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Optimization of the photovoltaic performance of ZnO-based
organic-inorganic hybrid solar cells

PEI Juan, FENG Kangning, ZHAO Xue, WEI Ya’nan, HAO Yanzhong, SUN Bao, LI Yingpin
(School of Science, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract : Organic-inorganic hybrid solar cell is a new type of solar cell, with its organic polymers to provide electrons and
inorganic semiconductors to accept electrons. The commonly used inorganic semiconductors are nano-sized zinc oxide (ZnO),
titanium dioxide (Ti0;), cadmium sulfide (CdS), etc. There are many problems needing to be solved in the research process of
hybrid solar cells, such as the poor electron transport efficiency, low utilization of solar energy, chemical incompatibility
between inorganic semiconductors and organic polymers, and the consequently caused low photoelectric conversion efficiency.
Around the above issues, concerning the solar cell with the ZnO semiconductors as electron acceptor, the photovoltaic perform-
ance optimization methods are discussed from the aspects of electron acceptors, electron donor materials and the addition of
modified layers for the ZnO-based solar cell, and the future development tendency of the hybrid solar cells is also prospected.

The optimization of cell performance has brought hope to the low cost and high efficiency application of this hybrid solar cell.
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Fig.3 A schematic diagram of electron transfer in ZnO nanoparticle, nanorod and nanotube
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Tab.1 Properties of polymer

REY LUMO/eV HOMO/eV E./eV Aonset/ DM
MDMO-PPV6] —3.0 —5.3 2.3 539
MEH-PPV7] —2.9 —5.3 2.4 517
PFDTBTL] —3.5 —5.4 1.9 652
PCPDTRBT!?2) —3.5 —4.9 1.4 886
P3HTI] —3.0 —4.9 1.9 652
P30T —3.8 —5.6 1.8 689
PTQ1L60] —3.3 —5.1 1.8 689
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Fig.5 Organic polymer structure
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B, AFSE 3B L S M A AL AT LIS B ML SR ZnO SAHLE G Y PSHT (1982 fil 1 AL, 307 i B9 42 it
A B S A A L BE R i T R R

a) SEM & b) TEM &

H6 Mm% ag# Sh,S,/ZnO # SEM BF= Sb,S,/ZnO #h Kk ik &#eg TEM B
Fig.6 SEM images of hierarchical hierarchical Sb,S;/Zn0O structure and TEM images of Sb,S;/Zn0O nanosheet structure

3.4 HMM4Lr=*
3.4.1  EEVEIT A

B PEAT A PCBM 2 HLH T2 A kL, 5 p TG HLR G W S AF . 2 B RHE & 5 A 2 H B 0
FHAT B B FLT ) ACEIE M2 b A7 ) 5T A8 T Ak A S B SR 2% Ak R BH L g MR AR . CHOU 485 3l 1ot
REAAT DL & 9 1 8 U 1%, I 1 AT LR A5 0 1) 68 [T B () i BIL A A 2 008 ) I [) 2R A 7 4206 5 LA i
BAE] ZnO B 2Z a1 23 BRh il a8 1 s 3 78 IR 7o 0,58 L R R R ik 3.58% . HUANG 481 78
ZnO % FJElR T —J2 PCBM, X} ZnO KIH# 780, T PCBM 5 P3HT ¥/ B /K MM B N7 75 2 WA
3 B T TR B, DT AN BRSBTS G L BRI N 2,35 ik R 3.20% . HAMES 4570 PSHT 45 PCBM
MR B VAR IE IR AE ZnO 90K G BHAR 1 , 4 4 H 1TO/Zn0O film/ZnO nanorod/P3HT : PCBM/Ag %5 #4
P LT, G HL R B AR R 2,44 %0 . TKRAM 4E5S 48 T & A AR B LAY PSHT, PCBM I ZnO WG M2,
9 W, 24 P3HT,PCBM,ZnO =F & LA 1 0.35 ¢ 0.35 B, 6% E 2 76 7T W% IX A0 0% i 58 3 75 5]
P R A R G B R TR E A V. G CR R e ik F 214 %,
3.4.2 1B

A7 SRR T — A Z AR kL R R 2R B iR R ) A RO S AR E PR A YRR AT
TEHIRSMETT B T RAT LA R 15 000 em?/(V » s), Jf HIEARNZIRBE RS, A RBEET A H
BH I A A R BEIE B PR AE N 10 ° Q » em™ . I — 45 ZnO B4 b il T RS 5%, il A 28
DGR N

YIN 200 % e AL A DR OT L0 A B0 EAE K ZnO 99K 8, RS HIBT Y 1 A0 B 45 1Y 5 I ORLRE 1 A3k
TET PR BEL X PR L B S A S IE B AR A R R R, D R B N b M BB BT 47 . ABDULAL-
MOHSIN &0 A B s A8 PSHT . i T A B/, PSHT A B3R M 12 000 Q « cm FEALE
72 Q-+ cm, $EE T AP A SR IR RCR B ROR A 0.09 Y082 = B 0.40% . PARK 45N A B BR
ITO T HL B I AE A st B4R L ¥ — )2 RG-1200 (R (BEW3-3-(2-(2-F 4103k £ 0 38)) HE A7 el vk L AR5 DU AR B — |
AIFH) ZnO KL, 5 P3HT 448 s it S 0K B 3 T 0.50% . HAN VYA BIE LAWK T —
Y ZnO gk, R EWBIAABGEERA TRR FIEBHERE, WY 9% T ZnO MM EGER, 2 A6 565
ZnO TR R 10 9 B BURR A E ., ABBASI 251900 ZnO g4 K POk 5 4 BSR4 % TG BRAR 22 s
TEB] T 52 Gk RO ZRHE 55 N 3.1 eV FRAEE] 2.9 oV H A M PEAER 22, T Bl it R L TR &K,

ZAC K BH EL Yt g | A A 380, AT AL T B B 5T B B, i A ROAS: 58 1 1 R o) A% 1 P i R AR ROR
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