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Abstract — We have investigated the effect of rubrene-doped CuPc hole transport layer on the performance of p-i-n
type bulk hetero-junction photovoltaic device with a structure of ITO/PEDOT:PSS/CuPc: rubrene/CuPc:C60(blending
ratio 1:1)/C60/BCP/Al and have evaluated the current density-voltage(J-V) characteristics, short-circuit current(J),
open-circuit voltage(V,,), fill factor(FF), and energy conversion efficiency(n,) of the device. By rubrene doping into
CuPc hole transport layer, absorption intensity in absorption spectra decreased. However, the performance of p-i-n
organic type bulk hetero-junction photovoltaic device fabricated with crystalline rubrene-doped CuPc was improved
since rubrene shows higher bandgap and hole mobility compared to CuPc. Increased injection currents have effected on
the performance improvement of the present device with energy conversion efficiency(n,) of 1.41%, which is still lower

value compared to silicone solar cell and many efforts should be made to improve organic photovoltaic devices.

Key words: CuPc, Rubrene, Photovoltaic Cell, Energy Conversion Efficiency

LA B Al g3k Bjoka=]2] 95% ool vAd Wl oA Alg
EloFA] o], 882 15~20% =2 AR =2 Ho|ths-10]. 7L
S 87 ed A9 3 ox] AR ZAIY] HH g}, WA 9l oA Al gl A)E A 37o]
of gt FAJo] TullElar Itk 71 FellA] ek Al= A5 TRt A5 oA V1A o ® 7H AAES
& a1, Apo] ek ol uk o A1 S 7EA| a1 glo] 7] 7haL Q= Aot whEbA], AAlR L] ARVL A om B
£9] 3} AR NAE dAE 7 s Al Al A] 2k F2] o] Anl-§-o% AZ7t b vk ejekdA] o gk wilo] Sk
SR Q1A)Eo] Fo4 o9} AR HA] T3 g miE ofluiR] & Skar Qlek, Zzefut ek Ejera A= e ek

AL A4 5 Sl oUA Lo =Z 71diE 3 UeH1-7].

*To whom correspondence should be addressed.

E-mail: choe@pusan.ac.kr
fo] ke RrvfshL WA w4 el 9L 7Idsle] Fas g,

654

2 AR Y2 W] T} 4 v v
of oA W Fifo] U Sol 48317} 2ol Qek-13]. ot
2P olefgh e ouiX) wistk E-g ek 415

7F 2E L Qlek. & B0l 1TO A53% p-3 T Afolell



Rubrene:CuPc & 5350 =49 p-i-n3d

(buffer layerye 2dsto] U579} A5 FIA71AL 712
pnd OIERRTE 7] BRI pAF 0Y F AJole] £
T Ee EHE S EYsto] olgut slolBe|= o] T4 R ?Z—E—
7HE p-i-n® f7] B BjFAAE Alxs1e] ofuA] gk &

PIAIZL ARZE BEEE| T QU 14]. O p-3 2 0 A 2ke) &
Fel A5 WA or Qo] Arte} ¥ 55 golsk et T

O% U] H% g5 TV AdE deth @A 771 H
AR M ARG = tiEA R W¥S Als 2 1Al PEDOT:
PSS(poly(3,4-ethylenedloxythlophene):poly(styrene sulfonate)©] A}
253 3l0H, pi-ng HTFAME T2 F71E2] CuPe (copper
pthalocyanine), ZnPc(zinc pthalocyanine), C60(fullerene), perylene,
PPV(poly(para-phenylene Vinylene)) PT(polythiophene) 0] A=
3L Qlek, BEgh Axke] Wgk g5 k] Q1% B thE o ®
] ERE (dopant)E ©]-8-5 ARZF KAl L glom, o= T

d= 7H 7] wEAE B B )E =g 2l Tr71 = At

A= (work function) 2 4%, M=NS Ao 2R F7]E
=9 oA #e #HAskstal oluA] S %Toi uhuk o]
&) ol s A A= ouA] A G285 IS 71
Q1 goltH15-21]. Htoll p-B 52 thaEZ]Ql =41 phtalocyanine

ALl CuPe, ZnPcell 735t xﬁ}mﬂ] =4l F4-TCNQ(tetraﬂuoro-
tetracyano-quinodimethaneys T343l] A7 UEel 8 A

