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Electrodeposited ZnO Nanorod Arrays and the Conformal Hybrid Solar Cells
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Technology, Research Center for Nano-Sciences & Technology, Shanghai University, Shanghai 200444, China)

Abstract: ZnO dense grain films and nanorod arrays were prepared by electrodeposition. The hybrid solar cells
with different structures were fabricated through spin coating of poly (3-hexylthiophene-2,5-diyl):[6,6]-phenyl-
C61-butyric acid methyl ester (P3HT:PCBM) blend onto the ZnO samples, and evaporating of Ag. The
relationship of ZnO growth parameters, morphologies, crystal defects and device performances was studied
through scanning electron microscopy, X-ray diffraction, photoluminescence spectra and photovoltaic
measurements. The results indicated that the morphologies and the location of the defects greatly influenced the
solar cell performances. The current leakage can be eliminated by avoiding the direct contact between the
polymer blend and the defect accumulation area of ZnO. The conversion efficiency of the nanostructured
conformal solar cells improved 64%~101% compared with the bulk one, due to the shorter hole transport route

and the larger contact area between the polymer blend and the metal electrode.

Key Words: ZnO; nanostructures; semiconductors; electrodeposition; hybrid solar cells; conformal structures

A HLIR B 8 HL L T ARG 1 e 7 B FL Tt I BH S 2 4 B I A HL L M 22—+ ZinO
L B RNE AT SE S R TR 51 T ARZ T 1) H T A AR 1) 2 e K, 1T L 55 55 W O FH RE H it v
SRR Horh DRt LR R S Y Z W T ) BRI T P T2 0 AR G 14 AR 4 A | 5 98 1 2 Ak 5
AT AEY PCBM IR & 5 il 4 10 22 1L 5 B 45 R PHAE i RFHBEH Ay 2 /X BRE )2 . ZnO BRA S HL T

e h A 1. 2013-12-20, B ECR A 11.2014-03-24,

[ 5% F AR BE 3 45 (No.51202138, 51202140, 51311130128) . L1 i A 28 Fh% 2 4 (No. 12ZR 1410500) , 1185 125 K% 47 #0015 9% 9% Bh 113

R AH R 4 (No.2012-120417) % B B E

“B KR A, E-mail ;renxin108@shu.edu.cn, Tel ; +86-21-66137197




1864 kMl otk

#o% 4R %30 &

SRR TAERS 20 5 CdS ,CdSe 248K T
Ho B 7 T OGS B R b A R T S R R
HOLT S SRB AR AT R R
MRS A e — FOAR I 9 PR, T 52 (RO 4
f T Zn0 T LU 3 B 7 3, W2 SRR
VI K HEI A 22 R 0158 7S Jg 1
o TR 2 P K S R TR T LA S S A B o
M A 240 S A S 40 K e 1 1 5 B e
T T He R 45 g i — o AL (1 2 A P B o o 225
SORh 4 H 5 T A5 A HUMRHR8 3 | 1T DA 0
AL AE K PE G 5 A AR T BRI T
BEROHE] | 4R T A AR R DAL (L H AR
S B TEHL 2 SR Y K B 51 AT B A W 2 A A W i
3 7 225 M 7 T 27 7 25 DA R R BR L (1) oL
PR T LA B AR TR T
K TR (AT BL—TE HLZ% fl A B A Pl ol TEBLAY K
B2 1) 1) 25 P R ot A L3S 4 0 I B R 2 1 S 1
FERE | EVREA W TR K B (B
Ky, A2 U A A R TR Bk 0
B, 0 T A S A PR TR TR LN K 9 £
5 T A S O P 2 0 5 0 o T
IR (2) A BTG M i T 5 2 5 T AT, 32 A5
A S5 45 3 61 5 D B 9 M B X R B AW
47 7 2E BB B8 A B A DR 7 TRy
K 9 25 K 3 2 7 ) L B T 7 B 7
KR A LA | Trene 25 B9 H AR
T LR B A I (9 Zn0 48K He B 1 414 i 7 AL
KIHAERL %30 400 nm K JE 5 Zn0 43K B 91
1% g Bt IR R R I 4 KB K
D1, 75 7 A 5 3 P L B 4R BT
21, B)FELN K W B 5 R A A T Ik 48 K e 43
95 T L 015 0 T L0 K e 4 o
I3 FRL 18] 780 TE WL P ST 1ok 1 40 K
1) 2 R 40 5 A D B LTS 25 1) W0 T R A e
Bl 2 IR,

