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ABSTRACT
A model calculation of photofield emission is discussed in which initial state wave function has been deduced by using projection operator method of group theory. A spatial dependent vector potential is used to evaluate the matrix element for calculating the photofield emission current density.
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1 INTRODUCTION
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Photofield emission ( PFE ) is a technique in which a metal is irradi-

interpret the results in photofield emission calculation. For example,

 . Photo en-

the LEED ( low energy electron diffraction) states deduced by Pen-

ated by an incident laser radiation of photon energy
ergy is usually less than the workfunction

 

of the metal under

dry [1], [2] for band structures and photoemission calculation are

accurate, but the method is too complex and involves heavy compu-

investigation. The incident radiation photoexcites the electrons the
tations. One also uses the Green function method for obtaining the
electrons to a final state which lies below the vacuum level, hence
appropriate wavefunctions as has done by Bagchi [3] and Modinos
these electrons are confined within the metal surface. A strong static
[4] . Multiple scattering technique and density functional theory [5],
electric field of the order of 10 11 V/m when applied to the surface of
[6], [7] are also being used in the interpretation of results of photothe metal causes the photoexcited electron to tunnel through the
field emission.
surface potential barrier into the vacuum region constitutes the phoThe incident radiation in PFE can be used to probe the electofield emission current (PFEC). In photofield emission, in addition,
tron states between the Fermi level and the vacuum level. Therefore,
in addition to transmission probability D(W), the transition matrix
the initial state of the electron can play an important role in deterelement ‹ѱf |A.p + p.A|ѱi › also plays an important role. In this matrix

mining the shape of the final state energy distribution. This allows

element, we find that the important ingredients are the vector potenone, therefore, to see the effect of initial state energy bands on PFE.
tial A, initial state wave function ѱi and final state wave function ѱf.
There are several methods of deducing the initial state wavwfunction
ѱi and the exactness of the model developed or used can correctly
Copyright © 2014 SciResPub.

In this report, we are presenting a model calculation of
photfield emission current by using the initial state wavefunction  i
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which is deduced by projection operator method of group theory. As

The transmission probability D(W) in Eq. (1) describes the

an example, basis function were derived for W (100 ) surface state.

quantum mechanical transmission that the photoexcited elec-

An appropriate dielectric model and vector potential A also will be

trons with energy

used for the surface region.

2

E W 
2

Theoretical Formalism

We have considered a p-polarised radiation of photon energy



to be incident on the metal surface. The surface normal is

defined by the z-axis which is perpendicular to the xy-plane.
The incident radiation is usually a laser beam, causes the tran-

.k||2

(3)

2m

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) in Eq. (1) is obtained by solving [9] Airy’s differential
equation and is given by

sition of electrons from the initial state

i

to final

f

. We
1

consider initial states to be electron states lying below the

W 4   2ik i

DW  
1 
eF 6  ik i  

Fermi level, and final states are states in the vacuum (detec-

3
 

1
 2 W 2 2m   


2m 12 exp  i
 

3 eF
4

 

(4)
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tor). Therefore, the photofield emission current density meas-

3. Dielectric Model and Vector Potential

ured can be written [8] as,

In photofield emission, the dominant contribution to the pho-

2

E

D(W ) M fi
dj
e3 n
 4 3
(ˆ . zˆ)2 f  E     dW
1
dE
2  
W W     2
Vo  
(1)

tocurrent comes from the surface photeffect. As evidenced by
several authors, for example, Levinson [10] et.al., Fiebelman

[11], Kliewer [12], the main contribution to the surface photo-

2

2
n
ˆ.zˆ 2  A ( z )  A~ ( z ) and

A0

where

Az ( z ) is the effect is due to spatial variation of photon field vector A. A
systematic calculation of this effect on surface photoeffect had

z-component of vector potential along z-axis, A0 is the amplitude of vector potential associated with the incident radiation.

