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B AR ) B AR DX AT DA AR BT O B
LA, BEAR RN S 6 T, AR 1 SR v T
JZ J5 FE W] 5 1 £E 300400 nm. 110 £E B HL itk R
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FL B SR AR UL AN B AR (B 4 (b)) o4 i) fE G 3
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Ryt AR R R BE L 25 A0RE SR THT A0 42 f i P
LR BB R E T R, 55 17 1 2 T oh B0 1
526 MRS RL G A B B (191 4, I ep i B L Sk B ) 55
R IR R AT o oA AR s R Ry = 0 HL
Ry, = oo, B FF = 1; fESLhrH M, /N R
HIE K Rg, A F) T 42 M FF. K48 55 R0 F
B THAR N A B R BH HIB ) J-V R R AT Rk
i R 2
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nkgT
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A e 9 7 IR A HEL A, 38 R OK BH FE v I b
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W B DX I 1 2 T AR € N Scop. 1E—35E 1)
MEME R o 22 BRI R o I ) Sopr~ HL
P AR E PR R AR (Sacr)~ KOG (Siwr) 45
()2 A R KA. AR S5 R R 48] Y
Sact = S, = Scen I, 1921 Joo HUE &R
X Sact > Scer B, FEEGH J7 248 0 2L F8E
St = Scgr, [FFETTSEIL Jg. Z0E WORS Al 225 45
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Sact > Scer H Swr > Scer, A M1 Jo 2
R Z R TR EAE. RS0 &E T, I, BN
TERGX AN TR RN,

AL, 3 FHAME T30 (MR, EQE) kiR
FEL VA PR B = A R . EQE A& F8 50 15 I R p
WA T HS ANSOL PR, & ahiib
PR )RR,

EQE = na X Nait X Mte X Mo X Nees (2)

Horb, na NS T BRI E B, naiee A2
AW DA FEYEUGE 5 EL e 2 D/A T
THI AL T 1R 23 B8 20 B, e A 03 S VAT o ) LR
PR AR E 5088, nee A2 A8 B L Aar H B AR WSCER 1
S EQE XM 7 4 4y LI IR 280 (1
Fx, IPCE), nJfaj seit &R [,

12407,
EQE()\) = IPCE(\) = VO (3)
H Aonm) 2 ANFHEF K, Jeo(pA/cm?) 2
FLY (1 0% VR 5 )2, P (W/m?2) A2 A5 B 8 6 11
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FEREEE Voo A2 KRH 7T 2% 2518 N i
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EAYII i C & UE (HOMO) 22 8] 1 68 2% 2
vesE 18281l PR s by K M RE I 2 RETE, B2
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FRW, 7E—E M D-A MEME R, Voo IR T HT
E 505 AR T 25 2 18] (1 43 A 490 D/ A FTHT Kb A
e A7AE 100, H e it S5 A R S5 1 (0, HA 3
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FF BT 81 st B AL S 15 . 4 it
(35 P Z A Sacr BRI, #0178 Al B
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)72 AL e ) 2 S BUBUKFF B — AN 25 A
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X HEL It 4 P B A 't HA B o AR b i A 2D 3R
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B AIRN R LR ) B 52 T R 25 A &5 4 1
b, BRI L RS (IMPS) A58 5 8 41 % ik
i (IMVS) /et 7t 80 14z 3 /1= i sh At il
SR R B S N FH R AT G fk 40 K T
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RAL TS B T 7 Z MR P20 Jr ek, &
TR IMPS A1 IMVS $R 3 H £ HPSC HL i )
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2[5 B A8 T (1 2 5] 62, IMPS FIMVS 8 78 4% 45
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ML I AR B 30 0 A5 5., 3 R 30 B K A 5 82 ) At
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HTE—HS, IMPS iR B —NFE o 38 i 38 K 1
SAEET A 7p; 24500 nm < d < 800 nm, DD All
DF i R 3% i 43 8 ok, (H P AN 18] 308 A RERH
WX 4y, IMPS i 3= B L 30— AN BE d 500 i 8 /)
(AR, 24 d > 1000 nm 5, DD A1 DF it %
S4BTk, IMPS i R UL oy Ml mpe IANME
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BB R, SED/A P GE AT AT 2L
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M, =70 B0 ) Voo 115 2R &40 5 HOMO H1 TiO-
(1) 5 R g, M AL T Hh R A7 B 1 CulnS, & T
FBEZN Voo NEA REPEVER.

