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GaPNE~NDRFF—ET
Carbon doping to GaPN
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Advanced Crystalline Silicon team, I .Sakata
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Efficiency improvement of c-Si solar cell — multijunction — widegap material
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05 ‘ Carbon as a new p-type dopant in GaPN
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Lattice Parameter (A) for solar cell applications
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GaPNOMBEmf&ER—E>%  MBE growth of GaPN and its doping
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nitrogen source
GaPN®DK—E> % Doping to GaPN
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- Nanopowder dynamics in the microcrystalline Si thin film fabrication process -
FHili- S R T LF—L kF EE (Takehiko Nagai)
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Generated nano-particles
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Time evolution of cavity loss

Emission intensity as a function of ¢, due to nanoparticles
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Plasma process diagnostics for high-quality and high-throughput thin-film silicon deposition
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Formation of Highly Transparent Textured Ga Doped ZnO Films
Through Rapid Thermal Annealing for Thin Film Solar Cells

Novel Silicon Material Team Haijun Jia

Magnetron sputtering at room temperature

glass substrate
Requirements for TCO in thin film solar cell? _‘ room temp.
RF.(7oow)
A . Zn0O 10'cm
A Lol

® High electrical conductivity

Target: Zn0:Ga,0,(5.7 wt.%)
+
. : e Wet chemical etching
® Light trapping capability Ga doped ZnO (GZO)

(proper surface texture) i, F
—) i

® High optical transmission Inithis work

So far: [ bkt
SnO,:F (Asahi-U), LPCVD-ZnO:B, HCI-ZnO:Al RMS: ~150 nm
High Haze >45 % even at 800 nm
+
Rapid thermal annealing (RTA)
wnrox A EERE TR TSR
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Effect of RTA on optical and electrical properties of GZO films

RTA: in vacuum, for 5 minutes, at different temperatures

Hall-effect measurement

Total and diffuse transmission 12 1230 1 o asaputiered G20 s :
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—_ - l l R'll“A in vaéuum forl 5 min }_’ PWORTA /
é T ) % 20 - . o
@ 215 o
& § 107y
5 E ° o—eo
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Wave]ength (nm) & Low Transmission High tr
After RTA at elevated temperatures 0 100 200 300 400 500 600
sl it bt g i 0
® Transmission is significantly enhanced Annerling femperature (0C)

@® No change on surface texture ® Low film resistivity is maintained

Highly transparent and conductive GZO film with proper surface texture
can be fabricated by simple process with good reproducibility.
numr A ERBITH SRR
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Performance of pc-Sij; ,Ge,, solar cells fabricated on textured-GZO treated by RTA
Textured-GZO films are applied into pc-Siy ¢Ge ; thin film solar cell fabrications
24
0.52 s
L 22 A
A =
Soas{ F—o—a—v—2 {3 gk
S E20{ f
> 0.441 2
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0.8 8 g
0.7+ el ;\? 7. v
~ 0.6 +—j - 12 v
e\e B g’ 5 O A
= 0.5 g
b &
0.4 Ss| B
0 Due to the unchanged resistivity
RT 300°C 400°C 500°C 570°C RT 300°C 400°C 500°C570°C
RTA temperature for the GZO substrate RTA temperature for GZO substrate
With increasing the RTA temperature for the textured-GZO films
No changes in V. and FF + Strong increase in J,, = Promoted cell efficiency
musroe, ERB AT SRR
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Best performance of Si-based thin film solar cells on optimized GZO films
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Silicon nanocrystals and P3HT polymer bulk-

heterojunction for hybrid solar cells.
Novel Si Material Team Vladimir Svrgek,

Silicon Nanocrystals (Si-ncs) synthesis

L 2 ] 2
Si wafers, (p, n-type) KrF, 248 nm 20 Hz, 20 ns,
HF/ethanol (1:4)), 6.0. min 60 min,
scratched porous silicon films
ns pulsed laser
/”_ﬁ Nd:Yag, KrF
— ]
Ethanol -
Si-nc _ [EE S
\\' 0 . ” .. o
Si grains S Slwafer
BTEIN°._codipdatplon! o/

[©)
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Si-ncs photoluminescence (PL)

HeCd laser

PL [a.u.]
Sl Y e S )

400 500 600 700
Wavelength [nm]

HeCd laser @ Strong room temperature PL
from quantum confinement effect

¥ Surfactant free Si-ncs
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Si-ncs/polymer blends

€ Placing both negative and positive contact on the

backside of the active layer (short circuit current)

€ Shunting of Si-ncs/polymer bulk-heterojunction

€ Tandem solar cells fabrication

@ Parallel Pt electrode

(Interdigetated, separation 200 ¢ m)
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Bulk-heterojunction

