it 2017 4F 8 A

Iy
NS
-
&

e« 06 o

B &5 11 A PR £ PR ot O B R 5 7 E ME R 5

A A4
(1. PEAFRAFAFSL TSR, LT 100049;
2. P EAAFERAMMKEERE MR AR, M 215123)

FE LA A K FH AR B T 1 R S AL R0 SR TV L fy 5 004 T2 HA Y 1126 LA 1, 1o FH Al 5 S 7
WA 7= 8 32 06 A AR E M () A — R — > T RO BRI R 2% . JE ALK FH A vl vk 0 A v e T 5 A KA
25 4 100 2845 9 K PH R v 1t PRI 5 =2 S/ /K 8 22000 1o A T I 2 A I A A P i AL T/ i ELjR 1 A 2%
B 22 )22 G A 4% T2 AN [a) B 3 AR BIL AR LA RO T 5 2 K BT LAATS T 16 5 5 R AR LB . AR SCABE SR T 0 S5 ) R
A FLL 194 S A IR A o R AR AT T T I R R R A Y R RE T L A M B A A S L S A A ) B
1452 T A B A6 %5 48 i T (R2R) 5 146 i 77 A 1 45 ok e e P 56 [

K AHURHBEL I W B & ar s 0

7 E

55 B R BH AE HB M B AR AR LU X T A ALK BH B8 H W A% R 1R B B 50— B 2 R T IO 5 B TE LA
FHAR LG RS2 PR A AR B AN R & 1A AL BH B FL b A R R 2 ™ RS2 B o D 1™ B PELAS . E AT A
B BH B8 HL 1t ) A7 il E 28 N e 90 14 L 23 75 i » 39 T 80 85 T /N TR o A5 BT K FH R R i #) R RS 3 ol A
A e AR BB

e 58 38 A E— 2 52 T LR BH RE HL b (9 75 i A 5 N (9 — DR SCEE A . X T A MUK BH fE H Y A
Wi fige o 1 2 PR 3R A MR B DG IR B D6 Al 2 S O A LR A AN AU 05 1 2 1 B At A 935 e AR
LER BRI A BIL A B Ak X S [ it i P A 3 BIOK SRS AR R B TR K L R B T 0 v b E S 1)
P FRZS A R L IR F 5 N 2SR S 2

AR SCA HLR BH BE HL b 45 T2 A4 R AR B A5 P LI 1) 5 B 1) 25 4 3023 DA B 46 X 4 (R2RO A2 7 07 s 4%
JUAN 75 1T o 4 3T AF SR A HILK B AE FL b A5 2 PR 58— [T Bt 55 5 25

1 A EAM R R %

1.1 EER

T 1 J2 0 e A P TG S 1 H Tt S P 1 O T P )23 % i 2 DR S L Tt B B A e AR R B T
J2 W it B ) D TR IR G R il . 17 22 106 MR 2 M RE 38 25 R A DG W it s I G A R 30 2 8 0 T 10 SRR O
(PPVOZEMB FER IR T2 5T e R 26 5L 58 & e A [0 . 18 1 Hh Jorgensen S48 H T X 2K
RO AR i i 2

Je 2 BT FH A 3R (3~ Sk miemy) (P3HT) 2R R G W W 22 1 PPV YRR Z4FE) . X F PIHT 1Y R fi,
FEIN A I PR S S e i e wE iy IR A H AT AR 4l Manceau 55 BIF 59X 2 B L HC R A T B 100 B 1) R
Ak, BV B RE 67 B i A 8 2 ) L 1 B PSHT BB AE 700h 6 IR 5 . B 58 42 ' B A 1 i [
B F S R

10. 14028/j. enki. 1003-3726. 2017. 08. 013
Y75 :2016-10-30; f& | : 2017-05-23;
“IEEE R A R A, E-mail: tanmingxil5@mails. ucas. ac. cn; XJ{EHK , E-mail; liyjialin15@ mails. ucas. ac. cn.



