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Abstract: Lead halide based perovskites have received a lot of attention from researchers in photo-
voltaic and optoelectronic fields in recent years due to their excellent photovoltaic properties and so-
lution processable characteristics. However, the toxicity and instability of lead (Pb)-based perovskite
have prevented them from being used in commercial applications on a large scale. The development
of lead-free perovskite light-absorbing materials can effectively reduce their environmental toxicity
and is a major trend in the future development of next-generation photovoltaic technologies. Here,
we review the latest research progress of lead-free perovskite photovoltaic materials and systematically
discuss their crystal structures, physicochemical properties, photovoltaic characteristics and their
scenario applications. We focus on reviewing the research progress of three-dimensional non-lead
chalcogenide compounds with structures similar to lead halide octahedra, and also discuss the
research progress of two-dimensional Ruddlesden-Popper phase, low-dimensional defective phase
lead-free perovskite compounds and non-perovskite compounds. Hoping this paper can provide an
important reference for obtaining safe, stable and environmentally friendly next-generation optoelec-

tronic materials.
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Fig.1 (a)General structure of three-dimensional perovskite. (b) Schematic diagram of n-i-p devices. (¢)Schematic diagram of

inverted p-i-n device.
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Fig.2 A schematic layer structure(a) and band diagram (b) of the Schottkysolar cell based on CsSnI,”””. (¢) Optimized stable
geometries of MASnl,, FASnL (brown: I, dark gray: Sn, gray: C, blue: N, white: H)™". (d)-(e)SEM images of Cs-
FASnI, and CsFASnl, with 10%SnF,-20%SnC1,">. (f) TEM and HRTEM (inset) images of CsFASnI, with 10%SnF,-

20%SnCl, film sample fabricated by focused ion beam technique™.
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(a) X-ray structure of the ordered double perovskite Cs,AgBiBr,. Orange, gray, turquoise, and brown spheres represent Bi,

Ag, Cs and Br atoms, respectively™. (b)Stability of Cs,AgBiBr, perovskite solar cells without encapsulation™. (¢)XRD

pattern of Cs,AgBiBr, film™". (d)Band structures of Cs,AgBiBr,*". (e)J-V curves of champion spin-coated (black) and

spray-coated (green) Cs,AgBiBr,-based solar cells". (f) Band structures of (MA),TIBiBr,*". (g) The schematic energy

level structures of the PSCs with different HTMs"*.
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45 {H MA,PACI, iy — 4k Ruddlesden-Popper
AL E T B 2. 22 eV,
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3.4 ¥ Ruddlesden-Popper 18 (B, M'M"X,)

5 YRR 25 R 2 ARL, PR T [R] B 2E AT
£ 1] fE 2 i A Ruddlesden-Popper 4 . K 45 #L B
BT BAE 119 X Ruddlesden-Popper 4 (BA) ,Ag-
BiBr, 1Y FLEEHF BN 2. 77 eV, (HAHFBR 23 B AL Kt
PR U AR AL T30, Bi—Br—A g 11 2
/N, Bi—Br Ag—Br #E KB B 4% Cs B K
) (BA),CsAgBiBr, 1 /& % Ruddlesden-Popper #f ,
R 2 2. 4 e V'™, HIBURARIR , 1,4-30 C bt — 8%
AR BA, 3R 15 19 4k & 1 (CH (N, AgBil,-H,0 #il
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Au'Au”T(L), F[NH,(CH),NH,L,Au' Au™1(L,), 44 Bt
58514 0.95 eV HI 1. 14 eV,

4 St Aelk kR AT a4 A
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57 240
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Br Cl i vt @ 1.8
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o . % 1 2 3 o 1 2 3
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e '

precursor solution

4
ITO substrate CsBi,I, film

&
&
. l Spin coating and .

annealing at 80 °C

0 Height sensor 5.0 pm
F4  (a) SHEA5 Bk (Z0) e 28485 8k5 (rh) FUORUAS Bk B B 45 4 (A7) 75 ZE P75 (b) 5 8k ™ Cis B, 1, — 2k R0 2 4k (¥ A
ZER R B 5 () H T Cs, Cs,MA  CsMA, FIl MA, 9 TF1 C1 & 4 19 A,Bi,X,(A=Cs, MA, FA; X=1, Br, CD) 1 52 #7215
(d)A,Bi,X,(A=Cs,MA,FA; X=I, Br, C1)H7 B Fifi AR {37 28 1k A9 S5 H LR K, A 4o AE =045 (e) CsBi,T B 1 7l 366 2o
FER B () CsBi L, WM 2 1 4k, =4k AFM IR,

