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ST AREARE M CH;NH;PbI,
545 KPHBE Rt

BN 4

1) (FRIIZEBEHUAS JEAE T AR B, FRE 271021)

2) (FRILEBOCRI RS AT —RLBIFTE T, 8% 271021)
(2021 4F 4 A 24 HIg#F); 2021 455 A 30 B EHERH)

B i 3% T 5 28 FT BN il £ KA CHaNHPbIg #54k 9 HOK FHAE e b A B 4 22, & B4 P 7R A5 4R T 1 )2
THEJEE 1) W5 A T BRI AR AT B PN J7 T, R Tt 5 A v A A% i )2 R R A i )2 DL B A A M AT R I Uk
WA T 258 AT SE BT 2T 4 Mt A 4T B0 1Y K 0E Y CHyNH,PbL; 858k 0 K BH fitg fL M, (0 455 W 52 4T B
PEN/Ag NWs JE B, Ag NWs T H %, PEDOT:PSS %5 7UAL 4 2 45 . B 5% & I 4 Wt SR T B AT DAl K Ml 75 24
MRLSASFI R = T 2000, F AT I3 R Y5 PC, BM 2, PEDOT:PSS )2, PEIL JZf CH;NH,PbI,
FEERET R, 7RI R A R4 T AR 3R 60, 80 1 100 cm? A CH,NH;PbI, 855k 5 18 A BH He . 45 51 6 A
A BRI SRV O 1 mol /LI, 3T ENH B E N 30 mumy/s, R IR EE R 50 °C I, 3T BN AR AR A5 Bk B i e
HOCH, SR )R KA, ok R ST 500—600 nm. ok BLAT HLIU A4 e ST AR, 405 610 2 T RS J32 0
A 10 nm, AT ARG 55 T 5 00 5 R I SR FH 4t €0 i VS ) 2K U A1GR K b B AT AT AR R 60 cm?® £S5 EK 0T
Tk B ik B, b 1) B SR SR i 3K 14.25% (V. = 1.03 V, J,. = 19.21 mA/cm?, FF = 72%), X &4 N 1ER
TH 1) FH 4 T SR AT B 3k i 4 55 Bk 8 K FH B R b 1 B R AR 22— RS, MBS N B R R A A 12 4
J1, D6 U 4 3R A B0 0 B (B 1Y 80%. £ T SR 2 SO M SR (Wi FTPU H3¢, Ol v G e R AR AR 5%,
FEI M B 1 A R R 1

KR RWEERITED, IRAOKREHN, SO SRR ZEBOIHGR JC, R 2, PEES B K BH RE R

PACS: 88.40.H-, 88.40.J, 88.40.hj

ARk, KT BUOK FHAE L (perovskite
solar cells, PeSCs) RURERIFHARACE (power conver-
sion efficiency, PCE) & 28 iz #] 1Y 3.8% - F %
25.6%. FHERA Y PR ke ST AL R RO
AE L, RIS, D0 R A i e 72 R i FL Ay 288
T IERE AR, A TR R A AT B
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ar e A R ot AR R TR 2%, 20
A T =01 R 1 B ik S T, AN TR AR 4TED
WETR « DRAE TR A AT TR A NLHT T PeSCs YN
Horp ) BEERFTED (ink jet printing, 1JP) $i R HA
PIZEAL 7 i BT o 8 i AR AIG | 45V BRI 1] B
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S AR R AR AR TR -1 A, 1P id
AT LSBT RS RS B A ) i EL A RER 3R
A Ky K AL PeSCs 11— FhRA AT 195
2. WEERATERVE N — R i R A TERHOR TR X
BEHAR R T AR AR BB R AE H
FTENAE 2 50 R 5 112050, g SR 4T B — i o 7
S, PR AT ENER, ANUHF R ETBA PR
FIE Lt T 5L 2 2 7R A LA A A8 USSR
FH. HAEG LIP #il1& PeSCs 115 A IRIME & i A8 1)
FUNIF A FMENRISE00 AL, iy LIP T 22k
T—HEZ=SHIM AR, W ™ A= i R I