BRI

K13  MEH-PPV-CulnSs/TiO2-NA =5 Hi#th 45 ¥ K 2
A MO R 4 IS S BB I T (4 R i R s MEH-
PPV/CulnSy #HiA1 CulnSy & T A1)

500 nm

tH

0 200 4OIO GOIO ' 8(IJO
ITO z/nm

14 9eKkBEK A 170 nm (a) A1320 nm (b) ] ZnO-

NA BB 5 () AJGTRIE R & WA M98 HOE IR

MR ok To RS 5E, T /& BBSTAR R « nm A F6HE,

a = 10% cm™ ! REGWRCREG PKFESIH 2 710 4E

K, A VAP IR IR = TR B K

BATETTO T e g 3 b AT 3 M 1 ) F Ak 2 0
R 7 VR 4 1 AN A BE 1) 5 1) AR K 1) ZnO oK
BERES (FK, ZnO-NA). BEAE TURN (] fR 3G n, 44
KK (d = 110500 nm) 2 £& P38, 1 B 4%
(30—60 nm) JL-FA 52 T AR I [R] IR 52 M. 3R 42 1)
WF 7t 45 B % 0 B9), MEH-PPV /ZnO-NA X [ Hi it
(B3 (c)) H 1 L7 i R0 O FELUAE 8 BB T 402K
BEK L, E99 KR FE 2 500 nm 3R 13 1 5K
(1 HL UL, K 5 AR AR (OO0 ) o — B,
O FL L AR AR NS ' SR AE SR A X S R
(B 14), f8E45 H vt b7 1R 77 A L R R 0 B SR
T IR 55 B R B R, — ok
Yi, 7E d < 500 nm & Fl A, B 9K TR SBCR
I D/A FEIH AR, AT 2 i H Aar 20 B8 A R A H
Wity BeAh, IR B TR SR R K
AN 2 ZnO SR FEAS W L RS0, 10 F Y Ve 2
B R T ZnO 2 T BB B EE T AN 2 R T IR
ﬁﬁ$ [39].

4.2 D/AZHEMBHIEIHEIRIERE

AT K B A LN Gy 1 112650970 gl 5 A
Py 71 6k A A K L 2 THTEEAT A WS SR IR
OXBH HL L ) 1 RE; AT R T B BN T IR 88
T (721 0 5 A W S AT A8 4 05591 Ti0, A ZnO 4h 2K
AL S K BH FE Vb PR RE IR AL, 45 SRR, ALY
A AT 035 IR W5 T WL KR 22 8] (1) A 25 1
P Joo FEANHI D/A FHH AL BIR T B &, (HX
M) Voo A2 BB sk /N Ve . AR, ZE T8 E
WAAE I RIHLER S, ANATTIE W 208 TR D/A Stk
RE 2 1 T 3 B3P Y 2R 25 45 M) 1 5 3 o 4 A2 12 e 1
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T v R e R AS G5 R AR AR RS e, FRATT B
ZnO-NA N BRI Z KM KL, REHETE T A LB
xof H il RE F sz (4. 3@ ZnO-NA 78 52 5 4h XL
SR ML/ G T3 BRI [R) (T) ke 42 il B 71
AR B, K AN RIS T R PR R 41 2H 2 i MEH-
PPV/ZnO-NA Hith (3 (c)). FI FH R RLRT H il P
REZ 8 5 DRI |] 2 18] ) 5K & (K 15), &5 &AL
& HT G B F0 A B C Y B B 00 A 4k, RATIER
AL X6 oK BH R VB B PR AR FH 77 T 3R A5 T 1 2103
PIHLERPE DA IR XRA USSR W] o3 52 AR R 45 44
Z I ARSI AT D /A G T HL 4 A PR B, 1 5 PR AT
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A2 e AT FF) A7 AL 170 HH B0 B 22 ) R T R P 5 SR A7 3R
A, 8 Voe Ml 7o I8/, BV 57 2RI A B
FRIRRAE G ZR, AH 25 T R [ 10 5 Tl 8] 3 T A2 I 26
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4.3 D/AFEHITHUSIER LA MERE
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by AR EAUB D A ], 2R 4F 1 Jee AT 1H 2] —
PR i, A RAREOY 2R /N3
8. SR, AT TEHUAS I 72 A 1 25 46 5 1 g 2 TR
IR R SR RANIE 2E, il an, BT g T7 %
MBS R, AEE VTN T R 1 A
HLE NI 3 8 Voo B2 7 B VER AN A1)
FED FHEMREHE FBT Voo S5 7L A
J& 7 5 J5RA [ o T AUE A ZnO-NA F1 TiO2-NA
J ot Be OB AT, HF4E7R T TCHUE I B S0p kLN
SERE R B AR A B R FE P BE () AL EE.