5 81 =1 i ¥ i i « 97

CoHyg CoHyg W"m C,Hm
|
o/c“z O/C"z ’CH
f H / 0, fcstion
\ vaster SO e Propagation
- HC= W abstraction H
H,CO " HCO 4,CO H,CO

1 BXRCIBERE YA B
Figure 1 Photo-oxidation process of a PPV type polymer?!

HOQ
R *(‘)"'A R COOH
2 »
I\ B = f\ — / \
S S S

2 Manceau 48 H L R AL HLERS

Figure 2 Photo-oxidation mechanism according to Manceau et al**

A PCBMCs ¥ At AL W) J5 Sl B AR 12, ] B S P A 78 3B Kl A2 b B Bl T B 2 801 A Ay
BEAGW . Reese 5" LML E ALK PCBM Hr 7= £ 3k 8 MG AR F . 7284 P sl FiT B 1
BB RESL . TR 58 T B T 128 % . Schafferhans &7 W57 T & #5824 %} P3SHT . PCBM 3% ¥ )2 B 540 . &
PRAESAG 2 0F R AR TG R 2 B R T AP . & 5 BUE I A T A LT K FHBE L B R0 2
i) o K U5 R T B B OB R A 8 22 . Seemann %5 FI) B AR 1T 8 05 B 45 T AT MUK BH AE AR 3L 5F
A H A BE AT TRFSE . WA T — e, Abad HUE LK MR AW R (- HEYD)
(P3OT) M58 I AN E BT AR i b i R 2 F 3 P3OT M d . 2013 4, Williams 281 & 31
FT T FR A SRR B T v T 2 R B AR S T AR AR A S R O A . SR B 2 i A T R U
(EELs) , 1] LK K B AR ' P4 At o 188 58 Y6 A8 e 1 o T Liacac (£ Bt 4 B4 1 b — FBi B9 EEL M%ﬂrﬂuﬁi‘ﬁc
PRI Z kA E v 7E 180 AN/ AR JE R T 90 %6 LA B I W0 UA RCR L B G EEL S5 44 1 2% 1E 1Y
60 20 WA RCRA B A

B4 R TG %  P3SHT . PCBM IR A3 J2 76 28 52 1IN ) 44k TR L 23 1R 30 AH 20 25 00 175 00 36t 5 ™
00 L A4y . Bertho 88MY IR T & B — @ AR BIE U sC IR 25 M R S s R e ML 5T A 100 24 I b
Ty e S B Can 38 3 sk AR B 55l ] 38 B WAL 2R . 181 3 7R T Bertho S5 I 1 PSHT HL{R5] A 3
PG A5 201 3 PR AW,

O=
OH 0
/> 0.2 M NaOH )
// \ / \\ in MeOH /,_\ 7\ Et;N, THF

— 4 ud N _ . \\
24 h reflux /As/ t;{‘l\s/\}? trans-cinnamoyl! /I(4 ¢ \

chloride
P1= P3HT-co-P3(AE)T P2 = P3HT-co-P3(HE)T P3 = P3HT-co-P3(PAOE)T

B3 i PSHT k5] A 3 FhzhfesE 245/ 3 FhER A4
Figure 3 Synthesis of the functionalized P3HT-like copolymers

W RIUAFNE TR AT 5T . 8 A9 IR R AE T I8 5K o i i Fe AL AR A AR 2 00 TR e M7

[11]

10. 14028/j. cnki. 1003-3726. 2017. 08. 013



+ 98 - = ix T i {1 2017 4¢ 8

AT 9 1) R . Manceau S0 W T — 26 H AT H FAE 06 142 09 28 5 W R 1k - A AT 1K AR [R) 2R 45 B2 d R o
T 1000W/m* . AML. 5G [T BEIM 32 080 . A FT U —FR 9 52 0 AT DL I IO 3% He B & AT B0 S itk 20 o DA TG 7
FIAFRARE RS W RO R R A KN E R . B 4 & Manceau S5 H 19— 2547 HLK FH RE HL % T
FRFEAT AR E PR I WL B R 4 ) 5 A S P ) OC 2R  T X OIGAR R M AR A T L AT — S R L sl G
BT A R SR 5 W DRI A A DR AR T 3 BTG 9 I8 4 1) A

S

M Stability
s s~
Dithienothiophene >

y s HO,C COH
.................................... 7N\

N N

e at
Si . s .
L33

) s” * Thienopyrazine
Sicyclopenta- || s
dithiophene

Y &
CgHyz CeHyz s’

o]
Y
. . N Benzothiadiazole
)
/_/{ Dialkoxybenzene Carbazole || eceeeeeeeeeeeeeeeeeeeeaeeens

o s
Cw“zvNJLN—C'z“zs \
4 \ A Cos
. . gl "l Thienothiophene

) )
Cyclopentadithioph Th d
CgHir CeHyr U

Fluorene

Pl 4 AR 45 T 20 i 2R 45 0 PR Y DI R E IR

Figure 4 Rule-of-thumb photostability ranking of donor and acceptor monomers for OPV polymer!'*

