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ภาคผนวก 
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ภาคผนวก ก. 
โปรแกรมสําหรับบอศักยสูงอนันต (infinite potential well) 
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ฟงกชันการคํานวณคาระดับพลังงานพื้นในบอศักยสูงอนันต 
 
%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  = 1e-3*e0; 
nm   = 1e-9; 
%========================================= 
Estart =  0; 
Estop  = 10*meV; 
dE     = 0.1*meV; 
 
E  = Estart:dE:Estop;          % E mush not grater than ... 
E_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); 
%========================================== 
 
V0   = 0*meV;          % voltage barrier in case infinite well V=0 
%E   =  1;         % energy level 
 
kk  = (2*m/hbar^2)*dz^2; 
 
for i=1:E_data 
%=================== initial condition for odd-parity 
    %psi0=0; 
    %psi1=1; 
%==================== initial condition for even-parity 
    psi0=1; 
    psi1=(1/2)*(kk*(V0-E(i))+2); 
 
    for j=1:z_data 
        psi2(i)=(kk*(V0-E(i))+2)*psi1-psi0; 
        psi0=psi1; 
        psi1=psi2(i); 
    end 
% fprintf('E = %15.13f meV <--->  psi(at boundary) = 
%18.15f\n',E(i)/meV,psi2(i)); 
end 
%<<<<<<<<<<<<<<<<<<<<<<<<< figure(1)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
fig1 = figure(1); 
set(fig1,'NumberTitle','off',... 
    'Name','Plot E versa Psi',... 
    'Position',[850,430,400,300]) 
plot(E/(1e-3*e0),psi2) 
axis([0 10 -1.1 1.1]) 
hold on 
plot([0 10],[0 0],'k','LineWidth',1) 
xlabel('E shooting in meV','FontName','Angsana News','fontsize',16) 
ylabel('psi at 2nd boundary','FontName','Angsana News','fontsize',16) 
 
%<<<<<<<<<<<<<<<<<<<<<<<<< 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]) 
hold 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('======================================================================') 
for i=1:E_data 
%    fprintf('E = %10.4f meV <--->  psi(at boundary) = 
%10.3f\n',E(i+1)/meV,psi2(i+1)); 
    if psi2(i)*psi2(i+1)<0 
        E1=E(i)/(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],[psi2(i) psi2(i)],':r') 
            plot([E2 E2],[-1 psi2(i+1)],':r') 
            plot([0 E2],[psi2(i+1) psi2(i+1)],':r') 
 
      break; 
    end 
end 
 
%============= Bisection method for root =============== 
 
y=bisection_infinite_1(E1,E2); 
 
disp('======================================================================') 
fprintf('\n Energy satisfy with boundary is %18.15f meV\n\n',y) 
disp('======================================================================') 
plot([y y],[-0.07 0],':') 
 
%<<<<<<<<<<<<<<<<<<<<<<<<< figure(3)>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
fig3 = figure(3); 
set(fig3,'NumberTitle','off',... 
    'Name','Plot x versa Psi ',... 
    'Position',[10,430,400,300]) 
 
psi_plot(y) 
hold on 
plot([0 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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ภาคผนวก ข. 
โปรแกรมสําหรับบอศักยสูงจํากัด (finite potential well) 
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ฟงกชันการคํานวณคาระดับพลังงานพื้นในบอศักยสูงจํากัด 
% test psi_cal_QW_3() 
% 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 = 1.054589e-34; 
m    = 9.109534e-31 ;      %mass of electron 
e0   = 1.602189e-19; 
meV = 1e-3*e0; 
nm  = 1e-9; 
potential = 100; 
eff_mass  = 2; 
%<<<<<<<<<<<<<<<<<<<<<< shoot E for wave function at boundary >>>>>>>>> 
Estart = 0; 
Estop  = 6; 
Estep  = 0.01; 
E=Estart:Estep:Estop; 
%<<<<<<<<<<<<<< loop for shooting E for wave function at boundary 
for i=1:length(E) 
    psiQW = psi_cal_QW_2(E(i),potential,eff_mass);    %function calculation 
                                        %wave fuction at boundary 
    psiE(i) = psiQW;                    % store wave function each E shoot 
end 
%<<<<<<<<<<<<<<<<<<<< fine E1 and E2 range have root >>>>>>>>>>> 
for i=1:length(E) 
    if psiE(i)*psiE(i+1) < 0 
            E1 = E(i); 
            E2 = E(i+1); 
            psiE1 = psiE(i); 
            psiE2 = psiE(i+1); 
            pointE1 = i; 
            pointE2 = i+1; 
        break; 
    end 
end 
disp(' ') 
disp('======================================================================') 
fprintf('lower energy   E1  = %10.8f   psi = %18.7f at point %10.2f\n',... 
    E1,psiE1/meV,pointE1) 
%fprintf('center point energy = %10.8f   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 %10.2f\n',... 
    E2,psiE2/meV,pointE2) 
disp('=====================================================================') 
 