T | RO B RS R R | ENRZ K0 SRR SR I L |

IR AE SRR B R UTRUR B B S, A,
AT FEAS e A T ok S g ) 19 0T 4T B e A e
1) FEL AR 3 T 1 — 25 A AR 5T D620 {15 7 B I J2
H RS2 56 B B 1) PeSCs e ARAT X 3k Ay A okt 3% 35
H G WA BRI T 552 fh i 22, il 29 7 T
MPARXTRR AR I AE . Ol T R I S ) T, AR
PRAGIZH 4 H £ PEN /MM a5 4T EIEAR, F Pbl,
I MAI#% 1:1 % bk ] % % 7 DMF 3 DMSO
HE Ryhag. SRFHSEE SONOPLOT ) GIX-Micro-

plotter KPP RHEEFTENHIL, 1 B BN S 4L

AR IR | 3 00 S5 2 ORI K 4505 vk
75 T CH3NH3Pbg . oI5 0112 3% DML B 29
1020 nm, ARARLRSTFIAE] 500600 nm. 53 4h,
KR TENERI% T PEN/Ag-NWs JIHIMA Ag-
NWs ). #5451 PEN/Ag NWs/PEDOT:
PSS/CH;NH,PbI;/PCs,M/PEI/Ag NWs, £ %4 i
FL3 51 60, 80 AT 100 cm?. 45 R M, 4 %51k FR
60 cm? (A ERAT A K I BE HL Tt 1Y) RE S AR AIOR
Tk 14.25% (V. = 1.03 V, J, = 19.21 mA /cm?,
FF = 72%), YRS BURAC 4 1R 2 54T ER
£ TSR 78 K PH B FEL Tth 199 5 o 003 R e A 1T AR
Z— HEHEEMZ, Y EAERAEO T &
TR 1240 A LG, Hobr R R ) 5
LR 80%. TR A PE R & s FTPU $3
IF, HO'G HL R SR A AR 5%, R R4 19ER
FEPE.

2 SR it

2.1 HEBEFNEEHE
N, N- " H ZEH B (DMF, 99.98%) ., —F 3

AR (DMSO, 99.97%) . 5805 (99.95%) . 4 & Wk i
(99.96%) . Pbl, A1 MAI 4 H Sigma-Aldrich. & &
Ji 25 " H IR EE (PEN) 3 H Alfa Aesar. HTL #f
¥} (PEDOT:PSS) #l ETL #1#} (PCq,BM) M Alfa
Aesar WK, SRARL N A AL TR R RHCA PR 2
H, SN PR B G FTPU IR 58 Bk I 7 e 1 1
J&K AL TRHA FRA .

