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In this paper the transmission coefficient for a double-barrier quantum well
(DBQW) structure as a function of applied voltage is calculated, for the
first time, using WKB approximation. This approach allows to discuss a
. dependence of several quantities characteristic of the system (e.g. the value
of the coefficient, resonance voltage, charge stored in the well) on the barrier
and the well parameters. :

PACS numbers: 73.40.Lq, 73.40.Gk

Recent advances in the technology of growth of semiconductor heterostruc-
tures have stimulated a great deal of interest, both experimental and theoretical,
in the phenomenon of resonant tunneling through double-barrier quantum well
(DBQW) structures. Elementary understanding of the resonant tunneling usually
bases on the consideration of an one-dimensional potential energy profile created
by the bottom of conduction band of the DBQW structure. The general analysis
of phenomena occurring in such systems has been given by Ricco and Azbel [1].
In spite of the simplicity of their approach these authors did not avoid repeating
the mistake which had already appeared in the early paper by Kane [2] (see the
expression for the global transmission coefficient given by Eq. (1) in [1]). '

In the present work we have calculated the transmission coefficient T' for a
DBQW structure given in Fig. 1, using quasi-classical WKB approximation. The
calculation is restricted to the electron energies which do not exceed the height of
any barrier. The DBQW profile consists of three regions, namely of two barriers
with the heights of Vi and V2 and the widths of b; and ba, respectively, and of
the potential well with the width of w confined between the barriers. The applied
voltage V results in the electric field F which is assumed being constant over any
particular region. The physical quantities in the respective regions are referred by
the indices b1, w, b2 in the structure and oitside the structure — by the indices
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Fig. 1. Profile of the potential energy of an electron in the DBQW structure without
(solid-) and with an applied bias (dashed- lines).

L and R for the left and right side, respectively. Distinguishing explicitly between
- kinetic energies E; and the effective masses m; of an electron in various regions
allows for direct use of the results of our calculations for modeling structures with
a variety of band offsets and crystal compositions.

The transmission coefficient for a DBQW structure under bias takes the
following form: . .

T = 4 sin 28, sin 2€‘z)lsin 2033 sin 234 ' 1)

where the denominator M is given as

M = S2e2n+73) 4 §2e27a—m) 4 §2e2(m—73) 4 Sze‘z(’ﬁ‘*“h).

+ Sz 4 S.se":’"2 + S7e™?M + Sge=?12 4 S, 2)
The prefactors S; are given by trigonometric functions:
Sy = sinfa(by + w) = B2 — ﬁg],
Sz = sin[a(by +'w) + B2 — Ba],
- 83 =sin[a(by + w) — B2 + B3],
Sa=sinfa(b +w) + B2+ s,

Ss = —25153 COS 2,34,

‘ Ss = —25152 Cos 2,31,
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S7 = —25254 COos 2,34,
Sg = —23334 cos 2,31,

Sy = 25154 cos[2(B1 + B4)] + 25255 cos[2(B1 — B4)],

where the components of the arguments are:

omy, \ /2 1
a(z) = ( ) {[E‘w +er:c]3/2 [E.,,+erb1]3/2} o

_ myk1(0)
By = arctg ks
my&1(b1)
= arctg————>—L
P gmblkw(bl)
Pa = arctg Mz (b1 + w)

myoky (b1 + w)’
mpka(by + ba + w)

P4 = arctg
my2kR
and
1/2 1/2
o N - IR0
9 ’ 1/2 9 1/2
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2mps 1/2
IC2(.’L') = [ (Vz - erztc - Ebg)] .

The exponents v; in Eq. (2) are given by

2 [ 2my; 12 1
2 [ 2mys 12 ' 3/2
=3 - ) {[Vz — Ep — eFya(b1 + w))
h
1
= [Va = Eyz — eFop(b + b2 + w)]3/2} Ry’

As the simplest approximation we assume no space charge within the DB
structure which leads to the following expressions for electric fields:
v Fo= €y’
by + b2 + (Eb/ew)w, v Ew
where ¢; and €, are the dielectric constants in the barriers and in the well, respec-
tively. For a given bias voltage the transmission coefficient has a sharp maximum at

Fy=Fp=FK= - Fy (3)
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Fig. 2. - Transmission coefficient as a function of applied bias for various energies of
" tunneling electrons (from 0.01 to 0.09 eV in 0.01 eV steps). Calculation for the DBQW
structure with b, = b, = w =40 A, Vi = V; = 0.4 eV and m; = 0.07mo.

the resonance energy E = Ergs which is calculated as the solution of the equation
S = 0, i.e., the resonant shape of T(E, V) is due to the denominator M(E, V).
The dependence of the transmission coefficient on the bias voltage is shown in
Fig. 2 for various energies of tunneling electrons. The dashed line represents the
dependence of the maximal transmission on the bias voltage for a given DBQW
structure.

The simplified approach given here presents the advantage of an analytical
solution and hence it can be used for discussion of various aspects of resonant
tunneling. In this calculation the wave functions of an electron incident upon the
structure, transmitted, reflected and trapped in the well have been calculated.
They can be used for analysis of the charge of electrons stored” in the well which
is to be the subject of another paper.
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