HMNANUIN

50



MARNUIN N.

o o " v o o Jd . . .
Tﬂﬁllﬂiuﬁiﬂﬁﬂﬂﬂﬁﬂﬂq\iﬂuuﬁ (infinite potential well)

51



52
J o o 1 @ [ dy L4 v
wﬂﬂ%uﬂTiﬂTuﬁﬂWﬂﬁ%ﬂUWﬁﬁﬁﬁlWuiuﬂ@ﬁﬂﬂQQ@uu@

%program for finite difference shooting method
% potential in well is zero (V0=0)

clear all

clc

clf

% define constant

hbar = 1.054589e-34;

m = 9.109534e-31 ; %mass of electron

e0 = 1.602189e-19;

meV = le-3*e0;

nm = le-9;

Estart = O;

Estop = 10*meV;

dE = 0.1*meV;

E = Estart:dE:Estop; % E mush not grater than ...
F_data=length(E);

L = 10*nm; % half width of potential well = 100e-10
dz = 0.1*nm ; % 1 angstom (A) each step

z dz:dz:L;
z_data=length(z);

VO
%E

O*meV; % voltage barrier in case infinite well V=0
1; % energy level

kk = (2*m/hbar~"2)*dz"2;

for i=1:E_data

initial condition for odd-parity

%psi0=0;
Y%psil=1;

04

initial condition for even-parity

psiO=1;
psi1=(1/2)*(kk*(VO-E(i))+2);

for j=1:z_data
psi2(i)=(kk*(VO-E(1))+2)*psil-psiO;
psiO=psil;
psil=psi2(i);
en
% FprintF("E = %15.13F meV <---> psi(at boundary) =
%13.15f\n',E(i)/meV.psi2(i));
en
YLLK LKL LKL L LLLL L L LKL L L L LS figure(l)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
figl = figure(l):;
set(figl, "NumberTitle","off",. ..
“Name*®, "Plot E versa Psi”,...
"Position",[850,430,400,300])
plot(E/(1le-3*e0),psi2)
axis([0 10 -1.1 1.1])
hold on
plot([O 10],[0 O], "k","LineWidth",1)
xlabel ("E shooting in meV","FontName”,"Angsana News","fontsize",16)
ylabel ("psi at 2nd boundary”,"FontName", "Angsana News", "fontsize",16)

YLLK LKL LKL L L L L L L LKL L L L LS figure(2)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
fig2 = figure(2);
set(fig2, "NumberTitle","off", ...

“Name®, "Plot E versa Psi zoom",...

"Position", [850,40,400,300])
plot(E/meV,psi2)
axis([0.85 1.05 -.07 .03])
holld on
xlabel (*E shooting in meV (Zoom)*, "FontName®,"Angsana News","fontsize",16)
ylabel ("psi at 2nd boundary®, "FontName®, "Angsana News", "fontsize",16)
plot([0 10].[0 0]."k"."LineWidth",1)

disp(*” D)
for i=1:E_data
% fprintf("E = %10.4F meV <---> psi(at boundary) =
%10.3F\n" ,E(i+1)/meV,psi2(i+l));
if psi2(i)*psi2(i+1)<0
E1=E(1)/(1e-3*e0);
E2=E(i+1)/(1e-3*e0);
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fprintF("\nLimit of energy for convert is E1 = %10.6F meV psi =
%18.15F\n" ,E1,psi2(i))

fprintf (" E2 = %10.6F meV psi =
%18.15F\n\n" ,E2,psi2(i+1))

plot([E1 E1],[-1 psi2(i)],":r")

plot([0 E1], [pS|2(|) psi2(i)],":r")

plot([E2 E2] [-1 p3|2(|+1)],':r')

plot([0 E2], [p5|2(|+1) psi2(i+1)],":r"

break;
end
end
Yp============= Bijsection method for root ===============
y=bisection_infinite_1(E1,E2);
disp(* D)
gpriztf('\n Energy satisfy with boundary is %18.15F meV\n\n",y) y
isp(” -

plot(ly y1,[-0.07 0],":7)

fh<<<<LLLLLLLLLLLLLLL << FiGure(3)>>>>55555555555 555555555555 5555> 555>
fig3 = flgure(3)'
set(Fig3, "NumberTitle", "off",.

