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ABSTRACT

We present here the results of the calculations of photofield emission current. Free electron poten-

tial model was used to describe crystal potential to derive wave functions. Transfer Hamiltonian
method was app]ied for calculation of the transition probabi]ity. Photofield emission current is cal-
culated from tungsten. Variation of photoﬁe]d emission current is exp]ained from the result.
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INTRODUCTION

Photofield emission (PFE) is a technique
in which a metal is irradiated by an incident
laser radiation of photon energy (hw). Photon
energy is usually less than the work function
(¢) of the metal. The incident radiation photo-
excites the electrons to states which lie be-
tween the Fermi level and the vacuum level,
hence these electrons are confined within the
metal surface. A strong static electric field
(~10''V/m) when applied to the surface of
the metal causes the photoexcited electrons to
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tunnel through the surface potential barrier
into the vacuum region. These electrons
which are now emitted into the vacuum re-
gion constitute the measurable current called
photofield emission current (PFEC). The tran-
sition of electrons from the initial state to the
final states can be represented by matrix ele-
ment,

M :<f|A.p+ p.A||> (1)
where p is the one electron momentum vector
and A is the vector potential of the incident
radiation. A gauge is chosen in which scalar
potential ¢(,#) = 0. We considered the photo-
field emission to take place along z-axis which
isnormal to the surface.
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For the evaluation of photofield emission
current (PFEC), we need to know the initial
state wavefunction ¢, and final state wave-
function ¢ This was calculated by using free
electron model as done by Thapa ez al.! In this
paper, PFEC is calculated in the case of tung-
sten and is compared with previously pub-
lished results.?

THEORY

The transfer Hamiltonian method takes
into account the detailed electronic states of
the electrons in solid. The Hamiltonian of an
electron in one dimension is:

H=T+V,0(-2)+V (2) -eFz6(2)
Here, T is one electron kinetic energy opera-
tor, V,, the periodic metal potential, V(z) the
outside potential in the absence of field and F'
is the high static electric field. In transfer
Hamiltonian formalism, the two left and right
Hamiltonians are defined as

H =T+V,0(-2)+V(24(2)
and H, =T+V(2)8(2) —eFz0(z)

The eigen functions of left and right Hamilto-
nian H;and Hy are denoted by ¢ and y, re-
spectively. The transition matrix element
from initial to final states can now be repre-
sented by

M, =(n|-eFz8(z)+H |E,)
where the perturbation due to incident radia-
tion (in one dimensional) is
: d 1dA,(z
H =a,) S+ 2 AE
dz 2 dz

Considering the effect of image potential
on the transmitted electrons, the formula for
current density is given by

2
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Here, x;is the final state and ¢’EL is the ini-
tial state wavefunction of an electron. As pho-
tofield emission is a surface phenomenon, we
consider only the surface region, therefore,
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On expansion, Eq. (3) becomes
y 2me| § . e
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(4)

Photofield current j(E) can be calculated

by evaluating the above integrals by writing
FORTRAN programme.

RESULTS AND DISCUSSIONS
We discuss here the results of PFEC in the

case of metal tungsten, for which the follow-
ing data are used to carry out the calculation:

Surface Width (d) = 5.892 4
Initial state energy (E)) = 2.148 ¢V
Potential barrier height (V) = 15 eV
Work function (@) = 4.928 ¢V
Fermi energy (Er) = 10.06 eV
Scattering factor () = 0.35

In Figure 1, the plot of the variation of
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Figure 1. Plot of photofield emission current
(PFEC) against applied field F (in the units of
10! / applied field (V/m)) for values of photon
energy hw = 1.96 eV. Initial state energy E; = 1
eV below Fermi level (Ef = 0.0)

PFEC as a function of applied field for 1.96
eV photon energy is shown. It is seen from
the plot that as the values of applied field in-
creases, PFEC decreases exponentially. This
observation had been also measured experi-
mentally by Radon er al.> However, they have
simply observed only decrease in PFEC, but
exponential decrease was not seen.

In Figure 2, the plot of PFEC as a function
of incident photon energy is shown. It is ob-
served that PFEC is more or less remains con-
stant for all values of photon energies. This is
due to the reasons that matrix element does
not change for all values of photon energies.
Similar features have also been observed by
Schwartz and Schaich* in the case of matrix
element for transition.

CONCLUSION

From the result of PFEC as a function of
applied field and photon energy, it is seen that
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Figure 2. Plot of photofield emission current
(PFEC) against photon energy and the applied
field F = 3.08 X 10! V/m.

the model developed could explain the varia-
tion of PFEC as obtained by Thapa and Das.?
It also confirmed that PFEC varies exponen-
tially and there is no oscillations in PFEC as
observed earlier.* However, there are certain
drawbacks in the model used. For example,
the vector potential had been deduced with-
out inclusion of the effect of high static field
that is used in photofield emission.’ Further
perturbation effect should be included appro-
priately with initial conditions. However, the
model developed is explaining to some extent
the features associated in photofield emission
that were observed previously by Gao and
Reifenberger.?
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