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Abstract ; Perovskite materials have the advantages of long carrier diffusion length, tunable band gap and high
light absorption efficiency. Additionally, the storage of raw materials used in the production of perovskite solar
cells is very rich and the formation energy required for the deposition process is low. Meanwhile, the produc-
tion process is compatible with large-area manufacturing techniques. Low production cost, high conversion ef-
ficiency and wide application fields make the perovskite solar cells comparable to silicon-based solar cells. In
today§ perovskite research, high stability and large-area production are the research hotspots of photovoltaic
technology. The research progress of the ink composition and process control of recent printing techniques are
reviewed in this paper. The advantages and limitations of these methods are briefly described and compared.
We focus on the factors that need to be considered in the production of perovskite solar cells, different prepara-
tion methods that can improve perovskite film quality and strategies for improving stability and applicability in
industrial production.
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Fig.1 Several printing production methods
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Tab.1 Comparison of printed perovskite solar cells

Wl GEAENER PTENRIEE &b PCE
FINER7S 4] 199 1)
Pesg kA 4] ™ 18.3% "
22 W ENR M | 12.8% ™"
s B FTEN o o} 12.99%
SERPS 4] ] 119

3 PPRE & P E SR K B AR
AV RE 8 T ik

3.1 RERRFE

A AL S TR A, B AR FH BE F e AT LA
S AR R AT ORI R A 45 o B ERET R FHAE
T — ety 6 A S, RE N i Bk S5 1
e = 2 A ST T 2 5 A Bk 2 1 B
TG BRAT R 2 ) 8 5 RIS B BR )2
VA2 i DA TINGSVAN 2 1) s SR I TN
MR S R AR B A B AR K B i
P T AR 544 73 I 1) 254 RS2 1) 45 44, DR 45 4
#RAFAE LR ST, 2015 4F, Zhibin Yang 28 A fd ]

BIVRIETE S SR BE 48 T (] PEDOT: PSS 5 5+
PIBEARR LN 1:3 (IR A ] 4 25 UG i 2
SR BRI AREAR T R m ok 11, B 172
FARH 2 5 BRI P2 DR R AR 1 T ik
4 5 e 1 1 e v e e R A 1) 10, 44% | B
PEEERINE 2 (a) iz, Jong H. Kim £ OB 514
il %5 (14 25 /AL i )2 PEDOT: PSS I L 1% 4t )2
PCq, BM 7EZ I T T8 40 min, 75 % 8 F2 Hh 7 57
N, N-Z HUE G (DMF) AR 78 58 58, Z Jg itk
£190 CF 2 h (3R K, il g8 Fa 4 1 B K 4l i
N 9.52% T g Ak S A TR Ak B 5 AR
F2(b) B R KT T 238 T A7 79 4
AR o VRG] S R R R K, %0 TR S
FR 26 A R T 24 A0 B0 i I 2 TR S A
DA (o T 1 2 R L A A i J 2 AR A 1 T A 1 S 2
file, POGARPEREAS 2] T W . SO HETR A
il £ 1 225 2 23 S U E — B )5 ORIk
PERE T B T 1 0 125 1 2 10 28 0 P LA R
F1%) A% T 42 foh , HC B 5% B 52 1k AR X 48 5 o Kyeongil
Hwang 88 )R A = 35 H e A 1k IV Jiie £ ( Li-TFST)
FA4-RUT ik nE (TBP) 48 2% (1 3R-3 L JE e my
(P3HT) {5 s A& 12, 78 1 i 0 A 3
11.58% " . WRINFI B IASR B T 28 AL 2 19
FE i PRI UGE T 2 7 UE 2 585k 1)
FRUTAT, X K BH R FE 9t A4 T 5 LR A — S A T A
. 2016 4F, Hyungcheol Back ¢ A\ 7 PEDOT:
PSS i i3 i AR X 7 2 W ik iR ( PSSH) %) PE-
DOT: PSS #4744k, il £ 19 i ALK 15 mm x
40 mm Y EGERD R ELAT R AT 1 35 5 M A 2 B
TP AR AOR N 6% 1R 3] 10.15% P
i 2(e) Fros, E5 R 1 W AU PSSH (1) PE-
DOT: PSS 2 [] i A1l )2 AE FE B i AR, 31X
WA T A5 A 2 AR A B 56 R, JF ek
T WA 38 51 Mk R4S . 2018 4, Yumin
Zhang 55 N\ G# 12 22 ) BRI & 78N 1. 2% 340
B A Rk A B, T ) A 5 A K PH B Pl i 1Y) A
I IRR N 13.51% , S5 AR I I R
10.69% ', WK 2(d) fiR, T4 )8 ok LA
352 1 10 2 JE RN 2 1, SHLAT 1) 58 4 7 sk A



