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Energetic and Dymanic studies of Intermediate Band Solar Cells
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Smith (SDSM&T), Jeff Squier (CSM),
Andrew Norman (NREL)

Research aimed at impacting the wide-spread

utilization of solar energy has been primarily
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the search for new materials and device

cost per kW·hr of photovoltaic devices. In the former
improved efficiency, due to enhanced absorption over
to, for instance, diminished carrier thermalization to
The so-called intermediate band or multiband solar cell
absorption bandwidth as well as reduced carrier
Figure 1 shows a schematic band diagram for the
band allows sequential absorption of low-energy
absorbed by conventional cells. Luque et. al. predict
band solar cell (IB-SC) to be about 63%, well above

6
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EC

EIB

arena, new materials and device concepts with
the solar spectrum and/or decreased losses due
the lattice, are promising avenues for research.
concept incorporates both an increased
cooling losses in a simple and robust design.
intermediate band solar cell. The intermediate
photons which would otherwise not be
the ideal efficiency of a so-called intermediatethe current state-of-the-art tandem cells.

In a collaboration between SDSM&T, CSM and
NREL, prelimary data utilizing ultrafast laser
E
V
sources located at CSM was acquired in a prototype
IB-SC consisting of a super lattice of InAs
Phone
Phone
quantum dots embedded in an InGaAsP
quantum well. This heterostructure was
embedded in a p-i-n diode, and photocurrent
collected as a function of delay between two
pulses.
Figure 2 shows a plot of the nonlinear
photocurrent obtained in a variant of the
Current
college
Figure 1: Intermediate Band Solar Cell
well-known equal pulse correlation, pumpprobe technique. The data was taken with a
conceptual
model, showing
Expected(IB-SC)
graduation
(month/year)
Majormanual translation stage, and was
reproducible, within the precision of the
two-step absorption process.
likely due to band-filling within the quantum
The correlation peak width of ∼ 0.5ps is GPA in physics/math R
GPA stage.
(4.0 scale)
dots. However, the nonlinearity is not zero
after this delay, and we expect that this is
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computer
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the quantum
dot lifetime
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processes,
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are expected
to
be on the order of ∼ 500ps. On this time scale,
this signal appears as a plateau, we are
currently assembling a system which can
achieve the longer delays necessary to
measure this slower decay. We expect the
method is capable of characterizing the
inter-quantum dot tunneling times, and the
degree of delocalization, thus characterizing
the intermediate band formation in the IB-SC.
The experiments are currently being
extended to varying energies and
temperatures, using a tunable femtosecond
Figure 2: Preliminary Equal Pulse Correlation data
OPO and liquid helium cryostat located in the
nano-fs
lab at SDSM&T.
for QD solar cell device fabricated at NREL.
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Describe any previous research experience (summer or
academic year).

Describe briefly your knowledge of computer languages and
operating systems.

Energetic and Dymanic studies of Intermediate Band Solar Cells
S. Smith (SDSM&T), Jeff Squier (CSM), Andrew Norman (NREL)
Research aimed at impacting the wide-spread
focused on the search for new materials and device
cost per kW·hr of photovoltaic devices. In the former
improved efficiency, due to enhanced absorption over
to, for instance, diminished carrier thermalization to
The so-called intermediate band or multiband solar cell
absorption bandwidth as well as reduced carrier
Figure 1 shows a schematic band diagram for the
band allows sequential absorption of low-energy
absorbed by conventional cells. Luque et. al. predict
bandprefer
solar cell
(IB-SC)
to be about
63%,or
well
above
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research
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utilization of solar energy has been primarily
concepts to increase efficiency and/or lower the
arena, new materials and device concepts with
the solar spectrum and/or decreased losses due
the lattice, are promising avenues for research.
concept incorporates both an increased
cooling losses in a simple and robust design.
intermediate band solar cell. The intermediate
photons which would otherwise not be
the ideal efficiency of a so-called intermediatethe current state-of-the-art tandem cells.

In a collaboration between SDSM&T, CSM and
NREL, prelimary data utilizing ultrafast laser
E
V
sources located at CSM was acquired in a prototype
IB-SC consisting of a super lattice of InAs
quantum dots embedded in an InGaAsP
quantum well. This heterostructure was
embedded in a p-i-n diode, and photocurrent
collected as a function of delay between two
pulses. Figure 2 shows a plot of the nonlinear
photocurrent obtained in a variant of the
Figure 1: Intermediate Band Solar Cell
well-known equal pulse correlation, pumpprobe technique. The data was taken with a
(IB-SC) conceptual model, showing
manual translation stage, and was
reproducible, within the precision of the
two-step absorption process.
likely due to band-filling within the quantum
stage. The correlation peak width of ∼ 0.5ps is
dots. However, the nonlinearity is not zero
after this delay, and we expect that this is
due to the quantum dot lifetime and inter-dot
relaxation processes, which are expected to
be on the order of ∼ 500ps. On this time scale,
this signal appears as a plateau, we are
currently assembling a system which can
achieve the longer delays necessary to
measure this slower decay. We expect the
method is capable of characterizing the
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enjoy times,
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your summer in each of the following ways?
inter-quantum
dot tunneling
and the
degree of delocalization, thus characterizing
the
intermediate
band
formation
in
the
IB-SC.
The
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extended to varying energies and
temperatures,
using a tunable femtosecond
Figure 2: Preliminary Equal Pulse Correlation data
6 liquid helium cryostat located6
6
OPO and
in the
nano-fs
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at
SDSM&T.
for QD solar cell device fabricated at NREL.

