R =N

4
= »
o

tH4

R R Lk L L

BFEYNEIHRZFAFI IR A HUFE S I 2RER
Fabrication of Solar Cells of Quantum Dot and Paym@nd

Measurement of Multi-exciton effect

33 %% 0 992001 NERO42

EFAEBHOE) Rz o FEASIFFRASfER1EFATY
PRI ey

PAEAI R A R B

BE R L (02)3366-4078

E-mail address : suwf@ntu.edu.tw

Zpfp P EARPEN 0P



I L 2

o
/

I I i o - 2

(= ) BioSs 2 # 48 2 S oo 2
(Z) CS 2 3K AT S8 oot eee e 3

CFWEBIRBERNE BRAE ORI 4
2 BT RRPIEIEETAITRE 6
DB T h e 7
= 7

(= )BisSs & 3 15 ek R B FR v 7

(Z)CWS 2 3 #F h RAEEF E R 13
= ~P3HT /BbS3 2 P3HT / CyS & 3 i senfd %‘rfﬁ:ii R R0 15
(= YPBHT/BipSs i 8 38 M A B E R v 15
(= )PBHT/CUS i 45 58 S B E R v 18
SP3HT/ TIQuiR 48 4 SeE 3% 12 2 F 3 5 3 a8 P, 19
-~ PSHT/PCBM/CUS = =R 43 % S22 12 il 1% e, 23

Jir

W =
LSy
-
%
A
N
6)



BFEYUEIHLFLAFTABATA UG Y 5 53 R TR
Fabrication of Solar Cells of Quantum Dot and Paym@nd
Measurement of Multi-exciton effect
(3+ & %% ' 992001INERO4D

J5 & ¢ (Hsueh-Chung Liao) #k*& > (Wei-Fang Su)

TR RBEBIERR R A WA 8 BiLS 7 F
BAE g CuS 24k fr¥T 843 R 32 Ak Poly
(3-hexylthiophene) (P3HT)E iR 4% o & i 5 £ i Bi,S; e £ 8

Bfcd ERFR > 1EFF BB A E B & AR (FehE B

Rt K st G 130C 2 E 304 4pE > v B FIE B K 30-40% F

KRG ASZ KRN jd L LREFEY DR APV
TN BiS3E A i LA+ RF- ¥ - faz £ £F CuS> 4
CHHE A FK P dEd BRF R LFHER - 2R H R

e L3TF R S A M i i 24500 18T+ RiF o



B M R AL otk R A kg B F enfl s o E

=3
Z

TAETNE R IFER (S APRE F I ET B LS PIHT 27

e

R RBEN LT U TEBTL MG A Rh o ¢ i
Yok B FR B o L RY LSRR B ITE > U BAS L T
BEEL G DR B APMRA Fau T s BRTE
P3HT/BLS; 4 su#tac if Bl it € #4 s 5 0.06%> P3HT/CyS %
Moot Z P ek Pl s 0.1%-° 2 e (7 P3HT/TIO 2 5F iR 3% %
Loz g N \g-.;.*?;b S ;%‘E; $#20 TiO, 2 A 5 % 6 e = ok
o g s R e B S ) 0.7% 2 1 1.4%: R 5
o AP ERTO 2 KR ffe e i, 3 338
e PR R TN &R hTIO K > ~ o d 5] 0.9% 23T ¥
P R R EATENORE G BERAR o HRATEREY
T2 ~ R 5 ek R~ 2 > T 4 P3HT/PCBM® 4 » b 2% Cu,S 2
R o BBERF N R R A B F SR AP F R A Y
5.6X10°%: % it 4 P » »a 5 7 d b e 35064 4 1 3.9% 2 R

Fanefpr g AR iTak i RE AR LB

Fﬁgﬁé—? . r—gAv\';’)‘F%?, /%3\3 EIS‘:EV'\ > 7} HBH% N SR L N A



EHR

Polymer photovoltaic devices have attracted comalmle interest
over the past decade owing to the advantages ctdsty low weight,
solution fabrication process, large area and fiew®ib The hybrid
materials made from conducting polymers and inagys@miconducting
nanocrystals have potential application in soldirdige to their physical
stability. We have tried to develop new systemgalfymer solar cell
based on either P3HT / & nanorods or P3HT / G8 nanoparticles
hybrid. We first tuned the reaction temperature @aattion time to yield
the BLS; nanorods with proper size (20-30nm in length arisheh in
width) and good crystallinity. The band gap of Semiconductor was
also measured to be 1.4 eV. The&nanoparticle with size of 4-5 nm in
diameter and band gap of 1.3 eV was also syntleesizes properties of