f  E    is

Also

been also done by Thapa [13] et.al. It is, therefore, necessary
that a detailed theory of dielectric model is developed at first

the Fermi-Dirac distribution function.

for the appropriate formalism of A. In this formalism here, we

The matrix element Mfi when expanded in one dimension

will employ the dielectric model of Bagchi and Kar [14], which

along z-axis is given by,

takes into account the dependence of A not only on frequency

0



M fi   *f Az
d
0

dV
 i dz 
dz

0



 *f

d

dA 
d2 
 *f z    2 2  i dz 
dz 
dz 
d







d 2 Az 
d 
  i  i dz 
2
dz
dz 

0



d

*
f

dAz
 i dz.
dz

2

but also on z-coordinate. Therefore, the vector potential for

the surface region

 d  z  0 

by,

(

in one dimension is given

)
Copyright © 2014 SciResPub.
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Ao d   

(5)

1      z  d

 02 

the boundary plane and

2m
2

(V0  Ei ) with V0 as the

potential at the surface which an electron encounters while

where

.

Ao 

transmitting through the boundary surface. Matching the

sin 2i
1

wavefunction and its derivatives at z = 0 gives the value of

    sin 2 i  2     cos i

In the above equation,

i

coefficients R and T as

is the angle of incident photon radi-

     ik
    ik

(7)

and



2ik
T  

      ik 

(8)

where



and

 (0)   2iC

R

ation with respect to the surface normal.

4.
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Description of Initial and Final state wave
functions
EKin



EF
metal

(9)

sin ki a
p
 (0)
ki a
cos ka  cos ki a

sin ki a
1  coski a  i sin ki a

(10)

 - potential barrier and it is as-

Also p is the strength of the

IJOART
V0

Ei

sumed to be positive and

vacuum



is used as converging factor.

For W ( 100 ) surface state occurs [15] in the energy

V(y)

band gap

Fig : Schematic representation of Kronig-Penney  -potential
model for calculating the initial state wave function by using
projection operator method of Group Theory.

To calculate the initial state wavefunction

i ,

we have as-

sumed the crystal potential of the solid which is defined by

-

    
2

2

. The linear combination of atomic or-

bital (LCAO) representation for

1
 2 is  3z 2  r 2  , where
3

r 2  x 2  y 2  z 2 . We have, therefore, considered the point
 2 for which the point group is C4v . We have obtained the

potential and represented by the Kronig-Penny potential. The

basis function for the

potential is periodic with the periodicity of the lattice as

( 100 ) surface state by using projection operator formula [16]

shown in Fig. In one dimension, one can write  i as
*
 ( z )  R ( z )
 i ( z)     z
T e

P

Here
(6)

where

 ( z)
*

is the complex conjugate of

 (z ) ,

R is the

reflection coefficient, T is the transmission coefficient across

=

lp

point group corresponding to W

  T 
g
p


mn

PT 

l p is the dimension of the unitary irreducible represen-

tation of the group G, g is order of G and



is the summa-

T

tion over all the transformation T of G.
Now introducing the atomic orbital

Copyright © 2014 SciResPub.

( 11 )

T

z  0 (bulk & surface )
z  0 ( vacuum)

p
mn

C4v

Φ  z  , which includes the
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basis function derived by projection operator method of group

rent in the strongly bonded metals like W, Mo etc. and com-

theory obtained from Eq. ( 11), the final form of initial state

pare the results with the other methods of calculations and the

wavefunction can be represented by

eperimental values as given by Gao et al [8].





 Φ z  eik z  R Φ z  e ik z ,


 i z   
  z
,

T e

bulk & surface z  0
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The initial state wavefunction given by Eq. ( 12 ) has been used
in conjunction with final state wavefunction 
( 5 ) and vector potential

A  z 

f

given by Eq.

of Eq. ( 3 ), to calculate pho-

tofield emission current by using the formula given in Eq. (1).
For calculation of PFEC with inclusion of

i

defined in Eq.

