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Abstract: The cathode interlayers of organic photovoltaic cells (OPVs) and organic light-emitting diodes (OLEDs) are
usually made from organic small molecules, polyelectrolytes and sol-gel processed metal oxides. The film thickness is usually
limited under 30 nm due to the poor conductivity of these materials, which causes troubles for large-scale production in fu-
ture. Recently, the novel strategy of organic-inorganic hybrid photoconductive interlayer materials by photo-doped method
was proposed to solve the low conductivity problem of cathode interlayer materials. Conjugated molecules possess high extinc-
tion coefficient while inorganic metal oxides typically show high electron mobility, thus, photoinduced electron transfer from
organic molecules to metal oxides fulfills the electron traps in metal oxides and greatly enhances the charge carrier (electron)
density at the same time, which result in very high photoconductivity. It has been reported that by doping a class of perylene
imide photosensitizers into the amorphous zinc oxide film, the electrical conductivity under light irradiation is improved dra-
matically. Such photoconductive materials were used as cathode interlayers in OPVs and OLEDs, and greatly enhanced
device performance was achieved even the film thickness was changed in very large range, which facilitates the large volume
production in future.

Key words: photoelectron transfer; conductivity; electrode modification; hybrid; solar cell; light-emitting diode;
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Fig. 1 Molecular structures of PBI dyes with photosensitizer properties

XFFARR GRS T, ZnO B 9K 475 807 77 1) 1 4%
AP, $22% PBI-H JCHIGR| e 45 A %55 2 2 I
Bk : LB I PBI-Py DUl fiff Y S g (R PR i) 25
TR CRRAEER, I AT D BRG] FSO-100,
T AEBE M e > TARGE S, R4 1 19 2 U ]
AT LABE R U LA S AT SR 2 A B, PR EGR)
AR, XFHRBARY Zn0 R, SErL SR (30 nm) 7
AL X HYEEEE A, FEGER T 500~ 600 nm X
— EEMN I B BRI T 2%, 57% PBI-H 1R



428 Hh AR

% 38 &

FREEHE I 225 200 °C /60 min 1B KALFHIE , H1 X B0
TRENE (XPS) & PBI A U 1s B 04 A7 1) T AR A1)
HEREBUEM S, M 400.32 [EZ 398.62 eV, iXFW Zn0 1
PBI-H 7B B ST T N—2Zn fha@gt (18 207 | 32l
FZ5 T AR A 140 C 40 T N—2zn 87 fE
TEEEE T 2p BB BEBE M 1020. 82 TH 2 1023.17 eV W4k
IE T3k — s, X FB I BNl K RV AE PBI-H Y KR
FIPUE MR, AR B b o e, BT B
N—Zn S 4322, O kDA SO TR it
FEHRA B S, YE XL, (e A4 Ut N—H
HIT M H R, 7R RRR AR AT LA ST B 2 gLk oy
TR, DB BESEIBUREAM S T N—Zn BERIE AL,

'O'. 29
W

@Zn 00 ON

B2 S N—Zn SEAHIAERA Z00 % Dty PRIR
Fig. 2 Schematic diagram of PBI embedded in
9]

.
N

S

»
»
o

ZnO lattice by N—Zn bond interaction’

ST HHIE ZnO « PBL Z2 Ak AU H A6 R RE, W T
ITO/Zn0 : PBI/Al Z5HJBIRR1, FF0 0l 7E s DL K B R 2%
PE R INER AR, UnIEl 3a BER" . 78 SIS 450
T, FREERI SR AR AT R, N R A AR
BRI, AR K BH G R R (AML. 5G 1000 W - m™),
VIR RN R, YIEHON S PBI-H B, Xf L BB E 5%
e, BEMN LV R IE )RS BRI T 50 £, -V R
BYFEAR Fe B E IR ZnO : PBT 5 iy 2 S48 Ak,
J6RF ZnO : PBI-H 1l ZnO : PBI-Py Z={k 3 5 HoA 1R &
R A 43 4. 5107 f16.0x107° S - m™ . X Fhe
BRI IA R BEA X AR BOGE S5, v LI N PBI
2| ZnO WOLBCE F R RIEHE S T Zn0 S h Ay BT
(K 3b) P BRI (CV) BN, Ykl ar
T LUMO REZ (£Y-3.8 eV) i T Zn0 34 1 RE %
(-4.2eV), R T OB FHRBEIRMEE, 5Z
XTI, RABZHY 1TO/Zn0/ Al #3425 T8 B 7E IR i 20
PSR AR LR A FE M . ILAh, XE5 4 11O/
hommyﬂrlvmm%ﬁﬁﬁﬁkﬁﬁﬁﬂﬂww
W, MEPEEER T AN 5.4 ps, WILZKMEE

AL T A A T AR B IR 4B 2 v i IV AT S 3R A D8
7%, MR R ROLHE SRR B 2

150
(a]

ZnO : PBI-Py(dark)
ZnO : PBI-Py(light)

