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Abstract

The electron transport layer is an important part of perovskite solar cells, its performance im-
provement can enhance the power conversion efficiency of the perovskite solar cells effectively.
Sn0; has been successfully applied to the preparation of perovskite solar cells in recent years with
excellent photoelectronic properties, such as good optical transparency, proper band width and
high electron mobility. In this paper, we synthesize Sn0; colloids with different ratios with me-
thanol and water at room temperature, and prepare the SnO; electron transport layer by spin
coating combined with low temperature annealing. It is found that when the ratio of methanol and
water is 9:1 and the concentration of Sn0O;is 0.1 mol/L, the electron transport layer prepared with
tin oxide colloid has the best electron transport performance. The perovskite solar energy pre-
pared on the electron transport layer present the best power conversion efficiency of 19.16% with
Voc of 1.03 V, Jsc of 24.75 mA/cm?2 and FF of 0.75. The results show that the cell efficiency is
13.88%, 15.64%, 17.35% and 18.3% on the electron transport layer (ETL) with methanol-water
ratio of 3:1, 5:1, 7:1 and 11:1, respectively. It is found that the solar cells prepared on 9:1 electron
transport layer present the best performance, and the hysteresis is negligible. The present work
provides a convenient method for preparing the Sn0O; electron transport layer at low temperature.
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1. B

AR, L - TTHLAAL S AR A BH A Bt (PSC) H T HAL R G E RE T 32 B A TR )92 3 1.
H Miyasaka & [F] 55T 2009 il & HABERE K PHAE i Lok, HA8 0GR (PCE)7E B 48 JLAE M
3.8% 3G I AE IR 25.2% [2]-[11]. F5EKH A BH B8 Lt () 00 S PE BB AR KRR B2 BV ) T 455K ARG
WREm, BAGEM, F T8 KA A e KSR a[12] [13], BfsE 1 E N AR
R 2 R

T, AR KR B8 FEI S B ALY B B . TR Z(ETL) 8550 TRIZE . =SoU%
)2 (HTL) AN & ARG . FEF- R0 2 /2 F it fe B 2 A ARG 40, e e B AR S o' A H - RIBEL S 2 i R
[14]. DAL, TERRESE 752 R 5 m b AR G . ECAMIRIEY, Tio, &tk 2 fEm 1
FEZ, R TEEE, (B Tio, BA —LUEkiE, WHFIBRE, e imtEammn TR =, @
W T AR I 400°C (1R BN FEAT B ER DAY B T B AR, X 2 3 USRI & I (R (15, JE K
ZnO M ZrO, WHTF RN TR Z, BOABCRIEm, (AfEd R R 2R, fliE T 2EE%, i
DA B B —Fhn] LRI R ARER AR 16] [17]. JE4ER, SEALBH(SnO,) R miE e, il &R B A
EJESER IR BE L UT T R 4 117 3208 K F A — P R B A& b RL . 2015 4F Ke 58 ANRIE T FH S
YEREEF], FH SnCl I & S TR )2, 14 0 FRIBS P 35 331K B 16.02% [18]. 2017 x4
GNRIE TAECEER) SnCL VB HE e R, KIS IRBFIER RS, FHML, MG LR
FIEE] T 17.57% [19]. 2019 4F Fang ¢ NRIE | BEAKAE R INFRIE =i T A T A E 1, &

][l
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TERT AR TR ZE 05 T RIS AT RS, AL FECRIEE] T 20.1% [20].

TEARTAEH, BAVRE T —Fh & BRI & AR SnO, HLFAR4ZE T 1 6 7E I REA 25 B /KN
SnCly2H,0 7E 5 T i #4551 SnO, KAk . I ELAE s Rk 7 p i S SRR AR B2 5 S AL K
it ZERPEPET K e B TP R h R R E HO R 45 47 (9 SnO, W IR AE FTO 335 |,
PRI ARIR B K 2 2 2 B SnO, LT ARHZ, IR P i3 1 AR R B RE Lt by i % )
THEZREDOCHE, RriERRE, HOtREHRAERES T 19.16%.

