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Final project #1: Darken’s uphill diffusion

1. Theory

Problem situation

Fe Fe
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T =1323 K, t =13 days
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Final project #1: Darken’s uphill diffusion

1. Theory
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Final project #1: Darken’s uphill diffusion

1. Theory
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Final project #1: Darken’s uphill diffusion

1. Theory

o
3. Finite Difference Methods for Parabolic Problems a 02
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Final project #1: Darken’s uphill diffusion
2. Programmed code

* Description of Program
1. Info. of Program

4 H AMSE417 Final_Darken's uphill diff
o 2|4~ mo
4 O] 42 o
AMSE417 _Final_1_Default.c
AMSE417 Final 1 FDM.c
AMSE417 Final 1_main.c
AMSEA17_Final_1_properties.c

= TR e A
T oo e

o4 W
B Gilwoon.h

[
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[
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. Characteristics of Program
of ¢ 2 7I- 7|'— GFA Gt
7\|'G|'|/\|'E|' = £ 92

7P ec =
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Increment 24 20|

(setting dt=1 sec, dx=0.001 m)
txt I o 2 Tl data &
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Final project #1: Darken’s uphill diffusion
2. Programmed code

* Description of Program
3. FDM()

void FDM()

{

FILE *file;

char filename[100];
double C[100];

double C temp[100];
double Si[100];

double Si_temp[100];
double dx = 0.001;
double dt = 1;

int t = 0;

int 1, j, k, 1;

double m_Fe 55.8450;
double m _Si 28.0855;
double m C = 12.0107;
double x Fe, x Si, x C;
double wtC, wtSi;

x_Fe (95.722 / m_Fe) / ((95.722 / m_Fe) + (3.8 / m_ Si) + (0.478 / m_C));
x_Si (3.8 / m_Si) / ((95.722 / m_Fe) + (3.8 / m_Si) + (0.478 / m C));
(0.478 / m_C) / ((95.722 / m_Fe) + (3.8 / m_Si) + (0.478 / m_C));
= 0; k < 50; k++) { C[k] = x C/(x_Fe+x Si); C_temp[k] = @; Si[k] = x Si/(x_Fe+x _Si); Si_temp[k] = 0; }
(99.558 / m_Fe) / ((99.558 / m _Fe) + (©.001 / m Si) + (©0.441 / m C));
(0.001 / m_Si) / ((99.558 / m_Fe) + (©.001 / m_Si) + (0.441 / m_C));
x C=(0.441 / m_C) / ((99.558 / m_Fe) + (©.001 / m_Si) + (0.441 / m_C));
for (k = 50; k < 100; k++) { C[k] = x_C / (x_Fe + x_Si); C_temp[k] = ©; Si[k] = x_Si / (x_Fe + x_Si); Si_temp[k]
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Final project #1: Darken’s uphill diffusion
2. Programmed code

* Description of Program

j=0;

_itoa(t, filename, 10);

strcat(filename, ".txt");

file = fopen(filename, "w");

fprintf(file, "%d\n", t);

for (k = @; k < 100; k++)

{

C_temp[k] = C[k] / (1 + C[k]);

Si_temp[k] = Si[k] * (1 - C_temp[k]);

wtC = ((C_temp[k] / m Fe) / ((1 / mC) - ((1 / mC) - (1 / m_Fe))*C_temp[k])) * 100;

wtSi = m_Si*Si_ temp[k] * ((wtC / m_C) + ((160 - wtC) / m_Fe));

fprintf(file, "%f %f\n", wtC, wtSi);

}

fclose(file);

t += dt;

while (t <= 13 * (24 * 60 * 60))

{

if (t % 3600 == 0)

{

printf("%d\n", t);

}

for (k = 1; k < 99; k++)

{

C_temp[k] = C[k] + (dt / pow(dx, 2))*(sqrt(D_CC(C[k + 1], Si[k + 1])*D_cc(C[k], Si[k]))*(C[k + 1] - C[k]) - sqrt(D_CC(C[k - 1], Si[k - 1])*D_CC(C[k], Si[k]))*(C[k] - C[k -
11))

+ (dt / pow(dx, 2))*(sqrt(D_CSi(C[k + 1], Si[k + 1])*D_CSi(C[k], Si[k]))*(Si[k + 1] - Si[k]) - sqrt(D_CSi(C[k - 1], Si[k - 1])*D_CSi(C[k], Si[k]))*(Si[k] - Si[k - 17]));
Si_temp[k] = Si[k] + (dt / pow(dx, 2))*(sqrt(D_SiC(C[k + 1], Si[k + 1])*D_SiC(C[k], Si[k]))*(C[k + 1] - C[k]) - sqrt(D_SiC(C[k - 1], Si[k - 1])*D_SiC(C[k], Si[k]))*(C[k] -
Clk - 11))