16 ZnO-NA B HR E Ui f CdS & 7 s, 13 3
DL ZnO g K ¥ A%, CAdS=E T &M £ f i
N7 ) R ZnO/CdS-#% /5¢ 48 K ¥ [ %1 (ZC-
NA)(K 16 (a)). # ZC-NA 5 MEH-PPV & &, #l
B MEH-PPV/ZC-NA = 6 KBH i, HigtE 2
MEH-PPV, CdS M ZnO =% 7 & i 7 B A 52 4
REZL S5 6 I TL A S s 45 (&1 16 (b)), CAS & 158 )=
B 2 32 1 SR Eh AR, T ZnO K% 3 I H T AE
HEiE. 5 MEH-PPV/ZnO-NA — G2t Hi it A
b, MEH-PPV/ZC-NA = Jt HL Ml [ ) H % 46 14 R
B3 8 FHRE, W cdS %2 EE (L) i,
i B8 PF R SE R T TR, R SR 190.15% 42 & E
1.23% 191, CdS 5% )2 I B nT 44K ZnO 9K B 11
FTMBR A S5 H I T AR T R AR S
a2 e-h 23 18] 4 B8 Uk 55 e-h (A 55, X ey 2
S B i P B IR R AR X R R A E

=
N

WY
TTOHHE

Az
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(b) o |
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() TERCRAYIX [T
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TR T A T T I P AR AT D, BE T R e A
TR A A B, e OdS B A R 7 IR AT 3R
EE BRI R 6 HIR Js /& CAS M &
P e ot R A B SE A I S5 Y BT ZnO AZ G K iR
[BE (1) KT REWMT I 8K Ly, 3804
F B AR T RCR B Y X E] (Br), KRS
P 5 e IR AN e 7= A2 Aotk (116 (). 24
L=(-2Lp)/2~ 6 nmi}, EM X%, ZnO T
i H IR H 8 B IR B WA, FLIR Joe A1 ZnO 9K B
R R EOR HOR B R K, I HL ) WCER AR
(AL 7] 7o 52/, #8170, MEH-PPV/ZC-NA =
TG HLL ) Vi 7998 B G 5 HOMO #1 ZnO K5
i REZL P E, T AL T Hh A4 B (1) CdS I REZRT Ve
ANEA A, 53 =0k R 4508 — 5 08
FEREERER I RAE T, Voo 56T A2 X
FKAEUE B HIE, CdS FEZ M X ZnO K HiHk
IE 745 P B A SR 388 o > A Fl R 23 o] (R o 2 K g
G0 75 KAt L Voo, FEFE, 24 CdS 7% J2 B
(L < 3nm), HFZZE 81l ZnO K HhEHEE K
BN 2 A, MR CdS5E)E (L > 3 nm)
2 BRI I e-h 1 1] 43 B RIDRSS e-h i SR
WANER T E A, £ MEH-PPV/ZC-NA =G Hiith