"Name", "Plot x versa Psi ',---

*Position® ,[10,430,400,300])

psi_plot(y)

hold on

plot([O 1e-8],[0 0], k")

xlabel ("x distance)”,"FontName", "Angsana News","fontsize",16)
ylabel ("psi wave function®,"FontName”,"Angsana News", "fontsize",16)
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v o 1 ] @ g [ Y4 o w
WQﬂ%uﬂ1iﬂ1uﬁﬂﬁni$ﬂﬂwaﬂQﬁlﬁuiuﬂﬂﬁﬂHQQﬂWﬂﬂ
% test psi_cal_Qw_30
% psiQW = psi_cal_QW_2(Ein, potential, eff _mass)
% V.3
% this program is call function for shooting and find E1 and E2
% E1 and E2 is range that cover E that psi=0 at boundary

clf

clc

clear all

hbar = 1.054589¢e-34;

m = 9.109534e-31 ; %mass of electron
e0 = 1.602189e-19;

meV = le-3*e0;

nm = le-9;

potential = 100;

eff_mass = 2;

fh<<<<<<<<<<<<<<<<<<<<<< shoot E for wave function at boundary >>>>>>>>>

Estart = 0O;
Estop = 6;
Estep = 0.01;

E=Estart:Estep:Estop;
Yhi<<<<<<<<<<<<<< loop for shooting E for wave function at boundary
for i=1:length(E)
psiQW = psi_cal_QW_2(E(i),potential,eff_mass); %Ffunction calculation
%wave fuction at boundary
g psiE(1) = psiQWw; % store wave function each E shoot
en
fh<<<<<<<<<<<<<<<<<<<< fine E1 and E2 range have root >>>>>>>>>>>
for i=1:length(E)
if psiE(1)*psiE(i+l) < O
El = E(i);
E2 = E(i+1);
psiEl = psiE(i);
psSiE2 = psiE(i+l);

pointEl = i;
pointE2 = i+1;
break;
end
end
disp(* ")
disp(” )

fprintf("lower energy E1 = %10.8F psi = %18.7F at point %10.2A\n", ...
El,psiE1l/meV,pointEl)

%Fprintf("center point energy = %10.8Ff psi = %18.15F at point %8.2f\n",__._

% E(Fix(mid_p))/(1e-3*e0),psi2(mid_p),mid_p)

fprintf("heigher energy E2 = %10.8F psi = %18.7f at point %10.2fA\n", ...
E2,psiE2/meV,pointE2)

disp(” )

fh<<<<<<<<<<<<<<<<<<< find root of E or energy ground state >>>>>>>>>>>>>

E_ok = bisectionQW_1(E1,E2,potential,eff _mass);

fprintF("\nThis is energy level of this sample %18.15F \n",E_ok)
f<<<<<<<<<<<<<<<<<<< plot curve E and wave function >>>>>>>>>>>>>
plot(E,psiE)
hold on
figl = Ffigure(l);
set(figl, "NumberTitle","off", . _.
“Name*® , "shooting for QW well",.__.
"Position",[850,430,400,300])
xlabel ("E shooting”, "FontName" , "Angsana News", "fontsize",16)
ylabel("Wave function (\psi) ", "FontName®,"Angsana News", "fontsize",16)

plot([Estart Estop],[0 0],":r","LineWidth",2)
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function y = psi_cal_QW_2(Ein,potential ,eff_mass)

% function for calculation psi of QW structure V.2
% V.2 is no plot wave function fine only end fine

%

%

% input Ein energy for fine psi

% potential potential barrier

% eff_mass index number 1 for effective mass of electron in CB
% 2 for effective mass of hole in VB