2. SELRERSY
2.1. FAREFNTR

FTO B¥4, SnCl,2H,0 (. /KEFEALTE, 99.99%, #ERA), LBE. PEAAH R T i E
ZEE R FRFNE R A F], CH(NH,),PbL; (F BRETEER 5, 99.999%, Great cell solar Ltd.) CH;NH;Br (H 3%
RALRE, >99%, P& FEBHRARATR), CHNH;Cl (FIEEILRE, 99%, itk TEbb R R A
PR, Pbly (99.99%, #ifkEr, TCI bifgth TAHEHGBRAR]), Spiro-OMeTAD (99.0%, IRYIT KGR
HIRAF]), Au(99.999%, i###1), Li-TFSI (8%, 99.9%, Advanced election Tech), N,N —FHI & HI it
fZ(DMF, 99.8%). —HE:FH(DMSO, 99.5). EAK(CB, 99.8%). ZME(CAN, 99.9%). 4-FT FEMLng
(TBP, >96.0%)H1 5% K EE(IPA, 99.95%)%) %M T Sigma-Aldrich A F], B RARIANRFIH A 4T3 — 20
2k, .

2.2. SnO, B FEHIERIHI &

Jefi VRV RE I VE FTO BRES I AR5 K 25 B 17K L ST FI TR Bk 75 35 e FTO B3+ 15 73 i,
GBI RN A AT . fEVUR SnO, A4 )Z 2 1, i Ah - R — DTG 5 R 15 405,

ANFIEE - K A IR % BAA S HOLEE 1, KA F R SnCly2H,0 NN E H EE AR IR &)
W, AR IR R HEEE 48 /NI, FESE PR FR A 7E AR RRA T S 2 S Sn™ 78 40 Skl Sn* IFAE B SnO,
TR o 5 IE AR SER R I H VAR LA AR B3 5185 5E SnO, AR o SR 5 HEAT A LT AR B )2 I ) 4%
fEIRARFN FTO FEAR RS B KUK & SnO, FLFAE4 )=, HHERLFI SnO, UG IREALBEF (1) FTO 4F
J& b, AKI# 1000 r/min JE¥R 3 #, &E 3000 r/min JE¥R 30 #F, Z SRR BRI FIRIAEH G T 180°CIR K
45 5%t SRIE R AN AL 15 o db.

Table 1. Preparation scheme of tin oxide colloid with different methanol-water ratio

F 1. NEEKEENEAHRAFESH S =

HBE K (PR R HEE K (AR L) TRE R T E () HEE AR (mL) IKAER(mL)
3:1 12 0.2763 9 3
5:1 12 0.2763 10 2
7:1 16 0.3684 14 2
9:1 10 0.2302 9 1
11:1 12 0.2763 11 1

2.3. EET RRAERAHI &

S FH VR A5 BRI [21], B BTV TC %, SEH 599.3 mg LA I 50 pL DMSO F1
950 uL DMF 1, 4 12 mg FHEEGALAZ . 12 mg FEEEALIZ RN 120 mg FFBRER IR 2 n N 2 2 mL (5714
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B, 0 IR AR IR IR 6 ANNHIA AR . B AT SR B £, ARV R L I R R A
SnO, [ S BB IS BOHFEF, S5 LL 1000 r/min 3 s, 1500 r/min 30 s fgik ERLATAR, 70°CiBK 1
SyER, FRR IR FIRE T 0 IPA IWIRINTER, Fl AR A 55— 28, 25 60°CiRBK 10
S38h, F150°CIB K 20 438k .