1020 Hh DG 12 %

BHERHTJE Z 18], FLA R A S i R D S T T =S
s TE , XI5 AR R 5B AR B 1Y

() ARHAEHLI 5440
(a) Solar cell structure
™
CH,NH,PbI,_,Cl, perovskite @)
SoM

PSSH
R
4 4 4

o oo lso o o JitSo o Jo oS0 Jlsol oYY

PEDOT:PSS

Substrate ' )
! PEDOT:PSS

~~ N*CH;NH; ® Pb* [ B (ZE AL )
(c) BHEkn i 217

(c) Perovskite interface layer

7S AL ol 3 1 SRR NS 5 1 AT RETE AR, 10
BT P Bt R RE

g X L2
@) .l.. ..;. : ': %\’ﬁu :Fﬁ ;?..:
.; );‘ - 'S 98 ;ﬂ’ <

Bk

(b) JFAbBLIEFE™
(b) Post-processing

o

D e .®e® e eee eeeee Qe

..a v &

@ 7210, @ % @WK O &JEMKL
(d) RS T 7R A S

(d) Film interface diagram

K2 SRRk AR

Fig.2 Regulation methods and results for interface layer

3.2 EEREE

R 19 2 2 K PH B F vl P o R e )
SREEH R A A4y R KA T T
AT DAMCEES R A K BH B F i MR R, DA 32 5 4
GBS N AT T 42 T S o Ay < S N ]
FH LS RN T2 R B T e A T 2
PR W
3.2.1 FmmAl LA

FE A8 B ER A 1 1 2 R PO A S IR w]
DAFE ] R RS AR R TSI L R b AR B AR
PERE P A2 E k. 2015 4F, Shao-Gang Li % A ¥
CH, NH, CI/E A 8 T 550 X 815 4k ™ 754 36 I ) T2 45 A
Z5M AT 04, HoBt PbI, | CH,NH,IFI CH,NH, Cl
DL L= (1 —x) o () O BC TR S R0V Y, 5 P
SRFTENROARTE TiO, b il T IRSF- 4%  PERefe e
(1) CHyNH, PbI, 5, 5 2475t « = 0. 6 I & {1 5%
W R B B k] 12.3% 7 2016 4, Sae-Mi
Park 85 A4 N-Bf ) FE 0k o6 i ( CHP) /R 78
F R 5K K P A H v 1 2 3R A T s A A

i, 7E CHP 5 CH,NH, VAR L Oy 1:99 I, 7E3%
SLAR IR SR T AR T 53RN 7. 36% 11 4%
1, 1 AW CHP (1 2 25 48 144 10 7% 4 50 %
6.42% "' 2018 4F, Wu-Qiang Wu 25 \ff p 4
J5 DU g DY RO R O ke (FATCNQ) i A
CH,NH, PbL 5, 0 32 il 25 £S5 8K 0™ K BH fig

WV ERACR 5 R B A FA LR = TR 1
15,3155 20. 2% Y R BHREHL M AEHI AN 3 ()
Jli7R o FATCNQ By ARG I T E58K 07 1) T pR 4K,
ITO/CH,NH, Pbl,: FATCNQ %1 kb 7= 4 T 1) 1Y
AeA A, 3 M RRZCE MIC . DA b AR AR
THSERWZH] 1TO 178 7R, IR I 30 vk B
FMEREAN, B HL BHY8 /N Florian Mathies 2¢ A\ 7E
FER AT VW B A BUR AR, BT T R R ROR
12. 9% [ 4fa- FH Jbk-HA Jiie = 70 P 38 755 4k K FH fig
Bl W 3(b) B 7E 23 C BRI & T
JECE: 100 min J5 , CHy NH, PhI £5 8K 4 A FH BE At 1t
(I — AL 3R B2 50% 1T [, 1 = G FH
BT8R0 K PH RE F 3 0 0H — b 5 4 ROR A



54

Z& 545 EORESER A R PHBE FE th AT i 1021

80 C XA 10% HYFRL T FE, X 30 B /b i 4
( <15% ) Ay A fdE 85 0 B AT B i AR BG4 B4R L
RARFETENE X T2 25 T8 BT R4S A 1Y
3%, Donmin Lee 58 A K PbAc, #1 PbCl, )R
BT I 00 A i 4 1 85 R W, 78
TAEMYEEIR LA 8:2 IR B T AR N 13. 3%
YASARE KB A o A&l 3 () BR, Hi—
) PbAc, IR AE M4 IR AT o O 45 i i R P 3 5
FRAERIB, T PbAc, FIZb i PhCL, IR 5 W,
A B TS R0 S ) PR 45 o 0 e 4 B
J5 B U I SR RS RIS, PR 1 5 1) 5
R YRR S AN 28 B BURR  3X Rl B — S VA
IRMESCBLI . Yongyi Peng 25 Al i — Y 5 K
(DMSO ) F1 = F 5 HT Pt iz ( DMF ) iR 5 0 4F v