%<<<<<<<<<<<<<<<<<<< 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) 
%<<<<<<<<<<<<<<<<<<< plot curve E and wave function >>>>>>>>>>>>> 
plot(E,psiE) 
hold on 
fig1 = figure(1); 
set(fig1,'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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ฟงกชันการคํานวณคาฟงกชนัคลื่นของบอศักยสูงจาํกัด 
 
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 
% 
%%%%%%%%%%%%%%%%%%%%%%% zone constant %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
hbar  = 1.054589e-34; 
m0    = 9.109534e-31 ;      %mass of electron        <<<<<<<<<<<<< input 
e0    = 1.602189e-19; 
meV   = 1e-3*e0;            % convert to milli electron_volt 
nm    = 1e-9;               % convert to nano-matre 
 
%%%%%%%%%%%%%%%%%%%%%%%% zone input %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
E = Ein*meV  ;                        %<<<<<<<<<<<<<<< input E 
 
if eff_mass == 1                   %<<<<<<<<<<<<<<< input eff_mass 
    m = 0.067*m0   ;              %<<<<< effective mass of e- in CB 
else 
    m = 0.45*m0  ;                 %<<<<< effective mass of hole in VB 
end 
 
V = potential*meV   ;                 %<<<<<<<<<<<<<<< input potential 
%<<<<<<<<<<<<<<<<< properties of potential well >>>>>>>>>>>>>>>>>>> 
%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 
    psi0=1; 
    psi1=(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 
            V0 = 0; 
        else 
            V0 = V; 
        end                 % end if_1 
        Vin(j)=V0; 
        psi2=(kk*(V0-E)+2)*psi1-psi0; 
        psi0=psi1; 
        psi1=psi2; 
        psi(j)= psi2; 
    end                     % end for loop distance 
    y = psi2; 
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ฟงกชันหารากคําตอบของบอศักยสูงจาํกดั 
 
clc 
function y = bisectionQW_1(E1, E2,potential,eff_mass) 
% this function find E 
% input E1 and E2 are energy in meV 
 
%<<<<<<<<<<<<<<<<<< constant valves >>>>>>>>>>>>>>>>>>>>>>>>>> 
hbar = 1.054589e-34; 
m0    = 9.109534e-31 ;      %mass of electron 
e0   = 1.602189e-19; 
meV = 1e-3*e0; 
nm  = 1e-9; 
%<<<<<<<<<<<<<<<<<<<< 
if eff_mass == 1                   %<<<<<<<<<<<<<<< input eff_mass 
    m = 0.067*m0   ;              %<<<<< effective mass of e- in CB 
else 
    m = 0.45*m0  ;                 %<<<<< effective mass of hole in VB 
end 
 
V = potential*meV   ;                 %<<<<<<<<<<<<<<< input 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;         %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 
    psi0=1; 
    psi1=(1/2)*(kk*(-E(i))+2); 
    for j=1:x_data 
        if x(j) < L         %if_1 check well or barrier region 
            V0 = 0; 
        else 
            V0 = V; 
        end                 % end if_1 
        psi2(i)=(kk*(V0-E(i))+2)*psi1-psi0; 
        psi0=psi1; 
        psi1=psi2(i); 
        psi2(i); 
    end 
%    fprintf('E = %10.8f meV <--->  psi(infty) = %18.15f\n',E(i)/(1e-
3*e0),psi2(i)); 
end 
plot(E/(1e-3*e0),psi2) 
 
upper_p = length(E); 
mid_p   = fix(length(E)/2); 
lower_p = 1; 
 