(a)Schematic illustration of 2D perovskite-like(middle) and double perovskite-like(right) defect structures derived from
the 3D perovskite . (b) The calculate band gap of A,Bi,X, based on the mixture of I and Cl of Cs,, Cs,MA, CsMA,and
MA,(A=Cs, MA, FA; X=I, Br, CD'™. (¢) Contour map of the band gap changes of 2D phases with the phase competi-

tion. AE=0 is indicated by the white dotted line™®’. (d)Schematic diagram of 2D and 0D dimensional lattice structure of

Fig.4

perovskite Cs,Bi,I,". (&) Schematic illustration of the fabrication process of the perovskite CsBi,I,, film"'. (f) 2D/3D

: Ty 1721
1, thin film" ™.

AFM images of the surface topology of the as-prepared CsBi
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=M B B E N M B FIE LR A,BL"X,
FEFE PN AS TR B A 4 ) 2 F )220k 3 A /T A 20
A A AR p 3 T T A 2 A A R AR
o B 0 KON AE T AR Dy
Bt M E e G W B A B R 2 BR Y
AL BA B 38 X A7 BB -2 AR B/ N iR 5B IE il
e Y. i, B0 (KT i (RbT) 3 & (NH,)
38 H T Ak S T AR ES ER AT B A, Lehner
SEHRGE T A HLIE AR G i 45 ABi,L (A=K, Rb, Cs)
W L, 2T MR PR 2 R 2 eV R RS E
PEGF . Park 253 #F DFT HE3E W] T MA* ., Cs'IR
BVENABBHE 7,1 CUIRAVE N B T i
ABi,X, (A=Cs, MA, FA; X=I, Br, C1) — 4 #H 119
o PEFDOG 2 PE BT A BGE R (K 4(b)) o TET
T B B BB T, CLXF 2 5 AH e e B9 F s K
AL51 A BAETE . A MA S {47 B AE 25, 4R
1k i MAT A5 AR AN R . B 2
e HE 2% 1 B Cs, MA BiI, Cl (x<0. 1, y>0.3) (&
4(c) (d)"™,

Ty — TR A R A s 35 S22 DR Bk 1 ) O v R v
T A7, CsBi,L, A 2581 F Bil, (i 2 AR &5 4, O
BN 177 eV, WL RECH 1. 4x10° em™ A
AN TR . B2 Ao 1k f8 A B
1. 05% W R0C% 5 AT 5 2 48 1R 12 IR 38 45 1F T i A7
10 d J5 75 O3 15 B 0 0 B ™. Ak, CsBiLLL, AR
OB A AR LM 2% o Tong % 8 T — FhoBr
A CsBiJ,, 20 Y6 BRI % (RLPD) o JEHLWF 58 # W,
AL G AT B B m N R EE R
U1 PR RO S R B L 7R UK R 650 nm
HECR, #8 F i ) 07 B2 T3ty 21. 8 A/W . AR, %
FE R BN T 1 ms 59 B w1 RE 7 (TR
[6] :0.33 ms; FFEEFE] 0. 38 ms) , #h & & T %0 %K
B (4. 13%10°%) o TERRSE SR N ARAE 3 H i
#HANEA AR i AR 2 . Xiong 55 K FH & Csl
AT R AV VAR, 3 e — e TR ) e ) B e O T
2L & A CAT LAY CsBLLT WA (P 4 (e) |
(). %7 sl & WY CsBiL, H T # BT A7 1
w5 BAT R B I e TR B O AR B R TR
fif AMELF o FAE 7R A7 # b L BE 09 A8 Ak B T
S 22 B SRR B B o BRI AE 60% FH X
T PR TR AR AE 24~ S O R A Ol 2 M e R R
T B B AT B G AR E

