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An Efficient Method for Calculating Bound State Energy
Eigenvalue of Superlattice with Determinant in MATLAB

WANG Yi-feng, TANG Li-bin
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: While calculating the bound state energy eigenvalues of a superlattice, the wave functions on
both sides of the interface between a potential well and a potential barrier are extended into a set of linear
equations which can be described with a matrix equation. Then, according to the requirement that the
energy eigenvalues must satisfy the condition in which the coefficient determinant of linear equations is
equal to zero, the energy region is scanned point by point. Thus, the corresponding energy eigenvalues can
be determined with a function of the matrix determinant in MATLAB. Compared with other methods
such as iteration and transfer matrix, the method does not need more efforts in programming and is

simple in concept, convenient in operation and practical.
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C, exp(—ik,xz,) — C, exp(ik,z,) — C, exp(—ik,z,) =0
C, exp(ik,x,) + C, exp(—ik,x,) — C, exp(ik,z,) — C, exp(—ik,z,) =0

C2N—1 eXp(ikNxN) + CZN eXp(_ikNxN) - C2N+1 eXp(ikN+1xN) =0

9
—C,k, exp(—ik,x,) — C,k,r, exp(ik,x,) + C,k,r, exp(—ik,z,) =0 ©)
C,k, exp(ik,z,) — C,k, exp(—ik,z,) — C,k,r, exp(ik,x,) + C,k,r, exp(—ik,x,) =0
C2N—1kN exp(ikzvxzv) - C2N kN eXp(_ikNxN) - CZN+1kN+1rN+1 exp(ikN+1xN) =0
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Mg=1|0 -+ 0 Ekyexp(ikyxy) —kyexp(—ik,zy) —kNHrNeXp(ikNHa:N)} (18)

MIELENRE R, N TAEEHEEMRE, X Xd, o pedl., B EXMEFSE —F] pm A

(10) 1 RZEATH A M L TEFE, J eV, MiA
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det(M) = 0 (19) B==5(ev) (21)

Xt F A AN SRR, HTERK
OB — B By, Bk AR E (TR
RARXIH., MATLAB &4 det( ) 40+
WHRATHIXME, AR (19) K AR HMEUE
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TR W, BEEHAEEEAN B A, LR
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clear all; close all;

h=4.135702*1e-15; m0=>5.6935¢-30; % ¥ L # &

N=10; a=10; b=4; % # &% S H

x=zeros(1,N+1); for j=1:N if rem(j,2)==1 x(j+1)=x(j)+a; else x(j+1)=x(j)+b; end; end % 43 W x 2z
V1=0.29988; V2=0.0; % & X % fE % %

V=zeros(1,N+1); for j=1:N+1 if rem(j,2)==1 V(j)=V1; else V(j)=V2; end; end % 43 B %\ BE B&
m1=0.0657*m0; m2=0.09014*m0; % G 3 F &

m=zeros(1,N+1); for j=1:N+1 if rem(j,2)==1 m(j)=ml; else m(j)=m2; end; end % 43 it A %L &
m(1)=m0; m(N+1)=m0; r=ones(1,N+1); j=2; while j<=N+1 r(j)=m(j-1)/m(j); j=j+1; end
index=1; index1=1; counter=0; % 1% &%

k=zeros(1,N+1);

for lambda=8:0.01:12; % & iK1 X [H]

E=1.2398/lambda; for j=1:N+1 k(j)=2*pi*sqrt(2*m(j)*(E-V(j)))/h; end % i1+ i ¥ k(x)

% T TR R B M1 A M3

M1l=zeros(1,2*N); M1(1,1)=exp(-i*k(1)*x(1)); M1(1,2)=—exp(i*k(2)*x(1)); M1(1,3)=—exp(-i*k(2)*x(1));
M3=zeros(1,2*N); M3(1,2*N-2)=exp(i*k(N)*x(N)); M3(1,2*¥*N-1)=exp(—i*k(N)*x(N));
M3(1,2*N)=—exp(i*k(N+1)*x(N));

%0 N T TR R A B M4

Md4=zeros(1,2*N); M4(1,1)=-k(1)*exp(—i*k(1)*x(1));

M4(1,2)=-k(2)*r(2)*exp(i*k(2)*x(1)); M4(1,3)=k(2)*r(2)*exp(-i*k(2)*x(1));

% N I TR B M6

M6=zeros(1,2*N); M6(1,2*N-2)=k(N)*exp(i*k(N)*x(N));
M6(1,2*¥N-1)=-k(N)*exp(-i*k(N)*x(N)); M6(1,2*N)=-k(N+1)*r(N+1)*exp(i*k(N+1)*x(N));

%0 N T T EL L R 4 B M2 Fl M5

M2=zeros(N-2,2*N); Mb5=zeros(N-2,2*N);

a=1; p=1;

for n=1:N-2
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for pp=(p-+1):(p+4)
switch q

case 1; M2(n,pp)=exp

case 2; M2(n,pp

(

case 3; M2

(
=exp(

n,pp)=-€xp

(
(
end % switch %55
q=q+1;
end
a=1; p=p+2;

end

—1*k(n+1)*x(n+1

i*k(n+1)*x(n+1)); M5(n,pp)=k(n+1)*exp(i*k(n+1)*x(n+1));

; M5(0,pp) =k(n-+1)*exp(-i*k(n-+1)*x(n-+1);
i*k(n+2)*x(n+1)); M
—i*k(n+2)*x(n+1)); M5(n,pp)=k(n+2)*r(n+2)*exp(-i*k(n+2)*x(n+1));

5(n,pp)=-k(n+2)*r(n+2)*exp(i*k(n+2)*x(n+1));

M (index)=det([M1;M2;M3;M4;M5:M6]); % i+547 5] XA
if (real(M(index))==0) EigenValue(index1)=E; indexl1=index1+1; counter=counter+1; end;

index=index+1;
end

disp([" AMEE A% " num2str(counter)])
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my, =m, = --- = 0.0657Tm,

m, =m, =my =---=0.09014m,

Vi=V, =V, =---=0.29988eV

V,=V, =V, =-.-=0.0eV, a=4nm, b=10nm
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