www.sciencevision.info

Research Note

Sei Vis 11 (2), 96-101
April-June, 2011
ISSN (print) 0975-6175
ISSN (online) 2229-6026

A simple study of surface effect in photoassisted field emission by
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ABSTRACT

We present here a model calculation of photoassisted field emission current (PFEC) from tungsten.
Transfer Hamiltonian method was used for calculating the transition probability. Matrix element for
the transition probability was calculated by using the wavefunctions which are deduced by applying

the Kronig-Penney potential model.
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INTRODUCTION

Photoassisted field emission is a technique
in which a metal is irradiated by an incident
laser radiation of photon energy (). Photon
energy is usually less than the work function
(2) of the metal. The incident radiation photo-
excites the electrons to states which lies 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 surrounding vacuum. These electrons
which are now emitted into the vacuum re-
gion constitute the measurable current called
photoassisted field emission current (PFEC).
For the evaluation of PFEC, the initial state
wavefunction as deduced Thapa and Kar! by
using the Kronig-Penney potential model will
be used. Dielectric model proposed by Bagchi
and Kar? is used for obtaining the vector po-
tential of interest. Calculated PFEC results is
compared with the others theoretical and ex-
perimental results.®*

THEORY

A p-polarized radiation of photon energy
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hw is incident on an electron lying at energy
E; below the Fermi level (Fig. 1). This inci-
dent radiation usually a laser beam causes the
transition of electron from the initial state w;
to the final state ws. As this electron still lies
below the vacuum level, a high electric field
will now cause the electron to be transmitted
through the potential barrier to vacuum re-
gion thereby causing photoassisted field emis-
sion. This happens as the high static field
causes the reduction of the work function of
the metal causing Schottky effect which
brings in the image rounded barrier (IRB).
This will reduce the height of the step poten-
tial and the work function at the surface as
shown in Figure 1, thereby causing tunneling
of electrons easier.

The photoassisted field emission current
density formula by using Transfer Hamilto-
nian method is given by

% =22 |(n|-eF20() | E.)f DW)5
(E.~E.)S(E-E)f(E) (1)

where, D(W) is the transmission probability
between the two states H, and Hg, and
|(n|—eFzO(z)| E.)| is the matrix element due
to the transition from (initial to final state) left
to right Hamiltonian. f(E.) is the Fermi-Dirac
distribution function, the energy of photoex-
cited electrons #2k>
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Due to the incident laser radiation, the pertur-
bation term in Eq. (1) is changed to
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here, y, = wave function of an electron in the
final state y and, v = wave function of an
electron in the initial state ;.

Initial state wave function y; is obtained by
solving the Schrodinger’s in the surface region
of the metal for which the one dimensional
Kronig-Penny potential is used. A,(z) is the
one dimensional vector potential of the inci-
dent radiation. We are considering the
photoassisted field emission to take place
along z-axis which is normal to the surface.

As shown in Figure 1, the effective poten-
tial is given by 2

V(z)=V, —eFz——

4z

where V, is the height of the potential barrier,
F is the applied high electric field and i

47
is the image potential.

Initial state wavefunction yw; will be the
one deduced by Thapa and Kar* by using the
Kronig-Penney potential model. This is given
in one dimension as
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Imposing the boundary conditions on the
above equation gives reflection (P) and the
transmission coefficients (T) as

¥i (2)=
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Where § =—tan| —
mg

is the phase shift introduced in the transmit-
ted wave and g is the strength of the potential.
The final state wave function in one dimen-
sion is

v (2)= 1
m_1*|elaz, G-k e 19| 750

27h’q q+k;
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Here,
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where, E; =E +h0 and, V,=E, +¢

The one dimensional form of vector poten-
tial of interest used in Eq. (2) for the bulk (z <
—d), surface (—d < z < 0) and vacuum (z > 0)

1
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forz>0
regions are given by
A for z<-d
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Now, the matrix element in Eq. (2) in one
dimension is given by
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The transmission probability D(W) used in
Eqg. (1) had been calculated by Thapa and
Das,> which is given by

1
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By using the above equations in Eq. (1),
PFEC can be calculated. As all the integrals
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when expanded in Eqg. (1) cannot be solved
analytically, FORTRAN programme are writ-
ten.

RESULTS AND DISCUSSIONS

We present here the results of PFEC from
tungsten obtained by using the transfer Ham-
iltonian method. PFEC is calculated as a
function of applied high static electric field
(F), initial state energy (E;), photon energy
(hiw). We have also calculated the matrix ele-
ment as a function of photon energy. The fol-
lowing data are used for the calculations:

Initial state energy (E;) =2.1488 eV

Potential barrier height (V)= 15 eV

Work function (@) =4.928 eV
Fermi energy (Ef) =10.06 eV
Scattering factor (a) =0.35

The plot of PFEC as a function of the high
applied electric field F is shown in Figure 2
for photon energies 1.20 eV, 1.96 eV and 3.54
eV in the case of surface width 58.92 nm. For
all the photon energies, it is seen that PFEC
decreases exponentially as the applied field
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Figure 2. Plot of photofield emission current
(PFEC) against applied field F in tungsten for
photon energies 1.20 eV, 1.96 eV and 3.54 eV.
Initial state energy E; = 1 eV below Fermi level,
and angle of incidence of photon radiation is
45°, surface width = 58.92 nm.

