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Education - Band gap [Online].

https://www.pveducation.org




Perovskites

Material with same lattice
structure as Titanium Oxide
(TiO,)

Cheap to produce

Not energy intensive to make
Interactions with humidity
Future applications

https://www.cei.washington.edu/education/scie
nce-of-solar/perovskite-solar-cell/




Timeline - Why Perovskites?

40 years

First silicon solar cell Silicon solar cell Perovskite solar cell

6% efficiency exceeds 25% efficiency exceeds 25% efficiency

1976 2009

1954 1994 2019

First CIGS solar cell First perovskite solar cell
4.5% efficiency 3.8% efficiency

I 10 years
_>

Ongoing




Overarching Goal

e Determining a temperature
dependence on perovskites

e Limited work has been done
by other groups

e Studying a triple cation
perovskite
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Experimental Results
and Data Analysis



Current Density vs Voltage

Solar simulator shines
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Fill factor

Evidence of low
temperature barrier for
carrier extraction
Temperature increase
reduces barrier gradually
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Photoluminescence

e Fourier smoothing applied

e Incident laser light for
excitation

e Measuring emission of
photons

e Givesinsightinto band gap

30000

25000

20000

10000

PL Intensity (arb. u)
2
3

5000

——4K —— 150K 1
—K 160K
——10K —— 170K |
— 20K 180K |
T(K) 30K 190K
—— 40K 200K o
50K ——210K
——60K —— 220K -
— 70K 230K
—— 80K 240K 7
h —ox 250K |
§ ——100k——260K ]
W — 11o0K——270K ]
N\ —— 120K—— 280K
\ — 130K——290K 4
\ —— 140K—— 295K

700 720 740 760 780 800 820 840

Wavelength (nm)

. Sellers Lab




Photoluminescence
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Photoluminescence
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e Massive decrease in PL IR

intensity 1= = = 295K (30X)
e (lear evidence of band gap
change
e Nonradiative recombination
dominates as Temperature
Increases - ,
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i nte ra Ctl ons 700 725 750 775 800 825 850

20000

10000

PL Intensity (a.u.)

Wavelength (nm)

I. Sellers Lab



External Quantum Efficiency (EQE)

100

e Ratio of carriers generated
to incident photons or
e Can also be used to analyze _ !
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band gap 5
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Excitons - What are they?
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Tauc Plots

e Look atsmall
linear region

e The line of
best fit

e The band gap

e (Changes with
temperature

[(hv)Ln(1-EQE)]*2 (eV?)

) v ) L)
Linear analysis provides
both slope and ordinal intercept
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x_i=-b/m I
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Stokes Shifting

e Apparent differences in results

e Emissions show band gap to
experience sudden increase

e 170K to 210K is range of interest
Phonon activation begins to
occur within the lattice

e Possible exciton dissociation at
>160K contributing to difference
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Stokes Shifting AS - IEAbsorbed- IEEmitted
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e Difference in peaks of
absorption and
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Band gap difference
200K is the critical point
AS>0 : vibrational states
AS<0 : thermal phonon
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Integrated Intensity

Measure of area
under PL Curves
Obtain information
on excitons
Binding energy of
exciton

Strong electron
confinement
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Arrhenius Plotting for Exciton Binding Energy
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Summary

Perovskites production

Motivations for research

Better understanding of temperature dependence
Various techniques and properties to study
Excitonic behavior in perovskites
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