/162904 PCT/SG2024/050060
5/74

[Fig. 2]
3DI(NMA),PbI,
3
S 3D/NMAI
3 ................
B
o S
2 (NMA),FAPD,I,
(NMA),Pbl,
5 NMAI
It
T T T T T T T T T 1 T T T
3 9 15 21 27 33 39 45

2 Theta {degree)



WO 2024/162904 PCT/SG2024/050060

6/74
[Fig. 3]
{ FWHM =0.16° PEA,ZnL,Cl
& A -
PEA
- A A A A
3
s k RbCl
2
5 ? FWHM = 0.31
k=
é l RbCIPEA,Znl,CL,
A A — N
- . . T . I T T T T T T T
3 9 15 21 27 33 38 45

2 Theta {(degree)



WO 2024/162904 PCT/SG2024/050060

7174
[Fig. 4]
Fig. 4A
16000
Rb,Cs, /PEA,Pbl,
120004 Raw curve
A = 3553 Fit Peak 1
> 9000 - 5 F!t Peak 2
D ; ~ Fit curve
5 |
£ 6000 ;\
!
3000 f !
O "“"’“Jg‘: : X R
] i ¥ i [
3 4 5 6 7 8 9
2 Theta (degree)
Fig. 4B
1200
1000 - Cs/PEAZnI,
~— Raw curve
800 - . FitPeakt
2
2 600 +
&
=400 -
A=8R7
200 + A
O h Ry '& ’\&Mv Aj \\ * ¥4
3 H k ¥ ¥

3 4 5 6 7 8 9
2 Theta (degree)



WO 2024/162904 PCT/SG2024/050060

8/74
[Fig. 4] cont.
Fig. 4C
1200
Rb,Cs,o/PEA,ZnI,
1000 - - Raw curve
200 A, =201 Fit Peak 1
Z A
2 600 ||
£ A
= 4004 | i
i ,
/

3 4 5 6 7 8 9
2 Theta (degree)



WO 2024/162904 PCT/SG2024/050060

9/74
[Fig. 5]
Fig. 5SA
1.0
| . PEA.PDI,
0.6 IR, PEAZF&PE}ZE?
]
£
<X,
71 nm
0o > mtwmiw.\w\:w,.;;mw
400 500 600 700 800
Wavelength {(nm)
Fig. 5B
0.05
] e PEAZN
0.04 - <o PEAZALCL
0.03 -
2 S
.{ l \-.\tw»
002+ ...\
1 o :\::\‘\\\W_\
g}‘(}‘i R LI "\*’“:‘\’\i“i‘&s\?‘é‘a»ﬁmw\&@g Q
0.00 J )

H N i ¥ H i
500 600 700 800

Wavelength (nm}

¥
400



WO 2024/162904

[Fig. 5] cont.

10/74

Fig. 5C
1.0
s RS04 (0.1 M)
o84 RbsCsyp (0.1 MPEA
Tl -~ ~RbCsy, (0.1 MYPEA,PbI
. ARMNRNNY Rbﬁ{:S}Q {G‘g M}fPEA?Zﬂg;g
- 0.6 4 .... RoCsy, (0.1 MYPEA,ZALT,
i N
= v R
04 9 570 nm
0.2 -
0.0 —

t N t N i N 3 h i '
400 500 600 700 800
Wavelength (nm)

PCT/SG2024/050060



WO 2024/162904 PCT/SG2024/050060
11/74

[Fig. 6]

Fig. 6A

(Prior Art)



PCT/SG2024/050060

WO 2024/162904

12/74

[Fig. 6] cont.

Fig. 6B

e

oligjd 15 300 SHYSED 0B Lwrh m:“

p.

BUBYd Ul SXPID PUE SYVSID 082 1]

=y

BuBld J0 N0 SHMMMD e | 4
wzgr ool
Teugsed Sdiueg sy auegdan

s

EI 70 Bt ]

Lvlo

(Prior Art)



PCT/SG2024/050060

WO 2024/162904

13/74

[Fig. 6] cont.

Fig. 6C

22}

LYo

{90

LD

BLL 280 BEL oY 4L ZEG 880 8o
4 3 % i

VED

(41284
L.y

o

&
s
ko
i
o

LED 890 e
S s :

oF'L

12

>

4 %

Ly (.90
L ozg0 g0 s ¢
i % P




PCT/SG2024/050060

WO 2024/162904

14/74

[Fig. 6] cont.