1.2 ERBZHEEREBM

A HUK B AE FL b 0 25 7R 450 £ 22 nl 0 g IERURI R 2 . |G 45 2 A T 1TO B B AR U 25 XA i
J2 R EZ AR 2 R R N T AE L 46 R Y DU A B 4 TR R AR A B 2 O B R
CUnTEL 5 Bz o PR DAy 1 b AN [ 14 235 4 ) o e e 2 A 3 AN [0 L Ay A% i a5 A2 A () 9 1 T DR I 5K 19 o 45
Ha) 5 R AN [ P Joi 1) 463 Ja P b o ARG D0 BRI S 463 T A 85 ) 2 T N 25 g i 118 FL AN o T S AR 45 A
JH e 0 R A <5 T AR AT FRL ARG T 5 i v A PO A P B O R B R b AR R A RRE 1

7 1E 145 K4 K BH R FL b o 2R P85 A BR AR O 452 T F B TR TG K TE SRR BRI P R AR AR E . (7R SK
B 2 R JE R B AR BORAE RS 25 55 5 PRI oh B 7 RSO o i AR v e e o S LS A R R
JH e I3 R ) BRAE Sy <5 T FRL ARG » S 2 PR /K Bl 4R T 3 R v Tt ) i

Han 85 5535 (9 B 7S AL 22 W1 % T 16 280 e 9, = 22 TR Sy ol A% 1 3 A 80060 ol 0 ity PR S R B
e B TE 35 RO TR R T AR A R . BELAS G R A B R AT SO TR S RS R Y R R O A R B0
245 Ky R0 L B oL U AR SR A — BN ) 5 LT e R TR R A R AR L S ol T D s R B E B MoO, R

10. 14028/j. cnki. 1003-3726. 2017. 08. 013



5 81 =1 ax ¥ i i © 99

TP B A R T 3 A R 52 80 45 R 6 A 045 4 B 4 400 J5 RFE T 602 B LG
WIHHACR AE 2500h 5 IRFF T 48 % IR R 2%

Normal Inverted

Substrate ] ( Substrate ]

K5 IEREH (F0) 5 RS H s s BIEL O IRTR#EA . & 24002 ETL. i &% 2 AL:
WP & Jm i s HTL . 25 FUfG i 25 TTO - S 10 B 8 38 B Fl e -
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ETL: electron transport layer; AL; active layer; HTL; hole transport layer; ITO: indium tin oxide electrode!"
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The plots are relative to devices in which the ZnO-based ETLs are processed in inert atmosphere, N2 (a), or in air (b).

The black arrows highlight the transition of the J-V curves when passing from fresh to degraded devices
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Research in Stability and Degradation of Polymer Solar Cells

TAN Ming-xi'"?*, LIU Jia-lin"?
(1. School of Chemistry And Chemical Engineering , University of Chinese Academy of Sciences ,
Beijing 100049, China;
2. Suzhou Institute of Nano-tech And Nano-bionics, Chinese Academy of Science, Suzhou 215123, China)

Abstract: In recent years, organic solar cells evolve in an exponential manner in efficiency. increasing from 5% to over
11%. The promise of organic photovoltaic(OPV)as a future energy technology has received more attention. However,
problems of stability may hinder commercial application of that. Inorganic silicon-based solar cells may last on the order of
25 years, while organic materials are by nature more susceptible to chemical degradation from e. g. oxygen and water than
that, which leads to a shorter lifetimes of the order of thousands of hours. Polymer solar cells are complicated multilayer
structures where each component may fail for different reasons, the stability and degradation issue are certainly not yet fully
understood. Besides, development of encapsulation using novel methods may present new stability challenges. In this
review, the current understanding of stability and degradation in organic solar cell devices is presented and the photo-
stability of the active polymer materials, the inverted device structure of the bulk heterojunction geometry device,
morphology control and the specific stability issues of roll to roll method are discussed.

Key words: Organic solar cells; Degradation; Life time
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