24. ERIFMEMERREFIE

T S Be 4% 2 AL R 2 A 5 I K 72.3 mg 1 Spiro-MeoTAD JIIA 1 mL [ IF7Z 3% W, B 30
uL [ TBP NN L3RV, K 260 mg HIAEER NN 1 mL ) 26 B ARG B 35 pL i\ ks, &
JG R RS AR, ERLF AT LA 1000 /min 3 s AT 3000 r/min 20 s HEATHERR, SR JGTERE SRS 2 T8
F AR 12 /NS, 5 AT 4 PR A R o 4 LR EC S BERBHLLE 3.0 % 107 Pa IR LS R AT 7898

2.5. MIAFRAE

{82/l Bruker D8 Advance X AL 0(Cu Ko 26,1 = 1.5418 AYIEAT SIS o {641/ XRD J.
AL - ARSI B (UV-vis) R A B8 UVMINI 1280 58 4MA] WO Y6t BETHIN.  Ha i B - W i 2%
FII-VYBEH AAA ZR PRGN 3 454 Keithley 2400 BEATINRA, LA RN 0.09 em®. HIJE 2 RHE
[f) QE-R3011 WA 4 & T 3% (EQE) ik

3. AR

FERIE S E LA 1500 r/min (FE RIS AR 2647 T2 (1) SnO, AR, SRIGHE 180°CHUME 3 73, A
R AT R, B 3K, &G 180°CIR K 1 /NSRS EEM SnO, M, FEIAR 1 s
1] XRD, Z5HRIIE 1, FATATCURIBR T 9:1 W F1E4Z 2 40, FABRE S TS 1) 45 S0 b — A XUg
Fpk, M4 PDF RAGINA R AT &0, (KA FZHIIED SnyO4 I(111)IE(PDF 5 00-016-0737), 11 & M FE I AT
7y SnO, )(111)IE(PDF 5 00-050-1429), (11145 R Ren FFHGE 45 R —F[19]. W]
DR EEKEE A 3:1, 501, 7:1 A0 1101 B HT IR 2% 1 H A %0 /2 R AR AE K E Y SnsO 4, 33 Sn 5 0 1)
Efil s 1:2 Kz, SUmir Ak gt. mrmE K e 9:1 RIRTIRAA S [ SnO, R AT A 17 Sl 1y 41 4
& Sn0, 404 2KV J5 M £ FI(PDF 5 01-072-1147), PR A3 B0 1 L AL S PE g .

*$n,0, (111)
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Figure 1. XRD patterns of SnO, electron transport lay-
ers prepared by precursor solutions with different me-
thanol-water ratios

E 1. ETAERBEE - KR RIIREE RS & 1
SnO, B FEHIER) XRD Eli%
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Sof FREEFK B ECA 9 9:1 145680 SnO, I-AE#4T T TEM 204, 45 R 2 Fros, HERW, BRIEH
KANZY 5 nm A SnO, BT 4, Ui 48 h ¥ EE, SnCl, 5 H,0 F1 O, R BAERL T SnO, &
A, R R RRIRE MR KRN T 211 SnO, HF 2 .

@ (b)

Figure 2. The TEM image of the SnO, precursor prepared under the conditions of
methanol to water ratio of 9:1. (a) Low magnification result; (b) TEM image of a
single SnO, quantum dot

& 2. BFEESKEEHIA 9:1 ZHTHIZR SnO, HIIR{E TEM El. (a) 1&fE; (b)
B4 Sn0, 2T = H TEM B

N T HEFE SnO, LR 4R i &, FATIK 7 PORAE FTO B AT E_ERIA R LB SnO, L1 1%
)2 RS - TR OEE, SR 3 B, BRI, Bl SnO, ML R4 2 & R EIEE] T 80% LA
E, f£ 400 nm % 900 nm i il N ZHPASEAE T, 9:1 IEE AL 53 AU AN EEBIRE e — L8, s 1R E
73 A R TR R AT B 22 R R B M AT 7 A B e P R
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Figure 3. Ultraviolet-visible absorption spectra (UV-Vis)
of electron transport layer based on tin oxide in different
proportions