%========================================================================== 
Emin = E1*1e-3*e0; 
Emax = E2*1e-3*e0; 
dE1 = 1e-3*e0/10000; 
E1 = Emin:dE1:Emax; 
Ediff = (Emax - Emin)/(1e-3*e0); 
 Emax = max(E1)/(1e-3*e0); 
 Emin = min(E1)/(1e-3*e0); 
 Emid = (Emax + Emin)/2; 
 Ecal = [Emin Emid Emax]; 
 
tol = 1e-12; 
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%disp('=====================================================================') 
disp(' loop     Emax             Emin        Emax - Emin      psi(Emax)         
psi(Emid)         psi(Emin)') 
disp('======================================================================') 
for k=1:50 
if Ediff < tol          %if_1 
    break; 
else 
 
%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< bisection main >>>>>>>> 
for i=1:length(Ecal) 
    psi0=1; 
    psi1=(1/2)*(kk*(-Ecal(i)*1e-3*e0)+2); 
    for j=1:x_data 
        if x(j) < L         %if_1 check well or barrier region 
            V0 = 0; 
        else 
            V0 = V; 
        end                 % end if_1 
        psi_cal(i)=(kk*(V0-Ecal(i)*meV)+2)*psi1-psi0; 
        psi0=psi1; 
        psi1=psi_cal(i); 
        psi_cal(i); 
    end 
%   fprintf('E = %10.8f meV <--->  psi(infty) = %18.15f\n',E(i)/(1e-
3*e0),psi2(i)); 
end 
psi_cal; 
%<<<<<<<<<<<<<<<< 
    if psi_cal(1)*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 %17.7f\n',... 
    k,Emax,Emin,Ediff,psi_cal) 
end 
y = Emax; 
disp('======================================================================') 
fprintf(' Solution (energy) is %18.15f meV psi = %18.15f\n',Emax,psi_cal(3)) 
disp('======================================================================') 
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ภาคผนวก ค. 
โปรแกรมสําหรับการคํานวณหาคาการเปลี่ยนระดับพลังงาน (transition energy) 
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โปรแกรมหลักการคํานวณการเปลี่ยนระดับพลังงาน 
 
clc 
%clf 
clear all 
%<<<<<<<<<<<<<<<<<< constant valves >>>>>>>>>>>>>>>>>>>>>>>>>> 
hbar = 1.054589e-34;        % unit 
m0    = 9.109534e-31 ;      %mass of electron 
e0   = 1.602189e-19; 
meV = 1e-3*e0; 
nm  = 1e-9; 
mm  = 1e-3; 
%<<<<<<<<<<<<<<<<< properties of potential well (input) >>>>>>>>>>>>>>>>>>> 
 
well_width    = 20 ;        % in nano-metre 
barrier_width = 15;         % in nano_metre 
 
%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<  >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
L = (well_width/2)*nm;      % convert to nm 
B = barrier_width*nm; 
%<<<<<<<<<<<<<<<<<<<<<<< 
mol = 0.3 ;    %ratio of Al in AlGaAs 
%<<<<<<<<<<<<<<<<<<<<<<<<< effective mass >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
 
me1  = 0.067*m0; 
mhh1 = 0.45*m0; 
 
%<<<<<<<<<<<<<<<<<<<<<< Temperature >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Temperature = [ 12  15  20  30  40  50  60  70  80  90 ... 
               100 110 120 130 140 150 160 170 180 190 200]; 
%<<<<<<<<<<<<<<< Data from experiment (PL) >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Data_Experiment = [1.5202 1.5202 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]; 
%<<<<<<<<<<<<<<<<<<<<< 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 
 
%************* band offset of AlGaAs/GaAs SQW *************************** 
    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; 
%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 
% this for calculate energy ground state (e1 and hh1) in CB and VB 
%************ shooting find e1 and hh1 ********************** 
% 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 e1 
%   scan E for calculation psi for E1 and E2 in VB use potential VoVB 
%       bisection range [E1,E2] for hh1 
%   calculate transition energy = E_well + e1 + hh1 
% 
 
for tt = 1:length(Temperature) 
 
