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ABSTRACT  
 

Photoemission calculations in the case of semiconductors like gallium arsenide (GaAs) and silicon 
(Si) using a spatially dependent vector potential is presented here. The logarthmic dielectric model 
of Gurung and Thapa is used for the calculation of vector potential. The vector potential thus de-
veloped is used for the calculation of photocurrent for which Kronig-Penney potential has been 
used to define the crystal potential from which the initial state wave-function for the surface state 
is derived.    
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INTRODUCTION 
 
Photoemission from a metal, in which an 

electron is excited by an incident photon and 
escapes to the vacuum by overcoming the sur-
face potential barrier is well established as a 
technique for studying the electronic states of 
solids. Many methods of photoemission calcula-
tion have been developed where wave function 
for the semi-infinite solids are constructed accu-
rately.1 However, in these calculations, the spa-
tial variation of the photon field has been gener-
ally neglected. An accurate calculation of the 
electromagnetic field in the surface of a solid is a 

complex problem and first principle calculations 
are available only for jellium model.2 On the 
other hand, empirical calculations of fields near 
the surface with ‘local’ dielectric function have 
been used to explain certain qualitative features 
of photoemission data. Bagchi and Kar have 
developed a dielectric model to deduce vector 
potential using a simple ‘local’ dielectric func-
tion and applied the same to study photoemis-
sion from tungsten.3 This model had been used 
by Thapa et al. in explaining the surface photo-

emission from metals like aluminium,4,5 palla-
dium,6 copper and molybdenum7 and semicon-
ductors like silicon8,9 and gallium arsenide.9 

In this report, photoemission calculations 
from semiconductors Si and GaAs using the 
dielectric model is presented as proposed by Gu-
rung and Thapa.10 
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FORMALISM  
 
The Golden rule formula11 for calculating 

photocurrent density can be written as  
 
 
 
 
 

(1) 

where ψi and ψf are the initial and final state 

wave-functions and  
 
 
 

is the perturbing Hamiltonian, A being the vec-

tor potential of the photon field and p the one 

electron momentum operator. To evaluate the 
matrix element, we have to evaluate A and con-

struct ψi and ψf. 

 

DIELECTRIC MODEL AND VECTOR POTEN-

TIAL 
 
We consider the solid to occupy all space to 

the left of z = 0 plane with surface parallel to the 

x-y plane and assume the surface region to ex-
tend from z = 0 to z = –d such that the surface 

thickness is d.  

 
The model dielectric function10 for the bulk (z  

≤ –d), surface (–d ≤ z ≤ 0) and vacuum (z ≥ 0) is 

given by,  
 

 
 
 
 
 
 

(2) 
where      is the bulk di-
electric function. For a p-polarized light, the 

magnetic field     , where 
 

is in the y-direction and it obeys 
the following equation12  

 

(3) 

 

To solve the above equation, we follow the 
prescription of Landau and Lifsitz12 and use  

, so that Eq. (3) becomes,  

(4) 
Using Eq. (2) and the boundary conditions 

that B and   are continuous at z = 0 and z = 

–d, we obtain the magnetic field components for 

the three regions as   

(5) 

 
The electric field components can be ob-

tained from the magnetic field by using the rela-
tion  

 
 and 
 

Thus, the vector potential in three regions are  
 

Figure 1. Diagram for model dielectric function.  
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(6) 
 
 
 
 

Various parameters in Eq. (6) are defined as  

(7) 

where ϕ,μ,λ,β, etc. in Eq. (7) are given by,  

 

MATRIX ELEMENT 
 
Matrix element in Eq. (1) for transition from 

initial to final state can be written in expanded 
form as  

 

(8) 
where in each region, the wave functions and 
the vector potentials corresponding to that re-
gion have to be used. The final state wave func-

tion (ψf) is taken to be free electron type13, given 

by the following expression  

(9) 

is introduced for the region z ≤ 0 to take into 

account the inelastic scattering of the electron.14 
 

DEDUCTION OF INITIAL STATE WAVE FUNC-

TIONS 
 

To deduce the initial state wave function (ψi) 

in Kronig Penney potential,15 one generally 
solves the one dimensional Schrodinger’s equa-
tion which can be written as  

 
(10) 

 
 

where 
  

and V(z) is the δ-function potential of the Kronig

-Penney model. Let ϕ(z) denote the Bloch wave 

function deep in the metal and ϕ*(z) the time 

reversal version of ϕ(z). The eigenfunction in the 

semi-infinite solid (z < 0) has been chosen to 

have the form 
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(11) 
 

where P is the reflection coefficient obtained by 

matching the wave functions and its derivative 
at z = 0. One can then show that the initial state 

wave function for z < 0 may be written as  

(12) 
 
where        with g being the 

 
strength of the potential. The initial state wave-
function outside the metal (z < 0) is   

(13) 

 

where, T is the transmission coefficient across 

the boundary plane and χ2 = 2(V0 ­– E) with V­­­0 

being the step potential at the surface. By match-
ing the wave function and its derivative at z < 0, 

we get  

Thus, the initial state wavefunction can be writ-
ten as  

(14) 

Using the expressions of ψf and ψi (Eqs. 9 

and 14) and the vector potential as given by Eq. 
(6), the matrix element in Eq. (8) can be evalu-
ated for each region to calculate photocurrent. 

