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The effect of an electric field on the electron energy and resonant width 
in a quantum well have been investigated theoretically. By considering 
the tunneling of electrons under the influence of an electric field in the 
quantum well, we obtain a shifted and broadened energy level spectrum 
from the tunneling of electrons. The lifetime broadening due to the 
rapid tunneling escape of electrons is related to the energy width of the 
resonant level by the uncertainty principle. Such lifetime decreases 
when the electric field increases. 

THE QUANTUM WELL Stark effect and intersub- 
band optical properties have attracted a great deal of 
interest because of their potential applications in 
optical devices [1, 2]. By engineering the well width 
and barrier height, quantum well devices with 
desirable properties may be fabricated. Recently, 
very high frequency infrared photodetectors were 
experimentally demonstrated based on the intersub- 
band transition and the subsequent tunneling effect of 
the photoexcited electron in the quantum well [3]. 
Additional work has shown, that the responsivity 
spectrum in this process has significant spectral 
broadening and line asymmetry as compared to the 
zero-bias absorption spectrum. Both features are 
produced by the rapid tunneling escape of the 
photoexcited electrons in an electric field. 

Resonant tunneling is a quantum phenomenon in 
which wave-like properties of an electron are notable 
and has been a subject matter of great interest. 
Resonant tunneling in quantum wells in an electric 
field may be understood in terms of the transmission 
coefficient through the potential barrier. Hence, an 
isolated resonance is characterized by two quantities 
that depend on the parameters of the profile potential, 
a position e~ and a decay width F~. These quantities 
are the main ingredients in the analytical expression 
for the transmission coefficient near resonance energy, 
and they have played a relevant role in the discussion 
of tunneling lifetime broadening of the quantum well 
intersubband photoconductivity spectrum [4]. On the 
other hand, the decay widths are most important 

quantities in relation to the time characteristics of 
these structures [5]. The usual procedure to determine 
the resonance energy en is the energy corresponding to 
the maximum value of the transmission coefficient as 
function of the energy. In a similar fashion the decay 
width may be obtained using the rule of the full width 
at half maximum which follows from the approximate 
Lorentzian form of the transmission coefficient near 
resonance energy. 

We believe that is important to have a theoretical 
framework to discuss resonant processes in quantum 
wells in an electric field which may provide a con- 
sistent calculation of resonance parameters. In some 
recent work [6] the effect of an electric field on the 
energy en and the resonant width Fn of quantum well 
levels with surface states at the edges were found 
through an exact numerical solution of the Schr6dinger 
equation with a complex energy ~ = e~ - iF~/2. 

In the present paper, we take a different approach 
than previous investigations to calculate the shift 
energy level and the life-time broadening due to the 
tunneling of electron in a quantum well in the 
presence of an electric field. We restrict our analysis 
to the solution of the Schr6dinger equation only 
considering the asymptotic approximation of the 
Airy functions, which is valid in the regimen on the 
electric field of the experimental conditions. The shift 
of the energy level Aen is compared with previous 
theories. 

Let us consider a particle, of charge e and effective 
mass m*. in a finite quantum well of width 2a in the 
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