4.2 SbE_ ST BB (A,S)X,)

B (Sh) B J2 HL T 25 0 R H 1 28 % B L T
RALHT S ERET . ROT B/ EY Rb™ VK B NH, PR A
57 BH 85 B A,Sb, 1, JE 18 — 4 Sh 5E 85 £k 47 i [ 25
M) o Zuo %538 H (NH,),Sh,L U B2 Ky 2. 77 eV,
(NH,),Sh,I, i HI F HTM & PEDOT: PSS 4 #§ {4 5%
FH0.51%" . AN FHE T RoF 8RB Cs, Sl £
TEWIFD 2 A0 2 — BRI 4 R . &
At Z R ARAH B 42 B 2. 50 eV, RS54 7 R
WA HON H AR . R AR/ cr
WA T, ) 3545 A,Sh,I,_Cl —4EZ5#) . MA,Sb,I,_Cl
MR B BREYE I 7E 1.8 ~ 2.2 eV ZH] .
L A IS 1 2% 1) S R T A SRR KB TR
B B AR BE A PS80 T 25 4F H PCE AR |, )6
L3t 32 B PR . Yang 45 38 o 42 M) A 3 48 R R
PR AR SRR A T 0BT LR B BE 0 4k 2R
MA,Sh,LCL, # i , i FH F %% 44 3 PCE by 3. 34%.
H B 7E B AR B 25 A AR R 90 3R 4 1) FR
FEME, N OE ST 4 000 hJE AT RE 14 B8 3T 90% (1149
T & F R . Umar 5808 ] HCLH B W0 ) 4%
H 2R Cs,Sh,L A5 4k 1, PSCs 78 19 i 3 2 1
PCE N 1.21%"™,

4.3 FTHERTHRBEEH(AMX,)

AMY X 4 T8 B Ak /T AR B A B B
b T B 25 4 55 R 0 45 48 o Sn 3 Cs,Snl J2 H Al
R Z WA R 451 . 5 = 4EF5 8K CsSnl,
AL, Cs,Snl H A — 22 19 Sn J5 T J2& 25 B, 76 il
LB HEZL I L F e 2450 . A 1Y Sn i 77 22
A A A A S DAOR R o P . T
Sn* I A FRE M, 28 KRB P (1% B-y-CsSnlL 7E % it
T B &M% 4k Ky Cs,Snl,. Cs,Snl, B F4 % 1k 4 H.
BAEA BN 1. 27~1. 62 eV, SR H G IR N FH i R
LF R A Cs, Sl LT A TR ), 52
TP A o A SO T AR A N e A
A Y Cs,Snl, R A 2 JC Y K FH A8 H Ot
W s )2 (I 5 (a) ), T 238 5 4 0 R AL 2 1967
Lee %5 ) FH B W50 T2, $2 85 1 B 5 = A0 &5
mm Bl T — R 9 & KA E Y Cs,Snl Br, i
(I S(b)) o BEA Brd 2 0 3G, Y 45 B i
R, SR R o SR T =2 % Cs,Snl,_Br,
IR S W i 2 B PSCs 76 B 19 B B PCE
2. 1% (K 5(e))",

5 8 2 1) Bi 2 E4E LA W A MA,Bi,L Al
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2
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6 .
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B S (a) S 25 ULARAN [F 25 52 R AY 5 45 TR 5 2 4K Cs, Sl A5 7R 355 18 L & CsSnl, F1 Cs,Snl, B AR S5 497 5 (b) 3 i i % 1T
LT Uk ORI B I8 R B 4 1 Cs TR BE A9 SEM KR ™5 (o) R [l BL4Y Cs,Snl, Br 5k BH B8 HL b 0 J-v 451 i 28
(R A B2 ORI 5 (d) (C,H,N,0),Sb, 1L - H,0 FT (C,H (N,0) Sh,T, - H,0 B 6 W U, 37 &k Taue & HE S H 1Y

;i%lgﬁiss]g

Fig.5 (a)Schematic illustration of the growth of Cs,Snl, film from CsSnl, via a two-step deposition method based on solid state

reaction . (b)SEM images of CsI films produced by different routes ; spin coating deposition(1 500 r/min, 30 s), drop-

ping deposition and E-spray deposition'”. (¢)J-V characteristic curves of Cs,Snl,_Br, based solar cells with different com-

ponents (insert optimal device efficiency diagram)'””’. (d) Optical diffuse reflectance spectra for (C.H N,0),Sh,I,-H,0
and (C7H18N20)Sb218‘ H,O. The inset shows their band gaps deduced from the Taucplot®”.

