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Outline

* semiconductor equations (arb. distribution function)
and their discretisation

« discuss three numerical flux approximations

« assess quality by looking at a benchmark



Semiconductor Equations (van Roosbroeck)

For the electrostatic potential, electron and hole densities

V- (eVy) =q(C +p —n)
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For the electrostatic potential, electron and hole densities
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change in mass flow through boundary
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Relationships

Currents
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Currents
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Relationships

Currents
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Relationships

Currents

. — i 08 and jp = _C],UpvaOp

drift and diffusion
quasi Fermi potential

Chemical potentials
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Currents
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Yoronoi Cells

How To Make Voronoi Sefs

Use math :
e X, .., Xx€R" Conéider the sebof

PURIS. o=  xeR" |-l < [1x-%illo .y
where Vi is the Voronol requen avound X -

2. Use yiomres:

http:/ / postitdoodling.tumblr.com
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Yoronoi Cells

Flux along 1D edge
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Finite Volume Discretisation

V- (eVy)+q(C+p—n)=

G i
&n_ gvﬂln_'_R(nap) =10
0 1

- =V -jp 4+ R(n,p) =0
577 qV )



Finite Volume Discretisation
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Finite Volume Discretisation

/ V- (eVe)dx + (R —
K

0 1 :
silKln — - | - udx + || R (e, pic) = 0
b q JK

9, I .
g\K\pKJrg/KV'deXHK\R(nK,PK):O



Finite Volume Discretisation
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Finite Volume Discretisation
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Finite Volume Discretisation
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Finite Volume Discretisation
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How to choose the fluxes?

Desired properties:

“ stable

“ preservation of max principle

“ approximate boundary layers well

« consistency with thermodynamic equilibrium
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Consistency with equilibrium

Zero current leads to

0= vw =5 UTVﬁn

Mimic this numerically via

Important for coupling!
0= 5¢ = UTénn
with

= and 0N =1L — 1K



Finite Volume Discretisation
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How to choose the fluxes?

Scharfetter & Gummel (1969) for Boltzmann statistics:
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leads to exact solution

j = qup | B(*¥E2Yn,  p(~ xa),, |

Ur Ur
Exact solution for
Boltzmann statistics!
B(z) == . What about other F?

i ;
Three flux approx.
Bernoulli function for Blakemore!




General Scharfetter-Gummel

Koprucki/Gértner (2013):
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General Scharfetter-Gummel
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General Scharfetter-Gummel
Koprucki/Gértner (2013):
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: fixed point equation
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Diffusion averaging @
Bessemoulin-Chatard (2012) and Koprucki et al. (2014):
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Diffusion averaging @
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Diffusion averaging @

Bessemoulin-Chatard (2012) and Koprucki et al. (2014):
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Fuhrmann (2015):
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Compare three schemes

General Scharfetter-Gummel
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How to design a benchmark?

Leave equilibrium!

OPKL = —ONKL + 0YKI, Vo =—-Vn+ Vo
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How to design a benchmark?

Leave equilibrium!

OPKL = —ONKL + 0YKI, —

large contrast \ h KT

' ' j li tential
with opposite sign =0 lb (linear potential)

10° coarse grld large bias
—i’m'1
102 U= *’r_l(n)
large density contrast
g

R R W
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Errors between schemes

max error: average eta = 2
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Errors between schemes

OVKL = ONKL

max error: average eta 2
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Errors between schemes

max error: dpsi =-10 [U'r]
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diffusion enhanced vs general SG inverse act. vs general SG




pin

N; = 0.00/cm®
Ny = 4.35 x 1017 /em? Np = 4.20 x 10'® /cm?

How do schemes influence current and electrostatic potential?
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Results

* three thermodynamically consistent schemes
(Blakemore)

« all schemes converge to SG for large negative 7
* pin benchmark useful to discriminate accuracy

exact scheme yields best current approximation;
diffusion enhanced scheme good for electrostatic field

+ other factors: computation times need to be considered



Outlook

“ prototype: ddfermi
* moderately-sized 2D /3D problems

+ different variables: heterostructure

“ we welcome applications!
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Muchas gracias
por su atencion!

Thank you for your attention!