WL &5 2

MAPbI;:FATCNQ

ITO

(a) ACFHAE HLtL 45441

(a) Solar cell structure

waEtA WA SR B IR
' ' PR I

------- Gl ---->

(c) L AR B

(c) Process comparison

F, HAEESERD VA W A B 1 CHNH, T f 28
SRR FMET R — %8 %6 &
CH,NH, Pbl, i, 7E DMSO 1 DMF {&FE Hy 1:
10 .CH,NH, I 8 & 6.3% W} 15 3| T 5 % N
10. 92% (K BAE AL, P& 3 (d) B /s (L i 2
JEE AT LA B R b 2R B TR 5 5 510 RRE Jt 1) CH, NH, X6
TR PHBE ATt % U RE M (0 52 7 25 B S i 5 B
#£ DMF Hfin A /b DMSO 1] 4iE 28 55 4k 17 74 5 1)
S IR 00K A PN S 1) B0 2 A LA B I Y
IS R . BT A P Y CH,
NH, T 7E1R K 7 v B 6% £ 2 it b 1) 456 00 B ) A=
K, IR TR Ak, 1E— A4 v T Y
6 B AU

15 23°C/ = 80°C =JCHET
5 L ° 23°C/ e 80°C  MAPHI,
=3 = T -
o+ & g iy
3 & 3 * L
£ ) i
E e
Z osh i g B
0.0 1 ! L i
0 50 100
Time/min
(b) H—fkiEH s R
(b) Normalized PCE
20

—y— DMF
—@—- DMF+DMSO
—&— DMF+DMSO+CH;NH,;I

Current density/(mA - cm™?)
=

0 0.2 0.4 0.6 0.8 1.0 1.2
Voltage/V

(d) ML )
(d) Current density

B3 A hsn) AR g4 5 vk S

Fig.3 Additive engineering regulation method and results

3.2.2 Ty

FEAT R WA 1 ORI e LA BGR kst A Hh
B EVRIJZ B0 TR R T2 A mT AR 4
T2 M, R 2R e i 4% . 2015
4F, Yehao Deng 55 A\ I 5 45 i 41k 7 CH,NH; 1
I 54K VA U , £E PEDOT: PSS _|EHli4 il 45 1 2

WA HU BEIA 3.5 um (1) CH,NH, PbI, v JiE, Jf:
RAG T 15. 1% Bt R0 {2 BR 2% TR Y
CH, NH, 17 il & 0 E5 R0 AR 2 1 45 XU A B
U ) AR BRI B S B AT B S TR B AR AR BT
SRR X B i B A A IR R AR R,
TN S BR TR AR 2L TO LR A5 R0 i 225G



1022 o DA

2%

B, AN, SRR S AR B BT
TE G 11 TR T A L 3RO T O B R K
Stefano Razza 2 AFIH 100 °C 17 m’/s 5 A
PR 2 AR I B R A TRk H ) P 1 2
Al T 3RS TG EUE 1Y POL 2, LR R A
CH,NH, 1% ¥ " J& ik CH,NH, Pbl, 8 i | f 2 ¢
0.1 em’ {251 1 LR 38745 T 13.3% A9 5% 3L
R Yehao Deng 25 A % B 24 45 5K 7 945 TR0V )%
iK% 350 mg/mL ], &% il £ 11 CH, NH, PbI, 7 i
FLA REHE (0 (00F , 8 aed 95Y R E RAS AR T
TR L VRS b S A ) LA AT A 20 pum 3%
SEPRHEF) 100 wm , B AR IR FIRREIEE AT 2 pum
JEEE] 6 pum' & 4 (a) B T BB
MR F o BRUCZ AN, %2 B B RUR
12. 2% , 3K BINZARNJ7 35 T ] 48 o o P 0 288 1 B e
R 80% Fi A+, AT L3 A ] £ K Tl RS B A
HREIG 5 1% 0% N 43 B 3 I UK E 1 O Pl M B
Mohan Ramesh & A FI] FHE 1 25 i 4 55 A 0 JHEFEE
AN ) A R Ok 4 R, 24
CHyNH, 145 PbI, {9 B /K b 2y 1:0.75 15 i 4t
150 pL FEARIREE Ry 50 °C W8 J5 1B KR BN
100 °C B, 3R T e fE B 1 1 R RN 55 vy %) s
e R, sl R N 10.2% ™, 2016 4,
David K. Mohamad % A\ fF 23 S M85 454 F 38 oo
Pl Sk RS ol 1 A TG R S AR TR B AR R
PR R A (O S RV 1 2 0 A A 2 1 R
JE VA R R I o 1, FFAE T M2 DU Z 5 AT 214
PO KGR TR AR R 9. 9% S ERHT K
AL, AR AU T BRI L A 0 S % 4
PER IR Ry 12.8% 2, Beomijin Jeong 45 A
VTR A A 1 Tl s TR Y L IE R ( DMISO) Hp ) 45
RV BOE TR B Si0, 4 IS L, Bl 5 K v 4 A% 3
SR TR R ) HAT B S8 ) PDMS BEH. | 7
80 C NALFE 15 min, Fr 20K PDMS | HA E £ 1)
FEEREIETEL kPald) FE ) T 6 EN R ZZ A IS I,
PN S PSR R e R P BE A P AR R Y
T AR AR AR 4 (b) R, M
il £ Ak A K PH B8 L Tt 2 P A7)
F L 1 i ( DMF) , DMSO i3 5 189 °C 7828
TR 28 R SR A8, T LAHE V4% i 45 1) 45 Ak 1 3 A