 

RESULTS AND DISCUSSION  

 
Figure 2 depicts the plot of photocurrent in 

the case of Si as a function of photon energy. As 
can be seen from the figure, the photocurrent 
plot shows a maximum at around 16eV fol-

lowed by a minimum at around 17eV, the plas-
mon energy of Si. A second maximum in the 
photocurrent is obtained at about 18.5 eV, be-
yond which the photocurrent decreases with 
increase in photon energy.  

Figure 3 shows the photocurrent plot of 
GaAs as a function of photon energy. In this 
case also, we see similar trend with a peak 
around 13 eV followed by a minimum around 
15 eV, the plasmon energy of GaAs along with a 
peak of lower height around 15.5 eV. The gen-
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Figure 2.  Plot of Photocurrent as a function of Photon 

energy for Si.  

Figure 3.  Plot of Photocurrent as a function of Photon 

energy for GaAs. 
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eral nature of the photocurrent plot agrees well 
with those of other metals like Al and Be,10 W16 
and also semiconductors Si8 and GaAs.9 The 
present calculation shows better agreement as 
far as the location of minimum in the photocur-
rent plot at the Plasmon energy is concerned 
than earlier calculations.8,9  

 

CONCLUSION 
 

The location of minimum at the plasmon 
energy along with peaks before and after it in the 
case of both Si and GaAs show that the dielec-
tric model being employed in the calculation of 
vector potential can be used in the study of 
photoemission from semiconductors also. I wish 
to test the model for other semiconductors also 
which will be reported later. 

 

REFERENCES 
 

1. Liebsch A (1974).  Theory of angular resolved 
photoemission from adsorbates. Phys Rev Lett, 

32, 1203-1206. 

2. Feibelman PJ (1975). Self-consistent calculation 
of the surface photoelectric effect. Phys Rev 

Lett, 34, 1092-1095.  

3. Bagchi A & Kar N (1978). Refraction effects in angle-
resolved photoemission from surface states on metals. 
Phys Rev, B 18(10), 5240-5247.  

4. Das P, Thapa RK & Kar N (1991). Photoemission calcu-
lation with a simple model for the photon field: applica-
tion to aluminium. Mod Phys Lett, B 5(1), 65-72.  

5. Pachuau Z & Thapa RK (1996). Photocurrent behaviour 
in free electron metals. Indian J Pure Appl Phys, 34(10), 843
-844.  

6. Thapa RK (1993). Photoemission calculations using 
Kronig-Penney model and spatially dependent vector 
potential. Phys Stat Sol (b), 179(2), 391-397.  

7. Pachuau Z, Zoliana B, Patra P K, Khating DT & Thapa 
RK (2002). Application of Mathieu potential to photo-
emission calculations: the case of a strong potential. Phys 
Lett, A 294(1), 52-57.  

8. Thapa RK, Das P & Kar N (1994). Photoemission calcu-
lation with Kronig-Penney model. Mod Phys Lett, B 8, 361
-366.  

9. Pachuau Z, Gurung S, Thapa RK, Khating DT & Kar N 
(1999). Photocurrent calculations in semiconductors using 
Kronig-Penney model. Indian J Phys, 73A(2), 237-243.  

10. Gurung S, Thapa RK, Das G & Bhattacharjee R (2006). 
Calculation of photocurrent in Al and Be by using the 
free electron potential model for the crystal. Indian J Phys, 
80(4), 361-366.  

11. Penn DR (1972). Photoemission spectroscopy in presence 
of adsorbate-covered surfaces. Phys Rev Lett, 28(16), 1041-
1044.  

12. Landau LD & Lifsitz EM (1984). The Electrodynamics of 
Continuous Media. Pergamon Press, New York, Sec 86, 293
-304.  

13. Thapa RK & Kar N (1988). Photoemission calculation 
from band states using Kronig-Penney model and spa-
tially varying photon field. Indian J Pure Appl Phys, 26(10), 
620-623.  

14. Pendry JB (1976). Theory of photoemission. Surf Sci, 57
(2), 679-705.  

15. Thapa RK & Kar N (1995). Kronig-Penney model treat-
ment of photoemission from silicon. Surf Sci, 338(1-3), 
138-142.  

16. Weng SL, Gustaffson T & Plummer EW (1978). Experi-
mental and theoretical study of the surface resonances on 
the (100) faces of W and Mo. Phys Rev, B 18(4), 1718-
1740.  

 

 

 

Photoemission study from Si and GaAs using a spatially varying vector potential  


