A model calculation of photofield emission by using a simple vector
potential
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ABSTRACT

A simple model of photofield emission calculation is discussed. A spatially dependent vector po-
tential is used to evaluate the matrix element for calculating the photofield emission current den-
sity. We have presented a model in which Projection Operator method of group theory has been
applied to deduce initial state wave function ¥ for a particular surface state pertaining to a particu-
lar point group. The model will also take into account the bulk and the surface state bands of dif-
ferent symmetry and also considers the effect of variation of vector potential. We have considered
the point Ay' for which the point group is Cay Which corresponds to the surface states. By introduc-
ing the atomic orbital @ (z), the final form of initial state wavefunction is calculated.
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INTRODUCTION

Photofield emission (PFE) is a novel investi-
gative method in which a metal is irradiated by
a laser radiation of photon energy %w. Photon
energy is usually less than the workfunction (¢)
of the metal under investigation. The incident
radiation photo excites the electrons to a final
state which lies below the vacuum level; hence
these electrons are confined within the metal
surface. A strong static electric field of the or-
der of 10" V/m when applied to the surface of
the metal causes the photoexcited electrons to
tunnel through the surface potential barrier into
the vacuum region which then constitutes the
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photofield emission current (PFEC).
In PFE, in addition to transmission probabil-
ity D (W), the transition matrix element

(wilap*pAW)  gls0 plays an important role. In
this matrix element, we find that the important
ingredients are the vector potential A, initial
state wave function ¥; and final state wave
function ¥. There are several methods*”’ of de-
ducing the initial state wavefunction ¥%; and the
exactness of the model developed or used can
hence correctly interpret the results in PFE cal-
culations.

In this report, we are presenting a model for
the calculation of PFEC in which ¥; is deduced
by projection operator method of group theory.

METHODS

A p-polarised radiation of photon energy #w
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is considered to be incident on the metal sur-
face. The surface normal is defined by the z-axis
which is perpendicular to the xy-plane. The inci-
dent radiation of a laser beam causes the transi-
tion of electrons from the initial state ¥; to final
state ¥;. We consider the electron states to be
lying below the Fermi level, and final states are
states in the vacuum (detector). Therefore, the
photofield emission current density formula can
be written® as,
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and A®@ s the z-component of vector po-
tential along z-axis with frequency w, A is the
amplitude of vector potential associated with
the incident radiation, f (E-iw) is the Fermi-
Dirac distribution function. The matrix element
Msiwhen expanded in one dimension along z-
axis is given by,
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To compute the vector potential A (@ | we
will employ the dielectric model as discussed by
Thapa et al.® which takes into account the de-
pendence of vector potential not only on fre-
quency w, but also on the z-axis. Therefore, the
vector potential for the surface region (-d <z <
0) inone dimension is given by,°

AL(2) _—sing, & &
Aw(z) A T p{1+6 ta [54‘121] (3)

where p and o are constants and ¢ = f(z). In the
above equation, 6; is the angle of incident pho-
ton radiation with respect to the surface normal.

RESULTS AND DISCUSSIONS

The transmission probability D (W) in Eq. 1,
which describes the quantum mechanical trans-
mission probability that the photoexcited elec-
trons with energy
i
om

E=W+

will travel across the surface potential barrier
which is deformed by the applied electrostatic
field and the image potential barrier. Here W is
the normal component of energy E. D (W) used
in Eq. (1) is obtained by solving the Airy’s dif-
ferential equation® and is given by,
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(4)

The final state wavefunction ¥ used is the
scattering state of the step potential which is
encountered by the electron at the surface. Step
potential is defined by V,= -V, 6(z), where 6(z)
is unit function such that (z) = 1(0) forz> 0 (z
< 0). ¥; is, therefore, given by,
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and
E¢ =E +ho

In Eq. (5), the factor €™ is included on
the surface and bulk side to take into accounts
the inelastic scattering of the electrons.

To calculate the initial state wavefunction ¥,
we have assumed the crystal potential to be de-
fined by oJ-potential and represented by the
Kronig-Penney potential. The potential is peri-
odic with the periodicity of the lattice as shown
in Figure 1. In one dimension, one can write ¥
as,

v (2) :{w(2)+ Ry/"(2)

ad

z <0 (bulk &surface)

Te** z>0 (vacuum)

(6)
where ¥* (z) is the complex conjugate of ¥(z), R
is the reflection coefficient and T is the trans-
mission coefficient across the boundary plane.
Matching the wavefunction and its derivatives at
z = 0 gives the value of coefficients R and T as,

R:7;(+,uflk

o= (7)
and T:a(ij @®)
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Here p is the strength of the J-potential bar-
rier and it is assumed to be positive and u is
used as converging factor.

For W (100), surface state occurs® in the
energy band gap (A; - A"). The linear combina-
tion of atomic orbital (LCAO) representation for
AVY is

1 2 2
§(3Z -r ) where rr=x*+y*+12° .

We have, therefore, considered the point A;'
for which the point group is C4,. The basis func-
tion for the C,4, point group corresponding to W
(100) surface state by using projection operator
formula®! is given by,

p= LP PTY
Pom ; Zr (), P(T) (1)

Here |, is the dimension of the unitary irre-
ducible representation of the group G, g is order
of Gand Z is the summation over all the trans-
formation T of G.

Now introducing the atomic orbital @ (2),
which includes the basis function derived by
projection operator method of group theory ob-
tained from Eqg. (11), the final form of initial
state wavefunction can be represented by,

o-[qﬁ(z)e‘khr R<D*(z)e““], 2<0 12)

Te #, >0

The initial state wavefunction given by Eq.
(12) can be used in conjunction with final state
wavefunction ¥; given by Eq. (5) and vector
potential A, (z) of Eq. (3), to calculate photo-
field emission current given by Eq. (1).

CONCLUSIONS

A model photofield emission calculation has
been presented in the context of a periodic type
Kronig-Penny potential model which considers
the band state of the electron. PFE calculation
by using a free electron model as used by Gao
and Reifenberger'® and also by Thapa et al.®in
the case of W is not a fitting type of potential as
W is a strongly bonded metal. Further, they have
considered the free electron approximation in
which the bulk crystal potential is empty. Also

___________ E Vo

(v)

Figure 1. Schematic representation of Kronig-Penney
o-potential model for calculating the initial state wave
function.
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the initial state wave function describing the
band states had been used also for the surface
states especially in the expansion of matrix ele-
ment given by Eq. (3) in the case of W (100).
Here we have presented a model in which Pro-
jection Operator method of group theory has
been applied to deduce initial state wave func-
tion ¥; for a particular surface state pertaining
to a particular point group. The model which we
have presented here will also take into account
the bulk and the surface state bands of different
symmetry and also considers the effect of varia-
tion of vector potential.
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