%
90%%%%%%%%%%%%%%%%%%%%%% zone constant %%%6%%%%%%%96%6%6%%%%%%%6%%%%%%%%% % %%%%

hbar = 1.054589e-34;
mO = 9.109534e-31 ; Y%mass of electron <<<<<<<<<<<<< input
e0 = 1.602189e-19;
meV = le-3*e0; % convert to milli electron_volt
nm = le-9; % convert to nano-matre
96%%%%%%%%%%%%%%%%%%%%%%% zone Fnput %%%%6%6%%%%%%%%6%6%6%%%%%606%6%6%% %% %%%6%% % %%%%%
E = Ein*meV ; %h<<<<<<<<<<<<<<< input E
if eff_mass == 1 fh<<<<<<<<<<<<<<< input eff_mass

m = 0.067*m0 ; %<<<<< effective mass of e- in CB
else

m = 0.45*m0 ; Y%<<<<< effective mass of hole in VB
end

= potential*meV ; fh<<<<<<<<<<<<<<< input potential

fh<<<<<<<<<<<<<<<<< properties of potential well >>>>>>55555555>>>>>
%V = 10*meV; % voltage of barrier <<<<<<< input
L = 10*nm; % half-width of well
B = 20*nm; % barrier width
LB = L+B; % width of half-width and barrier from center
%***************—*—****************—*‘***********************—*—***********
dx = 0.1*nm ; % 1 angstom (A) each step
x=dx:dx:LB;

x_data=length(x);

%****************'*****************************************‘***********

kk=2*m*(dx/hbar)*(dx/hbar) ;

%***************‘*‘****************‘*‘***********************‘*‘***********

%for i=1:length(E) % for loop for E
psiO=1;
pS|1—(1/2)*(kk*(—E)+2)
for j=1:x data % for loop for distance
if X(j) <L %if_1 check well or barrier region
0.
else
VO = V;
end % end if_1
vin(j)=Vvo;
psi2=(kk*(V0-E)+2)*psil-psiO;
psiO=psil;
psil=psi2;
psi(§)= psi2;
end % end for loop distance

y = psi2;
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clc

function y = bisectionQW_1(El1, E2,potential,eff_mass)
% this function find E

% input E1 and E2 are energy in meV

fh<<<<<<<<cc<<<<<<<< constant valves >>>>>>>>555555555555>5>5>>
hbar = 1.054589e-34;

mO = 9.109534e-31 ; %mass of electron

e0 = 1.602189e-19;

meV = l1le-3*e0;

nm = le-9;

fh<<LLLLLLLLLLLLLLLLLL

if eff_mass == fh<<<<<<<<<<<<<<< input eff_mass

m = 0.067*m0 ; h<<<<< effective mass of e- in CB
else

m = 0.45*m0 ; Y%<<<<< effective mass of hole in VB
end

= potential*meV ; fh<<<<<<<<<<<<<<< ijnput potential

%********************************************************************
%V = 10*meV; % voltage of barrier
L = 10*nm; % half-width of well
B = 20*nm; % barrier width
LB = L+B; % width of half-width and barrier from center
%***************'*'************************'****************‘*‘***********
E_1=E1; Y%start point from shooting
E_2=E2; %Final point from shooting

Estart = E_1*meV; % back convert to old unit
Estop = E_2*meV;
dE = 1*meV/10000;

E = Estart:dE:Estop; % E mush not grater than ...
dx = 0.10*nm ; % 1 angstom (A) each step
x=dx:dx:LB;

x_data=length(x);
kk=2*m*(dx/hbar)*(dx/hbar) ;

for i=1:length(E) % calculation all for show curve
psiO=1;
psul (1/2)*(kk*(—E(|))+2)
for j=1:x data
if X(j) <L %if_1 check well or barrier region
= 0;
else
VO = V;
end % end if_1
p5|2(|) (kk*(VO-E(1))+2)*psil-psiO;
psiO=psil;
psil=psi2(i);
psi2(i);
end
% fprintf("E = %10.8F meV <---> psi(infty) = %18.15A\n" ,E(i)/(le-
3*30).psi2(i));
en

plot(E/(1e-3*e0),psi2)

length(E

upper_p ©E);
flx(length(E)/2)

mid_p
lower_p

04

Emin = El*1le-3*e0;
Emax = E2*1le-3*e0;
dE1 = 1e-3*e0/10000;
E1l = Emin:dEl:Emax;