hybrid films of both P3HT / BBE; nanorods and P3HT / ¢%I
nanoparticles were performed. Typeband alignment between P3HT

and low band gap nanocrystals gives opportunibeglhiarge separation
at the interfaces. The photovoltaic devices base®8HT / B}S; and
P3HT / CyS hybrid exhibit power conversion efficiency of 6.% and
0.1% respectively under AM 1.5, 100 mW/cilumination. We also
developed polymer/nanocrystals solar cells basedP®HT and TiQ
nanorods hybrid in both conventional and invertedick structure. By
proper surface modification of the TiGurface, the efficiency was
improved from 0.7% to 1.4%. Moreover, in the ineertstructure, we
directly used TiQ nanorod to fabricate the Tj@nesoporous layer using

\%



solution process. The efficiency has reached 0.9fl66lwis approaching
the literature using process of high temperatuneesng. We finally
tried the photovoltaic device based on the hylmodifthree components,
P3HT/PCBM/CuS. The efficiency significantly improved from 3.5%%
3.9% after we incorporated 5.6X1% nanoparticle into the activelayer.
The effect of the nanoparticles and the optimizext@ssing parameters

are both needed for further studied.

Key word: polymer solar cell, P3HT, nanocrystal,&BLS;
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Heat to 170 C and keep
at 170°C for 20 minutes
to from BiOCl which is
then reduced by amine

10.4 ml olyelamine
and keep at the
reaction temperature
and time

Inject hexane
to quench the
reactlnn

3.6mmole BiCl; The solution turns dark grey The solution turns dark brown
4.2 ml oleylamine

4BiOCl +3RNH; - 4Bi+3RNO +4HCl + H,O

Disperse the N Centrifuge 10000rpm
Centrifuge precipitate in ;:er_ltrlfuge Bgﬂﬂgl;n f‘:]r . for 10minutes and
10000rpm for toluene and keep at ¢ mtlrr]lutes an ? tEt ano redisperse the
10minutes 80 °C overnight @ the supernatan precipitate in toluene
heatel"

The solution becomes turbid
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1mmole copper
acetylacetonate

3ml oleic acid

Heatto 180°C Cool to 120°C
And keep for

Centrifuge 4600rpm
15-20

i for 10 mins
| heater | —— heater —)

Heatto 110°C

1.25 mmole ammonium
diethyldithiocarbamate

10ml dodecanethiol

17ml oleic acid

Centrifuge with ]
toluene/isopropanol for Disperse the
three times precipitate in toluene
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Brand .
I nstruments Description
/ model
i Analysis the crystalline structure of
X-ray powder PANalytical i ,
_ _ nanocrystals using filtered Cu oK
diffraction (XRD) / X' Pert PRO .
radiation.
Transmission , o
_ JOEL Observe the shape and size distribution
electron microscope
/ FX2000 of nanocrystals under 200keV
(TEM)
_ . Measure the optical absorption of
UV-Vis PerkinElmer _ o _
nanocrystals and hybrid thin films in
spectrometer / Lambda 35 _ . i
ultraviolet-visible regions.
. Measure the steady-state
PerkinElmer _
Spectro-fluorometer /LS55 photoluminescence spectra of

Kelvin probe force
microscope
(KPFM)

Cyclic voltammetry CH Instruments

(CV)

Solar simulator

/ 611B

New port / 69911

nanocrystals and hybrid thin films.
Detect the surface potential variation of
hybrid thin film before and after
illumination by halogen lamp (Royal
Philips Electronics

50 W).

Determine the conduction band and
valence band of semiconductor with a
three-electrode cell in a solution of
Bu4NPF6 (0.05 M) in tetrahydrofuran
Measure the power conversion
efficiency (current density — voltage
curves) of solar cells under AM 1.5G
irradiation (100 mW cnf). A UV filter
with a cutoff of 400 nm was used to
avoid the damage of the materials.

Digital Instruments |
/ Nanoscopes llI
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Percentage (%)

of(h)

mm240 minutes

Percentage (%)

& 40 15 20 25 30 35 40 45 50 55
Rods length (nm)
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L
Standard
Growth ) Average o Average
Growth time deviation of _ _
temperature _ rod length rod width  Aspect ratio
) (minute) (nm) rod length (nm)
(hm)
130 5 33.6 9.2 4.7 7.1
130 30 37.2 6.2 5.1 7.3
130 120 255 6.1 5.4 4.7
130 240 24.5 6.9 7.3 3.4
110 30 39.1 16.5 5.3 7.4
130 30 37.2 6.2 5.1 7.3
150 30 28.8 5.1 6.9 4.2
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