% function for calculate energy ground state 
    % in CB 
    e1(tt) = shootingSQW(VoCB(tt),me1,well_width,barrier_width); 
    % in VB 
    hh1(tt) = shootingSQW(VoVB(tt),mhh1,well_width,barrier_width); 
% calculate transition energy at temperature position 'tt' 
    transition_energy(tt) = e1(tt)+hh1(tt)+Ewell(tt); 
 
end 
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%********************** Show output **************************** 
disp('') 
disp('') 
disp('==================================================================') 
disp(' from Passler''s model') 
disp('==================================================================') 
disp(' T(K)  Eg_b(Passler)   Eg_w    Eg_b - Eg_w    V0_CB       V0_VB') 
disp('==================================================================') 
for t=1:length(Temperature) 
         fprintf('%4.0f    %8.5f    %8.5f    %8.5f    %8.5f    %8.5f\n',... 
             Temperature(t),Epas(t),Ewell(t),C(t),VoCB(t),VoVB(t)) 
end 
disp('==================================================================') 
disp('') 
disp('') 
disp('==================================================================') 
disp(' Transition energy calculate and expriment') 
disp('======================================================================') 
disp(' T(K)     e1          hh1      Eg(well) transition E(cal) transition 
E(Exp.)') 
disp('======================================================================') 
 
for t=1:length(Temperature) 
    fprintf('%4.0f  %10.8f  %10.8f  %10.8f  %13.10f     %8.4f  %10.6f\n',... 
            Temperature(t),e1(t),hh1(t),Ewell(t),... 
            transition_energy(t),Data_Experiment(t),... 
            transition_energy(t)-Data_Experiment(t)) 
end 
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 
% 
 
 

ฟงกชันคํานวณคาชองวางพลังงานที่ขึ้นกบัอุณหภูมิในสวนที่เปนบอ 
 
function y = Eg_well(T) 
 
y = 1.519-((5.405e-4)*(T^2))/(T+204); 

 

ฟงกชันคํานวณคาชองวางพลังงานที่ขึ้นกบัอุณหภูมิในสวนที่เปนกําแพง โดยใชแบบจําลองทาง
คณิตศาสตรของพาสเลอร 
 

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 
 
A1 = (alfa*theta)/2; 
A2 = (2*T/theta)^p; 
A3 = (1+A2)^(1/p); 
 
y = Eg - A1*(A3-1); 
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ฟงกชันสําหรับการหาคาระดับพลังงานพืน้ของบอศักยในแถบนําและแถบวาเลนซ 
 
function E_shoot=shootingSQW(potential_HI,eff_mass,w_width,b_width) 
% this function for calculate energy ground state 
% 
 
%<<<<<<<<<<<<<<<<<< constant valves >>>>>>>>>>>>>>>>>>>>>>>>>> 
hbar = 1.054589e-34;        % unit 
m    = 9.109534e-31 ;      %mass of electron 
e0   = 1.602189e-19; 
meV = 1e-3*e0; 
nm  = 1e-9; 
mm  = 1e-3; 
%<<<<<<<<<<<<<<<<<<<<<<<< >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
potential = potential_HI; 
well_width = w_width; 
barrier_width = b_width; 
%<<<<<<<<<<<<<<<<<<<<<<<< scan E in meV  >>>>>>>>>>>>>>>>>> 
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(i) = psiQW; 
 
 
end 
 
%for i = 1:length(E) 
%    fprintf(' %13.10f  %13.10f  \n',E(i),psiE(i)) 
%end 
clf 
%plot(E*meV,psiE) 
%<<<<<<<<<<<<<<<<<<<< fine E1 and E2 range have root >>>>>>>>>>> 
for i=1:length(E) 
    if psiE(i)*psiE(i+1) < 0 
        break; 
    end 
end 
    E1 = E(i); 
    E2 = E(i+1); 
    psiE1 = psiE(i); 
    psiE2 = psiE(i+1); 
 
EE = bisectionQW_tran(E1,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',... 
%        E1,E_shoot,E2,psiE1,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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ฟงกชันสําหรับการคํานวณคาฟงกชันคลื่นที่สุมคาพลังงาน (E) 
 