+ (dt / pow(dx, 2))*(sqrt(D_SiSi(C[k + 1], Si[k + 1])*D_SiSi(C[k], Si[k]))*(Si[k + 1] - Si[k]) - sqrt(D_SiSi(C[k - 1], Si[k - 1])*D_SiSi(C[k], Si[k]))*(Si[k] - Si[k - 1]));
}
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Final project #1: Darken’s uphill diffusion
2. Programmed code

* Description of Program

; k< 99; k++) { C[k]

C_temp[k]; Si[k] = Si_temp[k]; }
4 * 60 * 60) || t = i

(24 * 60 * 60) || t == 7 * (24 * 60 * 60) || t == 10 * (24 * 60 * 60) || t == 13 * (24 * 60 * 60))

4

_itoa(( Y(t / (24 * 60 * 60)), filename, 10);
strcat(filename, ".txt");
file = fopen(filename, "w");
fprintf(file, "%d\n", t);
(k = @; k < 100; k++)
{
C_temp[k] = C[k] / (1 + C[k]);
Si_temp[k] = Si[k] * (1 - C_temp[k]);
wtC = ((C_temp[k] / m_Fe) / ((1 / m C) - ((1 / m C) - (1 / m_Fe))*C_temp[k])) * 100;
wtSi = m_Si*Si_temp[k] * ((wtC / m_C) + ((160 - wtC) / m_Fe));
fprintf(file, "%f %f\n", wtC, wtSi);
}
fclose(file);
}
t += dt;
}
}
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Final project #1: Darken’s uphill diffusion
2. Programmed code

* Description of Program

4. Gilwoon.h

#ifndef _ GILWOON H__
#define

Program_explanation();
Program_info();

FDM() ;

G _FeVa();
G _SivVa();
G _FeC();
G _Sic();

L_FeSiVva(
L_FeCVa(

0 _Fe();
0 Si();
0 ¢(

u_c(
dG_SiSi(

du_cc(
du_CSi(
du_sic(
du_SiSi(
du_FeC(
dU_FeSi(

D_cc(
D_CSi(
D_SiC(
D_SiSi(
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Final project #1: Darken’s uphill diffusion
3. Result & Conclusion

1. Diffusion simulation result
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Final project #1: Darken's uphill diffusion
3. Result & Conclusion

O
1. Diffusion simulation result
4.0 - Si concentration (wt%)- location (mm)
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Final project #1: Darken's uphill diffusion
3. Result & Conclusion

1. Diffusion simulation result
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Final project #2

STM modeling of Si with ion implantation
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Final project #2: STM modeling of Si with ion implantation

1. Theory

Aimed simulation

AMSE451 Nano Electronics pn junction: principle and its application

2. pn junction: structure Energy band in thermal Eq. state

@
- Energy band in pn junction - In Thermal Eq. state: flat Fermi state
Ty
E—E.=kTIn(—) (n—type)
.-
Py
E—E = len(?) (p— tupe)
"‘ NN
ETIn (A1) + kTIn (—2) = kT (—%2) = kTln (—2) [e V]
n! nf n-:' mn;
| | | .
X, 0 X
¢ POSTEPCH
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Final project #2: STM modeling of Si with ion implantation

1. Theory

Aimed simulation

AMSE451 Nano Electronics pn junction: principle and its application

2. pn junction: structure Energy band in thermal Eq. state
@

- Energy band in pn junction - In Thermal Eq. state: flat Fermi state

E—E.=kTln (?) (n —type)

E.—E= len(%) (p— type)

a

n n J\'T:\."
KTIn (72)+kTln(=2) = kTl (—5%) = kTl (—52) e V]

Failed

FDMA| driftollM 554
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Final project #2: STM modeling of Si with ion implantation

1. Theory

(Homework #9) (Tunneling)

Y5 & -> ARl
Diffusion - 1173 K

e
E © 0s /\ /—\\
: 100 s ——

0.041 = ‘
< | % . 200s <V
= 4 500
5 0031 =2 1000 s .
3 e ~ 1500's
g 0027 =% - 2000's
_ :.::“;};x n n
e lon implantation
0 50 100 150 200 250 300 + Diffusion (equal quantity in solid)
distance (um) + Tunneling (vacuum region in STM)
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Final project #2: STM modeling of Si with ion implantation

