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Why am writing this slide deck on a weekend?

•Recently I’ve noticed a few ‘drift diffusion’ models being applied 
to disordered materials without trap states.

•Broadly speaking this should not be done, so I thought I would 
make some comments as to why this should not be done.
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Some examples
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Second paper

Picture from:10.1038/srep19794

Monte-Carlo hopping with traps Drift diffusion model with no traps

∇ ϵo ϵr⋅∇ ϕ=q⋅(n−p)

J n=qμe n ∇ E c+q Dn ∇ n

J p=qμh p ∇ E v−q D p ∇ p

They concluded that you need traps and their DD 
model did not work as it had no traps.

I broadly agreed with their conclusion but I think they should not have been modeling disordered 
devices without traps in the first place.
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∇ ϵo ϵr⋅∇ ϕ=q⋅(n−p)

Gauss's Law

J n=qμe n ∇ E c+q Dn ∇ n J p=qμh p ∇ E v−q D p ∇ p

Electron continuity Hole continuity

Simulating charge transport for ordered 
semiconductors.

∇⋅J n=q ( Rn+T n+
∂n free

∂ t ) ∇⋅J p=−q ( R p+T p+
∂ p free

∂ t )

Electron driving terms Hole driving terms
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Demo
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Compare band structure of silicon and
an organic semiconductor

Valance band

Photon
Band gap – No carriers

Conduction band
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•Inorganic semiconductors are 
crystalline and have a well defined 
bandgap and few traps.

•Inorganic semiconductors are very 
disordered and have a distribution of 
trap states.
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The majority of charge is stored in these trap
states
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So this type of model is not valid as there are no 
traps
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We need to add carrier traps to our model
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Carrier traps

Carrier traps

Then it starts to look a lot more like the traditional 
Monte-Carlo hopping models.
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Picture from:10.1038/srep19794
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•In disordered devices 
because all the charge 
is stored in trap states, 
carrier density in the 
device varies strongly 
as a function of applied 
voltage and light 
intensity

n(V,light), p(V,light)

The trap distribution determines the voltage and 
light dependence of carrier density. 
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The trap distribution determines the voltage and 
light dependence of carrier density. 

•Or said in another way rho (the DoS) multiplied by the fermi 
level determines charge density.

n

p

•OK so what you might ask?
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Recombination is a strong function of carrier 
density.

R=f(n(V,light),p(V,light))

•Note the very simplified recombination model, don’t assume
your material is bi-molecular but that is another story.

•So to get recombination 
correct we need to get 
n(V,light) and p(V,light) correct.
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Getting recombination correct is key to getting 
Jsc, Voc, and FF correct.
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Mobility in ordered materials is constant
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J n=qμe n ∇ E c+q Dn ∇ n

J p=qμh p ∇ E v−q D p ∇ p
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In disordered material it’s not constant, imagine 
the following situation:
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μ=μ
e

μ=0

•What’s the mobility? …… μ
e

•All our carriers have lots of energy and are free:
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In disordered material it’s not constant, imagine 
the following situation:
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μ=μ
e

μ=0

•What’s the mobility?  ….. 0

•All our carriers are trapped:
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μ=μ
e

μ=0

•When some carriers are free and some are trapped..

μ=
n freeμe

n free+ntrap

•So if you get n
trap

 wrong you will have the wrong dependence of 

mobility on voltage, light which will also cause problems for your 
model..
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We therefore need to solve for the charge  
density of each trap state explicitly.

electron capture
electron emission
hole capture

Process

∂n
∂ t

=r1−r2−r3+ r4

●We split energy space up into 
energy slices.

●And use the SRH equations but 
don’t assume steady state, so 
solve the SRH equations explicitly 
in time domain.

●Each trap state gets its own rate 
equation:

r1
r2
r3
r 4

Rn=∑
0

nband

(r1
e
−r 2

e
)

Free carrier recombination

Detailed balance
is maintained.

28

●Recombination 
can be calculated 
as:

hole emission
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SRH recombination and trapping model.
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This enables us to know where the charge 
carriers are in position/energy space.

LUMO mobility edge

HOMO mobility edge

LUMO traps

HOMO traps
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Steady state SRH v.s. fully time/spatially 
resolved SRH.

32
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Steady state SRH v.s. fully time/spatially 
resolved SRH.

•Using the steady state SRH approach acknowledges that 
carrier traps are important in recombination.

•You won’t get the correct carrier density voltage dependence 
in the device.

•And the charge in the trap states is not linked back to the 
electrostatic potential.

•But it assumes the distribution of trap states has reached 
equilibrium. This is OK for steady state but not for time domain.

•It also fails to take into account the distribution of trap states.
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