8.1 Drift diffusion model

Developing Comsol model

In the following text is summarized the implementation of a model 1D silicon diodes in the program COMSOL Multiphysics in version 3.5. The basic knowledge of working
with the program is assumed, so we set out images of important dialogues that define the model. This model is a 1D structure of the doping profile of an identical as in fig.
8.1B.1. Are implemented equation (2. 15.51) and boundary conditions for ohmic contact (¢.1/A.37) and (2.1 A.41). SRH recombination model and table the value of mobility
carriers at 300K is used. To work with this model read the instructions in the layer C.

The diode consist of a line with the coordinates xI = 0 and x2 = L = 8 um. Definition of the necessary constants and expressions is given in fig. 8.1D.1, fig. 8.1D.2 and fig.
8.1D.3.

X Constants X
Name Expression Value Description

q 1.602e-19[C] (1.602e-19)[C] Elementary charge -
T 300[K] 200[K] Room temperature

k 1.38e-23[)/K] (1.388-23)m°-Ka/(s°-K)] |Boltzmanns constant

epsilon0 |8.8541878176e-12 8.854188e-12 Permittivity of vacuum

epsilonr |11.7 alal 7 Rel. permittivity for Si

ni 1.46el4 1.46el14 Intrinsic concentration for Si

mun 0. 14[mA2 j /5] 0. 14[mz;(s.v)| Electron mobhility for Si

mup 0.04[mA2 /v /5] 0.04[m%/(5-¥)] Hale mability for Si =
Dn KT /g™ mun 0.003618Imz}s] Electron diffusivity

Dp K*T /o mup 0.001034[m"js] Hole diffusivity

taun 0.1[us] (le-7)[s] Electron life time

taup 0.1[us] (le-7)[s] Hale life time

u q/ (K™ T) 28.695652[s°-Afim°-kg)] |Reciptrocal thermal voltage

L 8lum] (8e-6)[m] Length of diode —
Lj 1[um] (le-6)[m] Junction length

[ Lifsqrt2™logi{Na/Ndi)) (2.295051e-7)[m] Gauss width constant

Wa Ov] O[] Applied voltage

Ndi 1e19[1/mA3] 1e19[1/m’] Initial donnor concentration

MNa le21[1l/mA3] 10e2 o|1,rm’] Peak acceptor concentration

Nd 1e21[1/m*3] 10e20[1/m’] Peak donor concentration =
4| Il | »]

Ca ]
= ﬂ OK | | Cancel | l Apply I | Help I
v/

Obr. 8.1D.1 Setting of constants

X Scalar Expressions x
MName Expression Unit Description

RSRH | {cn™cp-ni~2) f{taup™{cn+ ni)+taun™{cp+ni)) mgmm’.s) RSRH generationfrecomhination term -
n_init |(sgrt{NA2+4"nij+ N)/2 1/m° Initial electron concentration =
p_init|{sgrt{iNA2 4+ 4™niy-N) /2 ;Urmj Initial hole concentration

psi... |1fuTasinh{{n_init-p_init) /(2™ ni)) [] Initial value of electric potential

M MNdi + Nd™exp(-((x)/c0n2 f2)-Na"exp{-{{x-L)jc)2... 1;mj Fixed charge distribution =
<] T ] |

el
= ok || cancer || appy || Hep |
23

Obr. 8.1D.2 Setting of expressions
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9 Boundary Integration Variables X

[‘Seurce | Destination |

Boundary selection— | Name Expression Global destination
1 - i g {ntflux_cp_cd2-ntflux_cn_cd) v -

2 V]

v

v

v

v

v

v

v

| v]

b v
[]Select by group L4 =
ok || cancel |[ sppiy\|| Help

Obr. 8.1D.3 Setting of integration variables

Module Poisson equation

In this section is described the electrostatic module. In fig. 8.1D.4 is depicted the settings of preset formula over the diode domain, where the tab /nit is set to psi_init.

<9 Subdomain Settings - Poisson's Equation (poeq) x
Equation

-Ve(cVpsi) = f

[ Subdomains | Groups [ Coefficients | Init | Element | weak | Color/Styie |

Subdomain selection PDE coefficients

1 = Coefficient Value/Expression Description
g |epsilon0*epsilonr | Diffusion coefficient
f |G (N-cn+cp) | Source term

v
[[]Select by group
Active in this domain

ok || cancer || appy || Hep

Obr. 8.1D.4 Setting of Poisson equation coefficients

The fig. 8.1D.5 shows the set of boundary conditions at points x| and xj.
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Boundary Settings - Poisson's Equation (poeq)

Equation

hepsi =r

[ Boundaries | Groups

Boundary selection
1 -~
2

[]Select by group

[] Interior boundaries

[ Coefficients | Weak | Color |

a

g
h
r

Boundary conditions

) Neumann boundary condition

® Dirichlet boundary condition
Coefficient Value/Expression

[psi_init

[ ox || cancel || appty || Heip

Boundary Settings - Poisson's Equation (poeq)

