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Hybrid solar cells have been extensively inveséidatiuring the
past 2-3 years. In the present study, an air-stabi@ all solution
processed poly(3-hexyl thiophene):titanium dioxidenanorods
(P3HT:TiOG, nanorods) bulk heterojunction (BHJ) inverted saall is
developed in this work. The TiOelectron transport layer (ETL) is
obtained by directly spin coating the Fi@anorods solution at room
temperature. With respect to different surface iiedi (either small
molecules pyridine or synthesized oligomer (copdyiae
4,5-diaza-9,9’-spirobifluorene with diketopyrrolapgle (PZFDPP)),
they are coated on TigOnanorods by refluxed the Tihanorods in
modifier containing solution. The variation of sacé features and
properties of deposited T}ETL have been systematically investigated.
The photovoltaic device shows promising power cosiea efficiency
(PCE) of 1.2% which is benefited from improved &les mobility in
P3HT:TiO, BHJ film and across the ETL/active layer interiadey
PZFDPP modification. Furthermore, the device israrely stable
stored in air without encapsulation (less than 10%s over 1000 hrs
test). The results of this work significantly extiethe current technology

for developing a high efficient and air-stable poér/inorganic



nanocrystal hybrid BHJ photovoltaic device.

Additionally, we systematically study the phaseasaped
nanostructures of P3HT/PCBM/€a nanoparticle (NP) hybrid solar
cells with different amounts of NPs using the si@éous gracing
incidence small angle and wide angle scatteringhriecies. The
structural characteristics are well correlatedhe tlevice performance
and photovoltaic properties. The nano-organizedostaacture of the
active layer can be remarkably tuned by a certanaumt of incorporated
NPs, leading to the power conversion efficiencynowement from 1.1%
to 1.7%. If combined with proper thermal annealipgpcess, the
performance was improved from 3.5% to 4.3%. Thsulteprovides an
important insight into the fundamental behavior andnipulation of
phase separation in the active layer of P3HT/PCRiged system.
Another type of nanoparticles CdSe exhibits simitaprovement (from
3.5% to 4.2%) based on the same incorporating amana thermal
annealing process. The NP-tuned P3HT/PCBM BHJ sakhpresented
for the first time can extend or combine with tharent fabrication
approaches. This approach is demonstrated to ity universal
way beneficial to the design and fabrication of B&HT/PCBM-based

system.
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l After 5 minutes

I OA-TTIP complex I Trimethylamine-N-oxide dihydrate
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l Keep at 98°C for 9 hors
Washed with methanol and centrifuged for 4 times
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1mmole copper
acetylacetonate

3ml oleic acid
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Cool to 120°C.
Centrifuge 4600rpm
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Heat10110°C

1.25 mmole ammonium
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17ml oleic acid

Centrifuge with .
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System e (ETL) L (active layer) p. (ETL+active layer)

(cnfVis? (cmVis? (cm?Vis?

Pyridine 1.1x10" 1.6x10° 1.4x10*

PZFDPP 1.8x10* 4.8x10° 6.5x10"

AR EGmEFAF IBATEDAELR

System Voc N FF PCE
(volts)  (mA/cn?) (%) (%)

Pyridine 0.64 15 52 0.6

PZFDPP 0.62 3.8 52 1.2
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Zow s B P EAATELITS SRR ok AR .

BHJ films Voc Xe FF PCE
(volts)  (mA/cr?) (%) (%)
PO - - - -
BL 0.64 4.7 37 1.1
HY L 0.59 6.3 35 1.3
HY M 0.60 7.5 38 1.7
HY_H 0.57 6.1 37 1.3
BL_A 0.59 10.1 59 3.5
HY LA 0.59 10.5 60 3.7
HY M_A 0.59 11.8 61 4.3

HY H A 0.54 11.4 60 3.8
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Current Density (mAIcmZ)

Voltage (V)
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(volts) (mA/cm?) (%) (%)
BL_A 0.59 10.1 59 3.5
HY LA  0.60 10.7 62 4.0
HY M_A  0.60 11.1 63 4.2
HY HA 057 10.5 58 3.6
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