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DSSC/OPV module Applications
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multiscale/multiphysics

Different physical models on different scales are needed to
describe electronic devices
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Introduction: TiberCAD
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Multiscale/multiphysics schemes

OVERLAP METHOD

A eachmodelcomputesphysical
guantities that actasparameters
to the other models

domain 2
Schrodinger/Poisson

Transport parameters from DFT

BRIDGE METHOD

A eachdomainprovidesboundary

conditionsto adjacentdomains
DOMAIN 1 DOMAIN 2

NEGF/driftdiffusion
VFF/continuous elasticity

M. Auf der Maur, G. Penazzi , G. Romano, F. Sacconi, , A. Pecchia, A. Di Carlo
IEEE Trans. Electron Devices, 58, 1425 (2011)
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Models overview
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General Structure
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GUI development

View Modules Simulation Window Help

S =" Y
[Wm—ﬁﬁberﬁmph&o

) msfeLz[Uyuew Modules Simulation Window Help

apatap A= L ] R

| 9 (geomeny o)) 12 & &

v @] geome

[Projeds Rl "] sh |4+ Mesh KT Start

KT Geometry K]

-*|genmetry7 I’C\‘i_i trh&»@ [\\; [% ‘xl_' - ;é‘_} == 3

R oW B ErQ

v @ mosfet_2D_ok_cont_esteso
v i@ Geometries

» () Fac 3

¥ Properties

o) = [ [geomeuy_mesn-Pmparties (13 X]

> & Facy Name geometry
» [ Face geomet
> [ Fa v 2] geometry - —
View Modules Simulation Window Help
> Input o Face1 = = = = =
» [ Resutts > O Face2 . = . [l IR L. [ x (|- B o5 | B 3
® v Face3 T (B B % K 9 (gomeny ] LTIR 2 GL G W 2 e |-
> Faced Rk i
. % Faces @ [F"OJEC‘LS A "] Jo Drift-Diffusion XT,, Modules Manager ngl Mesh XT Start XT;:. Device Structure XT Geomery... [ > ][=] | Properties 1> x
£
. Input 2| v @ mosfet_20_ok_co — 1
= : :
» 5] Results o v i f(}e;z::::; i simulation name | dd M
v @] geometry j—:D TiberCAD Platfo
e L TR R B EERRRRREEERRh——————————
Faced RRGEMGEERN FYs View Modules Simulation Window Help
> & Face2 S [ | Tl | IR B O 7 + = il e
v & Face3 __recombination - h @ L‘éj IQ /S * [geometry [=| ||| [R ¢ o % % x =) =1 b = For ]
" % Faced ] direct | » [P!’UJECIS U *] 5| Start % | Geometry X | dd_drain_contact 0_gate_contact 0_msh X (o] (v][=] [dd_dram_cumact_ojata_c . xl
2
" Faces £ || Geometries ¥ Properties
- Input S || geometry_mesh Mame
» B Result __electrons mobi |&l] geometry Extension
Face1 All Files
madel > () Face2 ; File Size
» Q; Face3 — eDens”y Modification Time
> & Facad 1.900+019
lowfield medel | & b oo
Input
Results

holes mobility 1

model

low field mode

thermoelectric

Output

EURO TMCS |

2 output_IVchar
ih| dd_drain_contact_0.05_gate_
il dd_drain_contact_0.15_gate_
il dd_drain_contact 0.1_gate_c
il dd_drain_contact_025_gate_
ilh| dd_drain_contact_02_gate_c
ilh| dd_drain_contact_035_gate_
ilh| dd_drain_contact_03_gate_c
ih| dd_drain_contact_0.45_gate_
ih| dd_drain_contact_0.4_gate_c
ih| dd_drain_contact_0.55_gate_
ih| dd_drain_contact_0.5_gate_c
ih| dd_drain_contact_0.65_gate_
il dd_drain_contact_0.6_gate_c
il dd_drain_contact 0.75_gate_
il dd_drain_contact 0.7_gate_c
ili| dd_drain_contact_0.85_gate_
ilh| dd_drain_contact_08_gate_c

