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Using Hydrophilic Polymer as Cathode
Interlayer for Polymer Solar Cells
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Abstract: Polymer solar cells with the unique advantages of light weight, flexibility, low cost, and good potential of
large-area fabrication, are widely focused and researched by scientists and engineers in the worldwide. The photovoltaic
performances of polymer solar cells strongly depend on the performance of active layer and resulting interlayers. The inter-
layer performance can be optimized by various ways, for example, adjusting the chemical structures of interfacial materi-
als, and improving the fabrication process of interlayer. Recently, hydrophilic polymers as cathode interlayer show special
superiority and huge potential for highly efficient organic optoelectronic devices. In this paper, the recent advances in the
modifications of polymer solar cells with hydrophilic polymers as cathode interlayer were introduced. The insertion of a hy-
drophilic polymer interlayer can modify work functions of cathode materials to enhance the collection of electrons. For con-
ventional and inverted polymer solar cells, the cathode modifications can obviously elevate open-circuit voltage, short-cir-
cuit current, and fill factor, from which the energy conversion efficiency of polymer solar cells can be improved.

Key words: polymer solar cells; hydrophilic polymer; cathode interlayer

[

Bl

Vol. 34  No.2

PERE S AR T3 PR 2 R BT B PERE . A TR Bk

AE, AT L 2o oo B 1 A Rk B 45 R R S T2 B T

20 4Rk, AALCH AR T RA RER, FH®

H

ZETTE, MR

Uf o PR AR RN B S BOR TR AR A R AR, % RIE, FROKMER G WA PG AL & 1F AR BB

B N A2 B T2 RIEFRIRADIIE . A PG 8 Y

Wi EHHE: 2014 -07 - 16

E&WH: BHEANNEER LS BIE (21225418) ; BT
“973” 31 %% H (2013CB834705, 2014CB643505)

E—1EE: & T, F, 1988 A, WL ER A

BWREE: BRER, B, 1968 F4, HE, MELA R, Email:
psjwchen@ scut. edu. cn

DOI: 10.7502/j. issn. 1674 —3962. 2015. 02. 06

W2, KRB TR Kk R A W T O
A SR AR SRR IR A o SRR PR R A Wl R BRI T
PSR B K/ B R P50, X A LR R4 9
AR, SRR AR, REFEAR A, S Tl ik
Ao AR GER A HILF S AT R R A OREE WA BB T K/
BRI, X EEAF R R PR S WA S T = 5 B R
AL GG RN M, T DL 2 )2 A
PUGH R 1F, IF B HE T A HLOG L2 R i 2 o T,



%2 %

RS 38 s B4 FH 25 A 1 58 4 0y IR 0 T )2 165 A 26 0 o 4
JB AR, B A A0 R AR B A 10 I R B, 75 B A 45 9
J2 2 )% R B i RE DT T, A M E T T A/ B
B2 AT R VERE I 2R o

T1E B G & 6 W% (Polymer Light-Emitting Diodes ,
PLEDs) H1, SR FH =K Pk L 48 5 & W0 7 2 B AR 2 1 )2 32
BT ZW9, 2004 4F, 3 CESMIFMET — K%
IRPESCHE R A, B OB O 3 10 I RE AL 1% 3R 25 PFN,
DA B 308 3ok i — 2 2 e Al b BRAS B) TR B0 R R AR R, K
CAME R ICIZ, 3 D48 ALPE R A%, 75 5
(1) PLEDs 1) 620 2% T FA AR 30 o6 42 )& Ba 1 9 BB
f PLEDs'"' . [AI4FE, 52 3 4500 0 Fh 5 K M A W 1E
A W 5 TR A6 A 2 R N TE RO )2 S 4 R B B AL 2, F
TR T EARME OGRS R R BT
AL Z Ak, R E K MR A Yt n] LUAR 47 b 5 H At =
PR JE AN Ag Rl Au it 4, SCBL PLEDs RL4F ) B B L 7
AL 2007 4, % SCHE A SR SR K PR SR A 4 PEN fE
AW AREZ, 5 RN TR A, BB T
R PLEDs . 2010 45 8 K4 AR T R kMR 4
W18 Ve 2 FRL T A/ B 2 TE A WL A 1 P g
RIS 2011 4F, ARRBIARMA G AL, &, 13 ME
FEHIGI B — R R A Y HAE A R OG)E, L PEN/AL N
BAM, 5% PLEDs BI%R N 6. 62 cd/A, 24 Y £ 48 b5
J9(0.33, 0.33) ", J5 ok £F 4t (5 B O PLEDs i, R
EKPEREWIENAR R EIZ I T 42.5 cd/A R
%3 W W T Lh Ba/Al Sy B B 19 32.2 cd/A [ Ak
U B b AT Z B9 PLEDs S5, #%F B PN EE H
TREIIT I, R PR TN AL BB A A A F Ok
JE R, W R I 3 A 1 1 RO P RE