RS TV, ST A T ZARA B
WAF K RX IR, AT AR R e R 2 1944,
1E ZnO-NA # AR BE %1 /1 3T #R ZnO & F &1,
358 DL B ZnO g K BB N . AP REAE KT
ZnO & 7 &2 N 52 1 [\ i ZnO/ZnO-1% /7%
gh K B B 1) (ZnO-NR-QD-NA); 7£ TiOo-NA HE AR
B %) v T AR TiOo &+ s, U 15 3 BL 5§ TiO,
ik N TiO & T f £ & K~ 5% 1 [F
Jii TiO2/TiOo-# /52 44 K ¥ B 41 (TiO2-NR-QD-
NA)(Kl 17 (a)). 5 MEH-PPV/ZnO-NA 1 MEH-
PPV/TiOo-NA HjthAH L, AR [F) 5 A% 57 25 4 H
M Voo B1E K 0.36—0.4 VIEFE£/0.70.8 V,
H & 5 R AR A A AT 7 B A T 15 31—
SERRRE ML 1L BT I UTRRE D/A R AL 5
AN T REGRIAA, 17 7o KRR, BR
TRFAAS G 28 7, Bl 5 AR R IR 500 2
— B BT B V. B3N H AN B F D/ A ST Ab
R R o 2 A2 A R U R AR, THELR I, BT )
FREN (E.) Rl E v PRI 2w T 90K, (B
FEZ ] B 1R 22 AN 52 Voo 5 e 1 JE AL 75 0], W] it
W52 )2 B0 Voo ROZBRK, (HIX 5 S50 45 AR
25 ) FELTAT PR A FEL AR AL (SCLC) i és SREH, &

AR

¥/7ck5

IRBH AL

e-hfli A

17 (a) BNRFUZ/FEE5EREF R ORI R A5 445 (b) SIS AITE AL, Hed U5 R
TIANBERE T (c) A% /TRt B b P BT 4 A TR 324k, L P R AR e S K REZR
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T RUGEE KA BB T E A O A BT AR e
[T BE 1 220, 45 RAEE AR S L A4
BAE (K17 (b)), B 7 17095 70 5864 10 57 i 4
IR, SRR I e £ 5 B 37 1 1
TrZEEMAB A D), PRI AR5
IR, (EAZ b T B HE 2K B M B 2 1) A AH
XL BAAR 16T g i E T SR AR
IR B A HE B oK REZLZE 3G K, AT 3 B0 Ve 389K LA
Je Rt e () P LI B M 4 5 TS AR BEA
FIAI, Voo BB HRMA. &5 REW, R PiZ5%
LR R Voo A2 i ST AR O 1Y, T o DU R
T F R X T R SRRE R, PRI R PR 2 A [ e
13 Voo M 7o X 52 )8 BE B ARAF P B S 1) 224k e
B, A IBIUEK T Voo 570 ZIAIBH BIERKAF
¥ A [43—45]

4.4 SRR R ILIRIERE

SR I S A 0 HPSC HRL It R R 2 B
A TFHMERAAR: 1) A BB EnEE, H
Il I AL BT AR 55 A% (400650 nm) 11264 2) #
TR R ) 6 I S SE R 8 B (300—800 nm), {H HE
o7 A 0 308 T N AR 113514 16.78) st S A M g oK
WA HUEA, AEcisE D/A R B MR, £— &
FERE L REIR T Joe (HXF Vo [0S0 A PR [12044,69,69],
M D' W AL B 70 %5 55 1 T AL A R A i S A6 P 4l
KEEM), BAEE ZIE R Vie, H Joe TIRA S N
B 6T R AR A YRR T, &
PL 14405700 gy e L (4946, 75) BT A& A, 8 AR A KR
FERR I FF. /e — 2 FJE AR T, dith
FIRR 1 e Jue, Voo FIFF HILEEEE R, R 3R
AT HPSC Lt 05, 75 22 W] B 4 v H it 1 Ve,
Jy FIFF.

K% 50 G5 AE) P K Ao O 1) 2 — T 2 B AL 1) S LA
MR — 5T, AT LASRAS B 0 A e, (R
I % 488 T 5 THD (19 6 5 T DA 776 J2 78 40 B4k T 2
181 Voe; 53— 77 THI, BT LAFIFH 52 2 3R A3 40 7e R SR 12
1 Jse, I H 70 BRAE 2 A% 188 38 AR & ) [A) 7
B 1) B 2 AT e AR B T I R A ok,
PATEE H 2 4 5 PE B8 P R AN 4 ke 10 v R0 1) & v
MHPSC Hh i 77 %, A46: 1) H ZnO-NA —Joff
B9, YIA CdS & F 5515 5] 76 ZnO/CdS-
¥ ) 5e G5 Ky gl K B 3] (ZC-NA), #E— 35 T SbySs