S IR 2% A A I B 9 F T 5 475 b -9 2
B B, — 20k T L4 K I 1) 26 25 1 B o Sl A 1 2
T4 B K PR L % A B P M L A
5 6 B STk SR 328 10 6 HL 44 K ¥ 51 202 (1
SR Bl B T 0 7 T 140 P TE WL oK
S 1 SE T 2 A A B Bl FhL i 76 %A B B P T 45
oM R DG S T 4 B U F Tl L
K b 1 S A 0 25 7 WS 27 11 4 K B 7 1)

ety ERE TEHLADR B K I R T2 2 4 o
A By RO BRLA O L2 7 2 51 o B 0 B
PRt KRS, WD T bl A R BT, ok
1) 1 b 4 TSR0 3 16 8 £ 1 1 7 A
ST G TR A2 I 35 4 0 i
T IRHLAK FE BB A BT 1 30 55 9 ko, 47 2
1815 S 8 s B T 4 M e K
SEHITERL £ KPR AEHL S B AL, A S 5
T 700 0B AT AT 700 102 K HLHE
A B 10 50 Ot 545 BRI R0 . 37 T
BB FIK 5 462 K B s R 0 1 1
HEADRHEVE SIS K BE7E 700 2 5 e B SR 5
T 1 A P IR A 0 2 4 1 18 B
e ST B2, 85 AP o O e
%,

1 SEHES

1.1 ZnO KB H &

ZnO A0 K 25 K 38 2k B U AR o A% 1% VA A
X AT AR U B AR R 9 oK 25 A T AR ]
AL 2EVTRUE FETE 0.01 mol - L' Zn(NOs), /KB
Rkt SR HLUR K Keithley 2400 SourceMeter,
TUBR 430 SR R AR R 5 2R AT, R T S5 A B 2kt
o JE R PR35 B S ) | S PE KA A T AT, SRR
FHZHRAR R ITO 3738 S 82 FT A, PHARCR
2.25 em?® A R, LA AR FEF AT, [RIEE R 2 em, T
TR TR B3 55 Ab 6T 125 30 min, TR SE S T A
Fea B8 TR EE T, 2 Bt amE T
ALY 4T 300 CIR KA FE, FAAERAE
Fl2s AR P T, L 1.S °C-min™ A9 N 2 B T
T Z B R R 6 h, 2R LA 1.5 °Comin™
BT E R AL B S RE R BGR 4 HE1T TiO, 72 )2 1T
L DU RRE A AT 3K ALD RGeh ik AT
YEHSR A 40~67 Pa,, HISRY) 23 510 2652 R 99.999%
1) TiCl, F125 85K BORUER B4 300 °C, 19K 9 ik
I E A 1 s, WAARTE A 10 s, TEFR A KT 30
W AR BN R 2 3 nm 19 TiO, 52)2
1.2 HEREVBIRNWEH SEERE

LT RFEFRE 100 mg #3885 5 9 P3HT
CE¥153 1t 15 000~45 000) Fl 100 mg 1Y & 14
PCBM, & T & & T, SR 54 % EOf O R B 7E
FEMAFMPbE S S5, A N, R EH s
1E 80 CHF-& Lk BiJE R 5 mL Y S8R T 1%



8 1

1B S HUUIR ZnO DK HE 51 K L TR 45 K 2 A6 R BH RE Hi 1865

YN E= B R A e A R )1 O i A & (NS
#EE 7€ 300 reomin MBEFEEE T TR AW
RE EMREAEERA 12 h, BREWIERIYS)
AE ZnO K F T SELL 100 romin™ HEEFS 8 s,
Bt J5 LA 1 000~1 500 remin™ B EER 60 s, FFIER
UF BYRE SR TE 150 CCRYMAA S BN 20 min, DA3E
P3HT M45 it B ZnO FE 5 H 2 8 T /K B YOS Uk,
Bl S 48 N, SO AR i 7E 2 RO PR
JFAE] 200 °C, P 10 min, LA T8 B AL 0%
B 7K 53 F , FF 43 ZnO S5 B Zn(OH), J2 , B
J&  TERE SR R EIRET IR EE T N, A TFEHM T,
I HCEE 100 CRIIAA S LR FEREE
1.3 £$ESHEMNEE