(F) is gradually increases. We have also plot-
ted PFEC as a function of the applied field for
the same photon energies and initial state en-
ergy, but for narrow surface width (Fig. 3). In
this case, it is seen that PFEC approached
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Figure 3. Plot of photofield emission current
(PFEC) against applied field F in Tungsten for 1.2
eV, 1.96 eV and 3.54 eV photon energies for nar-
row surface width. Initial state energy Ei = 1 eV
below Fermi level, and angle of incidence of
photon radiation is 45°
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Figure 4. Plot of PFEC against initial state energy
E; below Fermi level (Er=0.0) in tungsten for
photon energies 1.20 eV, 1.96 eV and 3.54 eV.
Here value of applied field F = 3.08 x 10" V/m
and angle of incidence of photon radiation is
45°, surface width = 58.92 nm.
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Figure 5. Plot of PFEC against initial state energy
E; below Fermi level (Er =0.0) in tungsten for
photon energies 1.20 eV, 1.96 eV and 3.54 eV for
narrow surface width. Here value of applied field
F =3.08 x 10" V/m and angle of incidence of
photon radiation is 45°.

towards a maximum and then decreases with
the increase of applied field.

In Figure 4, the variation of PFEC as a
function of initial state energy is shown for
1.2 eV, 1.96 eV and 3.54 eV photon energies,
respectively. We observed here that PFEC
shows maximum peak at E; = -9 eV for all
three photon energies. However, height of
peak in PFEC for 1.2 eV of photon energy is
highest. With increase in the initial state en-
ergy, the PFEC shows no signals beyond E; =
-7 eV of initial state energy when the width of
the surface is taken at 58.92 nm. Similar fea-
tures had been also found in the experimental
results of Gao and Reifenberger.® However in
the case of a narrow surface width as shown
in Figure 5, but the position of the peak is lo-
cated at E; = -4.5 eV below the Fermi level.

In Figure 6, we show the results of PFEC
and matrix element My plotted as a function
of photon energy % which is less than the
work function g = 4.928 eV (for tungsten). We
find from the plots that both PFEC and the
matrix element shows maxima at photon en-
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Figure 6. Plot of matrix element Mg and PFEC
against photon energy in tungsten for values of
applied field F = 3.08 x 10™ V/m, initial state en-
ergy E = 1eV Fermi level. The angle of incident
photon radiation is 45 and surface width = 58.92
nm.

ergy (fiw = 3.54 eV) with the variation of pho-
ton energies.

CONCLUSION

By using the transfer Hamiltonian method
for calculating the transition probability, we
have shown here the variation of PFEC as a
function of various parameters like applied
high field, surface thickness, incident photon
energies. The variation of PFEC as a function
of applied field showed an exponential de-
crease with the increase of applied field.
These features were also observed in the case
of tungsten in which the PFEC was calculated
by using other methods like free-electron
model® and group theoretical method.” Simi-
lar behavior in PFEC was found in the experi-
mental results of Radon et al.® However, this
is also an evidence that there is no oscillations
observed in PFEC as found out experimen-
tally by Schwartz and Schaich.? We have also
done the calculations for the case of narrow
surface width by keeping all the parameters
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for tungsten are same and the results of PFEC
are shown in Figure 3. We find that with the
increase of applied field, the PFEC increases
and attain a maximum peak, after which it
decreases with the further increase of applied
field.

The calculations of PFEC as a function of
initial state energies showed occurrence of
peaks at the same initial state energy that is,
at -9.0 eV for surface width 58.92 nm (Fig. 4)
for all the photon energies. However, for the
narrow surface width (Fig. 5), the peak shifted
towards the Fermi level and occurred at -4.5
eV below the Fermi level for all the photon
energies. The indication of such shift is that
narrowing of surface width plays important
role as the contributions are mostly from elec-
trons near the Fermi level.

The behaviour of PFEC and matrix ele-
ment (My) as a function of photon energies is
very important as vector potential is included
in the formula for PFEC. This is rightly indi-
cated by the almost similar behaviour of
PFEC and M.

We find from our results that the method
of transfer Hamiltonian can also be used in
photoassisted field emission studies. The rea-
sons for this being that this approach of stud-
ies are also reproducing similar results in the
case of tungsten as were obtained by Gao and
Reifenberger.*
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