SIRE T BECAR AR AN 23 I 25 &, — & 1Y Ik sl Pk
{8 TR S 2210 B AL A FL 2P 3R . Qiao Hu 45
N TR A TSR G & , i i ks
CH,NH, PbL, (9K i, 42 55 R B 40 K £ 1) 1< B A
BT TR ATIA 15 mm ()CH,NH, PbI, 4K
2R EHRI AR FEGER Ky 36 mW/ em’ B L 3t 55 15
HELJAE 1 EUAEL ] 55 3] 100, 28 B0 HE 488 47 1 ' g 1 1
B o TEIE 4 (o) PR BVES AR 28 & 45 1 R Y
AN TR IR B RV TR AR R
1) 2 5 G T, LV ) 28 et S A PRl il LA B 45
R AR W) A0 AL B B R0 9 K B
M %k m N A o Florian Mathies 25 A YE3E K |
25 YK R Bl 515 AR VA L, ZE BT 3 IR B BK A
R JELE DA 180 nm 3 /i 3] 480 nm, JF ] £5 #i
PHE RSB G AR AR 11, 3% , T A ik il
NS BT AR N 12.8% 0 BEARAT
ENR B0 2 , TTRR IS RO 2 | B b 355K 1
I P JE2 A0 A8, A — 7 S R P AT Al 'G5
AR, 2018 4%, James B. Whitaker 25 A5 1 ik
AR SR AT T A R I VR A VR B AR B
A e TR A I A BRI A 3 T 20 min J5
BULAE B 50) b, Jr il o 4 1 7Y 2 0 R R ik
18% 11 o [R5 Sk 1 Y A V4% A R 7 70 4
ZAIFEAE [ A (1 4 5 33 55 1 7, A 0 2 0 T
GZL SUETNYNETY TN I BV & DI 8= R i
L SE B R B 1 2 R TR TN RIIR
WS Y ¥ 4 HCAth B J7 ¥ %3 I . Yongchao Ma
S5 A e 1) 25 805 A0 VR B, 44 79 22 3 R T
A G T — o B 1 TR k& 0y gl & 1T i
<110 > & ] 2 [a] 4= 4K 1Y CH,NH, PbL 3 Ji5, 5 1
R AR IR E 17.15% ), 5 AN Bk A
TR X TET I KR LA ] 19 8 790 2 8 ol 4 v o
A ESERE L, S GEAREARLL, BT AT R I
M SEERIE . TE—E B E A, P2 W
X TR 6 ) 14) g A AR B I R B i R B
Ko Yufei Zhong 55 N\ 7E &1 i 12 il 4 55 Bk 4™ K FH
AEFEL B A B v 2200 1 A ] 9 2 ISR B, 7
i ( > 100 C) T T CH;NH,PbI, i 3 5 1 %5 5
FREE R AAR LG EE y 150 CI 3R 1 17.5%
ORI 4(d) BR, 78 25 ~ 150 T,



54

LA BRI ESERT R B RE AL b AT ST ok fi

1023

R R , B ERATK FH AE L M AR, X

(a) FHHH HLBE T (KPR 1)
(a) Film photo taken by SEM

(c) &5 R TRE ¥
(c) Cyrstallization diagram

[T
80 °C FiR Kk }Wﬁ"@%
(b) ZH1FHA& MR B

(b) Device preparation process

20
PCE=17.5% o0
— 0 s
151 : o %& ®
* 20 voao i -
B 10425 C<T<80°C 100 C<T<150 °C
=%}

A
e

% 3

&
PCE=4%~8%

9 120 150
7/°C
(d) HHBR G )

