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Photovoltaic Effect of Polymer Solar Cells Doped with Sensitizing Dye
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Abstract:

We introduced sensitizing dyes into the bulk-heterojunction (BHJ]) photovoltaic (PV) layer of

polymer solar cells (PSCs). The sensitizing dyes doped were Bis(tetra butyl ammonium) cis—dithio cyanato
bis(2,2 -bipyridine-4-carboxylicacid-4 —carboxylate) ruthenium (II) (N719 dye) and the BHJ PV layer used
was made of poly (3-hexylthiophene) (P3HT) and phenyl Cg-butyric acid methyl ester (PCBM). It was

found that the N719 dyes increase the photovoltaic performance, ie.,

increasing open-—circuit voltage and

short-circuit current density with improved fill factor. For the P3HT:PCBM PV cells doped with the N719
dyes (0.24 wt%), an increase in power conversion efficiency of 4.0% was achieved, compared to that of

the control cells (3.6%) without the N719 dyes.
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1. M B
HT7HA, =& B7)14d8 T3 (photovoltaic effect, PV
effect)e] F71/2L%AF Bl AA] (organic/polymer solar
cell, PSCO)E A &3}l %’4 TEE dA7E0] =] gk
o} [1-5]. ol&lgt W2 AFE FolA 7P F58a UF &
7)/ 8RB ‘?“iiﬂ:at H3 o]F 3 (bulk heterojunction,
BH)) 7xoltt [23. o] BHJ TxelAd= A F7)
(electron—-donor) 23} A2} 7| (electron—acceptor)
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A7 Bgh mA FAkekel] &gk B &%73: Fole
ogate  Fth gEHel BH] TR Az Fe deks
4=33H= poly (3-hexylthiophene) (P3HT) a&-=}o} =z}
w7 Akl phenyl Ce-butyric acid methyl ester

(PCBM) #A}&¢°] &£3o=7 o]Fofzlrt
2 FE 3~4% Axe 2 AE Wi & (power
conversion efficiency, PCE)&°] X%}t [45]. H-

wMElo] 28 Az} F7) 1EAES BH] xR0 =Y O}
o, PCEE ¢F 7%7HA 57z A A3 Basal 9l
o} [6]. ©]#3$ BHJ PSC 7]+°] €54, roll-to-roll 2
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rboxylate) ruthenium (II) (N719 dye, 28 1 IF%)S
ARESEATE [12-14]. N719 985+ 98 7253 =HYRA
(Dye-sensitized solar cel)ol] Y@ AFEEH+= I852A
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Fig. 1. Device structure and energy band diagram for
the studied polymer solar cells with N719 dye.
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Fig. 2. 2-D topographical AFM images for PSHT:PCBM
(a) and P3HT:PCBM:N719 (b)
annealing at 150C

films, after thermal

for 10 min.
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Fig. 3. The J-V characteristics of the BH]J PSCs with
the PSHT:PCBM PV layer doped with (red curve) and
without (black curve) the N719 dyes (a) in the dark and
(b) under light illumination.
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Table 1. Summary of device performance of PSCs with different concentration of doped N719 dye in PSHT:PCBM

PV layer.
Concentration Voc Jsc FF PCE Rs
of N719 (wt%) (V) (mA/cm’) (%) (%) (Qcm)
0 (reference) 0.61 99 59.6 36 12.4
0.12 0.62 10.1 62.9 39 11.1
0.24 0.62 10.1 639 4.0 9.5
0.48 0.62 9.6 65.8 39 10.1
0.72 062 89 63.5 35 11.9
55 545 2 3ol vtk 2"l & 5 A% (@)
o), N719 9RE =934 &2 7% PSC 2xte] A 2 "
¢t (open—circuit voltage, Voc)2 061 Voli, @& AH 60 (g
% (short-circuit current density, Jso)= 9.9 mA/cm’©] = 50 “’ﬂj. .
o, % QA (fill factor, FF)E 506%2 Z45Ack 1 S '
?la ool uhE, V1% 24l PCEE 36%°13(th 1714, g »/ !
27 PCEE YA oUA] Poll diste] thest 2ol 2 \
Ak et 10 %
ol | | .
FFEXV,. X J,, e Wai{z)lengtﬁm) e
PCE= —>p 6} (b) iy
05
olglgk 7| AlEel tisle], N719 955 024 wt% & o 04l
T2 =% AR 22 (PSHT:PCBM:N719)¢] 4%, Voc e
=062 Vel Jsc= 101 mA/emi’® 27kt on, FFE g%
63.9%2 S7ketech ool wel, AR ko] B, PCER g0z
40%= Z7kste], PCEZF ~11% 4 =74 =A< 04
& 4 Uk N719 959 F=& WA 2xte] EAS 00
HwsiA E 1o Qokslgtt E lollA B 4 %o, 300 400 500 600 700 800
N719 €89 &3 TEZ 0 wt% (reference)¥-8 # Wavelength (nm)
A 7R wet Voerk 061 VellA 062 Va5 Fig. 4. (a) IPCE spectra of P3HT:PCBM solar cells
7betH, EAlel FFE 59.6%°14 63~65%= ZAA < without (black curve) and with (red curve) the N719 dye
7vsach E3 Jseof PCER 989 &3 55 A in the PSHT:PCBM BHJ PV layer, (b) Optical absortion
b S7pA RO webA A F7stATHE, 89 % spectra of the PSHT:PCBM BHJ PV layers doped with
T2 024 wt% ol ®E YL Z=7MA71| HUA Y (red curve) and without (lack curve) the N719 dye. Green
EAQS a3t AstsE A4S BYgrh o] d curve shows optical absorption spectra of pur N719 dye.
A4 wE 549 wsk £9d NT19 @uol 9@
Fel7] At el Srrek Hidel, =¥ N719 o
29 ARy} F& HAZ (&3 PV wruk ajole] A AAIZIWEA, Felr] A =3 (collection of
Aol ZAsA Ho, oo <& wWal®E A=A F9 #F photo-generated electron)& HUZ FujAl Aoz
9] (charge injection level)e] 7]Ql&al= oz mel  ol3d F Stk olefd #Hd 54 W= 95 ¥
o} [15]. 024 wt%e] 98 FxoA AZ/PV whuk xp 2o Wse] mpE PSC &ake] A8 HEAF (series
olo] AAM <4 (interfacial loss)S &8 2 o0& 7+ resistance, Rs)e Walel®= & AX5la ).
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