8.1 Model driftu a difuze

Vyvoj modelu v Comsolu

V nasledujicim textu bude struéné uvedena tvorba modelu 1D kiemikové diody v programu COMSOL Multiphysics ve verzi 3.5. Predpoklada se zakladni znalost prace
s programem, tudiz budou uvedeny snimky dilezitych dialogi, které definuji model. Tento ptredstavuje 1D strukturu danou dota¢nim profilem identickym z obr. 8.1B.1. Jsou
implementovany rovnice (2. 15.31) a okrajové podminky pro ohmicky kontakt (¢.1A.37) a (2. 1A.41). Je pouzit SRH model rekombinace a tabulkova hodnota pohyblivosti
nosicl pii 300K. Pro praci s vytvofenym modelem ¢téte instrukce ve vrstvé C.

Dioda samotna je tvofena jednou ¢arou o soufadnicich x; =0 a xp = L = 8 um. Definice potiebnych konstant a vyrazi je uveden v obr. 8.1D.1 obr. 8.1D.2 a obr. 8.1D.3.

X Constants X
MName Expression Yalue Description

s} 1.602e-19[C] (1.602e-19)[C] Elementarni naboj -
T 300[K] 200[K] Pokojowva teplota

Kk 1.328e-23[J/K] (1.3 39_23)[m‘.kq; Boltzmannowva konstanta

epsilon0 |8.8541878176e-12 8.854188e-12 Permitivita vakua

epsilonr [11.7 11.7 Rel. permitivata kfemiku

ni 1.46el4 1.46el4 Intrinsicka koncetrace kremiku

mun 0.14[m"2 /v js] 0. 14[mzl(s-V)l Pohyblivost elektronl v kfemiku

mup 0.04[mA2 /Y 5] 0.04[m%/(5-¥1] Pohyhlivost dér v kfemiku

Dn K*T fg™mun 0.003618[m‘}sl Difuzni konstanta elektrond =
Dp K*T fog™mup 0.001034[m*/s] Difuzni konstanta dér

taun 0.1[us] (le-7)[s] Doba Zivota elektrond

taup 0.1[us] (le-7)[s] Doba Zivora dér

u qQfik™T) 38.695652[5’-1‘«/ Pomocna konstanta

L 8lum] (8e-6)[m] Délka diody

Lj 1[um] (le-6)[m] Délka prechodu

C Lifsgrt(2*logiNa/Ndiy) {32.295051e-7)[m] |Konstata Sirky Gaussowy funkce

Ya 0[v] 0[] PriloZené napéti

Ndi 1e19[1/mA3] 1e19[1/m’] ‘yrhozi koncentrace donorl

MNa 1e21[1/m"3] 10&20[1/m’] Spitkova koncentrace akceptort

MNd 1e21[1/m*3] 10e20[1/m’] $pifkova koncentrace donortl
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Obr. 8.1D.1 Nastaveni konstant

X Scalar Expressions x
Name Expression Unit Description
RSRH {cn™cp-ni®2)/(taup™(ch+ ni)+taun™(cp+ ni)) molf wyraz RSRH generace/rekombinace -
n_init |(sgrt(NA2 + 4 nij+N) /2 1/m°> |Pocateéni odhad koncentrace elektronfl _Ej
p_init|(sgrt(NA2 + 4™ ni)-N),/ 2 1/m° |Pofateéni odhad koncentrace dér
psi... |1furasinh{{n_init-p_init) /{2 ni)) [ Pocatecni odhad vestavéného potencialu
N Ndi + Nd"exp(-(()/042/2)-Na*exp(-((x-1)/0)2/2) |1jm® |Ditribuce pevného nahoje (dotaéni profil) =
-
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Obr. 8.1D.2 Nastaveni vyrazii
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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]
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[]Select by group L4 =
ok || cancel |[ sppiy\|| Help

Obr. 8.1D.3 Nastaveni integracnich proménnych

Modul Poissonovy rovnice

V této Casti si popiSeme nastaveni elektrostatického modulu. V obr. 8.1D.4 je zobrazeno nastaveni feSené rovnice nad doménou diody, kdy v zalozce Init je nastavena

hodnota psi_init.

Subdomain Settings - Poisson's Equation (poeq)

Equation

-Ve{cVpsi) = f

[ Subdomains | Groups [ Coefficients | Init | Element | Weak [ Color/Stie |

Subdomain selection PDE coefficients

1 = Coefficient Value/Expression Description
G [epsilnnO"epsiIonr | Diffusion coefficient
f |G (N-cn+cp) | Source term

[]Select by group
[v] Active in this domain

[ ok || cancel || apply || Heip

Obr. 8.1D.4 Nastaveni koeficientii Poissonovy rovnice

Na obr. 8.1D.5 je zobrazeno nastaveni okrajovych podminek bodu x; a x.
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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 Nastaveni okrajovych podminek elektrostatického modulu

Modul konvence a difiize pro elektrony

V obr. 8.1D.6 je zobrazeno nastaveni feSené rovnice nad doménou diody, kdy v zaloZce Init je nastavena hodnota 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 Nastaveni koeficientii rovnice konvence a difiize pro elektrony

Na obr. 8.1D.7 je zobrazeno nastaveni identickych okrajovych podminek bodu xj a 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 Nastaveni okrajovych podminek modulu konvence a difiize pro elektrony

Modul konvence a difiize pro diry

V obr. 8.1D.8 je zobrazeno nastaveni feSené rovnice nad doménou diody, kdy v zaloZce Init je nastavena hodnota 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

Ob|

r. 8.1D.8 Nastaveni koeficientii rovnice konvence a difiize pro diry

Na obr. 8.1D.9 je zobrazeno nastaveni identickych okrajovych podminek bodu x] a 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 Nastaveni okrajovych podminek modulu konvence a difiize pro diry

DalSsi nastaveni

Nastaveni diskretiza¢ni sit¢ je uvedeno na obr. 8.1D.10 a nastaveni feSice na obr. 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 Nastaveni hustoty diskretizacni sité

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 Nastaveni parametrického resice
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