(d) PCE and temperature

30 60

B4 Gk kAR

Fig.4 Active layer regulation method and results

~ 2 ;——r"" |
&0 - x [ -
S 2k —T _ .. : 70
B = —
E T AR )T ) < o1
> —6F — BREAFELL) o S0f
'z - HRCEIMELL) < 40} .
5 8 - manEM £ Vo= Cink
= 30F
§—10F _LL.ecT
E Feeeeeeme=e="" 20p=0— C+CH;NH;I
3 —12f° 1ol ink
_14 1 0 " i " i L
0.0 0.5 1.0 400 500 600 700 800
Voltage/V Wavelength/nm
(2) LI JiE ]! (b) e AR R
(a) Current density (b) IPCE
5 HURIREE 2 AR

Fig.5 Electrode regulation method and results

3.3 mBRiEE

BRI 5Bk 2 IR B, (H &
PRI RRE 119 L P BB A 5 H far A5 4 2 1Y) R o4
Sl X B R R BH 8 R Tt ) K R AR e s A T
T+ EEVEM . 2015 4E, Thomas M. Schmidt 4§

NAEZS S ERBE A AE T {68 1 42 190 B0 R o 45 4 P A
R FE R P 1t 9 AR 4% T2 6 P e X A
% AEFNTE T HIIR 2 g (PET) Wi 1 i %
(1 A TR 28 1F (0 56 3R 4.9% . AR
SRANE (L 5 0] e 5 B BRI B 5 () BT o



1024

Hh DG

2%

BEAI , DB TR 48 114 Il 28] 3 22 AL 1t 1) BRI, H
W) T PR RR T LT A 20, 3K 10 BT 22 ) B0 ) )
F AR R PH RE F It i AR — PP RS E AR T
o Zhanhua Wei S5 A i FH W% A5 4T P H AR il 55 Bk
A, A A8 A5 R0 35 12 J2 e 498 K Sz
ACH,NH,THp DA i) CH,NH, PhI F1 B i 1 5 1
HOE O T =t [ 1 S O g S PN
11.6% ', B 5(b) £HE KK /NT 550 nm B,
FH C + CH,NH, Tyl 8516l 25 (1) K BHAE FEL 5 C b
Sl 25 S5 S G2 R T 22 A K, =
A G AR (TPCE) 7E 70% DL b FEi
KA 550 ~800 nm AL X I, Fi# 1Y IPCE B g
B, X FEEAR 4R TGRS CHyNH, PbI, il
e FhL AR A T 1) S0 VR L €+ CH NHG T ity 85 410 1
TR AT A BRI T E s Re T, R
XoF K FT R FEL Tt AR B AR B KB AR o

4 BB AE] %

H B4 3030 58 R 1A SR A R BH B FEL b T R
FATEO. 1 em’ 247, AR T 1 em® (E5EKH™ K
PH A FL Tt R 8 BE 5 B, (H R A L 2 50 A 45
R RS T Tl R FH 2 06 AN T B AR SR i
51 9 STk AP S BK B K B AE R Y T AR A K A
100 em®™* o FHEE T e Mk v, BRI S 45 14 45 4K B

S 3k

K FHBE A 1A 52 BUOK FH RE S HL RE Y o S8R e 07
A Fp i, (HAN AV 247 B2 S0 BB R AR 1Y
TR E ET 2 0, BHIF L A B BT 4%
JEAA AU il T A8 07 AT T AR
SR, R B IR R R T

BHERAT B RE A b BRI AR E M — B R iy
TIPS, AL AT R ZRE T, S F 5 A
FEAE SR R ARG R OR AT I ] (525 6
bR PSS A B R R 5 A R el BE R
ZEMZEIEE AR, AePF 75 i (9 i 22 23 LEBOR o A
SEBRIE R, 4 A R BH B R It 1Y) 75 il
SO AT RAF AR s 1AM B i
B i P i D ] B2 U B e s
Rk, EICTEAR B A Y AR H A
Hy] B B A B TR 5 R 5, DR LR Bk
WG PE)Z AR S 2o it o X TS BRE™ 5 4
JE TS B R R — TR, a] DU ko
IS Z AR 15 H RTJCHT B BT 1 1R BE -5 35
A ZE BT SRR, DR IH 1l 2 AR L £ [ WS 54 g
SR AL PR X T A £ R
VA, DU AT AR REAR T AR A

B IR — AR AR ARBAS RTETRR K
it ST R R AR A T A R R,
1713 E ) ) 2 B BAAT R BH BEFL I A9 D7 ik I S B
& HARIA Rz

[1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

ZHANG J R,BAI D L,JIN ZH W et al. . 3D-2D-0D interface profiling for record efficiency all-inorganic CsPbBrl, perovs-
kite solar cells with superior stability[ J]. Advanced Energy Materials ,2018,8(15) :1703246.

