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A HLBH e H it LUK, PG I R i f RO
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DOI: 10.7498/aps.62.128803

(styrene-sulfonate)), FLAC B HLAT IR ME 25 56F BH AR 7=
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PLEAE, AT5EH T B B3 &2 R 88 R 454, %

S5 5 45 K B 3 P it ™ 2 R TR AR 3 8 (1), T
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TR e r il b, 1E B 1TO M Zh ek 0t %2
RFEEE Coo BIIRARA (5 4 4 T #LIE (the lowest un-
occupied molecular orbital, LUMO) AE R ANULHD, M
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A B B 4 R B K BH fig HL B ) 2 1 46
¥4 : indium tin oxide (ITO)/BH M 1& 1ffi J2/Ce0(40
nm)/SubPc(10 nm)/molybdenum oxide(MoO3) (10
nm)/Ag(100 nm), W& 1(a) Fros. S5 K H 1) ITO
eI ) 7 BH A 10 Q/sq, FFoxF HAK DA% FH % %
R E8 K AR A TE DS 10 min. A5,
M E AW IE R A5 B 4R 0 TTO 2 1 4b P
5 min. ZbETERE, B KW-4A B & 05 e pLit
AT B W A6 1 2 R 4%, CspCOs T 2 FLF B A5 15
ZRIH) Cs,CO5 TR JE#E 120 °C K38 FiB K 15
min, ZnO B G 1 )2 75 e v O 5 72 K5 T

=]

MoO;,

SubPc
CGO
BHAR A2
1TO
B 22 (a)

HEAT 150 °C 3B kAL H 20 min. 2R )5, A OLED-V
RS R 2%, (B E N 3 x 1074 Pa &F
WK FEHE Cgo, SubPc, MoOs, 7% & 3 J¥ & 0.1—0.2
Ass, 5256 BT F (AT HLAAREI) 43 T 4/ n 18 1(b) Jir
N, G, EEAEE N 3x 1073 Pa 410 F 2858 Ag
HIMY, 28R Z9h 1 Ads. AR ot 6 0 I 5 2 o Ji
PR A SR 0 RV S 2 B A0 1, e 1 A 25 AR
A 12 mm?.

AR R H D% 100 mW/em? ) CHF-
XM35-500 AT AR E AM 1.5 1R DG AE
NS, B ARG R I LA - H R 2R 34 R
] Keithley 4200 %7 2 75 21, AN MR8 7E K
AIREE AT,

K1 (a) EIESHIAHURIH RE LR ILE; (b) SubPe M Coo (117314544

3 ZRE1k

55 T ITO(180 nm)/B % 12 i J2/Cep(40 nm)/
SubPc(10 nm)/MoO3(10 nm)/Ag(100 nm) [¥] &5 #2),
T 4 K AN A B AR A4 25 e 48] Y 28 A, 1 2
S T AR RE L. SRR A

A: ITO/Cg,(40 nm)/SubPc(10 nm)/MoO3(10 nm)/
Ag;
2.2eV
Cs,CO,

3.6eV

4.3eV
4.4eV

4.7eV ZnO

4.5 eV

Ag
SubPc

ITO
Ceo 5.3 eV

MoO,

5.6 eV

6.2eV

K2 EEEAAHURBI R Hb A

B: ITO/Cs,CO3 (3 nm)/Cgp (40 nm)/SubPc (10
nm)/MoOs3 (10 nm)/Ag;

C: ITO/graphene: CsyCO3(3 nm)/Cg(40 nm)/
SubPc(10 nm)/MoO3 (10 nm)/Ag;

D: ITO/ZnO(15 nm)/Cgo(40 nm)/SubPc(10 nm)/
MoOs3(10 nm)/Ag.