Equation

hepsi =r

[ Boundaries | Groups

Boundary selection

1
2

-~
[[]Select by group

[] Interior boundaries

[ Coefficients | Wweak [ Color |

a

g
h
r

Boundary conditions

) Neumann boundary condition

@ Dirichlet boundary condition
Coefficient Value/Expression

[va+psi_init

[ ok || cancel || appty || Heip

b)

Obr. 8.1D.5 Setting of boundary conditions of the electrostatic module

Module convention and diffusion of electrons

In fig. 8.1D.6 is depicted the preset formula over the diode domain, where the tab /nit is set to n_init.
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Subdomain Settings - Convection and Diffusion (cd)

Equation
Ve(-DVcn+cnu) = R, cn = concentration
(Subdomains | Groups |  [“en [ Init | Element | Color/Stye |
Subdomain selection Species
1 = Library material: | |vH Load...
Quantity Value/Expression Unit Description
D [Dn | m?ys Diffusion coefficient
R |-RSRH | moljgm?-s) Reaction rate
| U [munpsix | mss ¥-velocity
| Anificial Diffusion... |
[]Select by group
Active in this domain
ok || cancel || Appy || Help

Obr. 8.1D.6 Setting of convention and diffusion equations for electrons

The fig. 8.1D.7 shows identical set of boundary conditions of points x and x».

Boundary Settings - Convection and Diffusion (cd)

Equation
cn = cno
(" Boundaries | Groups |  [“en | weak Constr. | Color |
Boundary selection Boundary conditions
;- =l Boundary condition: |c°ncemraﬂon |'I
Quantity Value/Expression Unit Description
thy [n_init | molym®  Concentration
Ng mol/(m?-s) Inward flux
mé/s Diffusion coefficient
- d m Thickness
[]Select by group
[]Interior boundaries
I OK I | Cancel I | Apply | l Help

Obr. 8.1D.7 Set of boundary conditions for convention and diffusion module of electrons

Module convention and diffusion of holes

In fig. 8.1D.8 is depicted the preset formula over the diode domain, where the tab /nit is set to p_init.
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Subdomain Settings - Convection and Diffusion (cd2)

Equation

Ve(-DVcp+cpu) = R, cp = concentration

(Subdomains | Groups | [“cp [ it | Element | Color/Styfe |
Subdomain selection Species
1 = Library material: | |v|| Load...
Quantity Value/Expression Unit Description
D [Dp | m?ys Diffusion coefficient
R |-RSRH | moljgm?-s) Reaction rate
| U -mup*psix | mss ¥-velocity
| Anificial Diffusion... |
[]Select by group
Active in this domain
ok || cancel || Appy || Help

Obr. 8.1D.8 Setting of convention and diffusion equations for holes

The fig. 8.1D.9 shows identical set of boundary conditions of points x and x».

Boundary Settings - Convection and Diffusion (cd2)

Equation
CP = CPg
((Boundaries | Groups | [ cp | Weak Constr. | Color |
Boundary selection Boundary conditions
;- =l Boundary condition: |Concentration |v|
Quantity Value/Expression Unit Description
Py [p_init | molym®  Concentration
Ng mol/(m?-s) Inward flux
me/s Diffusion coefficient
- d m Thickness
[]Select by group
[] Interior boundaries
I OK I | Cancel I | Apply | l Help

Obr. 8.1D.9 Setting of boundary conditions for convention and diffusion module of holes

Other settings

Setting of discretization mesh is shown in fig. 8.1D.10 and settings of solver in fig. 8.1D.11.
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X Free Mesh Parameters

X
Global | Subdomain | Boundary |
Maximum element size: [1e-7 |
Maximum element size scaling factor: |1 |
Element growth rate; (13 |

| Reset to Defaults | | Remesh [|  meshselectea |

Obr. 8.1D.10 Setting of the density discretization mesh

X Solver Parameters
Analysis types [ General | Parametric | Stationary | Adaptive | Optimization/Sensitivity |~ Advanced |
Convection and Diffusion {cd) Parameters
[ratonary [~ | Parameter names:  [va |
Convection and Diffusion (cd2) Parameter values: [0:0.025:2 ]
|Stati0nar\/ I'I | Load Parameter Yalues From File... I
Linear system solver

[] Auto select solver Linear system solver: |Direct {UMFPACK) |v]
Solver: Preconditioner: I | |
Stationary =l

Time dependent

Parametric s

Stationary segregated -
Parametric segregated Matrix symmetry. | Automatic Ivl
Time dependent segregated

4

[] Adaptive mesh refinement
[] Optimization/Sensitivity

[_] Plot while salving

Plot Settings...

[ ok || cancer || apply || Heip

Obr. 8.1D.11 Setting of solver parameters
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