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MOTIVATION EXPERIMENTAL

In this work:
We present a detailed electrical characterization of IB-Si substrate junction. We analyze the effect of the

measurement current in the electrical decoupling effect due to IB formation in the Ti supersaturated Si.

Time of Flight Secondary Ion Mass Spectroscopy (ToF-SIMS):  TOF-SIMS IV model with a 25 keV pulsed Bi3+ beam at 45° incidence.

RESULTS

CONCLUSIONS
We have fabricated Ti supersaturated Si layers with concentrations above the theoretical limit to Intermediate Band formation.
The electrical decoupling effect observed in the bilayer can be explained and modeled in terms of IB formation.
Rectifying behavior in the transversal I-V measurements confirms the electrical decoupling effect.
Differences in electrical properties with the measurement current have been explained and modeled in terms of voltage dependence and new conduction mechanism in the junction.
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Intermediate Band (IB) Solar Cell
Solar  spectrum

Single junction (no lattice mismatch).
Take advantage of sub-bandgap photons
High impurity concentration required to form a new band
Maximum  theoretical efficiency 63 %

Tandem Solar Cell

Single gap (two bands) each junction
N junctions N absorptions
Maximum theoretical efficiency 50%

Intermediate Band Solar Cells Goal: Take advantadge of sub-bandgap photons to increase the efficiency Substrates:
N-type Si (111)
Thickness 300 μm 
ρ=200Ω.cm ; n=2.21013 cm-3

Ion Implantation:
Double 48Ti+   

Dose: 1015 + 4x1015 cm-2

Energies: 35+135 keV

Pulsed Laser Melting:
KrF excimer laser(248 nm) 
Fluence:1.8 J/cm2

Single 20 ns pulse

Electrical characterization: 
Sheet Resistance and Hall effect (van der Pauw set up) 

using a Keithley SCS 4200 model between 12 and 300 K. 
Transversal I-V measurements

After PLM process Ti concentration is well
above the theoretical Insulator – Metallic
IB formation

At high temperature (300 K): 

At  low temperature (70 K):

ATLAS framework

Paralell equipotentials

Limitation current in the junction

Electrical decoupling function:
F=Gt/(Gt+GP2)

Conductivity:
GP1=1/RP1 = q(n1μn1+p1μp1) t1/α

GP2=1/RP2 = qn2μn2 t2/α 0<F<1
Si F=0 Only implanted

layer conduction
Si F=1 Paralell bilayer conduction

Below 200 K bilayer sheet resistivity is higher than
Si substrate: electrical decoupling effect is produced.

This behavior is faithfully modeled in terms of
Intermediate Band formation in the Ti supersturated
layer.

Differences in the electrical decoupling effect are
observed from the different measurement current used.

These differences not attached by the model reflect
the non linear behavior between the implanted layer
and the Si substrate

Si :Ti+

Below 200 K electrical decoupling effect is also observed.

This electrical behavior is also faithfully modeled using
the same parameters than sheet resistance measurements .

At low temprature p-type behavior is observed. This
behavior corresponds to carrier type into the IB.

Dependence in the change to p-type behavior is consistent
with the measurement current.

Below 200 K, electrical decoupling effect is also observed.

Assuming a IB layer of 130 nm, at low temperature IB 
carrier concentration is observed with a concentration about
5×1021 cm-3, which would corresponds to a metall behavior.

To address correctely the
differences observed in the
electrical properties for the
different measurement currents
two mechanisms are proposed:

Differences in the minimum
of the sheet resistence with the
temperature can be explained
in terms of reverse bias
voltage dependence in the
junction introduced with the
different currents

Difference at temperatures
below 200 K could be
explained with a new
conduction mechanism in the
junction: a paralell resistance
with a exponential dependence

At 300 K, I-V linear characteristic indicates
electrical paralell conduction in the bilayer.

At temperatures below 250 K the electrical
rectifying behavior corroborates the electrical
decoupling effect in the bilayer.

Fabrication processes
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