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; 
m0    = 9.109534e-31 ;      %mass of electron        <<<<<<<<<<<<< input 
e0    = 1.602189e-19; 
meV   = 1e-3*e0;            % convert to milli electron_volt 
eV    = e0; 
nm    = 1e-9;               % convert to nano-matre 
 
%%%%%%%%%%%%%%%%%%%%%%%% zone input %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
E = Ein*meV  ;                        %<<<<<<<<<<<<<<< input E 
 
m = eff_mass; 
 
V = potential*meV   ;                 %<<<<<<<<<<<<<<< input potential 
%<<<<<<<<<<<<<<<<< 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 
    psi0=1; 
    psi1=(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 
            V0 = 0; 
        else 
            V0 = V; 
        end                 % end if_1 
        Vin(j)=V0; 
        psi2=(kk*(V0-E)+2)*psi1-psi0; 
        psi0=psi1; 
        psi1=psi2; 
        psi(j)= psi2; 
    end                     % end for loop distance 
    y = psi2; 
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ฟงกชันสําหรับการหาคารากของคําตอบที่อยูในชวง (E1,E2) 
 
function y = bisectionQW_tran(E1, 
E2,potential,eff_mass,well_width,barrier_width) 
% this function find E 
% input E1 and E2 are energy in meV 
 
%<<<<<<<<<<<<<<<<<< constant valves >>>>>>>>>>>>>>>>>>>>>>>>>> 
hbar = 1.054589e-34; 
m0    = 9.109534e-31 ;      %mass of electron 
e0   = 1.602189e-19; 
meV = 1e-3*e0; 
nm  = 1e-9; 
%<<<<<<<<<<<<<<<<<<<< 
%******************************************************************** 
V = potential*meV;              % voltage of barrier 
m = eff_mass; 
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 
%******************************************************************** 
 
E_1=E1;         %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 
    psi0=1; 
    psi1=(1/2)*(kk*(-E(i))+2); 
    for j=1:x_data 
        if x(j) < L         %if_1 check well or barrier region 
            V0 = 0; 
        else 
            V0 = V; 
        end                 % end if_1 
        psi2(i)=(kk*(V0-E(i))+2)*psi1-psi0; 
        psi0=psi1; 
        psi1=psi2(i); 
        psi2(i); 
    end 
%    fprintf('E = %10.8f meV <--->  psi(infty) = %18.15f\n',E(i)/(1e-
3*e0),psi2(i)); 
end 
%plot(E/(1e-3*e0),psi2) 
 
upper_p = length(E); 
mid_p   = fix(length(E)/2); 
lower_p = 1; 
 
Emin = E1*meV; 
Emax = E2*meV; 
dE1 = meV/10000; 
E1 = Emin:dE1:Emax; 
Ediff = (Emax - Emin)/meV; 
 Emax = max(E1)/meV; 
 Emin = min(E1)/meV; 
 Emid = (Emax + Emin)/2; 
 Ecal = [Emin Emid Emax]; 
 
tol = 1e-15; 
 
for k=1:100 
 
%<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 
 
if Ediff < tol          %if_1 
    break; 
else 
 
%<<<<<<<<<<<<<<<<<<<<<<<<< bisection main >>>>>>>> 
 
for i=1:length(Ecal) 
    psi0=1; 
    psi1=(1/2)*(kk*(-Ecal(i)*1e-3*e0)+2); 
    for j=1:x_data 
        if x(j) < L         %if_1 check well or barrier region 
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            V0 = 0; 
        else 
            V0 = V; 
        end                 % end if_1 
        psi_cal(i)=(kk*(V0-Ecal(i)*meV)+2)*psi1-psi0; 
        psi0=psi1; 
        psi1=psi_cal(i); 
        psi_cal(i); 
    end 
%   fprintf('E = %10.8f meV <--->  psi(infty) = %18.15f\n',E(i)/(1e-
3*e0),psi2(i)); 
end 
psi_cal; 
%<<<<<<<<<<<<<<<< 
    if psi_cal(1)*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 

 

 

 

 

 

 

 

 


