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MATLAB codes for

Lectures on Quantum Transport

1. Nanodevices and Maxwell’s demon

2. Electrical Resistance: A Bottom-up View

3. Are electrons waves or particles?

4. Do electrons interact?
MATLAB codes for Lecture3

3. Are Electrons Waves or Particles
% 3A. NEGF for coherent transport

clear all

% Input parameters

kT=0.0025;

%Hamiltonian matrix

ep1=0.5;ep2=0.5;t=0.025;

T=[ep1 t;


t ep2];

%T=[ep1+t 0;

%
0 ep2-t];

Np=size(T,2);

% Broadening

gI=0.1;gJ=gI;curr=2*pi*gI*gJ/(gI+gJ);

%Energy grid for Green's function method

NE=1001;E=linspace(0,1,NE);dE=E(2)-E(1);

%Transmission

for k=1:NE


sigI=(-i*0.5*gI)*[1 0;0 0];sigJ=(-i*0.5*gJ)*[0 0;0 1];


%sigI=(-i*0.5*gI*0.5)*[1 0;0 1];sigJ=(-i*0.5*gJ*0.5)*[1 0;0 1];


gamI=i*(sigI-sigI');gamJ=i*(sigJ-sigJ');



G=inv((E(k)*eye(Np))-T-sigI-sigJ);



TQ(k)=real(trace(gamI*G*gamJ*G'));



Gn=G*(gamI)*G';N11(k)=real(Gn(1,1))/(2*pi);




N22(k)=real(Gn(2,2))/(2*pi);

end

%Bias

NV=101;VV=linspace(0,1,NV);

for iV=1:NV

V=VV(iV);mu1=0;mu2=V;

f1=1./(1+exp((E-mu1)./kT));

f2=1./(1+exp((E-mu2)./kT));

II(iV)=dE*sum(TQ.*(f2-f1));

end

hold on

%h=plot(II./curr,VV,'r');

h=plot(TQ,E,'rx');

%h=plot(TQ,E,'ro');

%h=plot(N11,E,'c');

%h=plot(N22,E,'m');

set(h,'linewidth',[1.0])

set(gca,'Fontsize',[24])

%xlabel(' Current ( Normalized ) ---> ')

%ylabel(' Energy ( eV ) ---> ')

grid on

% 3B. F2inc.. NEGF for incoherent transport

clear all

% Input parameters

kT=0.0025;

%Hamiltonian matrix

ep1=0.5;ep2=0.5;t=0.025;

T=[ep1 t;


t ep2];Np=size(T,2);

% Broadening

gI=0.1;gJ=gI;D=1e-2*eye(2,2);curr=2*pi*gI*gJ/(gI+gJ);

%Energy grid

NE=1001;E=linspace(0,1,NE);dE=E(2)-E(1);

%Transmission

sigB=zeros(2,2);siginB=zeros(2,2);

for k=1:NE


sigI=(-i*0.5)*[gI 0;0 0];sigJ=(-i*0.5)*[0 0;0 gJ];


gamI=i*(sigI-sigI');gamJ=i*(sigJ-sigJ');


change=100;


while change>1e-6



G=inv((E(k)*eye(Np))-T-sigI-sigJ-sigB);



sigBnew=D.*G;



change=(sum(sum(abs(sigBnew-sigB))))/(sum(sum(abs(sigBnew+sigB))));



sigB=sigBnew;


end


change=100;


while change>1e-6



Gn=G*(gamI+siginB)*G';



siginBnew=D.*Gn;


change=(sum(sum(abs(siginBnew-siginB))))/...

(sum(sum(abs(siginBnew+siginB))));



siginB=siginBnew;


end

gamB=i*(sigB-sigB');gam=gamI+gamJ+gamB;

A=i*(G-G');

TQ(k)=real(Trace(gamJ*Gn));


N11(k)=real(Gn(1,1))/(2*pi);N22(k)=real(Gn(2,2))/(2*pi);

end

%Bias

NV=101;VV=linspace(0,1,NV);

for iV=1:NV

V=VV(iV);mu1=0;mu2=V;

f1=1./(1+exp((E-mu1)./kT));

f2=1./(1+exp((E-mu2)./kT));

II(iV)=dE*sum(TQ.*(f2-f1));

end

dE*[sum(N11) sum(N22)]

hold on

%h=plot(II./curr,VV,'b');

h=plot(TQ,E,'bo');

%h=plot(TQ,E,'ro');

%h=plot(N11,E,'c');

%h=plot(N22,E,'m');

set(h,'linewidth',[2.0])

set(gca,'Fontsize',[24])

%xlabel(' Current ( Normalized ) ---> ')

%ylabel(' Energy ( eV ) ---> ')

grid on









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