= =50 HuEx ”:}[22 £3] F,-TCNQY] =3 OJ}

5 wt%d 7(:315,3_, 7V =8 Ege 1l AU|A EAS o S welr) 1:\:6}

7] Wkgrio] @ = o] A kg2 2 <y x] Q1= rubrene (5,6,11,12-
tetraphenylnaphthacene)> CuPc®} C607} S5-814] S-8= 460-530
nme] Qole Frah, 7] pd BANTE e WEAS 7P
EAJoZ Qg Ak ymo v T V = AN S ok B
HaL Qvh23]. 18lal 7] AR E ‘“4 2] ~E] (organic field-effect
transistor, OFET)PlA = —‘5_3 7@%’ Ol FE=E 7= 274 rubrenex

o] gato] EMAAE Y] &8-S A AR Ll‘:h ATH24].

M, p-i-n® S S Alolol] 17]#}e] o] Algtele ATgS
sh= ST Asle] st Eele) ol S Flshks Ak B

o] x|l glom, olgjst ¢FT AF Foll thEAl Zlo] BCP
(bathocuprine)]™, 3 2F+5-(hole blocking layer)o|2tal % dHCh
[25,26].

wRpA 2 el i, o el Ay A =21 PEDOT:PSS

off 7] AR F-TCNQE =837t Aaless 7R oR sjo

° 4 by

i

7
%) p-in o]

o=
[27], V,., FFE @dA1717] f18te] Aol g2 7
FAE T2 pE Foll W MEAT Fe Y olFRE TR
rubrenes =g 8FITE. B3k n-g Sk 5= Aol 5531 BCP 5
& HATH R EQdste] gokaA e oA A% aaS Sisketal
7} st
2.4 ¥

2-1. 7|2 =

AL 71Ho 2= Avted f2l712e) indium-tin oxide(ITO)7}
FYE R& ARESISITE B Aol A9 1TO 78 frEle A=
ol AZFE Zloz A AR 15 Qfsq olsolH, vlg] HHEdE]
oA%E AL AMESIGITE 1TO ZH 2] Y s 4.67 eV
o]aL, A7 Ago] ul-$- L1 (2~107* Q )3}, M= 74L& 33-43 eV

71 Bt B s 54 AT 655

ot} EFF 400~700 nme] 7HA A Gl M o] L F FaH
(80~90% oo 7] vfet B A gk f7] g tho] =9 ¢F
=5 HF0® gy AMgEh

2-2. 712 MIE

71 71 ¥ Qe EEEolv f1ES AlAS] S
e = 7122 W 9 1Tost 7187 AWEde s
3 A o At EeEo] g vluke] A9 W &
T Aee] Exrd o o] AE L, 12 Q13 A 4]
QFg/3-& "ol Qglo] EJ‘:]' %lﬂix—ii ARSI ME W
SgE 7)) 2o 3= 7 ol Ed, w5 EE Y =
& At opuet 31w ]‘jé % AA] st sekA] B
W 1 Zokzn) X s Ealo] WSS G Sl WhHol 9l
ok 2EiA fels AxE 3o RA o] A2 E L (isopropyl
alcohol), & &-=-(ethyl alcohol), O}l (acetone)y= 1:1:1% =3k
LS SEZAY Wil 7] 3023 MRS £ ovenollA] 14]
FAxsI oM, ITO I8 fle §99) 4355 8ok a7 ¢
3 Ar 239t Zek=nkE oF 1521 9 A E SRt

L do

mlo

2-3. S7IME 8 =2

ITO 8 2] flell A3 55 (hole injection layer)® & ARE-El=
AFEE+= PEDOT:PSS(poly(3,4-ethylenedioxythiophene)-poly(styrenesul-
fonate), Baytron-Bayer AG)E AM3I1 0™, p-8 T TAE £
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Fig. 1. Chemical structure of copper phthalocyanine (CuPc) (a) and
5,6,11,12-tetraphenylnaphthacene (rubrene) (b).
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Fig. 2. Configuration of multi-layered organic photovoltaic device.
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Fig. 3. Absorbance spectra of rubrene-CuPc layer.
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Fig. 6. Photovoltaic response of solar cell devices with different con-
centrations of rubrene in CuPc layer; Jg- and 1 (a), and V.
and FF (b).
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