KOJIMA A, TESHIMA K, SHIRAI Y,et al.. Organometal halide perovskites as visible-light sensitizers for photovoltaic
cells[ J]. Journal of the American Chemical Society,2009,131(17) ;:6050-6051.

EGGER D A,BERA A,CAHEN D,et al.. What remains unexplained about the properties of halide perovskites? [J].
Advanced Materials ,2018 ,30(20) :1800691.

YANG W S,PARK B W,JUNG E H,et al.. lodide management in formamidinium-lead-halide-based perovskite layers for
efficient solar cells[ J]. Science,2017,356(6345) :1376-1379.

YOSHIKAWA K,KAWASAKI H, YOSHIDA W et al.. Silicon heterojunction solar cell with interdigitated back contacts
for a photoconversion efficiency over 26% [ J]. Nature Energy,2017,2(5) :17032.

SANCHEZ S,XIAO H,PHUNG N, et al. . Flash infrared annealing for antisolvent-free highly efficient perovskite solar cells
[J]. Advanced Energy Materials ,2018 ,8(12) :1702915.

WILLIAMS S T,RAJAGOPAL A,CHUEH C C,et al.. Current challenges and prospective research for upscaling hybrid
perovskite photovoltaics[ J]. The Journal of Physical Chemistry Letters,2016,7(5) :811-819.

ONO L K,PARK N G,ZHU K, et al.. Perovskite solar cells-towards commercialization[ J]. ACS Energy Letters,2017,2
(8):1749-1751.



55 Ze LA EVR BB O PHAE L I ST R 1025

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

WHITAKER J B,KIM D H,LARSON B W et al.. Scalable slot-die coating of high performance perovskite solar cells[ J].

Sustainable Energy & Fuels ,2018,2(11) ;2442-2449.
LI ZH,KLEIN T R,KIM D H,et al.. Scalable fabrication of perovskite solar cells[ J]. Nature Reviews Materials,2018,
3(4).18017.
CHEN H,YE F,TANG W T,et al.. A solvent- and vacuum-free route to large-area perovskite films for efficient solar
modules[ J|. Nature,2017,550(7674) :92-95.
HE M, LI B,CUI X, et al.. Meniscus-assisted solution printing of large-grained perovskite films for high-efficiency solar
cells[ J]. Nature Communications ,2017 ,8 :16045.
KIM J H,WILLIAMS S T,CHO N, et al. . Enhanced environmental stability of planar heterojunction perovskite solar cells
based on blade-coating[ J|. Advanced Energy Materials ,2015,5(4) :1401229.
TANG SH,DENG Y H,ZHENG X P,et al. . Composition engineering in doctor-blading of perovskite solar cells[ J]. Ad-
vanced Energy Materials,2017,7(18) :1700302.
YANG M J,LI ZH,REESE M O, et al.. Perovskite ink with wide processing window for scalable high-efficiency solar
cells[J]. Nature Energy,2017,2(5) :17038.
RONG Y G,MING Y,JI W X,et al.. Toward industrial-scale production of perovskite solar cells: screen printing, slot-
die coating, and emerging techniques[ J]. The Journal of Physical Chemistry Letters,2018,9(10) :2707-2713.
KIM Y Y,PARK E Y, YANG T Y,et al.. Fast two-step deposition of perovskite via mediator extraction treatment for
large-area, high-performance perovskite solar cells[J]. Journal of Materials Chemistry A,2018,6(26) :12447-12454.
HWANG K,JUNG Y S,HEO Y J,et al.. Toward large scale roll-to-roll production of fully printed perovskite solar cells
[J]. Advanced Materials ,2015,27(7) :1241-1247.
ZUO CH T,SCULLY A D,VAK D, et al.. Self-assembled 2D perovskite layers for efficient printable solar cells[ J]. Ad-
vanced Energy Materials,2019,9(4) :1803258.
LI X, TSCHUMI M,HAN H W et al. . Outdoor performance and stability under elevated temperatures and long-term light
soaking of triple-layer mesoporous perovskite photovoltaics[ J]. Energy Technology,2015,3(6) :551-555.
MEI A Y,LI X,LIU L F,et al. . A hole-conductor-free, fully printable mesoscopic perovskite solar cell with high stability
[J]. Science,2014,345(6194) :295-298.
MATHIES F,EGGERS H,RICHARDS B S, et al.. Inkjet-printed triple cation perovskite solar cells[ J]. ACS Applied
Energy Materials 2018 ,1(5) :1834-1839.
MATHIES F,ABZIEHER T,RUEDA D,et al. . Multipass inkjet printing of methylammonium lead iodide for planar per-
ovskite solar cells( Conference Presentation) [ J]. Proceedings of SPIE ,2016,9942.994209.
WEI ZH H,CHEN H N,YAN K Y, ez al.. Inkjet printing and instant chemical transformation of a CH,NH,Pbl,/nano-
carbon electrode and interface for planar perovskite solar cells[ J]. Angewandte Chemie International Edition,2014,53
(48) :13239-13243.
GAMLIEL S,DYMSHITS A,AHARON S, et al.. Micrometer sized perovskite crystals in planar hole conductor free solar
cells[J]. The Journal of Physical Chemistry C,2015,119(34) :19722-19728.
RAMESH M,BOOPATHI K M,HUANG T Y,et al.. Using an airbrush pen for layer-by-layer growth of continuous per-
ovskite thin films for hybrid solar cells[ J]. ACS Applied Materials & Interfaces ,2015,7(4) :2359-2366.
BARROWS A T,PEARSON A J,KWAK C K, et al.. Efficient planar heterojunction mixed-halide perovskite solar cells
deposited via spray-deposition[ J]. Energy & Environmental Science,2014,7(9) :2944-2950.
HUANG H B,SHI J J,ZHU L F,et al.. Two-step ultrasonic spray deposition of CH;NH,Pbl; for efficient and large-area
perovskite solar cell[ J]. Nano Energy,2016,27:352-358.
CHANDRASEKHAR P S,KUMAR N,KUMAR SWAMI S, ez al. . Fabrication of perovskite films using an electrostatic as-
sisted spray technique: the effect of the electric field on morphology, crystallinity and solar cell performance [ J].
Nanoscale ,2016,8(12) :6792-6800.
ISHIHARA H,SARANG S,CHEN Y C,et al.. Nature inspiring processing route toward high throughput production of