Fig. 6D

o0 GRS i plane

(b)

5

SAXS gt of plane

@
2
&
8
o4
e
a
%

signals

Hedag

%» NANEAIN A N A NN A S S N AN

GISAXS inplans & ot of dlane




WO 2024/162904 PCT/SG2024/050060
15/74

[Fig. 6] cont.

Fig. 6E

PEAFAPB,; (020

(@

i

208

Q8
We 80 GISAXS i1 plane & out of plane W= 180" CISAXS out of plane



WO 2024/162904

[Fig. 6] cont.

Fig. 6F

16/74

PCT/SG2024/050060

out o plang




WO 2024/162904 PCT/SG2024/050060
17/74

[Fig. 6] cont.

Fig. 6G




WO 2024/162904 PCT/SG2024/050060
18/74

[Fig. 6] cont.

Fig. 6H

é(b)

FHEns & S ol e d) W5 A SRR ot o s




WO 2024/162904 PCT/SG2024/050060
19/74

[Fig. 7]

Fig. 7A

a
\\Q

2




WO 2024/162904 PCT/SG2024/050060
20/74

[Fig. 7] cont.

Fig. 7C
120
Region 1
30 A
El
= 60 -
%)
o
O
30
0
70 75 80 85 90 @95
Energy (keV)
Fig. 7D
120
Region 2 Ga Ka

70 75 80 85 90 95
Energy (keV)



WO 2024/162904 PCT/SG2024/050060
21/74
[Fig. 8]
Fig. 8A
&
3 s .
o 2 o
£ 1 o TR
2000 E § i
Control = Ag
........ » {;
.. 1800 - ~a Ph {intensity/30)
3 -~ 8n
& ] s 11y (irt@NSIY120)
2 1000 o Ty {intensity+10)
ﬁi 1 ‘
= 500 - \\
ﬁi
1 ; j \‘?’*
g —w\\&&\w&\\\\m\\\\m&&&\w MWWﬁ

0 1 GG!_'J 2{10{} 3{3333 4!31953

Sputtering time {s)



WO 2024/162904

[Fig. 8] cont.

Fig. 8B

2000

)

1500

Intensity (a.u

{

PCT/SG2024/050060
22/74

3D

- PEA,ZnX,
1O

2
Q.
i

1000 -

500 -

]

PEA,ZNX,

SUNSEEERR SRR

s B {irtensityf30)
SR sn
== {1y {fintensity! 120}
% e Zn (intensitys 10)
& I
B

\

A P e T

ST ity *@M&w&%\w&m\mﬁ

0

¥

i
1000

] 3 L3

3 ¥ H
2000 3000 4000
Sputtering time (s)



WO 2024/162904 PCT/SG2024/050060
23/74

[Fig. 9]

Fig. 9A

PEA X sulficiently coverad sagion

Insufficlently covered ragion
*

*

PEAZnX,; sulliciently coversd ragion
* insulficiently covered region
&




WO 2024/162904
24/74

[Fig. 9] cont.

Fig. 9C

PEA ZnX, sufficlently covered region
&

insuliclently coverad ragion
&

PCT/SG2024/050060



WO 2024/162904 PCT/SG2024/050060
25/74

[Fig. 10]




WO 2024/162904 PCT/SG2024/050060
26/74

[Fig. 11]

Fig. 11A

~100.0 nm

~H00.0 nn

~10R.0 nmy




WO 2024/162904 PCT/SG2024/050060
27/74

[Fig. 11] cont.

Fig. 11D

-100.8 am

Fig. 11E




WO 2024/162904 PCT/SG2024/050060
28/74




WO 2024/162904 PCT/SG2024/050060
29/74

[Fig. 12] cont.

Fig. 12B
1.20 -
1.45 -
< 1.10-
> 105
1.00 -
.95 -
Fig. 12C
25
24 G
«
&
<
E
b ie &z;\}
- ‘&3 ‘%s
22




WO 2024/162904 PCT/SG2024/050060
30/74

[Fig. 12] cont.

Fig. 12D

0.84

0,82 -

.80

FF

0.78 -

0.76 -

0.74

Fig. 12E

PLE (%)




WO 2024/162904 PCT/SG2024/050060

31/74

[Fig. 13]

Fig. 13A

Sy

Wavelength {ran}

Wavsterggh (e}

Wavelength {nm}

™N -
{84} puay Aen



WO 2024/162904 PCT/SG2024/050060

32/74
[Fig. 13] cont.
Fig. 13B
J = Control
1 PEAI

~ ] PEA,ZnX,
o ] .