100 |-

50 |

ok

1 (MA)

50 |

-100

1
-1.0 -0.5 0.0 0.5 1.0

Voltage (V) E]
fﬁ\ e
| .
Thv :F'
Isz
4 s
: f
_— — PRI — o — e —
ZnO Defect

B3 ZnO : PBI-Py {R RADOEH G4 (a) 14 KOG T M PBI Jeky
43F LUMO REZRE] ZnO Sl (G R T R4 B LA B S30kh
Zn0 WA IR IR (b)
Fig.3  Photoconductivity of ZnO : PBI-Py system (a)'?*! and
schematic diagram of photoinduced electron transfering from the
lowest unoccupied molecular orbital of PBI to conduction band

of ZnO upon light irradiation and the process of filling the ZnO

defect state(b)®

P25 Ak B P S 3R L R 3 1T Ty R S LA
VMR AT E R AW, X 1TO/Al/Zn0O :© PBI/
Ca/ Al HLHL 25 282 (] i far FR 1] i 38 2% ( SCLC) ] LA
B F T Zn0 : PBI-H 24k Wi I A B T A R N
2.02x107° em™ - V'« 57" XPHCRBARE Zn0 W R
T 34%, SEEEIBE 200 BUSRCRMG ) it
il e RN fi AR, AT LR BRAE AR RS 1) ' R 2= Ak
A BT AL R R R (] 4 ), 4l ZnO = PBI-Py 3
FEAE 1.52 mW « em™ 60 BE (SOHBEURBHG M 1.5% ) 1
WESI T, Py BRRE SRR Y 1. 15 107 HEBR BT 3 {55 4. 32x
107 em™ - V' o 87 RFAUHDER T SR TR
FN T ZnO H BB S (18 3b) L S RIR K T
ZnO S B A3 I, R Y T RS Rl
X BT 11 e H S R T Bk

FEECE PR FEARAE T i fof i f& ik g, X
F AL MR SR oK BE AL =2 TR m@%m¢M%%
JEHLFREIS (UPS) 25 AT LA i, PBI-Py 87% ZnO i
T SRIRE 25 B T 2 BR A ZnO WA BT (i 4.2 F



555 3

AEESE . AL R S BRI T %

429

FezE 4.1 eV), ARIMTEILHR N 55.87 W - m™” Y 1 G I
T MRERZ 3.9 eV, EHBTOLEEIR FH2 5 T Zn0 7
I LT BE DT Bl 2% A vl R 114 2 K e 915 B T i
BRI D A F TG M S W s 2 Ak L6, 6]-
Phenyl C71 butyric acid methyl ester( PC,, BM) JE 5% K 4719

DR i, 3 56k PAY S oL AT i o o T BRI
fir S AR R G 0, R I | K R AR S 1T ) o A L
PEARIA] T 732 R 0 2 T AR AR AR AR — Tl 422 )
R THT 1 pR BT T 15

Dark i V_=T0V [a] —=— 7n0 : PBI-Py(dark) b
1854 027mWem 5 | —=—2zn0: PBI-Py(iight)
——1.03mW cm” =
B84 1 52mwWoem? ;
—~ 1E-7 4 @
< o
©1E-8 4 =
°
1E-9 - e
©
1E-10 I
£
o
1E-11 4 z
1 1 1 1 1 1 1 1 .
100 -80 60 -40 -20 0O 20 40 60 3.6 38 4.0 4.2 44
Gate (V) Kinetic energy (eV)

% 4

RIS A [R5 A IR N JE T ZnO ¢ PBI-Py SN A WL RO S A48 i T4 RE 9L 1K () FIHB A% PBI-Py )

ZnO FHH1E BB KOG (OGBREE 55.87 W - m™2) FAY UPS [&l5 (b) 124
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Table 1 Performance of devices with multiple active layers combined with different cathode interfaces

Cathode interlayer Active layer V../V J/mA - cm™ FF/ % PCE/%
Zn0 PTB7 : PC;, BM 0.73 15.3 67.3 7.42(7.58)

7Zn0 PTB7-Th : PC;, BM 0.79 15.5 67.9 8.31(8.45)

Zn0 : PBI-H PTB7 : PC, BM 0.75 17.2 70.4 9.01(9.09)
Zn0O : PBI-H PTB7-Th : PC;, BM 0.82 17.5 72.8 10.48(0.59)
Zn0 : PBI-H PTB7 : PC;;BM : DPPEZnP-THE 0.77 18.7 74.9 10.79(11.03)

a) Data from 10 independent devices; b) Maximum PCEs in brackets.
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Inverted polymer light-emitting diode based on ZnO : PBI-H cathode interface!*/

(a) schematic diagram of device

structure, (b) energy level, (c¢) luminous efficiency-current density characteristic curves, (d) electroluminescence

spectra of inverted polymer light emitting diodes based on P-PPV and absorption spectra of PBI-H in solution
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