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Must understand and control morphology

over vast range of length scales
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It’s easier to melt disordered crystals
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Paracrystalline parameter characterizes disorder

2
A? is the variance of interplanar spacingd: A” = <d2 > — <d>

Can now define the “paracrystallinity parameter”, g: g2 — Az /<a’>2
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Using g to rank materials

from crystalline to amorphous
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Paracrystalline disorder: a picture

g=1% g=5%
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Paracrystallinity in Silicon

Is this the whole story?

Amorphous silicon
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Bragg’s law recap
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Constructive interference happens if
2dsinB=nA

In terms of the scattering vector:
q=411sinB/A=Q

rec
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Finite-size crystals have nonzero breadth diffraction peaks.
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The width of a diffraction peak is increased when we add disorder to the lattice.
More importantly, the peak width increases with diffraction order.

) ) Warren and Averbach (JAP, 1950 and 1952)
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Measuring disorder quantitatively

using X-ray diffraction

Lattice parameter
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Warren-Averbach Graphical approach

1: Corrections to x-ray profiles
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Norm. Intensity
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Fits converge quickly with more data
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Data is not always that nice
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Beam damage is something to be aware of
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Backbone
Lameliar

A model system for anisotropic disorder: PBTTT

Chabinyc (JACS, 2007), Wang (Adv. Mat., 2010)

Delongchamp (Adv. Mat., 2011)
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PBTTT appears very ordered
in the direction perpendicular to the substrate
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Small Molecule Polymer s
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Shortcuts are sometimes OK, sometimes not
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Molecular-weight dependence of disorder

is related to transport in P3HT
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Potential Sources of Disorder

Extrinsic Intrinsic ‘
Side chain- Chain entanglement
induced dependent
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Paracrystalline disorder creates electronic traps

Modeling inter-chain disorder in PBTTT pi-stacks:

Localization length vs. energy
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Tail states are highly localized, but for higher disorder,
even states within the band become more localized

Large disorder causes localization (traps) and creates
deep tail states.
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Macromolecules can span transport regimes

g: 0% 10%

Polymers

Grain boundaries Disorder within crystallites prevalent;
dominate performance complicates analysis
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Conclusions — round 1

* Synchrotron-based XRD allows to quantify lattice disorder.

* Tradeoff between good statistics and beam damage.

* Every little thing counts toward making your life easier when it comes to data
analysis: align the film, use the right scattering geometry, etc.
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Conclusions — round 2

* Disorder at all length-scales affect transport in organic semiconductors.

* Lattice disorder can be described as a continuous scale, it can be quantified.

9

S b P&

g: 0% 1% 10%
* Most (all until now) high Mw, high mobility polymers are disordered in the T1-11
stacking direction.
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