2.2 FEHEIEZ

AL T ARl R 26 E SONOPLOT
1 GIX-Microplotter 44 K #4 4} 15 85 1 EJ AL il &
PeSCs KEUN. FTEMHLE IR 10 kHz,
wARHER 30 V, JKih SRR 8 ms. HAEH RN
BB A KR R B R 1 mg/mL, S AESTENEE
20 mm/s, fER CIHZE W IREE PEN 3 5 1 Bl
FEOY ARG ZR. JEIE RT3 6 cm x 10 cm,
8cm x 10 ecm A1 10 cm x 10 em. Z2 4 Fa A% EP R
SERUR , HAF B I VEALEEAT 10 min 2547 AL EE,
DL i F R R 22 S 1) . B K S UL
JZ PEDOT:PSS(10 mg/mL) K ENRIFE PEN/Ag-
NWs I, E[Vk#E B3R 20 mm/s, $TEN4E 5 76
ME LT 130 °C B KALFE 10 min, 3RA5 HIHEE
£y 20 nm B PEDOT:PSS 2. X5, ¥ PEN/Ag-
NWs/PEDOT:PSS F 4 75 50 C T #t%% 30 min,
B 79.5 mg MAI, 461 mg PbL, i& T 1 L —H i
PRl — R eI (PR ARRRLL 4:6) Hsih, il
# 1 mol /L 855k i 8. YRR R 50 °C B},
E 54 % 5 9 30 mm /s, K Pbl, 5 MAT R4S
VAS VR BT 25 B B VTR E BRI e AR v,
NGRS TR CBERHIL, B4 PEN/Ag-NWs/
PEDOT:PSS/CH;NH,PbI, ife#é EiltfT 130 °C
B AL ARBRR A2 15 min, JASE5E R A
B AR A . SR 5K 20 mg i PCyq BMIA it T
1 mL &R, 7E 50 °C AR 2 h, 145 20 mg/mL
1) PCqBM % W . EP kil 3 B % & 20 mm/s, 7£
PEN/Ag-NWs/PEDOT:PSS/CH;NH,;PbI,; Fifft
FTEN A5 3) 20 nm Z247 () PCy,BM . #5544
100 mg PEI #f# T 10 mL FAEEH53] 10 mg/mL
IV, ARIEEE PET L 20 mm /s Y58 FE ENRIAE
PCyBM B, AT IS 5125 10 nm 1) PEI @,
J&, ¥ PEN/Ag NWs/PEDOT:PSS/CH;NH;Pbl,/
PCg BM/PET HM i 158 50 °C, fedE B e 3
PH 20 mm/s, Hil% Ag NWs. 7EFTE] Ag NWs Hi,
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e, s fFET 100 C G FIRK 20 min. #7(F
FHZBEEWT: PEN(600 nm)/Ag NWs(120 nm)/
PEDOT:PSS(20 nm)/CH,NH,PbI,(500—600 nm)/
PC¢BM(20 nm)/PEI(10 nm)/Ag NWs(100 nm).

2.3 Ag NWs F§EEkH R RAE

AT EREE (SEM, Nova-Nano-sem450,
FEIL, USA) W% T Ag-NWs (JESL. HIDU4RE
BEIRA (H A =2246 %20 W] MCP-T370) il iz{4R
YKL TR 7B, FHERAM AT WL EE i (H
A B UV-3600) 50 20 K 26 375 B F A 1) i ik
#. M AFM(Agilenttechnologies 5500) % i i
FPIES AT T 5, I+ H Zahner-Zennium H AL
TAEEAE 0.01 Hz—1.5 MHz G H N7 7
b= BT (EIS) Ml i . H Rigakud/MAX-2400
RITTHHGC s TS ERHERR RY X S ZAiiht (XRD)
IS AR K BH RE R Tt v 2% 25 14 SR B AR THT 1Y
JE g AE AL AT 3 i 5 B AR BR X (72 F Bruker, Dek-
takXT) 15, HRARE-HE (- V) Z0E7E PVIV-
201VI-V TAE¥ (Newport-Oriel) |+ f#i f Keithley
2611 PRI A EARG . R SiZH R RS
(91150v, Newport) X GCIRAEAT 7 ARE . KA
FHE I #0100 mW /em?. BTG #8100 -V
MZRHSETE 1.20.1 V Y 200 mV-s ' SR HE T
HAFHY. P I AR AR 2 IR N PREE 55 1 T A T
1. Qtest ¥ 1000ADX Z& 4t (Growntech.Inc)it 5%
T A ITAMERSME R (EQE).

