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Abstract: In this letter, we present the calculated results of photofield emission current (PFEC) in gallium arsenide (GaAs) by using 
Kronig-Penney potential model of Thapa and Kar [1]. It is found that PFEC decreases from higher value towards lower value 
exponentially in the case of GaAs. The results of plot of PFEC against initial state energy with respect to Fermi energy showed a 
maximum at 2.55 eV. Occurrence of these maxima is correlated with the plot of DOS (Density of state) of GaAs obtained by using 
DFT (Density functional theory). 
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1. Introduction 

In PFE (Photofield emission) a metal is illuminated 

by an incident laser radiation of photon energy less 

than the work function   of the metal. Since the 

photoexcited electrons lies below the Fermi level and 

also below the vacuum level, a strong electric field (~ 

1011 V/m) when applied to the surface of the metal 

causes the photoexcited electrons to tunnel through 

the surface potential barrier into the vacuum region 

producing PFEC (Photofield emission current).  

In this report, we are presenting the results of 

calculation of photofield emission current in gallium 

arsenide (GaAs) by using Kronig-Penney potential 

model [1]. Here we are trying to correlate with density 

of state calculations by suing the density functional 

theory. 

2. Theory 

PFEC is calculated by using the formula [2] 
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(1) 

The matrix element fiM  in Eq. (1) when expanded 

in one-dimension along z-axis is given by: 

 (2)

 
The initial state wavefunction in matrix element Mfi 

in Eq. (2) above had been calculated by Thapa and Kar 

[1] using the Kronig-Penney potential model for the 

solid by wavefunction matching at the surface defined 

by z = 0 plane. This is given by:  
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potential. Here final state wavefunctions and other 

parameters used are described by Thapa and Das [3] 

in detail. FORTRAN program is written to calculate 

PFEC by writing. 

3. Results and Discussion 

We discuss here the theoretical results of PFEC in 

the case of GaAs obtained by using the 

Kronig-Penney potential model. PFEC is calculated as 

a function of initial state energy (Ei), photon energy 

(  ) and the applied high static electric field (F). We 

have used the following theoretical input parameters 

for calculations of PFEC: Surface width (d) = 5.7363 

Å, initial state energy (Ei) = 4.49888 eV, potential 

barrier height (V0) = 10.2562 eV, work function ( ) = 

3.5 eV, Fermi energy (EF) = 5.5662 eV, scattering 

factor ( ) = 0.35 and phase shift ( ) = – 0.6416.  

In Fig. 1, we have plotted the calculated PFEC as a 

function of the applied electric field (F) for three 

difference values of photon energies ћω = 3.22455 eV, 

3.85041 eV and 4.20416 eV respectively. We have 

chosen the initial state energy Ei = 1 eV below Fermi 

level (EF = 0.0). From the plot, we find that the value 

of applied electric field is increases PFEC decreases 

from a high value towards minimum in an exponential 

manner for all the three different values of photon 

energies. The exponential decrease in photofield 

emission current is due to presence of exponential 

term in calculation of transition probability D(W) 

given by Eq. (9). From the plot, we also find that a 

higher value of PFEC for low photon energy 

value  = 3.22455 eV whereas lower value of PFEC 

for large photon energy  = 4.20416 eV. This is 

due to the reason that PFEC given by Eq. (1) is 

inversely proportional to frequency of incident photon 

radiation. However, the variation of PFEC in all the 

cases of three different values of photon energies are 

similar in nature. 

In Fig. 2, we have plotted the results of the 

calculated PFEC as a function of initial state energy 

(Ei) for three different values of photon energies ћω = 

3.22455, 3.85041 and 4.20416 eV respectively. Here 

the value of applied electric field (Fa) is equal to 1.6 × 

1011 V/m. and initial state energy Ei is chosen below 

the Fermi level (EF = 0.0). From the plot, we have 

seen that PFEC for photon energy  = 3.22455 eV 

occurs a maximum peak at Ei = 2.55 eV below the 

Fermi level. With the further decrease in initial state 

energy PFEC decreases but becomes minimum at 

about Ei = 2.75 eV below the Fermi level. We have 

also plotted PFEC for photon energies  = 3.85041 

eV and 4.20416 eV respectively. From this same plot, 

we also see that maximum peaks in PFEC occur at 

same initial state energy at Ei = 2.55 eV for both 

photon energies 3.85041 eV and 4.20416 eV below 

Fermi level. Here the peak in PFEC is higher for 

photon energy  = 3.22455 eV than for photon 

energies  3.85041 eV  and 4.20416 eV.  Therefore,  the 
 

 
Fig. 1  Plot of PFEC against applied electric field for three 
values of photon energies ћω = 3.22455, 3.85041 and 
4.20416 eV.  
 

 
Fig. 2  Plot of PFEC against initial state energy for three 
values of photon energies ћω = 3.22455, 3.85041 and 
4.20416 eV. Here applied static electric field is 1.6 × 1011 

V/m and Fermi level EF = 0.0 is taken as reference level.  
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Fig. 3  Plot of total DOS and partial DOS of Ga and As. 
 

higher value of PFEC for low photon energy 

value  = 3.22455 eV whereas low value of PFEC 

for high photon energy  = 4.20416 eV. This is due 

to that PFEC is inversely proportional to frequency of 

incident photon radiation. 

The origin of peaks at 2.56 eV below the Fermi 

level as shown in Fig. 2 can be correlated with the 

occurrence of peak at 2.77 eV in the DOS plots as 

shown in Fig. 3. This means that the origin of peaks at 

2.56 eV below the Fermi level as shown in Fig. 2 is 

due to maximum contribution by s and p states of Ga 

and p state of As.  

4. Conclusions 

In calculating PFEC we have used the 

Kronig-Penney potential model which have been used 

by Thapa and N. Kar [1]. It is found that the behavior 

of PFEC as a function of applied field and initial state 

energy shows similar trends also in the case of GaAs. 

The occurrence of peak in PFEC at initial state Ei = 

2.55 eV below the Fermi energy can be addressed due 

to band structure effects. This is evident from the plots 

of density of state (DOS) in GaAs which is shown in 

Fig. 3. However the discrepancy in the location of 

peaks as shown in Figs. 2 and 3 can be attributed to 

the choice of the wavefunctions to evaluate the matrix 

element. However, few drawbacks are still existing 

which must be attended for better accuracy. For 

example, we have used the real and imaginary 

dielectric constants which had been calculated by 

using the density functional theory. This was included 

to the model as proposed by Bagchi and Kar [6]. We 

are trying to correlate appropriately the dielectric 

model in the context of density function theory to 

calculate correctly vector potentials for transition 

probability.  
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