
Development of characterization techniques Development of characterization techniques 
for the Hot Carrier Solar Cellfor the Hot Carrier Solar Cell

P.G. Linares, E. Cánovas, E. Antolín, D. Fuertes Marrón, C. Tablero, E. Hernández, 

Instituto de Energía Solar – Universidad Instituto de Energía Solar – Universidad 
Ciudad Universitaria sn

Tel. +34 914 533 549 ,   e-mail: p.garcia

1. BACKGROUND

� A breakthrough in Photovoltaics is needed to face the sustainability problem
increasing future energy demand [1].

� Conventional solar cells are limited in efficiency due to both the non absorption
bandgap photons and the energy loss derived from the high energy photon absorption

� The Hot Carrier Solar Cell
conventional solar cells (up

� A big effort is being carried
the collection of hot carriers

2. THE HOT CARRIER SOLAR CELL . FUNDAMENTALS2. THE HOT CARRIER SOLAR CELL . FUNDAMENTALS

� These Third Generation solar cells are meant to surpass the Shockley-Queisser
cells thank to the extraction of carriers before they thermalise within the bands. Therecells thank to the extraction of carriers before they thermalise within the bands. There

-The carriers have to remain ‘hot’ before they can reach the contacts. Therefore,
have to be blocked [4]have to be blocked [4]

-Selective contacts preserving the entropy of the electron flux. These contacts would
energies to leave the absorbing material [5]

� The nanotechnology (e.g. quantum dots structures) appears as a reasonable solution
phononic bandgap engineering (HC absorber) and isolated energy levels (selective

3. CHARACTERIZATION TECHNIQUES3. CHARACTERIZATION TECHNIQUES

� Ad-hoc characterization experiments need to be developed in order to� Ad-hoc characterization experiments need to be developed in order to
test the validity of the HC related devices that will be fabricated.

� Three main set-ups have been implemented at IES-UPM for the HCSC.

3.1. LOW TEMPERATURE QE ADAPTED TO THE UV RANGE

� Low temperature is meant to decrease the phononic population and therefore will
help to study the phonon blockade phenomena at the research stages.

� Once the interaction with phonons is minimized, impact ionization processes will be� Once the interaction with phonons is minimized, impact ionization processes will be
more clearly characterized, which requires ultraviolet sourcing and detection devices.

3.3. PHOTOREFLECTANCE

Image of the low temperature QE set-up adapted for the UV range Image of the photoreflectance

4. CONCLUSIONS
� The HCSC is a promising device capable to overcome the efficiency of conventional 
� In the context of the GCEP, HC related devices are being manufactured and will need to 
be tested.be tested.

� Three main characterization techniques          - Low temperature I-V set-up 
are now ready to test HC related devices:         - Low temperature QE adapted for the UV rangeare now ready to test HC related devices:         - Low temperature QE adapted for the UV range

- Photoreflectance applied to band diagram analysis
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problem of the

absorption of sub-
absorption [2].

Cumulative PV installations for different capital availability (Ci0) [1]

Cell (HCSC) is a promising concept that allows to overcome the efficiency limit of
(up to 85%) through an optimized use of the high energy photons [3].

carried out to bring to practice the promising concept of photovoltaic devices based on
carriers (HC).

Queisser efficiency limit for single gap solar
There are two main requirements:There are two main requirements:

certain electron-phonon interactions

would only allow hot carriers at specific

solution for the previous challenges:
(selective contacts).

AFM image of quantum dots

3.2. LOW TEMPERATURE CURRENT-VOLTAGE SET-UP

AFM image of quantum dots

3.2. LOW TEMPERATURE CURRENT-VOLTAGE SET-UP

� A closed cycle He-cryostat is inserted in the I-V set-up. It has MgF2 windows and a
power of 1.5W. It allows to cool down the sample from room temperature to 4.7K.power of 1.5W. It allows to cool down the sample from room temperature to 4.7K.

� The I-V set-up is adapted for both high (from 1A to 1� A) and low currents (from 1� A to
100pA), which requires different electronic configurations.100pA), which requires different electronic configurations.

Image of the I-V set-up Image of the I-V set-up 

HOTOREFLECTANCE SET-UP

Two different configurations for high and low currentsTwo different configurations for high and low currents

� By PR we can analyze the band diagram of the QD based� By PR we can analyze the band diagram of the QD based
selective contacts [6].

� Fitting procedures on PR can inform about carrier confinement.
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