1026

o DA 5512 %

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

perovskite photovoltaics[ J]. Journal of Materials Chemistry A,2016,4(18) :6989-6997.

HONG S C,LEE G,HA K, et al.. Precise morphology control and continuous fabrication of perovskite solar cells using
droplet-controllable electrospray coating system[ J]. ACS Applied Materials & Interfaces,2017,9(9) :7879-7884.
MOHAMAD D K, GRIFFIN J,BRACHER C,et al.. Spray - cast multilayer organometal perovskite solar cells fabricated
in air[ J]. Advanced Energy Materials 2016 ,6(22) :1600994.

QIU L B,ONO L K,QI' Y B. Advances and challenges to the commercialization of organic-inorganic halide perovskite so-
lar cell technology[ J]. Materials Today Energy,2018,7:169-189.

WU W Q,WANG Q,FANG Y J,et al. . Molecular doping enabled scalable blading of efficient hole-transport-layer-free
perovskite solar cells[ J|. Nature Communications,2018,9(1) :1625.

CHO A N,PARK N G. Impact of interfacial layers in perovskite solar cells[ J]. ChemSusChem ,2017,10(19) :3687-
3704.

YANG ZH B,CHUEH C C,ZUO F,et al. . High-performance fully printable perovskite solar cells via blade-coating tech-
nique under the ambient condition[ J]. Advanced Energy Materials ,2015,5(13) :1500328.

BACK H,KIM J,KIM G,et al.. Interfacial modification of hole transport layers for efficient large-area perovskite solar
cells achieved via blade-coating[ J|. Solar Energy Materials and Solar Cells 2016 ,144 :309-315.

ZHANG Y M,ZHAO J H,ZHANG J,et al.. Interface engineering based on liquid metal for compact-layer-free, fully
printable mesoscopic perovskite solar cells[ J]. ACS Applied Materials & Interfaces,2018,10(18) :15616-15623.

LI SH G,JIANG K J,SU M J,et al.. Inkjet printing of CH;NH;Pbl; on a mesoscopic TiO, film for highly efficient per-
ovskite solar cells[ J]. Journal of Materials Chemistry A,2015,3(17) :9092-9097.

PARK S M,NOH Y J,JIN S H,et al.. Efficient planar heterojunction perovskite solar cells fabricated via roller-coating
[J]. Solar Energy Materials and Solar Cells,2016,155 :14-19.

LEE D,JUNG Y S,HEO Y J,et al.. Slot-die coated perovskite films using mixed lead precursors for highly reproducible
and large-area solar cells[ J]. ACS Applied Materials & Interfaces 2018 ,10(18) :16133-16139.

PENG Y Y,CHENG Y D,WANG CH H,et al.. Fully doctor-bladed planar heterojunction perovskite solar cells under
ambient condition[ J]. Organic Electronics,2018,58:153-158.

DENG Y H,PENG E,SHAO Y CH, et al.. Scalable fabrication of efficient organolead trihalide perovskite solar cells with
doctor-bladed active layers[ J]. Energy & Environmental Science,2015,8(5) :1544-1550.