IJOART

(12 ) are evaluated by writing FORTRAN programme.
The description of the final state wavefunction

f

used is

already given elsewhere [17].

4. Conclusion

Gao and Reifenberger [8] have given a detailed study
of photofield emission from W but the theoretical interpretation was based on free electron concept. Keeping in mind that
W is a strongly bonded metal and application of free electron
model may not be appropriate, we have presented here a
model for photofield emission calculation. This model has also
been used by Thapa et al [18] in photoemission calculations

and the results on metal and semiconductors showed qualitative agreement with the experimental results. However the
point of difference with the model presented here is the dielectric model for the calculation of vector potential. With this vector potential, we intend to calculate photofield emission curCopyright © 2014 SciResPub.

References
IJOART

International Journal of Advancements in Research & Technology, Volume 3, Issue 4, April-2014
ISSN 2278-7763

[1] JB Pendry (1974). Low Energy Electron Diffraction (Aca-

demic Press, London) pp 153-220..
[2] JB Pendry (1976). "Theory of photoemission", Surf. Sci. 57,
679-705.
[3] A Bagchi (1974). "Theory of surface effect in photoassisted field emission", Phys. Rev. B 10, 542-553.
[4] A Modinos (1976). "A green function technique for calculating total energy distributions of field-emitted electrons", J. Phys. C : Solid State Phys. 9, 3867-3876.
[5] A Ernst , J Henk and RK Thapa (2005). "Ultrathin antiferromagnetic films on a ferromagnetic substrate: a first
principles study of Mn on Fe(001)", J. Phys. Condens. Mat.
17, 3269-3283.
[6] PJ Durham (1981). "Theory of photoemission from random alloys", J. Phys. F 11, 2475-2493.
[7] Mark J Haggmann (1997). "Simulations of laser-assisted
field emission within the local density approximation of
Kohn-Sham density-functional theory", Intl. J. Quantum
Chemistry 65, 857-865.
[8] Y Gao (1986). Photofield Emission Study of Metal Surfaces
(Ph.D. thesis, Purdue University, Purdue) .
[9] G Das (2005). A Theoretical study of Photofield emission
from metals incorporating the spatially dependent Photon
fields (Ph.D. Thesis, Assam University, Silchar).
[10] HJ Levinson, EW Plummer and PJ Feibelman (1979). "Effects on the photoemission of the spatially varying photon
field at a metal surface", Phys. Rev. Lett. 43, 952-955.

76

[11] PJ Feibelman (1975). " Self-consistent calculation of the
surface photoelectric effect", Phys. Rev. Lett. 34, 10921095.
[12] KL Kliewer (1977). "Surface photoeffect for metals: Energy
and angular electron distributions", Phys. Rev. B 15, 37593774.
[13] RK Thapa and N Kar (1990). "Electromagnetic fields near
surfaces in a simple model: the case of aluminium", Indian
J. Phys. 64A, 321-324; P Das, RK Thapa and N Kar (1991).
"Photoemission calculation with a simple model for the
photon field: Application to aluminium", Mod. Phys. Lett.
B 5, 65-72.
[14] A Bagchi and N Kar (1978). " Refraction effects in angleresolved photoemission from surface states on metals",
Phys. Rev. B 18, 5240-5247.
[15] N Kar (1976). A Theoretical Study of Effects of Surface States
and Resonances on Field Emission (Ph.D. Thesis, University
of Pennsylvania).
[16] JF Cornwell (1969). Group Theory and Electronic Energy
Band in Solids (North Holland Publication ), pp 54.
[17] RK Thapa and Gunakar Das (2005). " A simple theory of
photofield emission from the surface of a metal", Intl. Jour.
Mod. Phys. B 19, 3141-3149.
[18] B Zoliana, Z Pachuau , L Zadeng, PK Patra, DT Khating,
RK Thapa (2003). "A model photoemission calculations
using projection operator method", Intl. J. Mod. Phys. B
17, 2897-2902.

IJOART

Copyright © 2014 SciResPub.

IJOART