3 HR5iTk
3.1 RAMAKZ Ag NWs HIFRAE

— R, TEMTERATEHOR Y, GPRE AR L
PRZE IR | ISR A S A R A PR R bk 1 37 I LA
()R ALE R RS 7 BH—fh 10—100 Q-sq
FHRE 36 R 80%—90%. FJH GIX-Microplot-
ter KPR TENHL, & HlRBIEMEN 10 kHe,
& ARH R 30 V, Wkop 98 8 ms, F1 1 B 53
SE M 10, 15, 20 F1 30 mm /s. FH5 NEE AR 44
KEFBE R 10 mg/mL, FFH5A4R 40 K £ i 1 B Il
76 PEN %k b, Ag NWs B 4R T RST 4350
6 cm x 10 cm, 8 cm x 10 ecm F110 cm x 10 cm. 45
BB SECRh: FHEREE 50 °C, % 1 mol/L,
FHBE 1.06 MPa-s, K7€ 7] 15 mN-m ™. SR HEH

Mg Sk S8 R SR ATED. H TSR E = IR T RT3
FHEERYRTRIRAS, — 7, FRATRAINA 2 5
PO BRI B B, S — i, MIERE S
VA B B AH G, S FL P e 23 el i 2R T H
FEPEI N BRI & AR AR, ARSI T
B N—AE RS0 T J1E G, B4 5 R 3 )
PR e A B, BRI T I [l W AL 4% . 245X
RERI IE 7 05 A W 2 SR M S o), SRR A AT R
B/ INRBEIE R e A pUEZ B, AT TR 28 A T AR
T EROK BRIk S YA, I R . AN R ED
il RE R AR AN K 21 SEM JESH Bk, Bl B
BEM 10 mm/s BEANE] 20 mm /s, FRYIKLTE PEN
MR i T AR TR N, R ) EAR AR /N L
AN A, KA K, IR i o ik
T 5] S B R # 30 mm/s B, Ag
NWs [ EAR RIS T IR REAR, 7510 3 35 FAIK.
IO R AR AN K LR TS 17 o i 7 T . S A
T ORI ELAR R S 0 AR 40 K it 25 BH FL AR 1% 7 BEL RN
BR. MG R WL 1. 455K, Bi#E Ag
YRR EARM 80 nm FFEAKE] 50 nm, FKEEM 40 pm
HEINE] 60 wm, iR E W, NEAIE 90% 1
JnE 95%, 7 MR 80 Q ZHE/ N 30 Q.
MK AR5 F] 30 nm, KA AT 80 pm
BF, J7 BHIFUR 3G O, VI Y33 3R T R 2 90%.
1, SERIEEE R R 20 mm /s I, AT LASRIS 5
Jo AR AN K 2K

F 1 AFEBERRKEN Ag NWs 325 W B 1) 77 BN
S
Table 1.  Square resistance and transmittance of Ag

NWS transparent electrodes with different diameters and

lengths.

E(ﬂjfnﬁ’ﬁ)/ A /am KEE/um EH /% (gfg%)
10 80 40 9% "
15 60 50 92 "
20 50 60 . 0
30 30 80 90 0

3.2 CH;NH,Pbl,; $55k 7 BRI H &S
FAE
AR S EEREGE T o R T X TR 3 Y
SO, PRAR T 45 e oL i B R R 1Y) T2 Ak A
B S0k PEN/AgNWs/PEDOT:PSS JEH 7 60 C
FHERE 30 min, SRJ5H MAT Rl Pbl, 4351 7 fi 78
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1000 uL. DMSO 5% #% DMF A iE i+, B & N
1.0 mol /L A5AKA" K13 2. R FH AR B AR Wi SR 4T E
BL. & W IR E TR 5.0 kHz, e KM
22 V, JkthFEEE 6 ms, 43RS 30, 50 F1 70 C
A, FTER 3 BE 43 314 20 1 30 mm /s, FTE[ Pbl, Al
MAT P BOY S Bk TR 224 1l o B 15 5
20 mm/s, #HEIREE N 30 °C I, mE A ELRIAS 2 Y
FEERA A CHyNH3PbILy 1 5 ok A K T 7, fiokn
BIEITE, ReFB AL, KES2978 200 nm,
I H LIS . WG 50 °C B, HERR T
B E, AR KA. SRR B e T
JEMR, RTHEE 500—600 nm. A 35 28K R
e, BHFLIH R SRR B — 2P TS B 70 °C B,
W TR 30T B o0, kA K TSI kL AR