SRR AT AR AR L SRR A
25 RN Ag T HLZ MR BE T R <1.33x107 Pa
(1) B 28 B v ilE A7, 28 & UTRURE N 100 nm, 78 &
B 0.1 nme-s™ STM-100/MF J& J3£ /38 32 W L 2 1]
T U 2R Ag SR DIRER BE , Z8 9 45
J& PR A U FE IS & PR AE 4 d, N AR A

1 um

|

FELZS BB R R 330 70 R 19 ZnO 3% 10 5T 41
14:[8.2%-25]0
1.4 WX 5RAE

HL LA ZnO B 4 1 11 44 Ak K BH B FRL Yt O 55
 HH JEOL 6340 3 & 5 HL - i G 8% (SEM) WL 2%, 4y
AHZ5 ¥4 % F Bruker DS 6/6 X 54417 11X (XRD)(A=
0.154 18 nm)73 B , #F i (19 56 2R 6 (PL) I 7 2
T AT, MR A Nd:YAG BOGH ACCENT
RPM 2000 b & 91°F 4K PL 240, Mk tH 266
nm , A FHAE FEL b 14 B8 IR FH 09 A S 6T Sy 95 [
Abet 2% A #J Thermo Oriel &K FH G LR | SNy
AM 1.5(100 mW -em™?), 226 K FHRERL MBI J-V FFAE
i 238 i Keithley 2635 % 538 1 5 40 507 U5 3= iF
Friat,

2 HRSUE

2.1 ZnO MHKEETHEHRIE
Kl 1(a) 7 T 85 Cild £ T~ UUALE 1ITO BLJiE |
B KT AR ZnO GUKEFES ) SEM B, 7] DL #1494

As prepared
T T T T T

20 30 40 50 60 70

20/(°)

K1 85 CCHREE T ULERAE 1TO BLHS B/ ZnO 94 K% B 51 1 R AE (o) BAR N (b) B85 OG22 1 SEM I RL IR, H i [ (a) 1 1Y
3 PSR 00 K TR B T (c)SEME AR ] () A% A4 b 345 S TR BB A0 B 1 ZnO 49K B5/1TO 3588 XRD ATt &

Fig.1 Characterization of the ZnO nanorod arrays deposited at 85 °C on ITO glass: (a) lower and (b) higher magnification

top-view SEM images, the inset of (a) is a close-up view; (c) side-view SEM image; (d) XRD patterns of ZnO

nanorods/ITO glass before and after annealing treatment at different temperatures
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Fig.2  ZnO nanorod arrays prepared by changing deposition time and current density
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(b) Schematic diagram of upwards band bending of ZnO with oxygen vacancy defects
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Fig.4 Characterization of the Ag/P3HT:PCBM blend/ZnO nanorods/ITO composite film; (a) Top and (b) Cross-sectional SEM
images, (c) Illustration of single rod in the composite film; (d) J-V plots of the cells with the as-grown and annealed
7n0 rods in the dark, and under 100 mW-cm™ AM 1.5 simulated illumination
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Fig.5 SEM images of (a) top view of ZnO film with dense grains deposited at 55 °C, and (b) cross-sectional view of
Ag/P3HT:PCBM blend/ZnO film/ITO composite film; (c) PL spectra of the unannealed and annealed ZnO films
on ITO glasses; (d) J-V plots of the cells with the as-grown and annealed dense ZnO films in the dark, and under

100 mW-cm™ AM 1.5 simulated illumination
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(a) J-V plots of the cells with the annealed ZnO films deposited for different time in the dark, and under 100 mW-cm™

AM 1.5 simulated illumination; (b) SEM image of cross-sectional view of P3HT:PCBM blend/ZnO/ITO composite film

using the annealed 60 min-deposited ZnO nanorods
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(a) SEM image of ZnO nanorod array deposited under constant voltage of 2 V at 85 °C; the insert displays the current

density-time curve of ZnO electrodeposition at 2 V, (b) J-V plots of the cells with the as-grown and annealed ZnO
rods; (c) SEM image of ZnO-TiO, core-shell nanorod array, (d) J-V plots of the cell with ZnO-TiO, core-shell nanorods
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