= ] — Fit curves
()] o

N 1

© .

E

9 0.1 4

0.02 e

I 1 | I
00 05 10 15 20 25
Delay time (us)



WO 2024/162904 PCT/SG2024/050060

33/74
[Fig. 14]
Fig. 14A
a intenaity b Intarisity
1. ag 300 1.5 § 1200
£l 0 0 o . el
S RS S
P 200 >
£ &
‘% 0.5 % 05
2 100 8
o 0
8.0 AR
. L : I3 5 : : a
FO0 R00 8O0 00 800 400
Wavelangth {nm} A Vavelength {nm}
c intensity ¢ Intensity
1.5 : .
. §4ma -
®’ i =
Y 3006 o 0
£ k
b 2000 w05
& 8
& 1000 O
0.0+ § 0.0
700 800 Sy 780 800 06
Wavelength {(nm} Wavealangth {nm
e intensity f Intensity

- B0GD0 180060

150000
120000
Q000
80000
30000

Deday time {us)

700 S 800 704 300G 8OG
Wavelength {(nm} Wavelength {(nm)



PCT/SG2024/050060
34/74

[Fig. 14] cont.

WO 2024/162904
Fig. 14B

(s11) swn Aejeg
Gl 0L 50 00

% 5 3

L

b
2 A0 PV TR

ool

o

- 0001

X
I

ApSuSiul Jedr



WO 2024/162904 PCT/SG2024/050060

35/74

[Fig. 15]
Fig. 15A

a jrtensity b intensity

-200

£ lisp €2

2 @

£ w0 &,

bl e

& 50 &

FOH 800 Qé& TOO 840 800
Wavelength {am) Wavalength (nm)

< Infensity g intansity
. §» 3000 w2

T e

8 2

& &

700 800 800 {00
Wavalength {(nm} Wavslenath {nm}
& Indgnsity f

by

Detay time {ps)
Delay me (s}

Lo

700 800 800 700 800
Wavelength {nm) Wavelongth oy



PCT/SG2024/050060

WO 2024/162904

36/74

[Fig. 15] cont.

Fig. 15B

G

x

L

0

L

G

G

0

>

o

BBAIND Y oo

2400 1 6787

001k

&

AJSUBIUL i)



WO 2024/162904 PCT/SG2024/050060
37/74

[Fig. 16]
Fig. 16A

a frensity b tntensity

360

w2 7y

2 £

g 260 §

é% 10 éﬁ

G
TG0 BOG 800 700 8BGO 800
Wavealsngth (nm) Wavelength {nm}

c intensity d intensity
w2 72

o ¥

E F £

o P

& &

4] &
700 8OO 80O 700 800 ®00
Wavelsngth {nm) Wavelength (i}
e f

Delay tdme {us)

Intensily
g SODA0

- 45000
- 30000
- 20000
- 1G000
gt

500

800
Wavalength (nm}

intensity

- 180000
- 130000
- QUOH0
- 60000
G000

Delay dme {us)

800 9

700
Wavelength {(nm)



PCT/SG2024/050060

WO 2024/162904

38/74

[Fig. 16] cont.

Fig. 16B

(1) swup Aejaq
§C 0z G o't co 00

Wiy,

\\\.\\\\\\»

SEAIYD Yok i
2B P ATH T

18

Aysusiul Td



PCT/SG2024/050060

WO 2024/162904

39/74

[Fig. 17]

Fig. 17A




PCT/SG2024/050060

WO 2024/162904

40/74

[Fig. 17] cont.

Fig. 17B




PCT/SG2024/050060

WO 2024/162904

41/74

[Fig. 17] cont.

Fig. 17C




PCT/SG2024/050060

WO 2024/162904

42/74

[Fig. 17] cont.

Fig. 17D




PCT/SG2024/050060

WO 2024/162904

43/74

[Fig. 18]

Fig. 18A




WO 2024/162904 PCT/SG2024/050060

44/74

[Fig. 18] cont.

Fig. 18B

i \\ intensity (a.u.)

{
§ \""\

g
X ‘\\%

i




WO 2024/162904
45/74

[Fig. 18] cont.

Fig. 18C

PCT/SG2024/050060



WO 2024/162904 PCT/SG2024/050060
46/74

[Fig. 18] cont.