RAZZA S,DI GIACOMO F,MATTEOCCI F et al. . Perovskite solar cells and large area modules( 100 ¢cm®) based on an
air flow-assisted Pbl, blade coating deposition process[J]. Journal of Power Sources,2015,277:286-291.

DENG Y H,WANG Q,YUAN Y B, et al.. Vividly colorful hybrid perovskite solar cells by doctor-blade coating with per-
ovskite photonic nanostructures[ J]. Materials Horizons,2015,2(6) :578-583.

JEONG B,HWANG I,CHO S H,et al.. Solvent-assisted gel printing for micropatterning thin organic-inorganic hybrid
perovskite films[ J]. ACS Nano,2016,10(9) :9026-9035.

HU Q,WU H,SUN J,et al.. Large-area perovskite nanowire arrays fabricated by large-scale roll-to-roll micro-gravure
printing and doctor blading[ J|. Nanoscale,2016,8(9) :5350-5357.

MA Y CH,LEE J,LIU Y L,et al.. Synchronized-pressing fabrication of cost-efficient crystalline perovskite solar cells via
intermediate engineering[ J]. Nanoscale,2018,10(20) :9628-9633.

ZHONG Y F,MUNIR R,LI J B,et al.. Blade-coated hybrid perovskite solar cells with efficiency >17% :an in situ in-
vestigation[ ] |. ACS Energy Letters,2018,3(5) :1078-1085.

SCHMIDT T M,LARSEN-OLSEN T T,CARLE J E, et al. . Upscaling of perovskite solar cells:fully ambient roll process-
ing of flexible perovskite solar cells with printed back electrodes[ J]. Advanced Energy Materials ,2015,5(15) ;:1500569.
BINEK A,PETRUS M L,HUBER N, et al.. Recycling perovskite solar cells to avoid lead waste[ J|. ACS Applied Materi-
als & Interfaces ,2016,8(20) .12881-12886.

NOEL N K,ABISREUTINGER S N, WENGER B, et al.. A low viscosity, low boiling point, clean solvent system for the
rapid crystallisation of highly specular perovskite films[ J]. Energy & Environmental Science ,2017,10(1) :145-152.



55 Z LA BRI ES AT OK BHRE i b i St 1027

HE(1997—) , 5, {g A, B+ F bk (1988 —) | 94, T 1T, 34
57,2017 4R F P42 TR K IS $2,2010 4F 6 1 F0UJI| K37 25 -2
AT € NN I AR ) % (37,2014 4F FH TG [ 37 A 3R A5 -
JFH 5. E-mail ginyu_ic @ 163. R, HE I 2 I 11 2

o - ST AR 2015 AR5 A1
EH T TNA TP % AL R

REAHR T2 B . 2016 AFATERKH
FETNTAA R EZEHIETT ML
ATHL I S A i A A 0 T A B D
2. AHLLAT BRAT K I RE 14 AR SC BF
TCo 3. VRN L 585 0 1 i 5 S
o E-mail:jjingchang@ xidian. edu. cn

i R B B B F)mn

o ST

o P A R AR BOR GUB A £ A L A AR T

o PEWH A M 2 AT R EDE A T 2 i 2 2 T

o JL[E(RHEIC) (INSPEC) | S FEI (b2 3CHi) (CA) ARZ W (LA« 5 ) (A)) R E (B RE4: 30
i) (CSA) v [ BHEIE SCHETHIRIN T 25 20 40 [ 3 208 24 6038 R A SCHR B0 128 A 50 1)

(iRERS ZR) AR BRI S F] 3 B S e B A8 F S8 5l 5 42 1) UG BR 5 [ (R Ak
PEAEA H A s [ N SMB A B AR BOR ST o B AT B BUR A BT EOAR | B i sk
WA F RO A B A, 2 A% SR 3 2 A BT M B BB 92 ) SR, #E47 [ Pr
RIS HNA SR REm ), 5 SR, ATk, 23 Ll 2 AR PR AT R ORI T 2

(iRmS BRVEEA KB R G Y R TR AN I R bORE B 48 773 BT I BE
ARG AR IR s A R VAR B TR R RO TR R VR EROL R W S R 3D
IO S LA PO RN AU (0 R SR B BN AR A 2R BOR SR E Y BN EROR s 4528 BOR B
TR ACRIR B A /s SR BT S s AR PR B I ik S HOR s A S s A PE R R 5 5 s A
KR EA S FG AL BEAERT TS 183

(fmR S RR) PILVGH ) RAEE 8T R, BBRERR AT B

Mo ik AR T A RS I K % 3888 5 E % — T : CN 22-1259/04
(S Bon) gl FE B o 1) 5 . ISSN 1007-2780

Mk % 130033 [ A R & A5 12-203

HL 3% - (0431)6176059 ] P 250 T/

E-mail : yjyxs@ 126. com | Bk s www. yjyxs. com