Ediff = (Emax - Emin)/(1le-3*e0);
Emax = max(El1)/(1le-3*e0);

Emin = min(El1)/(1e-3*e0);

Emid = (Emax + Emin)/2;

Ecal = [Emin Emid Emax];

tol = le-12;
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wdisp(” D)
disp(® loop Emax Emin Emax - Emin psi(Emax)
psi(Emid) psi(Emin)*)
disp(C" D)
for k=1:50
if Ediff < tol %if_1

break;
else

Jh<<<<<LKLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL<<L<<< bisection main >>>>>>>>
for i1=1:length(Ecal)

psiO=1;

sul—(1/2)*(kk*(—EcaI(|)*1e 3*e0)+2);

for j=1:x data

if X(j) <L %if_1 check well or barrier region
0.
else
VO = V;
end % end if_1
psi_cal (i1)=(kk*(VO-Ecal (i)*meV)+2)*psil-psiO;
psiO=psil;

psil=psi_cal(i);
psi_cal(i):

end
% FprintfF("E = %10.8F meV <---> psi(infty) = %18.15f\n",E(i)/(1le-
3*e0),psi2(i));
end
psi_cal;
Jh<<<<<LLLLLLLLLL<L
if psi_cal(Q)*psi_cal(2) <= 0
Emax = Emid;
Emin = Emin;
else
Emin = Emid;
Emax = Emax;
end
Emid = (Emax + Emin)/2;
Ecal = [Emin Emid Emax];

Ediff = Emax-Emin;
end %end if_1

fprintf(" %3.0F %15.12F %15.12F %15.7F %15.7F %17.7F %17.7A\n",...
k,Emax,Emin,Ediff,psi_cal)
end
y = Emax;
disp(”
gpriztf(' Solution (energy) is %18.15F meV psi = %18.15F\n",Emax,psi_cal(3)) y
isp(” -
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Tsupsumanmsmuiamsnasussaunaaany

clc

%clf

clear all

fh<<<<<<<<<<<<<<<<<< constant valves >>>>>5>5>5>5555555555555555>>
hbar = 1.054589e-34; % unit

mO = 9.109534e-31 ; %mass of electron

el = 1.602189e-19;

meV = le-3*e0;

nm = le-9;

mm = le-3;

fh<<<<<<<<<<<<<<<<< properties of potential well (Input) >>>>55555555555>>>>
well_width =20 ; % in nano-metre

barrier_width = 15; % in nano_metre

Ih<< <LK KLLKLLLLLKLLKLLLLKLLLLKLLLL  SOSOOOOOOOSSSOSSOSSSS5S55S5S5555555555555>
L = (well_width/2)*nm; % convert to nm

B = barrier_width*nm;

Jh<< <LK LLLLLLLLLLLLLLLLLL

mol = 0.3 ; %ratio of Al in AlGaAs

Ih<<<<<<<<KKKL KKK effective mass >>>>>>5>>>>>>>5>>>>>>>5>>>>>>>>>

mel
mhh1

0.067*mO;
0.45*m0;

Yh<<<<LLLLLLLLLLLLLLLL<L Temperature >>>>5>>5>>>55555555 5555555555555 555>
Temperature = [ 12 15 20 30 40 50 60 70 80 90 ...
100 110 120 130 140 150 160 170 180 190 200];
Ji<<<<<<<<<<<<<<< Data from exper|ment (PL) >>>5>>5>3>5>553535535555555>5>>5>>
5202