Fig. 18D

: . Intensity (a.u.)
j N

100

§._



WO 2024/162904 PCT/SG2024/050060
47/74

[Fig. 19]

Fig. 19A

R

iy

N
\:2 \
L @\\{*\\
S % E

< S
\\\s\\\\\\ g
2 Q\\ N\ S

\\\&%ﬁ S

g ¥
@\&\\\\\\ e

Connecled octahedral [Pblg], strained

(ii)
L p "
& @ 8§ &
[+ L]
] LN &
oo o
g o & g &
5] o
N k=3 & X [+
& ® 2 g @
® .,
& & & &
i
o L3 <3 &
&
8 & b

Isolated tetrahedral {Znl,), relaxed



WO 2024/162904

[Fig. 20]

Fig. 20A

48/74

PCT/SG2024/050060

Fig. 20C

(1) Conteol

(i) PEA,ZnX,

CPD

Gi) ¢
&

RN

PEAL i) ¢

s

intensity (2.1))

3§
S

PEAZOX, o

G
o

Controt ¢

W

&

nf

T ¥
19 18 17 18 4 2

i

8

Binding energy (eV)



WO 2024/162904

[Fig. 21]

Fig. 21A

49/74

Abs

h!
&Y

\“\,\ 208 nn, 184 eV

Fig. 21B

0.6

t ¥ { : H B ¥ ¥ 1‘
A0 500 600 TOO 800

Wavalength (nm)

A

i

— PEAFARR,

e
Vv
e

H N ¥ v .i' N ¥ 1
400 B0OQ 8§00 VRO 8GO

Wavslength (nmy

PCT/SG2024/050060



WO 2024/162904

PCT/SG2024/050060
50/74
[Fig. 211 cont.
0.03
TR, PE&?E ﬁgcg‘}
.02
“
e
3
01 i, 208 8V
{}Q‘E 3 @-“‘N ) d
‘\Ny'&‘ TR v e B33
y ﬁ:\w&mx\«i@%‘gﬁ
0.00 ‘

L Y P
400 800 a00 TOO 800
Wavelength {(nm}



WO 2024/162904

Actumaialion ragion Dispdation region
* -

MM Thennionic amission

S N
Ny
oY
Sy
SN

nm

Seeconsislent quaniim wall

N isotype heterojunstion

Thin ragion

LD capping layer - Thick reglon

PCT/SG2024/050060



PCT/SG2024/050060

WO 2024/162904

52/74

[Fig. 22] cont.

Fig. 22C

uonouniosesy edAios N-U

whnugnbe sioey



WO 2024/162904 PCT/SG2024/050060
53/74

[Fig. 23]

& Control

H * ¥
0 500 1000
irradiance (MW em™)

i
1500



PCT/SG2024/050060

WO 2024/162904

54/74

[Fig. 24]

h

aruz Qe

8t~

O-9d ag ag

629~

Bunsedep
painpul-pia)y

" Bupedap
Z. peanpup-pisig

sojels desp o

[ 1

Sovo-

151 236

(A8} ABaaug




PCT/SG2024/050060

WO 2024/162904

55/74

[Fig. 25]

ae

ae

09 ae
0Z'8~
_eves-
UoBWGUILIdY \

05’ p- B @™ oY b

{A9) ABiauy

A



WO 2024/162904 PCT/SG2024/050060
56/74

[Fig. 26]




WO 2024/162904 PCT/SG2024/050060
57/74

[Fig. 27]

100 nm

; T T T + =100 nm
0 2 4 6 8 10 um



WO 2024/162904 PCT/SG2024/050060
58/74

[Fig. 28]




WO 2024/162904 PCT/SG2024/050060

59/74
[Fig. 29]
Fig. 20A
a intensity D intersity
1.5 e 300 1.5
= 200 2O
E &
= 8.5 ) % 0.5
= W0 5
o Q -
Q0 SRR
70 8006 740
Wavelangth {rwn) ) Wavelength {nm)
d Intensity

e rdensily

b
o3

ERTN 218
£ g
% a5 § 0.5

a0 0.0

FO4 8GO Sy 700 800 {00
Wavslength {nm} . Wavelength {nm}

) itersity ¥ ftensity

15 1.5- § 200000
@ w 180000
&1 & 10

w -~

‘g g T 12RO
8 ; 7 § - 40000

0.0- § 0.0 §4‘ 00

700 800 800 700 8O0 900
Wavelangth {nm} Wavelength {ran)



PCT/SG2024/050060

WO 2024/162904

60/74

[Fig. 29] cont.