1 PLEDs i, RAFEKHEELIREEGY, ME L
#30z (PED) RSB 28 AL Z 0 T (PEIE) 4 Sy B 4
T 2 S T B AR

SEOKE R A Ve N AR AT Z B R AE AL
F PLEDs, {H 4 3k 76 % & % K FH i ith ( Polymer Solar
Cells, PSCs) Ht 325 T 4% B 56 1 . PSCs i 2% 5 25 g 7
DLy R IE e gk ffpl e g by, HOR BEINE 1, IE 345
Fa 38 R 1TO BB/ R AR 53 18T )2 /45 2/ BR A 3R T )2/ |
B, 820 245 3 3 O TTO I 4/ B 4% 8L 10 )2 /305 1 J2 /B
W ST 2/ PR o A SOK T AU A R OKE R A W AE R T
W P18 2 AE PSCs H i T A4 5 37 0F JE o

2 EXRGYWAMEBEI

TEIE%E PSCs v, FH A 5 10 48 1 )2 e 6 R e ok 7
A URBLAE t ILHE IR & W0 45 PR A4 RE A oo 0T A2 W 2L AR 35
PZ b, ZJERMEZETHEGUR G R B, 3% 77 i

F-AF s R FRRME RS Y I AU Y SRS oK BH HL 145
E IE'
Cathode interlayer Anode interlayer:
JActivellayery Ja'ctivellayer
Anodeinterlayer 48 Cathodeinterlayer, 4P
IlOanode ITO.cathode
Substrate Substrate

B RE Y RBH R A P Rl 88 PR a5t (a) IERR 54,
(b) 12554y
Fig. 1 Two device structures of polymer solar cells; (a) con-

ventional structure, and (b) inverted structure

FEI T 2009 48, mAIABILAFRIRE KA, 76236 H
JZ2 R AL IR Z 8] 51 S K 5 A W AR Sy B AR S T A
2, BEIE & 4 1 0 B8 & F% e A0 (Power Conversion
Efficiency, PCE), fH % 0§ & A KK, MxF
PR AL B AR, B 2 B0 X T B H E (Open-Cir-
cuit Voltage, V, )% . ZJ5, WHELK THET
PFO - DBT35, P3HT #I MEH - PPV 3 Fft B8 & Wy 25 1A #4
REA B A AT S M AR, kB2 R B R B w2 A
P3HT fl MEH - PPV fi 1E %< PSCs i Bl B AR, H
K F PFN fig fii 2 F PFO - DBT35 ) PSCs fY 45 % HL I
( Short-Circuit Current Density, J. ) F14H 3¢ [ F ( Fill Fac-
tor, FF) G —E M35, fff PCE B 50h Al BIAR 251419
1.46% &% 1.99% ",

N T — 2R A A K B A IR S T 2 R E
% PSCs ER S RIS, SREWHEM KB Z 0
MmN & &, ARBARIFG R T LAY (F) . #Rm
(Cz) . FH(Ph) Fza (D) BRI, 4, 7 - ZBEW A
- R =M Z T (A) AT 3 PR AL D - A RIS
LY (B 2) VEN G B, IR EAKER G Y PPN
ity AUME NS & BIML, 4 1% PSCs'™, & 3L PN/
AL ST A IR 6 42 R LA iR e D — A JL5& %) PC2 - DTBTA 24
LR SRR RO RL, I A B e L R IR
MBAEF 3 A SER 5 2325 (B 3) . 5
FOAL B AR B % 7 AL AH L, PCE /B 1.51% 42 = 3
2.75% , 4% B Ik 80% , HIKJBRILT R R K
ST R G A Y B AR O IE 3¢ PSCs B30 1 B R $ F
46 1, PEN XF I B% W R 09 32 = 92 0T b J& X AL B R
BT B T B R G TR A, T B H R A R/ 4R
B Z IR RN AT AR E . FEEL, BE
W R AR F 5 PEN U85 b 9 208 A0 B VR A X
R ZMam ST EE, XN - N A E AN
T A BB BE, B ORT AR K L T R IR AR, R
M B4 5T T H A A A A0 R AR AR b A 2 R R B SR IR
BERM N - N AHEAEM, BT LLAE LA PCz - DTBTA 24 45 {4
FI AR 2507 TR 3RAT T 5 ORI B RO R &



146 Hh b e 55 34 &
SO Qo S
PVYal 45 Ymlat
A\ n
CeH,;; CH,, ﬁ \N,N
h CHy; CH,, '
C‘ZHZS C‘2H25
PF-DTBTA PCz-DTBTA
CBH‘7
O
OO
\ / \_/
1\ n
0, N. N
CeH,s N
C‘ZHZS
PPh-DTBTA PFN
K2 PF-DTBTA, PCz-DTBTA, PPh - DTBTA Fl PFN fif){k 24 45 44
Fig. 2 Chemical structures of PF = DTBTA, PCz — DTBTA, PPh - DTBTA and PFN
PEN/AL g & 45 B M B89 1E 3% PSCs, fif 20 & ik 3] 1

" T

|
N

Current Density / mA - cm-2
|
N

—e—PEN/AI
1 1 1 1

0 0.2 0.4 0.6 0.8 1.0
Bias/V

|
[o2]

53 %t F PCz - DTBTA [#j PSCs % FJ #o70 Al B i
PEN/AL & A A J -V il £
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