Cs,Bi, 1, HH7 B 40 il k2. 14 eV A1 2.0 eV, Bai
R W A S T2 W o R
Cs,Bi,l, 4 K J (& 6 (e) ) I 1 JH T AN [7] HTM 1Y
PSCs H1 ([ 6 (f) ) , #& 1 PCE % i ik % 3. 2%™,
Jain 55 30 2o 78 VA Bl VW R BAL A L R A% AL
i MA,Bi,L > 5 4 8 85 F 1 A T A fL Tio, #) S
) PSCs 1, PCE fi Ry ik 8 3. 17% (Kl 6(g) ) . H
PSCs [ £ 2 M 4, 60 d J5 (1) PCE X T B 0. 1%
(F6(h))™,

Sh* #l Sh* # G & Bl & 4k 45 Bk 0 25 49 . & 4
TRAKAN Sh AL A W MA,Sh,I, Al Cs,Sh,1, 43 % B
A 1.95 eV FI12.0 eV (A1 H BR . 1 9843 Wi

7718

HI AR PRIE T R 4E 25 40 O L, IR 42 5 7 e
R . HIS 5 4 — BRI EL A 38 K Rz
RS, 3 6] H, £ A% i 1 e RN 3R T BRI
RN 30 wl/mL HI (4 MA,Sh,I, #8114 35 30 3 406 5 19
PERE 52 B T 2. 04% By PCE™, 4l MA,Sh,I, 1 i 3¢
IAJE 5 2% , Karunakara 553 23 A'S Ab 38 Fl g 7K 52 28
(9 B[R] AR T, 78 RS B 3 Ao AR RN S T
SR . ALk T Sh R T RIAR KIS,
PEB T 45 R JF B PSCs lUAS T 2. 77% 1) PCE™),
(C,H,N,0),Sh,1,,-H,0 1 (C,H,N,0) Sh,I,-H,0 Lk
T2 Y DU K% 2 B 45 K AE A TR)EE A BR 4 i
L.71 eV 2. 11 eV(E 5(d)) . 1i#& 7=
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C I 43 %

7 X R BE ., B EIR A 4R Ak s ek
(C,H,N) Bi, . Sh, ,Br,» H,0 %% #4 # [SbBr,” Fl [BiBr,[~
J\CTH AR B K B A AL N, N- SR R R BH B T
(CH,N")F0 R, & A X 6 BB RIS 2 ™

o U A R AE N MOE AR DU L 4 S R
W B B 25 F9 A,M" X, Chen 55 F1] F — Fh {7 50 (0 1%
MR8 L 4 T Ui Cs, TiBr I, JHE 1] 42245 iR
H R 1. 78 eV, # i T4 HUK B M4 100 nm, 1
F5F i 5 5 45 PSCs 1 PCE 7 34 3. 3%™'., Euvrard

HERMBEW A BEA KT Cs,TiBr, # K, H
Cs,TiBr, 76 PR 58 K i BE AR, BRI T FHoB IRk
N, Cs,PdBry B ELIZEATBR R 1. 6 eV, [A i B A