B 3. EFFREARABET RN - TRR
ki

BSERD™ A B BE L b PR 2541 45 44 7 B B RN RE R 4 4 7 SBT3 30 L& () AN 4(b), HT ] 4(a) i) A A
TS R OK B BE Rt £ AR TR 2 FTO S RUBHS . f TR R (ETL) #5580 2 . 28X A& 4 )= (HTL)
Al HTARREBATAT LA 4(b)RER LB R & A . RFHDERG i, Hrpasekn™ 2 ik
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KBRS AT - 2, B WESERETZ A4 2 i 7 %50 /2 55 4 FTO BRI, 12 XANES £k
W2 AR B 2 AR 2 e < R AR B e T FTO 3 BB <62 ri AR 1) R B AT 7 2 HE

Uit
.
II
FTO
FTO —

(@) (b)

Figure 4. (a) Schematic diagram of device structure; (b) Schemat-
ic diagram of energy level structure of perovskite solar cell

Bl 4. (a) S[HEHRREE; (b) $55K0 KIHRERBAIRER LS
TEE

FEANF SnO, HL7- &4 2= ] & AOAS BT J2 MR I3 1 r B iR R 1A 5 B | &) 5l AL, A
(7 FR) B 7~ i = X A B BT 3 SR 35 5 < 3:1 ¥ SnO, HLTAR 412 B & AR BT 2, SRR /N2T 500
nm, 1M 5:1 # SnO, 7407 _Efl# S ERT =, SRR 208 500 nm~2 pm, AR AT A 1222 58000,
B b RN UK, BISIVEANGT . Bl S LU — 2D 58, A5 B ) e R ok R IR A2 1k,
298 2~3 pm, HHSIMERIN. BE ST, 9:1 # SnO, By &k = bl 4 B AR kL 1 S M A LF
EEARANADY 2~3 pm B R SRR, SR SR F BN, DR AT DL R R R T s 1 R
TR A AT B O AL R o T 2 I AR L 3t — 2D n T, 45 85 BRA™ ok RO 21 5000, 1
HAEFS SR SR A I T A € Pl AT REME 1 R bk BE

Figure 5. Scanning electron micrograph of the perovskite layer prepared based on the tin oxide elec-
tron transport layer with different proportions. (a) 3:1; (b) 5:1; (¢) 7:1; (d) 9:1; (e) 11:1

B 5. BT AREIEK L RIRGA RH & B RN EH F a0 05T RREMBRERE. (2 3:1;
() 5:1;5 () 7:15 (d)9:1; (e) 11:1

DOI: 10.12677/app.2020.109051 386 S A B


https://doi.org/10.12677/app.2020.109051

SER 5%

IV B L 6, [ 6(a)nl WL, FET 3:1 AL B AL 2 T & 1 I I T R R 1.01 'V, %
HLJILE N 22.25 mA/em®, TR TN 61%, ZHEN 13.88%; [ 6(b) Al LAE HEET 5:1 AL T4
JE % 1 F I RS FL RN 0.97 V, JEER LI 24.16 mA/em’, HFERTFH 66%, MHEN 15.64%,
E2 A FNIE A 2 LU A8 R AT 52 1 Eth PR R A 1 5 151 6(c) T DA HE 2T 7:1 MU 8 B AR 2 il 4%
() LT B FEL R Ol 098V, FHIER HLIR 38 BN 24.38 mA/em?®, EFEIR TN 72%, ZCEN 17.35%, X 5:1
M TFAE, 2T 7:1 B TARE R R G 2] T 3T, vl Bl il R AR AFAE, 1] 6(e)mT B
FHHIET 111 A s T4 Z Hi 4 1 F b 3% F R 1.06 V, JEER IR EN 23.18 mA/em?®, $HFE
79 73%, MIMERIEE] T 18.3%. I 6(d)HFHTLAE H, T 9:1 Lol il S8 1085 v 7 A5 4 2 1) 4% He
HWRITER B A 1.03 V, FEER FIR 5 B 24.75 mA/em?, IEAH TN 75%, MITTREIER] T 19.16%, AL
I 1 REREAARAS 2 T 3, T HLIE IS L AT DL, BRI SEULER 2 Fos.