ghy K WKL 15 B = 58 Zn0/CdS/SbaSs-1% /58 /7
ZERI YK FE B (ZCS-NA), CdS Fl ShySs 7% 2 B i
A TR IR BB TR 45, E R AE oK BB ol 2
FlICHL I BE (40, ZnO B2 45 4 18 1) & i iE
T8 2, CdS X ZnO K ERFE T R 4784k FE /1. SbaS3
10 5 D' RS e 0 AN RO R g A AE ik, B
SRAG I 1 Ve A Ty 2) IR 2L (LITFSI) {E N
FA5 R A YMEH-PPV #4790k 205 4%, 2
AR RE T, DRI i I FF. K4 1% 77 & 1l
#% ) MEH-PPV /ZCS-NA % 4 4y it [f) R 35 5
5.01% 17 X2 H TR A4 /40K BE 5 B HPSC 1)
BUFRER. WIS/RE T = 0K EESI B & il
&5 ¥ B 41 5y A8 B RE AR 465 45 Horp ZnO 2
HL - 52 AR FEL 7 ) SO R A% i 4D 3EE, 1T CdS
SboSs BEA2 HL T 5244 X2 L F-45 1 Hid 2 fi 7 F1 s
TSR L, MEH-PPV A& 25 A1 23 7% i Uie 45
W)=

ZnO-NA ZC-NA ZCS-NA
(a) CdS ‘ ‘ | ‘ SboS3
ITO 11O _ ITO

MEH-PPV

18 (a) ZIRAKEERIIE A (b) TGk ML=
RN, T 2R 4B AU R O G R IR (c) P b 2 o
EEMEHA RN, § kTR Tt RRWE
ST MR 3K (k1) FIZARIE (ko) I HE

S5 R (B 19) KB, 22055 fitb b LiTFSI
kB 4 B E N T MEH-PPV [ 45 /T # Al

FF, Xt R A& EE. o 78 1A RS

FBEG . Ko B i 7= 8 5 e s 17

FE R H T CdS, SbySz F MEH-PPV K 5 %M

W Hh ) Ve £ 2R AP HOMO 1 ZnO 1)