DU F B B A AR, o SIS RE AR, M T B B R
30 mm /s B, 38 AT FTEQARAR A T 5 4T ED L
20 mm /s BFARAF 25 R — 20 (H2, A 3 M4 5
HARF] TR YRR R 50 C B, AT LIS E
o O P S AT V. ST DL R A, M T
7E 30 mm/s [ EIRIE BE RN 50 °C AT IR T ER
il 45 3] B9 45 £k 5 1 CH,NH,PbI, 3 B8 () AFM Fil
SEM, Zr5lanE 1 fE 2 s, & 5e, 78 DMF &
# DMSO My b il 48 T AR (0.5, 1.0F01
1.5 mol/L) W E5ERH™ I 8. MBS 5K 0" I A vk
9 0.5 mol/L B, i 1555 £k 4 1 5 2 11 T2 35 A 34
), FempLREEE R, 5% 25 nm. M4¥RE N 1 mol /L
BF, AR A S, SR A), SRS
XK 10 nm, JE B T A F) T 000 1% 4 i) 51 2%

50

(c) RMS= 22 nm.

nm

—50

K1 7 PEN/AgNWs/PEDOT:PSS LA} 30 mm/s F150 C M TR EE FE5ED W AFM JE4H  (a) 0.5 mol/L; (b) 1.0 mol/L;

(c) 1.5 mol/L

Fig. 1. AFM morphologies of perovskite films with different concentrations on PEN/AgNWs/PEDOT:PSS, 30 mm/s and 50 C:

(a) 0.5 mol/L; (b) 1.0 mol/L; (c) 1.5 mol/L.

Kl 2 ¥£ PEN/AgNWs/PEDOT:PSS I\ & 30 mm/s 1 50 °C 454 F A [ ¥k o 1) 65 Bk 17 v J5E SEML % T8 T2 350 V1 A 21 124 35 40 8 e

B (a), (d) 0.5 mol/L; (b), (e) 1.0 mol/L; (c), (f) 1.5 mol/L

Fig. 2. SEM surface morphologies of perovskite thin films with different concentrations on PEN/AgNWs/PEDOT: PSS at 30 mm/s

and 50 C: (a), (d) 0.5 mol/L; (b), (e) 1.0 mol/L; (c), (f) 1.5 mol/L.
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fF. Y SRk B HE— 2P 3N #] 1.5 mol/L B, 54k
W A K AR T, AR R ST 22RO, i
FRE FEHE N 22 nm, X RS EEERH™ IR 1Y
JEE R FRLA EEAE T, SRR 1.0 mol /L,
ER B2 R 30 mm/s, #FIGHREE K 50 °C B, Wisk
BRI PT BRA5 25 B | 350 B A R R

FE LR & T ASBUR R I, RGP RL
W AT EN AL, 38 2 152 B SR O 1.0 mol /L, 4T
EP3E BE 30 mm/s, #F L R 50 °C, B2 il 2%
TA RS BN 60, 80 Fl 100 cm? AU AR 1Y
K BAREHL L, ZEAS A A4S G BE T il 45 T CH3NH,
Pbl, #i5, & IALE 50 °C I} CH,NH,PbI, 8 5
(1) 5 A AN PbI, WEYH 25 . BE4h, (110) A1 (220) ()
W TG 0, ZRAAAHRCIRLEE AT A 6 AH TR AL,
it v I i Sk W R . #8254 PEN
(600 nm)/AgNWs(120nm)/PEDOT:PSS(20nm)/
CH;3NH;PbI3(500—600 nm)/PCgsBM(20 nm)/PE
1(10 nm)/Ag NWs(100 nm). 7EXFh&5H 4, AT LA
il £ 2% () PEDOT:PSS #ll PC;; BM/PEI JZ. it
Hh, BN T AR SR HTL F ETL JZ2 R EE, LLBT
1E Ag NWs 1 CH;NH,PbL, B8 I A B
J, W 3 FR.

