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O ABSTRACT 0O

The effective mass of aluminum oxide differs when surrounded by layers of aluminum
compared to when it is formed individually due to changes in band structures, stress
effects, surface boundary conditions, charge redistributions, and quantum confinements.
These factors lead to variations in the electronic properties of aluminum oxide, including
band bending, which directly affects the effective mass. We calculated the effective mass
in aluminum oxide and plotted the current distribution as a function of field and
temperature using an elliptic function called the Fowler-Nordheim function. We
established the relationship between current distribution and temperature variation and
found the correlation that enables us to study the change in effective mass with temperature
variation.
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program effective mass
real, dimension(size) :: energy, wavevector ! Arrays for energy and wavevector data
real :: hbar, effective mass
integer, parameter :: size = 100 ! Example size of data arrays (adjust as needed)
! Assuming you have the E(k) data loaded into 'energy' and 'wavevector' arrays
! Define reduced Planck constant (can be a constant variable)
hbar = 1.05457¢-34 ! Joule*second
! Choose two data points near the band extremum (kl, k2) and their corresponding
energies (E1, E2)
k1 = wavevector(1) ! Hypothetical selection of first data point
k2 = wavevector(2) ! Hypothetical selection of second data point
El = energy(1)
E2 = energy(2)
I Calculate the second derivative using finite difference approximation
d2E dk2 =(E2 - E1) / ((k2 - k1)**2)
I' Calculate effective mass using the formula from EMT (assuming parabolic dispersion)
effective_mass = hbar**2 / d2E_dk2
print *, "Effective mass (assuming parabolic dispersion):", effective mass, "kg"
end program

program effective_mass implicit none
integer, parameter :: dp = kind(1.0d0)
real(dp), parameter :: pi = 3.141592653589793d0
real(dp), parameter :: hbar = 1.054571817d-34 ! Reduced Planck's constant in J s
real(dp), parameter :: eV_to J=1.60218d-19 ! Conversion factor from eV to J
integer :: i, n
real(dp), dimension(:), allocatable :: E, D, sqrt D
real(dp) :: m_star, sum numer, sum_denom

! Given data

n==6

allocate(E(n), D(n), sqrt_D(n))

E =[3.1d0, 3.2d0, 3.4d0, 3.7d0, 4.1d0, 4.6d0] ! Energy in eV

D =[1.5d20, 2.0d20, 3.5d20, 5.0d20, 6.5d20, 8.0d20] ! DOS in states/eV-cm?

! Convert energy to Joules
E=E*eV to J

I Calculate sqrt(D) for the linear fit
doi=1,n

sqrt_D(1) = sqrt(D(1))
end do

!' Fit the relation sqrt(D(E)) = A * sqrt(E - E_c) to find A
sum_numer = 0.0d0
sum_denom = 0.0d0
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doi=1,n
sum_numer = sum_numer + sqrt_D(i) * sqrt(E(i) - E(1))
sum_denom = sum_denom + (E(i) - E(1))

end do

! Calculate A
m_star = (sum_numer / sum_denom) ** 2 * (2 * pi**2) / (2 / hbar**2)(2/3) **

I Convert effective mass to units of electron mass (m0)
m_star =m_star / 9.10938356d-31 ! Electron rest mass in kg

print *, "Effective mass (in units of m0): ", m_star

end program
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