E. R Y€, 1Ak T A A7 & 1 CdS M1 SbaSs 1]

BT Voo NEA HREMIERN, 5HAM = ok R4

T 11946,68) et vy Hh A 1) 7 AR R S P RE AT,

CdS 7¢ )2 1) B ZAE F ISR IAE AN 7 T — &8l
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b ZnO R B I INEN 2 ZnO T 5
REWYh 27 M HE oK R 22, it B =
() Vioo: 55— 7718, 137 ZnO 7E U SbeSs HITE R H
A2 k. SboSs 76 2 1 32 BAE A & 7 H
MAE 300—750 nm P 1 55 i e S PR BE, B2 HL i
MR FIRER Joo. AHILFER G IIEARMERDS
(15 FELRRARA, TGO R 1 0 I S v e )
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1 MEH-PPV 5 ZCS-NA #H ig; st # CdS, SbaSs &
BRI IR AL )
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RGBT IO FH 242 RN 2 F gy A% a1 DAY
IMERNS R REERR, IR E Sy A RURE.
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WA TRIEBRT AR N EESH. T, 2
i FIBAE G HRS B0 T 77 AR B0 1 T T B FL IR
MM Joe A& T 7E 50 2% IR 0 T It e F s 28 2 1) L L.
Jon W HZNAS IMPS HARMAR, T Joe B J-V il
BAR1T. TERERUL, M B NN, fE
Lt -V A I R ) O BRI LT A4S A
(J;) 72 G HIR (Jpn) FAMIIR (V) 3N BRI FLR
(Ja) BERIBO=SA /1 g = Jop + Jgq. B, 3%
Vo = 0, LM AL T J B8 5% A, b Ish 0 75 17 Fi 3 B
Jsey BTy = Jse & Jpn. AATERGE 2848 5 F IS
FEAXS ZF ML= AE X 3, BT LAUE Jge 72 Jpn HIER
EOSS U B== 2 W s Gl LY B SR W AL L AT R RSN
() Ton FEBEE BRI T, P349:5T600 7 — 52 fH4 k)
iR F, BRI, B A 20 Scpr s JGIE T Z
A Sacr~ AEATHITEAR PR E 7 HLIB 381 1 A0 =
(E120). Bl H AR 5 ADERE T AR (St ) B84k, 3
NI EZ R Jo A Ty, A AR R AR AR 34 18], 2 il
(AT AN [F I, G 7748 St = Scpw, FISE
R Jse FA Jon BAE PRSI E B Joe = Jon. 756, 4
SieL > Scer H Sact > Sce N, Jon SR HE %
AN, T Jse SAETAE ZABOR. X g5 R,
IMPS = 2 e W) 72 Fb A R AR A IR B, 1
J-V IR A s W TR R AR P F R
B R, R SR F, @R Sact > Scrn,
R4 4] S, = Scrn, 770 Joo RUEALARAE I
) Jon-
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RLS 24 BT R I % o 400K 5 R R P AH G 1) 28
PRERESE. AT EZE LR T: 1)IMPS 5IMVS
AR, AENEIR I IR R HPSC Hi it ih 3
TS B I R, BATTRI T B A A A
IMPS K i 2l Al ' FL L 4 ok 7 v G BED 3R 1) 3))
JIFAT A 2 A LA B A T 2R 2) 24
43 B A 8 8 B W T E AN ) £ i RHPSC L)
BROTE. 3) FIHMEMAE R B TAMCR I ERE . 42
B R AV R RCR R e F e A4 i 1 A
I ME SIS FE R I RE R R, R Jo A 20S
£, 4)HPSC Hith Vo i KA FHESDT
HOMO R4 A 78 2 3 B i 7 2 AR R AR S i kL) 5
ARG, T AL T A 1R A7 B 1K 40 5 BE T Vie A
BAJGEAER; (BESLhREMF, V. 5REW
Hh 23 ORT 32 B2 A4 ) AR L T I T SRR R 2
BRARDG BlALY R G50 2 AR SR TH R THAS S 38
e-h [ 40 B PR AR A P TR AR AR
T B ) Vie. 5)HPSC Hi it rb, PR g $ il IR 25
IR, Ve, Von M 7o =3 Z 0 JC HAZHIAH K1,

15 52 A0 R SAS [ R 2 B2 i, e AT m 2 28 L E A
Al AL 3 FEVT 8 Vie, Von M1 7o ZIAIHIAR S
B, T8 B RGN K G5 R R0 & AT 7= A2 5 ) P9 7
K.

MR TR, ToHLAK 451 (40 2 K )
PUREVE AT TR & b 159 20 RO AR . AR
RSRIE R, TCHLARM BERIE &, I T SLHIK
AR SR, HPSC B 7T H AT A 1 42 3 K i 7t
BRERNNIR. ZHpwb s, 800 T sl 1%
(0 5 5 v ) T2 25 A R PR AR DR, 0 A
TRONERARE, 16F 1R 30 22 40y W ) B VK A S 211
1858 T E R G T e st R B A ) (s X
BT RHPEE . AR R SR PR AR X 4R
PEPERERZIA PRI FL, 1% AT BT BE RN B A R 1A PR
M Jse, Voo X FF ZHUM B ANSS MR 2R, b
BFRIZE R BT R S0 4K B 7E HPSC F it s gk 4T
H IR B 2 J2 5 5 4 (558900 2 345 v 20 P i 1Y
FETTR BT FAb, T RHT L B SR K 7 )
R RN R A4 B0 4 {2 3 HPSC 1
K. ISR HPSC Hth & Jie Al I, i i 31
PRARTR BAT v RO A S AT USSR 1 BB (R 9 K 45
FARHA F L S0 v 25 M R A B A B RS
n > 10% K HPSC %14

1
2
3) EQE: external quantum efficiency
4) FTO: fluorine doped tin oxide

(1) ASTM: American Society for Testing and Materials
(2)
3)
(4)
(5) HOMO: highest occupied molecular orbital
(6)
(7)
(8)