Fig. 20B

{871} s Al
50 00

N

g o

&

e

ERAIVD Yo
L e grey

b

B

Z

TEEY

¥

)
s

001

0001

APSUSIUE b



WO 2024/162904

61/74

PCT/SG2024/050060
[Fig. 30]
Fig. 30A
25 L _—+—RS
AN

\{w\\:
SRR

,..,
/47/%5‘%5/

S G
g/}muf”’.///‘/d i

Voo Jan FE POE
(VY (mAom ) Ty (%

FS 1208 243 820 240
RS 1.198 240

e
o3
1

7

Current density (mA cm™)
o o
% £

83.8 241

7/K/J/Wl5?///’

=

0
0.0

ot

L e

02 04 06 08 10

e
e

Voltage (V)

Fig. 30B

23.5%
20 -
e
£ 5]
=15
1

I I L] ] ¥
W00 200 300 400 500 800
Time {s)



WO 2024/162904

PCT/SG2024/050060
62/74

[Fig. 30] cont.

Fig. 30C

40 -

Count

2386 Los

SR "'\\f"\‘ NN

e,

N

80 i@ W 50 B
&

e st

{

600 700 800 9
Wavelength {nmj}

e
~ 10 &
oo
\ ] [ <
203 \ -5 £
§ -k

[ I s o

s :
300 400 500



WO 2024/162904 PCT/SG2024/050060
63/74

[Fig. 31]

Fig. 31A

1.2
94.5%

4.8 S R san S A S N e S R o "
" b SER SRV VR GRVRPV W B HEEs FRPERIRR L S RQPBRE
5 0.5 .
g
H 0.8
g
5 044 S Targat
ks -~ Controf
921 pp taoking
0.8 .

¥ T ¥ ¥ g Y Y Y + 5 + T
o i@ 200 300 40C 500 800 70O BOO W00 1000
Time ()

=y

Current density (mA cm™)

by

oy
(b1
A

e
[
i

(9]
|

B i § Tt 7
g2 04 06 08 10
Voltage (V)

[
o



PCT/SG2024/050060

WO 2024/162904

64/74

[Fig. 32]

Fig. 32A

£73

i

BREGL




WO 2024/162904 PCT/SG2024/050060
65/74

[Fig. 32] cont.

Fig. 32B

8% e

4

3061 pra

EENNES

(id)




PCT/SG2024/050060

WO 2024/162904

66/74

[Fig. 33]

Fig. 33A

@ L

@
2N

o

BXE

wis g

B gy

B GG




WO 2024/162904 PCT/SG2024/050060
67/74

[Fig. 33] cont.

Fig. 33B

~ 150
1¥nm

g
2
&
=

i)

(




WO 2024/162904 PCT/SG2024/050060

68/74
[Fig. 34]
5 5
T B
£ £
n‘ .y
= @
&0 =
o g S
oo o
5 &
A A
\
o
> ¢
L

{2) Suppressing light-induced
production of defects

(1) Blocking H,0/0, penetration



WO 2024/162904 PCT/SG2024/050060
69/74

[Fig. 35]

Fig. 35A

Glass/PEAI




WO 2024/162904 PCT/SG2024/050060
70/74

[Fig. 35] cont.

Fig. 35C

Glass/Zn




WO 2024/162904 PCT/SG2024/050060
71/74

[Fig. 36]

a . b

B federnaily faae)

LA,

BRI

(=

PL intongify {ru} d FL injenally (S

\w e
N g 40 § 088
N

L

\ N




WO 2024/162904 PCT/SG2024/050060

72174
[Fig. 37]
07 B=gt—s—a=n sk
" \ &
O 0.8- \\xm
o
©
8 06+
g
5 0.4+
= - Control (85 °C in air)
0.2 - ~{-Target (85 °C in air)
—ihe=Target (85 °C in N,)
0.0 ,

' | i i 7 i ! ¥ ' ] i 1
0 100 200 300 400 500 600
Time (h)



WO 2024/162904 PCT/SG2024/050060
73/74
[Fig. 38]
Cs/BAZRLOY,
2l Lo i
NP W B N
@
o
2
=
s BAZNLOL
i ! H ¥ ¥ { ¥
10 20 30 40 &0

2 Thela fegres)



WO 2024/162904 PCT/SG2024/050060

74/74

[Fig. 39]
CsPEACOLCL,
= \
] \
: %
g P
5 i i
2 N i ‘ {
E # N N
N o‘@ég&\\,@gs&e»\w\@ §\.§,\N@i . R
M\’{“*\M\w\\wﬁ Wt iw&vmww»wmf
PEA,Col, L
1 ! § i i ‘
10 20 30 0 »

2 Thets {degree)