Data_Experiment = [1.5202 1. 1.5202. ..
1.5192 1.5192 1.5183...
1.5165 1.5146 1.5128...
1.5110 1.5082 1.5055. ..
1.5037 1.5009 1.4973...
1.4937 1.4902 1.4866. ..
1.4822 1.4787 1.4743];

fh<<<<<<<<<<<<<<<<<<<<< calculation potential in CB and VB >>>>>>>>>>>>>>>>>
for t=1:length(Temperature) % loop_T

DAEX(t) = Data_Experiment(t);

T = Temperature(t);

Ewell(t) = Eg_well(T);

Epas(t) = passler(mol,T);

C(t) = Epas(t)-Ewell(t): % potential of CB+VB

VoCB(t) = C(t)*0.6; % potential in CB
VoVB(t) = C(t)*0.4; % potential in VB
end % end calculation potential in CB and VB

potential_high(:,1)=VoCB;

potential_high(:,2)=VoVB;

potential_high;

h<< <LK LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
% this for calculate energy ground state (el and hhl) in CB and VB
%************ ShOOt i ng fi nd e 1 and hh 1 Fedede Fe de de de Jo de dedede de do de e de ke dede Fe ke

% calculation psi each T (loop T)

% scan E for calculation psi for E1 and E2 in CB use potential VoCB

% bisection range [E1,E2] for el

% scan E for calculation psi for E1 and E2 in VB use potential VoVB
% bisection range [E1,E2] for hhl

% calculate transition energy = E_well + el + hhl

%

for tt = 1:length(Temperature)

% function for calculate energy ground state
% in CB
el(tt) = shootingSQW(VoCB(tt),mel,well_width,barrier_width);
% in VB
hh1(tt) = shootingSQW(VoVB(tt) .mhhl,well_width, barrier_width);
% calculate transition energy at temperature position "tt"
transition_energy(tt) = el(tt)+hhl(tt)+Ewell(tt);

end



disp(™)

disp(™")

disp(” )

disp(™ from Passler”"s model™)
snC"

disp
gispg' T(K) Eg_b(Passler) Eg w Eg_b - Eg_ w VO_CB VO_VB™)
isp(”
for t=1:length(Temperature)
fprintf("%4.0F %8.5F %8.5F %8.5F %8 .5F %8.5F\n", ...
g Temperature(t) ,Epas(t),Ewell(t),C(t),VoCB(t),VoVB(t))
en

disp(” D)
disp(™)
disp(™")
disp(” D)
gispg' Transition energy calculate and expriment*®)

isp(”
disp(" T(K) el hh1 Eg(well) transition E(cal) transition

for t=1:length(Temperature)
fprintf("%4.0f %10.8F %10.8F %10.8F %13.10F %8.4F %10.6FA\n",...
Temperature(t),el(t),hhl1(t) ,Ewell(t), - - -
transition_energy(t),Data_Experiment(t),...
J transition_energy(t)-Data_Experiment(t))
en
disp(”
plot(Temperature, transition_energy, "k" ,Temperature,DAEX, "k-.")
xlabel ("Temperature (K)","FontName", "Angsana News","fontsize",16)
ylabel ("Transition energy(eV)", "FontName*", "Angsana News", "fontsize",16)
legend("Calculation”, "Expriment*®);
%

% end main for calcualtion transition energy
%

v
%

Jo o R v [ ! a 1 { @ '
Wendudnnumsesiandsundunugurgi ludiuinilule

function y = Eg_well(T)
y = 1.519-((5-405e-4)*(T"2))/(T+204);

9
%

dou o N ' o { a ' { ° °
landusunumsesieandsnuniuiuguugiiludunduiwms Taeldunudiaseams

ABAFNAAS VOINEIADST

function y=passler(mol,T)

x = mol;

p = 3.5;

Eg = 1.517 + 1.23*x; % In eV

alfa = (4.9 + 0.7*x + 3.7*x"2)*1e-4; % in eV/K
theta = 202 + 5*x + 260*x"2; % in K
Al = (alfa*theta)/2;

A2 = (2*T/theta)”p;