SR AN TR 7K BT S A 5 T ) 6 1) PR A B 2 e S R v RE B2, AT SEM IR 1 AR
7E FTO ¥E3S /) SnO, HFAE5 Z RIS, S50 7. B 7 oT I, (RELEIEEK EL3:1 A 5:1) A gx Ak
VWU 0 SnO, FLU AR 2 IE SRR 22, NIERT FTO W78 i5 AU, XHA5EKD 2 BTl B RE 12,
MR, BERBEMR. SH ARG 9:1 B, #I&0 BFERE B EsE, 8% 7Ky 2
5 FTO BEHtEA, RN aeA B s 2 BT, 520U Ex 2 X mBuA 2, Hitae
AR B B . G EEAUK A BB R R R 111 I, UMK AR, #4575 20 s E B
T AL, PR bR KOG o RS i R AR S, [ A 20 B A R R ) R R, S8R
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Figure 6. J-V curves of perovskite solar cells prepared on the electron transport layer of tin oxide based on different propor-
tions; the methanol-water ratio of the precursor solution is (a) 3:1; (b) 5:1; (c) 7:1; (d) 9:1; (e) 11:1

6. K[E] SnO, BB F1&/ZE LHI R AI4ESAT KPARER AT J-V fhik, RIIRACGERAIEZKEE A(a) 3:1; (b) 5:15 () 7:1;
(d)9:1;5 (e) 11:1

Table 2. Key parameters of batteries based on 9:1 tin oxide electron transport layer

2. BT EKEEA 9:1 BIRTIRGA BH S E L HE TR ES SR BEnH X B

Voc (V) Jsc (mA/cm?) FF (%) PCE (%)
Forward 1.03 24.75 75.08 19.16
Reverse 1.02 24.65 74.68 18.50

Figure 7. SEM photos of the SnO, electron transport layers on
FTO/glass. (a) 3:1; (b) 5:1; (c) 7:1; (d) 9:1; (e) 11:1

& 7. 7£ FTO/3KHE £ AR R9EE 7K EE ATIR (ARSI & HY SnO, BB
FEMERIIEER. (a) 3:1; (b) 5:15 (c) 7:1; (d) 9:15 (e) 11:1
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N YRR 9:1 BT AR SR 25 A F I RO PERE, FATI 7 HAME T RCR, 4RI 8, A

ATAT LA ALY RN 23.13 mA/em®, $E3E T J-V i 2650 B rR T A
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Figure 8. Schematic diagram of the external quantum efficiency (EQE) of the
battery prepared based on the 9:1 SnO, electron transport layer

8. 7ERE/KEE 9:1 BUBRIAHI&EY SnO, BB FEHIE LH ErYERmHSNE
FHRREE

4. g

3SR R MK I A A AR HBEAT SN T i 4% 1 SnOy JIRAR I T IR (IR IR K PR 75 95 11l 46

T SnO, HLFARHR . WEFE 1A [ LG A5 By F AR K ) 45 R SR AR B0 vl AR R O VR R, 0 A 2 F R 55K
MILEBI D 9:1 Il & SR AL 1A ] 5% ) P T AR Z E BE R g, ) 28 AR A BRAT HL vl mT ASRAS SR A R 1l
FEHRAR 19.16%,  [RIIN T LA LA IR o i 0 P A Aok B 1A% 5 = IO 250 B AL
B . AR TAERRAE T —Fhifil 5 SnO, HL7- 155 J2 10 16 0110 A 2800 752
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