1. Theory

Problem situation (EAI=R| o2 BE THele SI 71 ThelA|, SI 7| Th|AI7t ofl 49 #Et5to] AL SISt

Give concentration oncel

Si . © Si Metal
(As implantation) \_

lon implantation Diffusion Tunneling Diffusion

0 89 90 99 (nm)
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Final project #2: STM modeling of Si with ion implantation

1. Theory

Diffusion Tunneling

Si S Si . Si Metal

n=10
Diffusion " Diffusion Tunneling
0 89 90 99 (hm) 89 90 (hm)
Ex~3kT = 0.0777 eV V=4eV
T =273K Ue = 1000 cm?V~1s™1 for Nd = 1023 in Si EC(Si) — ED(AS) = 0.032eV = Eb(Si) E =0.045eV
D, = kTu, (Einstein relation) (S.0.Kasap, Principles of electronic Materials and Devices)
j+1 2DeAt j | DeAt , j j KL _ ,—kLy2) 1
n{ ™= (1= 0] + 2 el i) (FOM) T POV Gl
16e(1 — ¢)

(P. Atkins, Physical Chemistry)
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Final project #2: STM modeling of Si with ion implantation
2. Programmed code

* Important codes

1. Diffusion, Tunneling

n_temp[@] = (1 - D_e*dt / dx)*n[@] + (D_e*dt / dx)*n[1];
(k = 1; k < 89; k++)

{

n_temp[k] - 2 * D_e*dt / dx)*n[k] + (D_e*dt / dx)*(n[k - 1] + n[k + 1]);
}

n_temp[89] (1 - D_e*dt / dx)*n[89] + (D_e*dt / dx)*(n[88]) - n[89] * T,
n_temp[90] n[90] + n[89] * T - n[90]* D_e*dt / dx + (D_e*dt / dx)* n[91];

(k = 91; k < 99; k++)
{
n_temp[k] - 2 * D_e*dt / dx)*n[k] + (D_e*dt / dx)*(n[k - 1] + n[k + 1]);
}
n_temp[99] = ©;
(k = 9; k < 100; k++) { n[k] = n_temp[k]; }

2. Tunneling barrier modelin : . .
9 ! 'nJ 3. lon implantation, Initial value

E = 3*KT-0.032;

Vv E + 4.0; ow (10, 23);

1; k <= 89; k++) { n[k] pow(10, 16); }
90; k < 99; k++) { n[k] pow(10, 16); }

epsilon = E / V;
kappa = sqgqrt(2 * m*(V - E)*1.6*pow(10, -19) )/ hbar;
T=1/ (1 + pow((exp(kappa*dx) - exp(-kappa*dx)), 2) / (16 * epsilon*(1 - epsilon)));
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Final project #2: STM modeling of Si with ion implantation
3. Result & Conclusion

®
1. Simulation result
= ) —0 ] - 0
24 - Electron conc. (log (m™)) - location (nm) | __op0p 24 — Electron conc. (log (m™)) - location (nm) . 2000
& TS} ——4000 1 - - 4000
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£ 20~ 10000 = 204 e < 10000
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B 187 Diffusion&Ct 22 Y =t B W
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e S
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3 12 S T 124 ° :
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0 20 40 60 80 100 0 20 40 60 80 100
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®
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Final project #2: STM modeling of Si with ion implantation
3. Result & Conclusion

1. Simulation result

In the technique of STM a sharp metal tip is brought very close ( < 10A) to a conducting

surface (Fig.l). When a bias voltage is placed across the tip — sample junction, electrons

A3 !
samrc @ O O OO OO

YYXX XX I
A XXX XXX
000000

-9 STM Current quantum mechanically tunnel across the gap and produce a measurable tunneling current
- - - (typically from 10pA to 10nA). This current has an exponential dependence on the tip —
el
n—" sample separation. resulting in atomic resolution of surface features.
-10 - [
- [ | |
N
< -11- 0-33923810 nA ' X XXX XY
SN
Tunnel
> | eoo00e (A dmm
= 00
e -12 H | ®
() R Applied
= " —— hias
= d<10A T voltage
O
=
—
w

_1 9 | ! | | | | |
0 2000 4000 6000 8000 10000

time (100 nS) http//WWWdISSfU'
berlin.de/diss/servlets/MCRFileNodeServlet/FUDISS_de
rivate_000000001253/01_chapter1.pdf?hosts=
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Final project #2: STM modeling of Si with ion implantation
4. Conclusion

®
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