A3 = (1+A2)~(1/p);

y = Eg - A1*(A3-1);
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function E_shoot=shootingSQW(potential_HIl,eff_mass,w_width,b_width)
% this function for calculate energy ground state
%

fh<<<<<<<<<<<<<<<<<< constant valves >>>>>>>555555555555555>5>>

hbar = 1.054589e-34; % unit

m = 9.109534e-31 ; %mass of electron
e0 = 1.602189e-19;

meV = l1e-3*e0;

nm = le-9;

mm = l1le-3;

Ph<<<KKKKKKKKKKKKKKKKKKKKKS SESOSSOSSSSSSSSSSSSSSSSSSSSSSSSS>S>>>
potential = potential_HI;

well_width = w_width;

barrier_width = b_width;

0h<<<<<IKLLKLLLLLLLLLLLLLLLL scan E in meVv  >>>5555555555555>>>
E_start = 0;

E_stop 6:

E_step 0.01;

E = E_start:E_step:E_stop;

for i = 1:length(E)

psiQW = psi_cal_QW_transition_1(E(i),potential...
,eff_mass,well_width,barrier_width);
psiE(1) = psiQWw;

end

%for i = 1:length(E)
% fprintf(" %13.10F %13.10F \n",E(i),psiE(i))
%end
clf
Y%plot(E*meV,psiE)
fh<<<<<<<<<<<<<<<<<<<< fine El1l and E2 range have root >>>>>>>>>>>
for i=1:length(E)
if psiE(1)*psiE(i+l) < O

break;
end
end
El = E(i);
E2 = E(i+1);
psiEl = psiE(i);
psiE2 = psiE(i+l);
W,

EE = bisectionQW_tran(El,E2,potential_HI, ...

eff_mass.,well_width,barrier_width);
E_shoot = EE*mm; %convert from meV to eV
%FprintF("%8.5F %13.10F %8.5F %13.10F %13.10F \n",...
% E1l,E_shoot,E2,psiEl,psiE2)

% bisection method for root
% E_bi = bisection
% E_shoot = E_bi % send to output

%E_ok = bisectionQW_1(E1,E2,potential,eff _mass);
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WQﬂWUﬁ1W3UﬂWﬁﬂWHjmﬂ1WQﬂWUﬂaUﬂﬁNﬂWWﬁQQTH(E)

q

function y =

psi_cal_QW_transition_1(Ein,potential ,eff_mass,well_width,barrier_width)
% function for calculation psi of QW structure V.2

% V.2 is no plot wave function fine only end fine

%

%

% input Ein energy for fine psi

% potential potential barrier

% eff_mass index number 1 for effective mass of electron in CB
% 2 for effective mass of hole in VB

%
%%%%%%%%%%%%%%%%%%%%%%% zone constant %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

hbar = 1.054589e-34;

mO = 9.109534e-31 ; %mass of electron <<<<<K<<<K<<<<< Tnput
e0 = 1.602189e-19;

meV = le-3*e0; % convert to milli electron_volt

ev = e0;

nm = le-9; % convert to nano-matre
9%%%%%%%%%%%%%%%%%%%%%%% zone Fnput %%%%6%6%6%%%%%%%6%6%6%%%%%606%6%6%%%%%%%6%%% % %% %%
E = Ein*meV ; fh<<<<<<<<<<<<<<< input E

m = eff_mass;

V = potential*meV ; fh<<<<<<<<<<<<<<< input potential
fhi<<<<<<<<<<<<<<<<< properties of potential well >>>>>>>>>>>>>>>>>>>

L = (well_width/2)*nm; % half-width of well

B = barrier_width*nm; % barrier width

LB = L+B; % width of half-width and barrier from center
%***************-*-****************—************************—*—***********

dx = 0.1*nm ; % 1 angstom (A) each step

x=dx:dx:LB;

x_data=length(x);

%;***************'*****************************************‘***********

kk=2*m*(dx/hbar)*(dx/hbar) ;