Write a brief essay on your academic and career goals, and what you hope to gain from this program. There are no length
requirements, but we suggest you aim for 200-500 words.
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Energetic and Dymanic studies of Intermediate Band Solar Cells
S. Smith (SDSM&T), Jeff Squier (CSM), Andrew Norman (NREL)
Research aimed at impacting the wide-spread
utilization of solar energy has been primarily
focused on the search for new materials and device
concepts to increase efficiency and/or lower the
cost per kW·hr of photovoltaic devices. In the former
arena, new materials and device concepts with
improved efficiency, due to enhanced absorption over E
the solar spectrum and/or decreased losses due
C
to, for instance, diminished carrier thermalization to
the lattice, are promising avenues for research.
The so-called intermediate band or multiband solar cell
concept incorporates both an increased
absorption bandwidth as well as reduced carrier
cooling losses in a simple and robust design.
Figure 1 shows a schematic band diagram for the
intermediate band solar cell. The intermediate
Or upload file (PDF):
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band allows sequential absorption of low-energy
photons which would otherwise not be
absorbed by conventional cells. Luque et. al. predict
the ideal efficiency of a so-called intermediateE
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to be about
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In a collaboration between SDSM&T, CSM and

NREL, prelimary data utilizing ultrafast laser
IB-SC consisting of a super lattice of InAs
quantum dots embedded in an InGaAsP
quantum well. This heterostructure was
1.
embedded in a p-i-n diode, and photocurrent
collected as a function of delay between two
2.
pulses. Figure 2 shows a plot of the nonlinear
photocurrent obtained in a variant of the
Figure 1: Intermediate Band Solar Cell
well-known
equal
pulse
correlation,
pumpprobe technique. The data was taken with a
3.
(IB-SC) conceptual model, showing
manual translation stage, and was
reproducible, within the precision of the
two-step absorption process.
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that this
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this signal appears as a plateau, we are
which 2008?
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Whencurrently
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measure this slower decay. We expect the
method is capable of characterizing the
inter-quantum
dot
tunneling
times,
and
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the intermediate band formation in the IB-SC.
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If you need to elaborate on any of your answers, please do so here (for instance, other courses or experiences you've had).

Energetic and Dymanic studies of Intermediate Band Solar Cells
S. Smith (SDSM&T), Jeff Squier (CSM), Andrew Norman (NREL)
Research aimed at impacting the wide-spread
focused on the search for new materials and device
cost per kW·hr of photovoltaic devices. In the former
improved efficiency, due to enhanced absorption over
to, for instance, diminished carrier thermalization to
The so-called intermediate band or multiband solar cell
absorption bandwidth as well as reduced carrier
Figure 1 shows a schematic band diagram for the
band allows sequential absorption of low-energy
absorbed by conventional cells. Luque et. al. predict
band solar cell (IB-SC) to be about 63%, well above

EC

EIB

utilization of solar energy has been primarily
concepts to increase efficiency and/or lower the
arena, new materials and device concepts with
the solar spectrum and/or decreased losses due
the lattice, are promising avenues for research.
concept incorporates both an increased
cooling losses in a simple and robust design.
intermediate band solar cell. The intermediate
photons which would otherwise not be
the ideal efficiency of a so-called intermediatethe current state-of-the-art tandem cells.

In a collaboration between SDSM&T, CSM and
NREL, prelimary data utilizing ultrafast laser
E
V
sources located at CSM was acquired in a prototype
IB-SC consisting of a super lattice of InAs
quantum dots embedded in an InGaAsP
quantum well. This heterostructure was
embedded in a p-i-n diode, and photocurrent
collected as a function of delay between two
pulses. Figure 2 shows a plot of the nonlinear
photocurrent obtained in a variant of the
Figure 1: Intermediate Band Solar Cell
well-known equal pulse correlation, pumpprobe technique. The data was taken with a
(IB-SC) conceptual model, showing
manual translation stage, and was
reproducible, within the precision of the
two-step absorption process.
likely due to band-filling within the quantum
stage. The correlation peak width of ∼ 0.5ps is
dots. However, the nonlinearity is not zero
after this delay, and we expect that this is
due to the quantum dot lifetime and inter-dot
relaxation processes, which are expected to
be on the order of ∼ 500ps. On this time scale,
this signal appears as a plateau, we are
currently assembling a system which can
achieve the longer delays necessary to
measure this slower decay. We expect the
method is capable of characterizing the
inter-quantum dot tunneling times, and the
degree of delocalization, thus characterizing
the intermediate band formation in the IB-SC.
The experiments are currently being
extended to varying energies and
temperatures, using a tunable femtosecond
Figure 2: Preliminary Equal Pulse Correlation data
OPO and liquid helium cryostat located in the
nano-fs
lab at SDSM&T.
for QD solar cell device fabricated at NREL.
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