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The effect of un elec(ric fie1don (he electron energy and resonant wilJth in a quantum well have heen investigated theoretieally. By considering
Ihe tunneJing of e1ectrons under Ihe inl1ucnee of an electrie fleld in the quamum well. we obtain a shi ned and broadened energy level spcclrum
from the tunneling of eleclrons. Thc lifelime broadening due to lhe rapid tunneling escape of elcclrons is relateo to Ihe cnergy widlh uf (he
resonant level by lhe uneertainty principie. Such lifetime deereases when rhe eleetrie tield increnses.
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En este trabajo se estudia el efecto del campo eléctrico en el espectro de energía y el ancho de cada nivel c1ectrónko en un pozo cuántico.
Se calcula el corrimiento y el ancho de cada nivel de energía como función del campo eléctrico. El ancho de cada nivel de energía es debido
al efecto (Unel del electrón en el pozo cuántico. Por el principio de incertidumbre de Heisenbcrg es posible calcular el tiempo de vida del
electrón en el pol.O cuántico. Dicho tiempo de vida disminuye cuando el campo eléctrico aumenta.

Descriptores: Pozo cuántico; efecto tune!; tiempo dc vida
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1. Inlroduction

The quanlum wcll slark and intcrsuband optical propcrlics
have attractcd a grcal deal of interest bccause 01' their potCl1-
tial applications in optical dcvices [1, 2]. By engineering the
well width ami barricr heighl, quantum wel] dcvices with de-
sirablc propcrties may be fabricated. Recently, vcry high rre-
cucncy infrared photodetectors were experimcntally demon-
strated based on the intcrsuband transition anJ lhe subsequan(
lunncling effcct of the photoexcitcd eleclron in the quantulll
well [3J. addilional work has shown. Ihal Ihe responsivily
speclrum in this proccss has significanl speclral broadcning
and line asymmelry as compared to Ihe lero-bias absorption
speclrum. Both fcalures are produced by the rapid lunneling
escape 01' (he pholoexcited electrons in an eleetric fie]d.

Resonant tunneling is a quantum phenolllcnol1 in which
wave.like propcrtics of an eleclron are notahle and has heen
a subject matter 01' greal inlerese Resonan( tunneling in quall-
tum wells in an eleclric field may be underslood in terms
of the transmission coefficicnl through (he potenlial harriero
Henee, an isolalcd resonance is characterized by two quan-
tilies thal depend on Ihe paramelers 01' lhe proflle potentia],
a position fn and a decay widlh ['r¡. These quantities are the
main ingredients in the analylical express ion for the lransmis-
sion coefticient close 10 the resonance energy. and the have
played a relevant role in the Jiscussion 01' tunneling Iifelimc
broadening 01"the quanlUm well inlersubband pholoconduc-
tivily spectrurn Hl. On (he other hand. lhe dccay widths are
most important quantitics in rclation to the lime characteris-
tics ol' these structures [5]. The usual procedurc lo determine
lhe resonance encrgy €n is to define il as lhe energy corrc-
sponding lo lhe maxium value 01' lhe transmission cocfficiclll

as function of the energy. In a similar fashioll lhe decay width
may he oblained using the rule of the full width al hall" max-
imulll which follow5 from the approximate Lorcntzian form
of the transmission cocfflcient near lhe resonanee cncrgy.

Wc nelievc thal il is important 10 have a thcoretical frame-
work 10 discuss resonant processes in ljuantum wclls in an
electric ficlJ which may pro vide a consistenl calculation of
resonance paramelcrs. In a recent work 16J lhe errcet of an
clcclric ficld 00 the energy €n and the resonant witlth r r¡

of quantlltll well Icvels with surfacc statcs at the aJges were
found through an exacl Ilulncrical solution ofthe Schrodingcr
equalion with a complcx energy £ = tu - irn/2.

In Ihe present papero we take a dil"l"erem approach Ihan
previous invcstigations lo caIculate rhe shifted encrgy level
and the Iife.timc broadcning due to the tunneling af electrons
in a quantulTl well in the presence 01' an e)cctric fleld. \Ve re-
slrict our analysis 10 lhe solution 01' lhe Schrodingcr cqualion
only considering lhe asymplolic approximation of Ihe Airy
functions. which is valiJ in the regimcn on lhe electric t1cld
of the experimental condilions. The shift of the energy level
D.tn is cOlllpared with previous theories.

Let us considcr a particlc, of charge e and cffectivc mass
111., in a finitc quantul11 well 01' wiJlh 2a in lhe presence of an
eleclrie lield F along Ihe direclion 01"Ihe well. z (in semicon-
ductor hctcrostruclurcs. this direction is perpendicular to the
materinl laycrs). Thc origin of lhe dislance and elcctrostatic
pOlential are chosen at the center 01' lhe top of the well with-
out applied elcctric lIeld. The Hamiltonian of the prohlem is
therefore.

h' d'
-2I1ldz,1>(z) - [, - \I(z) +eFz]<p(z) = O. (1)