Polymer G
RED PL Sl-ncs
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. . . . C 3
@ Exciton dissociates @ Si-ncs/polymer -
. . . . g 20
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0 :
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@ The same photo/dark conductivity ratio (n)| Ve
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Dye sensitized solar cells based on hierarchical TiO,
nanostructures

Ivan TURKEVYCH, Koujirou HARA and Michio KONDO

Odaiba, June 23t 2009

() Nanopartides(NP)

1. Introduction

The working electrode in DSSC [1] is usually made of sponge-like layer
of sintered titanium dioxide nanoparticles (NP) to provide high surface
area for chemisorption of dye molecules. However, the electron transport
in the NP electrode suffers from scattering and trapping of free electrons at
structural disorders between the sintered nanoparticles. This issue
stimulated development of DSSC photoelectrodes constructed of oriented
one-dimensional nanostructures [2], such as nanotube (NT) and nanorod
(NR) arrays, which can provide faster direct transport for electrons.

However better electron transport in the photoelectrode based on one-
dimensional nanostructures, usually comes at expense of lower surface
area available for dye absorption. Therefore it is important to develop
titanium dioxide nanostructures that provide both the high surface area for
dye absorption as well as direct path for generated carriers. In this work,
we explored a new type of nanostructured photoelectrode for DSSC made
of hierarchically organized brush-type nanostructures (BTN) of TiO,.

pumaEA ERX TSR
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2. Experimental Anodization of Ti nanorods
Glancing angle deposition of Ti nanorods |__|+ —( )j
Substrate Ve ¢
- arotation NH F
in
- S @rotation Ethylene glycole
a=65-85°
Incident beam (= o >3
Anodization converts Ti into TiO, nanotubes that grows perpendicularly to
the Ti surface exposed to electrolyte [4]. As a result, the brush type
Glancing ange deposition [3] differs from traditional thin nanostructures are formed during anodization of Ti nanorods, in which TiO,
film deposition techniques by utiliing highly oblique nanotubes arranged in shellsaround central oxide cores[5]. ) |
(glancing) deposition angles. GLAD produces columnar
structures through the effect of shadowing during film
growth and have a potential to tailor the shape of the
columns by substrate rotation with respect to the
incident atomic beam.

a=0° a=85°

Sputtering Anodization
numEsEA BRI TS THZIAT
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2. Results
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4. Conclusions

1.In this work, we explored a new type of nanostructured TiO, photoelectrode made
of hierarchically organized brush-type nanostructures (BTN). The brush-type
nanostructures were fabricated by anodization of Ti nanorods prepared by sputtering
in glancing angle deposition (GLAD) regime and consist of small TiO, nanotubes
arranged in shells around long central oxide cores.

2.The brush-type nanostructures of TiO, were sensitized by the N3: Ru(4,4" -
dicarboxy-2,2" -bipyridine),(NCS), dye and used as a working electrode in DSSC.
The 1.5 ym BTN photoelectrode showed efficiency of 1.27%, which is comparable
to the performance of nanoparticulate DSSC of the same thickness. However, a
thicker BTN photoelectrode has a potential to outperform nanoparticulate
photoelectrode, because of the improved transport.
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Electric polarization effects and electrical properties for ZnO-based materials
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Fabrication of CIGS Solar Cells With Thinner Absorber Layers
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A Survey of Residential PV System Maintenance
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Combined stresses acceleration test
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Though there was a little bit of difference by the system, delamination as the main
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An evaluation the output Fluctuation of Photovoltaic systems dispersed in a Large Area
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Possible capacity of PV system is estimated by analysis of power demand supply balance in short time.
The fluctuation of PV system output with smoothing effect is evaluated in the large area.
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Evaluation of the short time fluctuation with smoothing effect by using irradiance of 13 measuring points.
The data is calculated by weighted average with voronoi diagram.
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Fig. Measured data points in Kanto Area Fig. Voronoi Diagram of measured data points.
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Degradation Mechanism of Polymer-Based Organic

Photovoltaic Cell
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Polymer-based Organic Solar Cells Fabricated by Dip-coat and Brush-coat Method
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Chamber cleaning for thin—film silicon solar cells
using environmentally—friendly gas
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Mechanism for crystalline orientation of microcrystalline silicon films
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Substrate-type flexible thin-film silicon solar cells
with texture using acrylic polymer
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S
Jsc Voc E.F. Eff.
(mA/cm?) (V) (%)
Asahi-U 15.7 0.88 0.59 8.2
Asahi-UiEERY /K 15.0 0.84 0.65 8.3
FYORF¥IELRYAZR 11.7 0.83 0.68 6.5
Asahi-UizEPEN 15.6 0.87 0.60 8.1
ERXAFAEEPEN 14.1 0.87 0.62 Tl
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