CB: conduction band

6) HPSC: hybrid polymer-based solar cell
7) HTL: hole transporting layer
8) IMPS: Intensity Modulated Photocurrent Spec-
troscopy

(9) IMVS: Intensity Modulated Photovoltage Spec-

troscopy

(10) IPCE: incident photon-to-current efficiency
(11) ITO: indium tin oxide
(12) LiTFSI:  lithium

amide

bis(trifluoromethanesulfonyl)

(13) LUMO: lowest unoccupied molecular orbital

(14) MEH-PPV: poly(2-methoxy-5-(2-ethylhexyloxy)-
1,4-phenylene vinylene)

(15) OPSC: organic polymer-based solar cell

(16) PCPDTBT: poly(2,6-(4,4-bis-(2-ethylhexyl)-4H-
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cyclopenta [2,1-b;3,4-b’] dithiophene)-alt-4,7 (2,1,3-

benzothiadiazole))

(17) PCs1BM: [6,6]-phenyl C61 butyric acid methyl ester
(18) PC71BM: [6,6]-phenyl C71 butyric acid methyl ester
(19) P3HT: poly(3-hexylthiophene) (P3HT)
(20) PSC: polymer-based solar cell
(21) SEM: scanning electron microscope
(22) SS: surface state
(23) TEM: transmission electron microscopy
(24) VB: valence band
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Abstract

Hybrid polymer-based solar cells (HPSCs) that use conjugate polymers as electron donor (D) and inorganic
semiconductor nanocrystals as electron acceptor (A) are novel photovoltaic devices. HPSCs integrate the properties
of organic polymer (flexibility, ease of film formation, high absorption coefficient) and inorganic nanostructures
(high electron mobility, high electron affinity, and good stability), and have the extra advantages, such as the
rich sources of synthesized nanostructures by wet chemistry, tunable and complementary properties of assembled
components, solution-processibility on a large scale at low cost and light-weight, etc. Amongst various inorganic
semiconductor materials, the nanostructured metal oxides are the promising electron acceptors for HPSCs, because
they are environment-friendly, transparent in visible spectrum and easy to be synthesized. After a brief introduction
to the current research status, working principles, device architecture, steady-state and dynamic characterizations of
HPSCs, this paper mainly reviews our recent research advances in the HPSCs using ZnO and TiO2 nanostructures as
main electron acceptor and transporter, with emphasis on the theoretical models for charge carrier transport dynamics,
design and preparation of efficient materials and devices, and the device performance related with nanostructural
characteristics. Finally, the main challenges in the development of efficient HPSCs in basic researches and practical
applications are also discussed. The main conclusions from our studies are summarized as follows: (i) IMPS and
IMVS are powerful dynamic photoelectrochemical methods for studying the charge transport dynamics in HPSCs,
and our theoretical models enable the IMPS to serve as an effective tool for the mechanistic characterization and
optimization of HPSC devices. (ii) Using a multicomponent photoactive layer with complementary properties is
an effective strategy to achieve efficient HPSCs. (ili) Using the complementary property of components, enhanc-
ing the dissociation efficiency of excitons, and improving the transport properties of the acceptor channels with
reduced energy loss to increase collection efficiency all are the effective measures to access a high photocurrent
generation in HPSCs. (iv) The band levels of components in the photoactive layer of HPSCs are aligned into type
IT heterojunctions, in which the nanostructured component with the lowest conduction band edge acts as the main
acceptor/transporter; the maximum open-circuit voltage (Voc) in HPSCs is determined by the energy difference
between the highest occupied molecular orbital (HOMO) level of conjugated polymer and the conduction band edge
of the main acceptor, but the Vi in practical devices correlates strongly with the quasi-Fermi levels of the electrons

in the main acceptor and the holes in the polymer. While passivating the surface defects on the main acceptor, increasing
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spatial e-h separation, and enhancing the electron density in conduction band of the main acceptor will facilitate the
increase in Voe. (v) There is no direct correlation among Vic, photogenerated voltage (Vpn) and electron lifetime (1),
and they may change in the same or the opposite trend when the same or different factors affect them, therefore one
should get insight into the intrinsic factors that influence them when discussing the changes in Voc, Vpn and 7. that are

subject to nanostructural characteristics.
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