%***************‘*‘****************‘*‘***********************‘*‘***********

%for i=1:length(E) % for loop for E
psiO=1;
psil=(1/2)*(kk*(-E)+2);
for j=1:x data % for loop for distance
if xg) <L %if_1 check well or barrier region
VO = 0;
else
VO = V;
end % end if_1
vVin(j)=Vvo;
psi2=(kk*(V0-E)+2)*psil-psiO;
psiO=psil;
psil=psi2;
psi(§)= psi2;
end % end for loop distance

y = psi2;
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function y = bisectionQW_tran(E1l,

E2,potential ,eff_mass,well_width,barrier_width)
% this function find E

% input E1 and E2 are energy in meV

fh<<<<<<<<cc<<<<<<<< constant valves >>>>>>>>555555555555>5>5>>

hbar = 1.054589e-34;

mO = 9.109534e-31 ; %mass of electron

e0 = 1.602189e-19;

meV = l1le-3*e0;

nm = le-9;

fh<<LLLLLLLLLLLLLLLLLL
%***************‘*‘************************‘****************'*'***********

V = potential*meV; % voltage of barrier

m = eff_mass;

L = (weTl_width/2)*nm; % half-width of well

B = barrier_width*nm; % barrier width

LB = L+B; % width of half-width and barrier from center
%***************'*'****************'*‘*******'****************‘*‘***********
E_1=E1; Y%start point from shooting

E_2=E2; %Final point from shooting

Estart = E_1*meV; % back convert to old unit

Estop = E_2*meV;

dE = 1*meV/10000;

E = Estart:dE:Estop; % E mush not grater than ...

dx = 0.10*nm ; % 1 angstom (A) each step

x=dx:dx:LB;

x_data=length(x);
kk=2*m*(dx/hbar)*(dx/hbar) ;

for i=1:length(E) % calculation all for show curve
psiO=1;
psil1=(1/2)*(kk*(-E(i))+2);
for j=1:x_data

if X(j) <L %if_1 check well or barrier region
= 0;

else

VO = V;
end % end if_1

p5|2(|) (kk*(VO-E(1))+2)*psil-psiO;

psiO=psil;

psil=psi2(i);

psi2(i);

end

% fprintf("E = %10.8F meV <---> psi(infty) = %18.15A\n" ,E(i)/(le-
3*e0) pS|2(|))

%plot(E/(le 3*e0),psi2)

upper_p = length(E);
mid_p = fix(length(E)/2);
lower_p = 1;

Emin = El*meV;
Emax = E2*meV;
dE1 = meV/10000;
E1l = Emin:dEl:Emax;

Ediff = (Emax - Emin)/meV;
Emax = max(El)/meV;

Emin = min(E1)/meV;

Emid = (Emax + Emin)/2;
Ecal = [Emin Emid Emax];

tol = le-15;
for k=1:100
§h<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

if Ediff < tol %if_1
break;
else

%P<<LLLLLLLLLLLLLLLLL LKL bisection main >>>>>>>>

for i=1:length(Ecal)
psiO=1;
psil=(1/2)*(kk*(-Ecal (i)*1e-3*e0)+2);
for j=1:x_data
if x(g) <L %if_1 check well or barrier region
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VO = 0
else
VO = V;
end % end if_1
psi_cal (i)=(kk*(V0-Ecal (i)*meV)+2)*psil-psiO;
psiO=psil;

psil=psi_cal(i):
psi_cal(1);

end
%  FprintfF("E = %10.8F meV <---> psi(infty) = %18.15f\n" ,E(i)/(1le-
3*e0),psi2(1));
end
psi_cal;
Jp<<<<<<<<L<LL LKL
if psi_cal(Q)*psi_cal(2) <= 0
Emax = Emid;
Emin = Emin;
else
Emin = Emid;
Emax = Emax;
end
Emid = (Emax + Emin)/2;
Ecal = [Emin Emid Emax];

Ediff = Emax-Emin;
end %end if_1

%Fprintf(" %3.0F %15.12F %15.12F %15.12F %15.12F %18.12F %18.12F\n",...
% k,Emax,Emin,Ediff,psi_cal)

%end

y = Emax;

end
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