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Abstract

The glass/FTO/PCBM/CsPbl3;/GO/Au perovskite solar cell structure was constructed by the SCAPS-
R (e
HEHSES .
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1D software. The effects of defect density of the perovskite layer, GO doping concentration, and inter-
facial defects at GO/CsPbl; and CsPbl;/PCBM on the device performance were systematically investi-
gated via this software. The optimized device achieves a photoelectric conversion efficiency (PCE) of
24.79%. This theoretical study provides a reliable theoretical basis for the efficiency enhancement
of perovskite solar cells.
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1. 51§

LR OK BH B FL L (PSCs) E A G R4 30 . AR 50 T VAL 3 DL R A E AR SRy i, A
FNERA TR T — OGRS AF[1]. PSCs 228 =AUKFHAE i, FSEW M0 Filh ABX;, Hit A
J& CH:NH¥ B # CHs(NH,)*" 2551, B4 Pb?*, Sn*', Ge*%[1]-[4], X & 1. Br. Cl & & 1. W&
BHH LA & T2 08T, A58 KPR H it ' U4 3% 3.8% 3] 26.2% 1 RAK[5]. F5EKH K FHAE
HIB IS TR E . SR Z . BB OCRIUZ . BHARABAAR AR F5 R0 K FH RE HLit v] LAy
FKAEGH) n-i-p BUEIAY p-i-n Z5H4[6].

AL HT(CsPbLs) 5 FH R B IAL B (MAPD L)AL, iZA0R LA AP #viase M, DL AR (1 6 225 B
(1.7eV), &HEHTHRBOKPHBE ML, FF— DTSR . XA BT SIS R K PH B8 Ft 1) 7
AR, HARESHET].

sl e FAT A A AR RS A A VR, (DRI TE I A 2 B AR i 2 TR B
ERATORPH I A S8t S AR BRI, 908 58 2 000 A S A AT AR ) — A1 52)75(Graphene
Oxide, GO). GO 1ENZT/AEHZMEL, BABUFHIE MG E D) RE(~4.9 eV) & 5 T I TR 5
UbAh, GO A WEYE, W DMEAZR G A5 E0 RPH s, L3R o S e o Y[8)55 AR s
WL =R R BAR R 5 B2 A5 SnO, FER 7> 501l 1l 2% 1 FL A 2 IO T SR A B 1 0 4B 4
VSRR R BH g VB IR SCRE R B 24 1) 16.28% 352 T+ 21 17.72%. BbAh, fS8i s T a5 15 2230 T s
(B FIERE, B T IR R LA, I AN E [ 415 2 16 AR R 4 TR 17.72%H0 17.30% . Xu
(715 AR 5 DU iR B Rkt B A S8 0 I 7 v, R & RE AR B 5 (0 /7 350 52 v LA T TS ) 2
FALT A A BARKI 7 B BE P BORURE B2 DL R = (i I 285 7ER%2 05T, e 3 i) 2 A
RS F— 2 TFENZEINCAS, PSCs K HEFE R IE N T 133.9%.

AT LRI N glass/FTO/PCBM/CsPbly/GO/Au A5 5K A BH g Fit, W FEABERT Z6EEE, GO
BRI LL K GO/CsPbls. CsPbly/PCBM F[HI fif B e #8411 e PR 52

2. YRR SMNSY

SCAPS-1D K FH — 4 BB R SR i i AS 7 FE R SR 77 R o 1277 V5 R B8 G A b el 225 P P 38
() 37 AR IR T BOAT N BE S RS i M R BH 6 R ) 25 TP BB G FELRE AN (J-V) . FR AR IE Bl £8(C- V)
L2 AR 1 28 (C-0) Fl & T30 % (QE) & »
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AR = A S IEATT REGARA TT R (DA L T (2) 5 B R BB T5 %) IO BB AR (9], X A5 8RAT
ST IS, AW PrR.

%[5(x)%}=q[p(x)—n(x)+N; (x)= N, () + B (x) =, ()] )
é%—kRn(x)—G(x):O @
$%+Rp(x)—G(x):0 G)

Hob e NAEEE: v NEHEH ¢ SETFHA: p(x). n(x). B(x). n(x) 23 NEETIR. HEH
BT AR UK T Ny (x) N, (x) 0l BB E iRk LA B e ke J, N T R
B U, NETORIRE L R, (x) IR, (x) RPN TR REEE; G(x) MBI T A3 x N
BARR.

