Week 1-11

Electronic Properties 5
Organic Heterojunctions, cont’d

Organic-Inorganic Heterojunctions

Chapter 4.7.2-4.8




A Test of the Ideal Diode Theory

The role of order
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Devices with SVA Post-C,
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Achieving the Ideal Morphology
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Organic-lnorganic HJs

* The dynamics at organic HJs are based on exciton
transport and recombination

* The dynamics of inorganic HJs are based on free
charge transport and recombination

e Can we understand hybrid materials systems based
on a combination of these two pictures?




Organic-Inorganic Hls: Motivation

Organic surface passivation of IlI-V Schottky barrier PV
* Increase PCE from 13% to 15% in p-InP SB-PV

e Charge transfer between an organic dye and inorganic
semiconductor is a critical process in DSSCs

* Nanostructured inorganics for PVs and PDs

* Bridge the gap between inorganic/inorganic and
organic/organic junction models, to describe the o/i junction.
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Photocharge Generation at the OI-HJ
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Two Archetype 10-HJs
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Hybrid Charge Transfer Exciton
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The Hybrid Charge Transfer Exciton Picture

Conservation Equations:

a ]
fm%m %mlf—] E_a_z_kr(g_(eq)_kd('l'krecnlpl=0
A
o) (-‘/ qag dn, (P ] —]
k?&q krecS I :i(t 1) = kgl — kyect P + qa £=0

ki HCTE g ’

_—

/ Hybrid Charge-Transfer ({) Current:
/ Organlc k
PPd

;‘-1

— . ] = qagkpec(1—1) (nIPI - k_nl,eqpl,eq) = qlxn+]p
. PPdeq
Inorganlc :O/”a/ o :
: ' * Current Limiting Mechanisms:
/ o Recombination/Generation at interface  ics
5 /]’ o Injection/Diffusion across interface
p » Simultaneous solution yields unique J(V,) 0)




HCTEs Can Be Free, or Trapped at
Interface Defects

CBP/ZnO OI-HJ

* Trapped states are smaller and less mobile
than free states

* Trapped states can have higher oscillator
strength due to improved e-h overlap
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Two Part Device Model of the OI-HJ

Electrostatic

Inorganic

Solve Drift-Diffusion Egn. in Organic
Get (F, p, n, V,) for given J and V,
Not a unique solution

Interface Current
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o Injection/Diffusion across interface
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Ol Diode Equations

Similar (in some important ways) to both | and O junctions
Without Traps:
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With Traps in Organic Only:
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C. K. Renshaw, and S. R. Forrest, Phys. Rev. B, 90, 045302 (2014).



Direct Observation of Transport at an OI-HJ

Photon Energy (eV)
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Spectra from Two Different Ol-HJ Diodes
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Wide inorganic (TiO,) band gap: Absorption and
guantum efficiency due only to organic (DBP)

Moderate inorganic (InP) band gap: Absorption
and quantum efficiency due only to organic
(pentacene)

Note how loss due to absorption in organic
converts to gain at low temperature \
=reduced loss of organic excitons before
at heterojunction

A. Panda, et al., Phys. Rev. B, 90, 045303 (2014)



Current Density (mA/cm?)

Fit to Ol-HJ Theory: DBP/TIO,

Pentacene/InP
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|deal Diode Equations: Why they all look alike!
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Electronic Transport in Organics
-What we learned

* Origins of electronic band structure

* Concept of polarons (large and small)

* Charge transfer

e Conductivity, effective mass and mobility
» Effects of trapped charge: recombination
* Injection from contacts
 Heterojunctions: O-O and O-l




Organic & Inorganic Semiconductor
Properties: A Reminder

Property Organics Inorganics
Bonding van der Waals Covalent/lonic
Charge Transport Polaron Hopping Band Transport
Mobility <0.1 cm?2/V-s ~1000 cm?2/V-s
Absorption 10°-106cm? 10%-10°cm?
Excitons Frenkel Wannier-Mott
Binding Energy ~500-800 meV ~10-100 meV
Exciton Radius ~10 A ~100 A