NaVvo,, R3m

ABX,.(a+3b=x). R3m

LSImchlomelry @'+ +A=a" A= Avacant site

Charge neutrality: a'+a"+3(b'+b")=2

K7 i B9 CEUR DG LA K @ KRR E P, T BE D
T AR IS ROt A At i T I ™

5 & 45 Rudorffites 48 3F 45 4k 7~ %
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H [BX, /N AR 75 = 4 25 (8] P9 36 34 32 10 B
ALY Sn 3L B Ge JE TCHTES B0 #0225 fE AE FR
SEVEZ R IR, L B ST N 5O B ORI S AS
RO S5 AR AR S Bk T 2 A L I R
b N T K B B8 H Tt 245 14 A 7 4 e AR
() hly b S B R AT RO MEBE . Rudorffites — )
I8 T NavoO,(E 6(a)) , & H [AX I [BX,]/\ 4 3
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~ — 05T e anr ; 1.050
B EN: — - £ 1.0251
. Rt e a1
£ R \ £ -1.04 Bil, d 2 1.000- oo
= 4 = s |03 f &
= & = Bil +MAL, 5 min. ° <= 0.9754
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g Cul 086 578 6438 320 Rh g =309 it vial 45 min. o 3 0.925- ~0—Bil +MAl, 25 min.
E DIk 083 a1 srds >a0 5_35 Bil,tMAl, 25 min. ”:%D Z 0925 —9—Bil +MAL, 45 min.
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6 (a)NaVO,J5 T 544 4544 i AL A B, X, Rudorffites 45455 (b) ~ (¢) NI FER A 2% Li-TFSIHKJE R 1T0/Sn0,/
AgBil MG SEM EHER™T5 (d) AR HTM A4 RE B REHF HES 75 (o) B HUNE I T 25 A0 M P45 T 20 & Cs,Bi, 1,
7R B () Cs,Bi, I, 43 5 Cul, Spiro-OMeTAD 1 PTAA 1F iy HTM B9 A FH fil i 3t 28 3% K BH A 3t 2% 424 04 J- v ith
275 (g) Bil i MAT S I 1] 53 510 9 5,25, 45 min 2 B HL 3 5% £ () J-V REME ITZR™ 5 Ch) Bil, A1 MAT SR I fi] 3551y
5,25,45 min § 1FROR BEAF BOR B L
Fig.6 (a)Crystal structures of the NaVO, prototype oxide and A, B,X halide Rudorffites™". (b)SEM images of ITO/Sn0,/AgBil,
film with different Li-TFSI concentrations: (b)without, (¢)2%'®’. (d)Band arrangement of different materials>’. (e)

Schematic illustration of the conventional spin-coating process and the dissolution-recrystallization process for preparing

the Cs,Bi,l, films, respectively”".

() J-V curves of the assembled devices ™

. (g) J-V characteristics of PCE of non-en-

capsulated Bil, solar cells and devi zces made from selected Bil, + MAI(v) reaction time of 5, 25, 45 min, respeclive-

ly[so]

[80]

25, 45 min, respectively

. (h)Stability of non-encapsulated Bil, solar cells and devices made from selected Bil, + MAI(v) reaction time of 5,
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3 Y A A B X, (v=a+3b) . i
W AN Ag.Cu 5 Na, B N Bi o Sb, < & K 1",
Ag,Bil, . Ag,Bil,  AgBil, fl AgBi,L, #}J& T Rudorffites
SR, W BV M 1.79~1.83 eV, K Z 5L
Rudorffites & 78 I S BURE R KN L &
TR AE ] 4 IS, AgBil, Al Ag,Bil, 3 2% 14 19 % % 5>
BIIKE 2. 2% F1 2. 5%, AgBil 2§ F & R & , N
4.3%"™, TE AgBil, (1) FiT 9K AR A 2% 149 Li-
TFSLJG , 18 3% 1 7 55 R4 = (B 6(b) L (¢)) , 7E
-1 S AE A B R T 2. 5% AR, H
SRR T B AR A it T PERE. Ag,Bil .S,
H24 0 0% 25 Fb 3 4% B, 1 PCE M 4. 3% 48 15
#| 5. 4%, ifi 2l & 1k ¥ AgBiS,-NPs i PCE {{ &
0.53%. I H AgBil, .S, ,, K& #% 7t 3¢ B AL 5+
A AR e T L E B S R A 45 d S 3 RE

41 14 PCE # 90%"™,

4li i AL Sh 3 Rudorffites NaShS, i [A] 4245 B N
1. 22 eV, H2EMIGE BB R, A A B 6k ™= i
NaShS, (14 44 K ki 7 DL B F A £L Ti0, b il #5 19 &2 7
AUHUE R BHBE F 85 R0 3. 18%, A i T 350%
182%™, CufE M A PHE T 1 2l i L 9 CuShS, 1)
HEWBRR 1.5 eV, B HH T Ge % PSCs i HTM
(K 6(d)), E (R PCE 5% 23. 58%., 1fif CUS-
CN.NIO # PEDOT: PSSYE HTM i PSCs [ PCE
) 21.93% \21. 04% Fi113. 5% . K1, CuSbS,
AT HTM $2 71 Ge BE PSCs PERE™. MR A5 1Y
Cu, Bil 78 5 HE W WSt —FB 43 i 21 A0 DX B O, 3L B 42
B L B R 204 1. 53~1. 74 eV, 1] J T il % Fa
FE MR R R ERINAR ZE b TR FR AT A
TS AR Ph ARSI M PCE(R 1)