WIS RE A 2 glass/FTO/PCBM/CsPbl:/GO/Au £5EkA A BHRE b &5/ i 1 frzs, Hd PCBM 1
GO 7 HIE N TR ZE 2 AL E, CsPbl TE N BT 2, Au BN HAM N, Thik%k 5.1000 eV,
HE M FTO s N5 o MRHRIEEARSH L 1.
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Figure 1. Structure of perovskite solar cells
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Table 1. Simulation parameters of materials [10]-[13]

= 1. MRHMAESH[10]-[13]

ZH FTO PCBM CsPbI3 GO
Thickness/nm 100 100 500 200
Band gap/eV 3.5 2.1 1.7 2.5
Electron affinity/eV 4 3.9 3.95 23
Dielectric permittivity (relative) 9 4 6 10
Effective conduction band density/cm™ 2.2 %108 1 x 107! 1 x10% 2.2 %108
Effective valence band density/cm™ 1.8x 10" 2 x 102 8 x 10" 1.8 x 10"
Electron mobility/(cm?V~1s7") 20 0.02 16 26
Hole mobility/(cm?V1s7") 10 0.02 16 123
Donor doping concentration/cm > 2x 101 1x20 0
Acceptor doping concentration/cm™3 1x 101 0 1x102 2x 1018
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Figure 2. Photovoltaic curve (a) and quantum efficiency (b) of perovskite solar cells
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3.1. $55KH EHEEE E X R R R

BHERA 2 BB 5 B R B A RV ME RE A S IR, EEARIIE ERIR T E A AR ACRE M
R E ST . B RE T, ESERT AR CsPbIs S FE % BE AL YE AN 1.0 % 105~1.0 x 10 em ™, Hf
FT CsPbls B Ff 5 B X g AF 1 BE 2 o M 3(a)~(d) AT LA 5 CsPbls SREEZEFEAE 1.0 x 10°~1.0 x 102 cm ™
if, Voc. Jsco FF. PCE JLP- K454k, B CsPbly SLFEE RGN, iR FE A& Oamn, HifS
| T E A, S PR T BT IR R [14].
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Figure 3. The influence of defect density of the perovskite layer on the per-
formance of perovskite solar cells
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3.2. BREMEZERRRENFHEENKR

2B AR E 52 R R B K PHBE F it MR e A LS, RSB R 45 2 AR TR S R 2 IR BT
A& R ReE . mhaE A SR KPHBE b B B S ME. TFARERET GO B4k E AR u
N 2x1015~2x10* cm ™3, GO B4 FEX B ERERI S, WilE] 4 . A&l 4(a)~(d)PTLAE H, Voc B
B AW BN N, Jsc 76 2 x 1015~2 x 10" em > JEE Y, Jsc FEW/MEER K, B2 GO B4k
FERIIEIN, Jsc BUE IR /NEEAS /N, 2 GO BRIRE N 2 x 10 ecm > I, FF £ K. PCE Mi#E B 13
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Figure 4. The influence of acceptor doping concentration of the hole transport layer on
the performance of perovskite solar cells
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3.3. FERFEEENRGIEENTIRE

A o} () T S5 P A2 25 A [ P P SR, oS SR AR PR R = AR S A 15] [16] . %50y ) S T 5k P 2 i
B AT S TR b I 3G I 7 2 A R

i Fiad # b t1H 9 GO/CsPblsy CsPbls/PCBM, 7375 X IL1 F1 IL2 Frifl. FriHIskia % R E
Sy, TL1 AT TL2 S e 28 FE AR AL T Ll 109~1016 em 2, S T8 B 25 B A K™ S B fi FiL il 16 52 i 2
Kl 5 FIEE 6 BTos .

K5 2 ILT SRk S AFEREMIEMT . AT S(a) I S(d)ATFE Y, Voc A PCE Bl BRI 5 L ¥ 38
I, AH Jse ZERF RGN LA, W SR, MFEEE N 102 em 2B, FF BAHRK
. RJ5, FF FE2E S SEE F8I0mG N . 7E 10910 em2 AL JEFE Y, 284419 PCE M 25.59%08 /N %
17.76%. FHIL, TIG H TL1 SR e 2 0] 2544 1 R s LK

Kl 6 /& TL2 FHiHShiE 0 2R RE RIS . AN 6 AT, L2 FRIHSR G EAE 109~10'* cm 2 AR (LAY,
Voc. Jsc. FF. PCE HUE) LA . AT I E R T 10 em 21, Voc. Jsev PCE fE R, 1M
FF LFt. 1 PCE BRI 22.35%8/NE 22.27%. FHI,  WT 1 TL2 SIS 2 FE S g RE R /N o
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Figure 5. The influence of IL1 interface defect density on the performance of perovskite

solar cells
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Figure 6. The influence of IL2 interface defect density on the performance of perovskite

solar cells
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Figure 7. Comparison of J-V results
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