Normalized intensity/arb. units

(a) —— The substrate temperature 70 °C
(110) —— The substrate temperature 50 °C

—— The substrate temperature 30 °C
220
t (111) (202) ¢ R ) (310)

(110)
(220)
(100) (111) (202)
(110)

(100) (220) (310

(111) (202)

10 15 20 25 30

20/(°)
(c) —3.5
-3.9
—3.91
E/eV
95}
n
a, e Ag(PEI)
e o
Ag Q 3 —4.20
a T = .
—480| @ Z !
o
S|l 8
—5.2
—5.4
—5.93
v

3 TR R UG T T i B 55 BT v it 2

S

(a) F5EKH" W AY XRD 08 ; (b) S F 4 m 2 A

3.3 CH;NH;Pbl; $5%k & B KA AT
Ritse

FATIR T A ] 1 AL MAPDIL, 456k H 3th Y
SeARMERE AP IERE, ANl 2 gk 2 Frgils. il
B oM &I, A AR 60 cm? BESERTT L It
() JT B L. Voo £23E 1.03 V, 8 BB Joo
4 19.21 mA fem?, HHFEH &1k 72%, g F
By FRURA B 82%, 1455 B A fig i sk R
PCE A% 14.25%, 4l 4 Fi/s. %5 PCE [ 3%
JE PR A il 25 s AR P S A T SRR B 7R AR BURIT A
B2, AT LA SO0 B R S A B 45 A AN A
Ko, WADEROE PN B . DT A S5 REAIR T e
FE, B T T E L I R R AL R
B2 A AR N 80 cm?, BHAFRCRIET. X &
T M TR A B PR, A 19.21 mA /em?
FEA% %] 16.95 mA /em?, A FRUCR TR 70%,
PRAE R R BT R 11.82%. Y B i A — A4 K
F) 100 cm? B, #5AYF 2 Fo F R Rt 96 P VA 25 1)
TR, S FRORAR 63%, # HFRCRFEALE]
9.26%. X T TS BT MR Y AE 4 I n) B
AR AR I 2L, BT E A LR K,

(b)

10 cm X 10 cm

(c) HEMMRELRL I (d) HL it

Fig. 3. Parameters of perovskite solar cells prepared at different substrate temperatures: (a) XRD data of perovskite thin films;

(b) device structure diagram; (c) energy level diagram and (d) physical diagram of PeSCs.
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Table 2.  Photovoltaic characteristics and device parameters of perovskite cells with different effective areas.
A A /em?  AERALEL/ (Q-cm?) FFURHLBE/ (Q-cm?) Voe/V Jye/ (mA-cm™?) FF/% PCE/%
60 80 1600 1.03 19.21 72 14.25
80 100 1000 1.02 16.95 68 11.82
100 120 800 1.01 13.90 66 9.26

| —— Active area 60 cm?
[ —— Active area 80 cm?
[ —e— Active area 100 cm?

Current density/(mA-cm~2)
s oo

[ V)

0 1 1 1 1 1 1 1 1 1 10
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
Voltage/V
1.0
(b)
[ N I S N I .
x 0.6
=
m o
o4 x
8 04§
g —— 60 cm? E:
02rg ——80 cm? R
; . —— 100 cm? &
0 BxaaaadP ) ) . A
30 400 500 600 700 800

Wavelength/nm

Il Without encapsulation

B With FTPU encapsulation

Jsc/(mA-cm—2)

B4 AFEASERE S RGP RERIRE E P

hk; (b) EQE HZk; (c) ##FFaE 1t

Fig. 4. Photovoltaic performance and

stability of

(a) JV

per-

ovskite solar cells with different effective areas: (a) J-V

curve; (b) EQE curve; (c) device stability test.

