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Results: Carrier Lifetime

• Charge carrier lifetimeappears longest for our 25%M 75%Tsample,
followedby theother 2D– 3Dhybrid samples.  Other literatureproposes
that lifetime shoulddecreasewith increasing 2Dcharacterdue to increased
excitonic activity,1 butweobserved that lifetime increasedwith the
additionof 2Dmaterial and then sharplydecreased formaterialwhichwas
completely 2D.  

• Blanconet al propose that having a fractionof 2Dmaterial inperovskite
thin films can create anefficientmechanism for excitondissociation across
internal crystal boundaries;3 thismechanismcould explain the increased
charge carrier lifetimesweseehere.

Experimental Setup

Figure 4 Interactionbetweenpump, probe, and sample2

Weexcite each samplewith a 400 nmpumpandmeasure transmissionof a 1.2 
THzprobeonpicosecond timescales—themore conductive a sample
becomes, the lessTHz it transmits.
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Effective charge carriermobility (()) at a given fluence is proportional to
change inTHz (∆/) after excitationdividedby initial THz (/0).  Measurements
over a rangeof times after excitation giveus charge carrier lifetimes.2D – 3D Sample Series

Aperovskite crystal structure requires a large cation, a small cation, andananion; in
our 3Dsamples, these aremethylammonium (M), lead (Pb), and iodine (I).  

Figure 2 Illustrationof perovskite layer thickness (between layers of organicmaterial) as crystal
transitions from 3Dto 2D1

Tocreate 2Dmaterials,we replaceMwith fractionsof t-butylammonium (T), amuch
largerorganicmolecule, from 25 to 100 percent.  This causes theperovskites to form in
alternating sheets of organicmaterial, T andMAPbI3orPbI3, with thickness
determinedby ratio ofM toT.

Figure 3Light absorptiondata for samples in the 2D-3Dseries
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Results: Carrier Mobility

• Effectivemobility (())declineswith increased 2Dcharacterdue to
the confinementof charge conductionwithin inorganic layers.  We
use( to account for the fractionof photons converted into free
charge-carrierpairs rather thanexcitons.

• (), alongwith charge carrier lifetime, decreaseswith increased
fluence for all five samples.  Higher excitationdensity effectively
increases impurity concentration, restricting charge carrier
movement.
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Conclusions and Future Work
• Sincemobility consistently increasedat lower fluences for all five
samples,wewonderwhich fluence could giveusmaximum
mobility.

• Weplan to investigatehowexcitonic activity in thesehybrid
materialsmight be contributing to theunexpectedly long lifetimes
wesee in 2D– 3Dtransitional samples.

• Perhaps, through the additionof small amounts of 2Dmaterial to a
3Dperovskite,we couldmaximize amobility-lifetimeproduct to
improve solar cell performance.

• Fittingmodels to these lifetime curveswill allowus to extract
monomolecular, bimolecular, andAuger recombination rates for
eachmaterial.

• BasedonXRD, PLandabsorptiondata, it appears as thoughour
transitional samplesmight be segregated into sectionsof 2Dand 3D
material rather thanuniformly layeredaccording to the
Ruddleston-Poppermodel.  This brings intoquestionwhetherour
data is illustratingbehaviors of different 2D-3Dstructures, or
different contributions from 2Dand 3Dsections.
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Introduction
Hybridorganic-inorganic semiconductors calledperovskites arepromising solar cell
materials. Theyhaveachievedphoto-conversionefficiencies higher than 20%in
recent years, andare simple and cheap to fabricate. However, themost efficient
perovskite solar cells contain leadandareunstableunder exposure towater, heat, and
light. Moisture resistant and lead-freeperovskitesdoexist, but they tend to form in
2Dor lowerdimension crystal structureswith far lower efficiencies.  

Figure 1 Photographof all five samples in series.  From left to right, power conversionefficiencies are
10.2%, 5.3%, 0.3%, 0.3%,and 0.1%.

Using time-resolved terahertz spectroscopyona set of 2D– 3Dperovskite samples,we
examinehowmobile electrons are andhow long they remain excited after
photoexcitation. 
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