M 3 56 REE AT AN TR B ARG Vi 2 25 1 v
WAL - W (J-V) & LUE H, 5] AR
W2, asfF AT e 20 T B B s . ik 1 w]
UL, RN T BIRAE R 2 )5, A TG BB
i 228 EF A, R Cs,COs 1 0 BIARAE 1 2 1) 4
B H Voo $&m T — A e, F ik B % L (Jse)
T 13.6 %, I T (FF) #2151 41.6%, PCE
P T 212%. XL, Cs,CO3 M5 AEAF i T
R LT SR RO S, B T AT PR
Kl 2 if LU H, CspCO5 11 Dl bR 2RI Cep 22 ITO Jf:
ANVCHL, 1H CsoCO3 (15 I NHIRES 1 S 25 1F 1K1 e,
M2 BT 3 nm [ Cs,COs #Z[5] AFFL T
TR AL S AR ST AL BV R R, AT
A 5 78 43 Hb 23 B9 A HE - R0 23 7, AT RELLE T Py He
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D BEAR, A 23 = T HL T A Ceo [ ITO B K
(e, S 1T IR ROR, BRI ST T AT
Ik RE.

X1 AFEARAEZIZRAEE 100 mW/em? J6lEN RIS

iy MRk 16 2 Voc/V  Jsc/mA-cm™>  FF  npl%

A — 0.26 2.92 0.24 0.19
B Cs,CO; 0.52 332 0.34  0.58
C graphene: Cs,CO;  0.50 3.29 0.33  0.54
D ZnO 0.89 3.08 035 0.97

K H] graphene:Cs,CO3 i & A4 R HE Ay BB AS 1
JEHIES I C 1 Voe #8551 93%, Jsc B T 12.6%,
FF &5 1 37.5%, %% np 3¢ 1 190%. 54311 B
AHLE, #81F C BN T F PR RE R 4711 graphene, {H /&
PR PERRENAH ZEAN K. FUHL R A& H T graphene ¥
ﬁ?ﬁﬁ%ﬂﬁ?‘f C82C03 @ﬁ'zpﬁj\ﬁﬁ, #EEE:P C82C03
161 2 1) JEL g L A i, 5 3K graphene ¥ T BE 7L
CsxCOs W b B I 42 1 5 ri il i, 3 8UB 1=
ot SR IIE A2 CspCO3, AT 1) 1 fig v
HIH BRI TE. AR, 1T graphene 51N, 245
FI B A6 s J2 s >k — o 1Rk B, 5% W) 2803 1 ) A% A,
TR PR BN T B Ak, i AR
graphene 7£ graphene:Cs,CO3 YA A& & H AN [A] 44
UL, 2% T #8845 F /1 G, 28 1F ot 8o 3% 2
JiroR. 45 38 W, 24 graphene {E graphene:Cs,CO3 H
RRILE N 15% (FefF C) I, 3R43 T 584 i) Wk
fie.

%2 graphene 7E graphene: Cs,CO; YA A F AR AR LL
ARG S

%t % graphene:Cs,CO;  Voc/V  Jsc/mA-em™  FF  1p/%

C 15 0.50 3.29 033  0.54
F 10 0.54 2.0 030 0.32
G 5 0.69 3.5 0.19  0.46

K ZnO 1524 IR A4 2 (1) OSC #3414 D, 3
Voc A T W R4&5. 1026 V #2715 0.89 V. 445
Voc IELE 24 5 (12
Voc = (|H0M0d0n0r| - |LUMOacceptorD/5]
—0.3, D

FIEMELS Voo DA 0.8 V. R, #84F D (171 i
Hs C 28l TZ PR A, XK W] ZnO BIRRE 2 A1

b1 Cs2COs B BE4E % HL T IR AR BB ), $e i T
A Y. ML, {5 graphene:Cs,CO5 7R
MR by BH ARG 0 2 1 2 A1 A B8 v 1R O 2 PR
[i] Hsf, 3t 2% BH R BH £ . vt 1140 T % W s AN ANUAS E
SRR B 2 T HLE (HOMO) RE RN 32K 1T)
LUMO figg i vese 1314 Bk, 284F D 1) FF $&5
T 45%, TR np 1 0.185 R F T 0.97, =7+ T
4 f5%. a5 K 2 WA LUE H, ZnO )R 4001 ITO
AR EL LA K Ceo Y LUMO REZ A TR 4F UL AL, 1X
KW ZnO J&— A R B AE 1A

8 RoA 7/
5 pk;l l 1 J oy
g 4 fJo”!RPAT \
g : :
<E 0 )J,U'D’D ‘GA
~ O v
5 We.'n-ec’)*“?ﬁ:'vwvv
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By ks — ERREHE
i == 3 nm Cs,CO,
F == 3 nm graphene:Cs,COy
8 - 29 nm ZnIO .
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R I 2, A7 1L A P A 2 e AR