WA BE R IR T AR B R, FRATT AR
A ECEAR 60 cm? MRS FIE | S R oV
o dls 5L AR — 2 (PCE 433024 14.25% 1 14.15%).
X A g TR A AR BRI AE 50 °C IR
NSRBI | W BT, AT A A T
W T A R R AR A A, i S AT
ANBA S 38 e R AN ) AR R 78 I B R F b Y
FRPEREAT, A ELAS 0 B R R B AR LR K, (H B
A R AR 3 R A B4 B B B 0N
W% 2 JT 3. AR FR A A5 RS 7T 3k G b s i 44
(] 1) i AL A2 . A AL AR 60 em? 1454k
1 H K B AE R b % R B FRL BN 80 Q-cm?, JHK
FL BEL S B A B9 1500 Q-cm?, 3% 2 bk 5 #1493
TE R T R I AUz Ak 2 11 %692 Bt 1 T AR
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W22 BT i R A PR RE I AL U gk
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HEHNE] 100 cm?, 23 FHEOHBEERE FIEH LIS P,
TCFEAAFE S SR 2, AR AR AR e o
A A3 TR AN P s R BRI o, BELAS: ANk 22 1)
Pt 2 3R R FA5 i, R b AR A8 1) o F 3
WU RIATE T, SRR T, STl
R, 0 T AU N 2 5 B0 AR AUk B g b
AIEEERT 2 A, MO IR AR St 4 | 4 e 21 )
Fram. AT MR E R 60 cm? B F AR
M, R EAIB TR G FTPU M fra05 ) 4
SEPER IR I HERR AN A5 R RIRIE 30%, 156
HEIE 25 °C, Ui 2 B ITE L = AN . g5 %
W, 2 SR CE 12 A JE, RERERR R
LG 48R T B B IR (A 1Y 80%. M FTPU
R, B PCE FREUH 5%, FHH K1
MR E T, BHoE R Ag AT LU B E K R
BT, SEEHRRE MR, FTLTE PeSCs il
2 BATS LA T B PEDOT:PSS LI PCy BM
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Large area and flexible CH;NH;PbI; perovskite solar cell
fabricated by all ink jet printing”
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Abstract

At present, there are many reports on the preparation of large area CH3NH3;PbI; perovskite solar cells
based on ink-jet printing. These researches focus mainly on the ink-jet printing and electrode printing of
perovskite active layer films. The hole transport layer, electron transport layer and other modified layers in the
cell structure are still completed by spin coating or coating. In this work, we successfully realize large area
CH;NH;PbI; perovskite solar cells based on full ink-jet printing, including pen/Ag NWs bottom electrode,
agnws top electrode, PEDOT: PSS hole transport layer, etc. It is found that the full inkjet printing can greatly
reduce the material cost and simplify the production process, and obtain PCsBM layer, PEDOT: PSS layer,
PEI layer and CH3NH3;Pbl; perovskite thin film with high density and good uniformity. On this basis, we
prepare the CH;NH3PbI; perovskite solar cells with areas of 60, 80 and 100 cm?, respectively. The results show
that when the concentration of perovskite ink is 1 mol/L, the printing speed is 30 mm/s and the substrate
temperature is 50 °C, the surface of perovskite film is smooth and the grain size is in a range of 500—600 nm.
The surface roughness of the film is only 10 nm, so high-quality perovskite film can be obtained. The power
conversion efficiency of the perovskite solar cell with an effective area of 60 cm? is as high as 14.25% (Vo =
1.03 V, Jsc = 19.21 mA/cm?, FF = 72%), which is the highest efficiency of perovskite solar cell prepared by full
ink-jet printing method reported so far. In addition, when the device is placed in the air for 12 months without
packaging, the photoelectric conversion efficiency is reduced to 80% of the initial value. However, the
photoelectric conversion efficiency of FTPU package is reduced only by 5%, demonstrating good device
stability.

Keywords: all ink jet printing, silver nanowire electrode, green anti-solvent extraction and thermal annealing,

large area preparation, flexible perovskite solar cell
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