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Abstract
potential had been used to evaluate the relcvant matrix clements.
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Inthis note, a simple study of the behavior of photocurrent data
i presented for molybdenum and copper metals in the low
photon energy range. Photocurrent is calculated by using the
volden rule formula [ 1)
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where /1" is the perturbation responsible for photoemission due
wincident radiation of frequency @. Wy >(ly, >) refers to
the il (final) state wavefunctions, £,(E ) are initial (final)
slaie energy, f(E) denotes the Fermi occupation function. We
Jie considering the photoemission Lo take place along z — axis
which 1s normal to the surface. H' can be written as
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where Ay(2)= LHG) , With AJ (z) as the component of vector

_Mlential along z-axis, A, is the amplitude of the incident beam.
We assume the z-direction to be perpendicular to the surface
Which 1s chosen as z = 0. The metal is assumed [2] to occupy all

. hace to the left of the z = 0 plane. The response of the
tectromagnetic field is bulk-like every where except in the
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We have applied the Kronig-Penney model potential to calculate photocurrent from metals Mo and Cu. Spatally dependent vector

. Photoemission, photocurrent, kromg-penny model potential

surface region defined by —g < 7 < 0. In this region, the model
dielectric function is chosen to be a local one which interpolates
linearly between the bulk value inside the metal and the vacuum
value (unity) outside. The model frequency-dependent dielectric

funcuon used for calculating Zw(;) is given by

E(w)s¢g(w)+iey(w) for 2<-a,
g0 =1+[1-e@] < for -asz<0.
a
=1 for z>0 3)

We consider [2] a p-polarised light to be incident on the
surface plane making an angle 0, with the z-axis. The vector
potential of interest Zw(:) in the long wavelength
(wal/c)- 0 is given by
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©2002 IACS


https://core.ac.uk/display/159340398?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

208

£(w) sin ZQi_
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This initial state wavefunction v, used ineq. (1) is the one
deduced by Thapa and Kar [3] by employing Kronig - Penney
potential model and had been applied to various cases [4-7].
Experimentally measured values of dielectric constants [8] were
used for calculating the photon ficlds. Photocurrent was
calculated form these metals for two valucs of the surface widths,
namely ¢ = 0 (narrow surface width) and ¢ = 10 a.u. for the same
values ol surface state energy (10.24 eV), potential barrier height
(14.99cV)and 0, =45°. Figure 1 shows the plot of photocurrent
as a function of photon cnergy ( iiw ) in the case of Mo. We find
that for ¢ = 10 a.u., a maximum in the valuc of photocurrent
occurs at hw = 10 ¢V. With the further incrcase of photon
cnergy, photocurrent decreases o aminimum value at Ao =12
¢V and shows a small hump at s = 14 meV. But for a narrow
surface width (a = ), the behavior of photocurrent is quite
different as shown in Figure 1. We do not [ind any peak for
values of photon ecnergy below and above 12 ¢V.
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Figure 1. Plot of photocurrent from Mo as a function of photon ecnergy
(eV) for narrow surface width (a = 0) (open circles) and surface width
a =10, au (tnangle)

Figure 2 shows the plot of variation of photocurrent as a
function of photon energy in the case of Cu. For the surface
width a = 10 a.u., the peak in the value of photocurrent occurs at
hw =20eV and decreases to a minimum at 26 ¢V photon energy.
A second peak is also seen in the case of Cu at s =30 eV.
Copper shows totally different behavior for the narrow surface
width (a = 0) which is evident from Figure 2.
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We find that both the metals Mo and Cu have shown ajes,
a qualitative agreement with the behavior of photocurrey;
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Figure 2. Plot of photocurrent from Cu as a function of photon cnerg:
(¢V) for narrow surface width (a =0) (open circles) apd surface widih
a =10 au (tnangle) (

indicated also by other metals like Pd*, W3, Si% ety 1n which w.
have also used the Kronig-Penney potential model. However
we see that thc model employed do not exactly reproduce the
earlier reported results. For example, in the casc of Mo, Weng o
al [9] have shown that in the casc of high lying surface st
casc, photocmission intensity which is maximum at a photon
energy of 15 eV, tends towards a minimum at 25 eV photon
cnergy followed by a hump at aw = 30 eV. It does show @
minimum in photocurrent at plasmon energy of Mo t.e. 24.d ¢V
The reasons for not exactly conforming to other modecls and the
experimentally measurcd data [ 10] may be attributed to the fact
that our model 1s a rather approximate onc. For example. 1t does
not consider the details of the band structure cffects. Also the
matrix element is mainly dependent on the variation of the vector
potential as evidenced in previous cases [4.5]. In fact. 101 the
variation of the vector potential which mainly modulates ihe
matrix element thereby bringing in the changes 1n photocurcnl
This fact had been also argued by Weng et al [9] that (he
occurrence of a peak in photoemission intensity in the casc ol
Mo is caused by the excitation of electrons by the A, componen!
of the vector potential. He further pointed out that the inil
states with A, symmetry can only be photoexcited by the A.
component of the incident photon field. Though the mode! uscl
here is simple, it gives first-hand information with regard to the
effect of changes in surface width, as well as the location of
initial state energy on photocurrent data.
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