H T 2R DAL = B AR AE 1 2 X s
P B 10 52 0, FRAA8 25 2 e e S AR (15161 ) |
A PERIBH TR R REAT 105 38, S5 5 DL 3 v 4 .
R E L, ARG T A, B, C, D M I
Rs-A (A & AF AT 2 B 73 %1 4 76, 45, 53,
116 Qem?. 1] LLF H, {f | Cs,CO3 5 graphene:
Cs2CO3 1E Ay BB AE i J2 A7 20 B A T 2 4 11 A
RHLBE, 1X 53 1 tp 38R0 Jsc F FF (R34 3
s 2R MK A ZnO (A SAE 1 2 1) #4548 D 1
PP RH S A LM AE LEAS B S8, 51X — L4
F BRI, 2 T ZnO G KURL IR 2 TR AN P 3 LA
K, Wi 4 Fros. BT BIRAEMG 2 1) 8 R R =, 5
BT BIRAS M J2 R B2 5 T PR e I e P 4
AR T B 7 AL B, 32 S0 1 R R IBG PR BE G K
(RIS, B i T T 1 0 A 2% 3 B AP 1) o T
I BELIG K. AH R, SATTF, ZnO 5N AT AT Ricde
rgs I PERE, R XS 88 Voo R, Bitk, i
FXF ZnO MIARAE M J= 1) 5 B RN R SRk AT 10—
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OIMTR B A B FF OGRS PR o (0 TR A,
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1Ml MoOs ¥ 5 5 A AR G 1Ry S0 PRI RS S 1, T LA
BRI RS A SRR 7 T I EN, TN T e AT
X F ER R BH A R, tH T FF AR A 6 e B
IR/ RAH I, HR R FL IS K2 R 8 FF 19k
(V7.181Fr DA, 505 45 b v 5 5 A () 1) AR 4G
Wi J2 A, 8 PE I FF R RS 3 T3¢ .
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PV, T 5 T A0 T A B e PR A2 A I T, 3 350
R RIK VR TR BT HOE K B B4R 4 BB FIIL Ceo
J2, X Ceo 2 2 S 47 (1 R 4E L, [RIAEAT R T2 1

FE PR B .

4 % ik

KRICH T — ARV EET SubPe/Cep 7T
25 (V450 B 45 4 HLOK BH A8 st B 90 T Cs,COs3,
graphene:CsyCO3 LAz ZnO 4K Foki A/ by BH #%4 Hi
J2 0ok A A B S . 4 SR B, BB A 2 1
ANBEME S i H T M\ Coo J22 1) ITO BIAR IR AL e ),
AR T2 AE XS L7 I CAR ;X B 6 FL 74 BEL
PURFIE AT 07 2L, #3187 51N BB AE 4 2 ] LA BRI
A 0 R I FL BEL, AT A A B T A AR 0 1 R Ut
b, 3 3t B R G e B R B R R S
I BRI AR A 45 J2 DA B A3 T 445 4 1) A P T LA 1k 4
P H 6 R BEL (R 18 o, T B o P TR AR T RN T
ARHIF T ) 2% FE AN [ B AR AS 4 2 00 v v e LR
SE PEIF (5] B A GRS AT T T S0
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Abstract

Organic solar cell (OSC) with an inverted structure based on subphthalocyanine (SubPc)/Cg is fabricated by using Cs,COs,
graphene:Cs,CO; mixed system and ZnO nanoparticles as cathode modifying materials, and its influences on the performance and
stability of OSC are investigated. The results show that the OSC with an appropriate thickness of cathode modifying layer exhibits
higher performance and it is more stable than those unmodified ones. The power conversion efficiency (PCE) of the Cs,CO3 and
graphene:Cs,CO; mixed material modified device is enhanced by a factor of two. Meanwhile, the ZnO nanoparticle modified device
shows a highest open-circuit voltage (Voc) of 0.89 V, and the PCE increases more than 4 times. Besides, the adoptions of different
cathode modifying materials and the inverted structures can effectively prevent the series resistance of the device from increasing,
thereby improving the stability of the device.

Keywords: inverted type, cathode modifying layer, organic solar cell, stability
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