F1 ABERERT REFURDE

Tab. 1 Summary of typical lead-free perovskite devices performance

Device configuration Voo IV Joof (mA+em™) FF PCE/% Year Ref
ITO/CsSnl,/PCBM/BCP/Al 0.50 9.89 0.68 3.56 2016 [27]
FTO/Ti0,/CsSnl/PTAA/Au 0.44 18.5 0.53 4.3 2018 [94]
FTO/Ti0,/CsSnl/Spiro-OMeTAD/Ag 0.97 29.67 0.7 20.13 2021 [21]
FTO/c-Ti0,/mp-Ti0,/MASnL/Spiro-OMeTAD/Au 0. 88 16.8 0. 42 6.4 2014 [95]
FTO/c-Ti0,/mp-TiO,/MASnL/Au 0.32 21.4 0. 46 3.15 2015 [96]
ITO/PEDOT: PSS/MASNI/PC, BM/Ag 0.38 14.1 0.49 2.6 2018 [12]
FTO/c-Ti0,/mp-TiO,/MASnL/PTAA/Au 0.49 22.91 0. 64 7.13 2019 [97]
ITO/PEDOS: PSS/MASnI/PCBM/PEI/Ag 0.57 12.47 0. 44 3.13 2020 [22]
FTO/c-Ti0,/mp-Ti0,/F ASnl,/Spiro-OMeTAD/Au 0.24 24.45 0.36 2.1 2015 [98]
ITO/PEDOT: PSS/FASnI,/Cy/BCP/Al 0.53 24.1 0.71 9.0 2017 [10]
ITO/NiO,/FASnl,/PCBM/BCP/Ag 0.61 22.0 0.70 9.41 2018 [99]
ITO/PEDOT: PSS/FASnL,/C, /BCP/Ag 0.56 23.34 0.74 9.61 2019 [100]
ITO/PEDOT: PSS/FASnI,/ICBA/BCP/Ag 0.94 17.4 0.75 12.4 2020 [29]
ITO/PEDOT: PSS/FASnI,/PCBM/PEI/Ag 0. 64 15.36 0.56 5.51 2020 [22]
ITO/PEDOT: PSS/FASnI,/C, /BCP/Ag 0.76 23.5 0. 64 11.4 2020 [26]
ITO/PEDOT: PSS/FASnI,/ICBA/BCP/Ag 0.91 20. 06 0.77 14.63 2021 [31]
ITO/PEDOT: PSS/FA, ,MA, ,Pb, Sn ,L/C, /BCP/Cu 0. 84 33 0.8 22.2 2022 [33]
ITO/PEDOT: PSS/MAGel, .Br, ,/PC., BM/Ag 0.45 2.8 0.45 0.57 2018 [37]
FTO/Ti0,/Cs,AgBiBr,/Spiro-OMeTAD/Au 0.98 3.93 0.63 2.4 2017 [101]
ITO/Sn0,/Cs,AgBiBr /P3HT/Au 0.95 1.50 0. 60 1.44 2018 [43]
FTO/c-Ti0,/Cs,AgBiBr /Spiro-OMeTAD/Mo0 /A g 1.01 3.82 0.65 2.51 2019 [102]
FTO/c-Ti0,/mp-Ti0,/Cs,AgBiBr /Carbon 1.177 3.15 0.69 2.57 2020 [103]
FTO/c-Ti0,/mp-Ti0,/Cs,AgBiBr/Spiro-OMeTAD/Au 1.09 3.2 0. 68 2.3 2021 [46]
ITO/PEDOT:PSS/AVA,FA Sn T, /PCBM/BCP/Ag 0.61 21 0. 68 8.71 2019 [52]
FTO/Ti0,/MA,CuCl,/Spiro-OMeTAD/Au 0.56 8. 12 0.52 2.41 2018 [59]

ARG T AR S5 AN R 4EBE R Sn ik Ge S
AR HCA 45 T S A0 & Wy A D' i 1R e S A K BH g

R AR o 124 R 1k R ZECAR BT B B SR
T34k T LAl A 58 R T K B B, e A B g FH 32 3
ReR FasE e BB — RV R RE . R
Z AR EKE Y, Sn L PSCs FRTEIAE T 14. 8% (1)
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AROT . BiF S AL A Wy H RS VR, B
B, 45 b 224 ELAR B AT 981, (5 2 A5 1 ROR AL
i AKidh 5 Bl i B 2 i 4L or A A TR T
BoR B THERYES R BB IR PERE RIS 2 1E
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http://cjl. lightpublishing. ¢n/thesisDetails#10.37188/
CJL.20220050.
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