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In situ REFLECTANCE DIFFERENCE SPECTROSCOPY
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GalnP/GaAs Tandem

¢ Several record efficiencies:
29.5% AM1.5G (flat plate),

Cell

30.2% from 140x to 180x , 29.1% 425x AM1.5D (concenttator),
25.7% AMO, 19.5% AMO post-irradiation (space)

Ordering-induced anisotropy in
conductivity important for emitter
sheet resistance (concentrators)

Change in degree of ordering
used to make passivating layer

Series connection — maximum / TRTEI

efficiency by balancing number

of photons absorbed in each cell
'— need to know/control top cell

- band gap by controlling degree

- of ordering
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Solid State Theory

« Alloy phase stability (metals and semiconductors)
— alloy phase diagrams

— short-range order
« Electronic properties of 111-V and ll-VI alloys

_ vs. constituents and composition

_ effects of long and short rangé order
« Electronic properties of semiconductor superlattices

— properties of 1-D random superlattices

_ effects of interface non-abruptness
« Electronic properties of quantum dots, wires, and films

— -V and }-VI materials

— free-standing and embedded
« Semiconductor surfaces

_ structural and electronic properties of ideal
surfaces, steps, m:,a defects

_ surface-induced ordering of alloys

_ surface segregation in alloys
« Methods for electronic structure modelling of large,
mesoscopic size systems

— semiempirical pseudopotentials

_ k-dot-p like methods (first-principles based and
empirical)
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a. Lateral Superlattice Structure b. Electron Microgtaph
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Solar Cells with Enhanced Minority Carrier Lifetime

Conventional Cell Lateral SL Cell

electrons and holes spatial separation of
often recombine ~ the carriers enhances

before being collected the minority carrier
lifetime
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PIHHOTOCONVERSION

Research in this area encompasses all quantum-

conversion processes, other than photovoltaics, that
lead to the direct production of useful fuels or chemicals.
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e Background:

- Photosynthetic bacteria are the most studied, however
they do not split water.

- Cyanobacteria and aigae spiit water with altemating
dark light cycles, O2 while illuminated, Ha in the dark.

- However, the H2 evolving systems in cyanobacteria
and algae are deactivated by O2 and No.

- Some strains of photosynthetic bacteria have been
found with O2 tolerant Hz evolving systems.

e Approach:

- Move the genetic oo&:,u for the O2 tolerant H2 evolving
system from photosynthetic bacteria to algae.
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GOALS

Longer Term: To develop new science in photoconversion-related

Nearer Term:

areas to the point that new generations of solar and
renewable energy technologies can be considered for
ultimate use by the Nation.

To demonstrate technical and economic feasibility of
photoconversion-related processes and devices that

could have short-term impact in aiding U.S. mdustry
and national competitiveness.
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Theory
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Quantum Dots
(J. Machol, O. Micic)

Measurements of
Carrier Dynamics
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Characterization
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Dynamics of Electron Transfer
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Hot Carrier Solar Cell
N Device Structure/Band Diagram

Sun Light

l

- N* AlGaAs Collector

(GaAs/AlGaAs)
i-Superlattice Absorber

P+ AlGaAs Collector

p* Substrate

N+ . .
p* GaAs Substrate AlGaAs i-Superlattice |




Quantization Effects in Photoelectrochemistry

Barrier
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* Quantization effects may permit hot electron transfer In superiattices and quantum dots

* Band gap of absorber can be tuned by controlling size of semiconductor layers or particles

P109-GOS33200 BAW



. s Al
Y 3
e sain Famedd

- 02 R R A e

Relaxation Times in GaAs Wells vs Bulk GaAs
a, e
o I ®
A A— A
1:(;“hv:rm bulk _
therm
n =2 3
n®=1 .;
® E,
g A
hv GaAs hv
band gap
n" =1 ——l——- E,
n"=2
n"=3
;e o °
GaAs Quantum Well T > >Them Bulk GaAs
Why??

P10S-0083I201 BAW



Quantum
Tharmal

Lavels

VAV

Pholon

Theimal
Escapn

uantum Well
[-!jolar Cells




Magnification
a) 1
glass
transparent , conducting layer
| (0.5 um SnQ»)
electrolyte (I"137)
Uv 103 dye adsorbed on semiconductor
(10 um TiOyp)
transparent, conducting layer
(C.5 yum SnOy)
glass
7 \
rcounter-electroden
) dye
glectrolyte
c) 106 - 4
TiOs nanocrystals
(& =20 nm)
'l l...’
& carbon
o nitrcgen
d) 108 @ oxygen
- sulfur
hydrogen
. ruthenium

Fig.4 : Schematic view of the dye-sensitized, nanocrystalline solar cell and its components.
a) general view; b) cross section; ¢) blow-up of the nanocristalline photoanode; d) the cis-
(NCS), bis(4,4'-dicarboxy-2,2-bipyridine)-ruthenium(Il} dye (1).
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Basic Sciences Division Hydrogen i Togratit &= =
Goal: Development of advanced hydrogen production and hydrogen

storage technologies.

Hydrogen Production by Direct Conversion.
oltaic system and an electrolyzer

s : The combination of a photov
into a single monolithic system.

ganisms producing hydrogen from water and

Photobiologica\l‘: Photosynthetic or
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ogen storage options with
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PV/EC Proof of Concept
Demonstratlon

| undoped |

Cp-type -
a-Si:H
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PV/IEC Compatibilities

Y LR ‘
[ o] P bl

Yoiage (V) (4 (e

Coeront (I ) _ 1) . 1

t'C Switching OD =048~ (T -33%) =
Fnergy 150 J/m*  Time 10s . .
Power 156 Wim®

PV arca and the time required

“under 600 W/m? solar at 6% afhiciency
Area - Time

o 0Am 49's

0.01m? 490 s

Construction

both multilayer films

- Fabrication |
both sputtering and PECVD




Automotive Applications of Electrochromics

Electrochromic | S
rearview and  Electrochromic sUnr‘OOf j |
sndewew mirrors oy R

Electrochromm o
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