1.42e+019

9.49e+018

4.75e+018

dd_drain_contact_0_gate_co... 9

dd_drain_contact_095_gate_

dd_drain_contact_0.9 [Output

28t January 2015

-1
£d

tiberCAD 11



TiberCAD input file - Modules

Module elasticity
{
name = strain
regions = all
plot = (  Strain, Stress, Displacement)

Solver {
preconditioner = lu
method = pconly

Physics {
body force lattice_mismatch {
reference_material = GaN

Contact substrate { type = clamp}
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Drift-Diffusion
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Drift-Diffusion equations

¢ Consider only M©® and M® | assuming carriers in thermal equilibrium (T,=T,)
¢ Assume term (ubu) is negligible
¢ Define mobility and diffusivity: m=qt/m* and D=kgT, niq

Current equations
J., =qnmF +qD,bn
J, =qnmF - qDb,bp

Continuity equations

un 1.
—=-DbA, +G- R
MU G

1 .
P Zp@, +G-R
utgq

+
Poisson equation: F=- &

DdgebV)=-q(p- n+Ny- N,)
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Mobility models

key parameter: /17— n(F T,Np, NA,...)
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Generation-Recombinations

Shockley-Read-Hall (SRH) recombination (non-radiative)

pn- n?
|:\>SRH
t, 8n+n ex % N p+n expaeiaﬂ
Radiative recombination
Re =C(pn- ?)

Auger recombination (non-radiative)

R, =D,(pn?- n?)+ D, (np? - pry))

Impact ionization generation (hot-carriers)

J J e °Fcr|t ~bn,pg
G, :ann+app an,p(F) a, ,expe %Lg u
q q 8 ¢ F 2 H

Photoabsorption generation

Gy :a‘E‘Z
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Thermionic Injection

L

Special case for organics

\ Injection models

7z

Electron energy barrier I

$ Hole energy barrier
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F. Santoni, A. Gagliardi, M. auf der Maur, A. Di Carlo, Organic Electronics 15 (2014) 15571 1570
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Elasticity and Strain Module
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Physical Models: Strain in heterostructures

External mechanical forces can be included as boundary conditions
We can calculate shape deformation and piezoelectric effect B =§ ;&
Converse piezoelectric effect can be included S =-€ E

Thermal stress can be included ¢, =-a,(T- T))

Several boundary conditions: substrate, plane, free
TN

O O
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Grid deformations
Povolotskyi-Di Carlo, JAP 100, 063514 (2006)

define shape Free-standing AIGaN/GaN
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Piezoelectric sensors in InGaAs
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Piezoresistivity for the AlGaAs/InGaAs/GaAs
structure. Gate voltage is 0 V.

@ L.J EURO TMCS | 28t January 2015 tiberCAD 21



Deformations and compressive stress

Piezoelectric nanogenerators
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Quantum States
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Quantum Models: k@
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Envelope Function Approx

k(@ Hamiltonian generalizes single band dispersions

Lvi(r)>=é\une(r)> f(r) <—— Envelope function
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InAs Qdots
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Energy/Position Multiscale

Energy Drift-Diffusion Transport
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InGaAs Quantum wire: overlap scheme

electrons

embracing

— electrons !
— holes b1

tos - ] o
—F—1 B Self-consistent densities
1 atVb =13V

K.P quantum model

EURO TMCS| 28t January 2015 tiberCAD 28



Embracing technique

TiberCAD includes a technigue for mixing classical and quantum density,
acting as a quantum correction to drift-diffusion calculation

Electron density

'105*
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T | | T | T T
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Embracing region where classical and
guantum charge are mixed.

[_—

The mixing parmeter is solution of a
Laplace equation with Dirichelet boundary
conditions 0.0 and 1.0
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Alternative: Quantum+Classical
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InP dots for gas sensing

AFM image:

Realistic dot

r
. 0,0005

Closely cupled dots
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Electron states

Hole states
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Comparisons between dots

homo-nuclear dots
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Shape and alloy effects in Qdot system
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Lateral coupling via strain

Impact of lateral coupling given mainly by strain field (continuum and k*p 3D
model): shift of the spectrum of the central dot of about 90meV
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Current densities

electron current density Hole current density
{oet1? Pev20
1]e+]6 -1 e+'|6
He+12 |
467561

5.66e+8

Increasing electron current density with electron-rich layer
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