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The effects of a strong magnetic field, a weak electric field, the central-cell correction, the electron mass
anisotropy and the electron-phonon interaction on the dependence of the photoionization cross-scction on photon
energy of a shallow donor impurity are investigated with the use of a variational method in the bulk casc. In the
low dimensional systems such as quantum well and quantum-well wires, we have studied the effect of electron-
phonon interaction on the binding energy and the impurity photoionization cross-section. We have also shown
that the photoionization cross-sections are affected by the sizes of the wire and the height of the barrier in finite

quantum-well wires.
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I. INTRODUCTION

Impurities in semiconductors are characterized by their
optical properties such as concentration, thermal emission
rate, energy, capture cross-section and optical cross-section.
We concentrate on the last property, i.e. on the
photoionization cross-section which is one of the most
important optical properties. The photoionization cross-
section as a function of photon energy is generally
determined both by the wavefunction that describes the
impurity in its ground state and the potential which links the
charge carrier (electron or hole) to the (donor or acceptor)
impurity and the (conduction or valence, respectively) band
of the host crystal. The main obstacle one encounters in this
problem in calculating the transition cross-section is the lack
of knowledge of the impurity wavefunction.

Over the past decades, a number of experimental and
theoretical studies' > has been devoted to the calculation of
the photoionization cross-section for excitation of shallow or
deep bound charge carrier from the impurities to the bands in
the bulk semiconductors. As a matter of fact, the early
1950 s** witnessed the begining of these studies.

In recent years, studies in the low dimensional systems
such as quantum well (QW) in which the electron is
confined in one dimension and is free to move in the two
other dimensions of the well and such as quantum-well wire
(QWW) in which the electron motion along the length of the
wire is that of a quasi-free electron and it is quantized in the
two dimensions perpendicular to the wire, are very
interesting problems. The presence of ionized impurities in
these structures and their small sizes play a fundamental role
in some physical properties such as optical and transport
mechanism properties at low temperature. This role becomes
increasingly important as the dimensions of these structures
become small and it is thus quite different from that in the
bulk case. Some theoretical and few experimental studies*'"
have been advanced for optical properties such as the
photoionization cross-section in these microstructures.
Various effects such as external perturbations, central-cell
correction, electron mass anisotropy and electron-phonon
coupling have a drastic influence on the behaviour of the
photoionization cross-section. The strength of these effects
depends on the nature of the studied crystal.

For semiconducting materials of high dielectric constant
and low effective mass such as germanium, the effect of the
strong magnetic field is well observed in these materials. In
this paper, we will first show what we expect to happen to
the photoionization cross-section as the magnetic field is
introduced.

In silicon where the central-cell correction is important
even for a shallow impurity, we will investigate the effect of
a weak electric field on the binding energy and the
photoionization cross-section taking into account the
chemical nature of the impurity by means of a semi-
empirical short-range potential.

In anisotropic polar semiconductor crystals 1I-VI such as
CdS, which present many vally at the bottom of the
conduction band (k. #0) and which are characterized by an
intermediate electron-phonon coupling constant, the effects
of electron mass-anisotropy and the electron-phonon
interaction will be incorporated in calculating the transition
cross-section.

As in the bulk case, the study of the behaviour of the
photoionization cross-section as a function of the excitation
energy in QW and QWWs will gives useful information on
impurity states. We therfore study the effect of the electron-
interaction with the bulk longitudinal- optical (LO) phonons
on the binding energy and the photoionization cross-section
of an isolated donor impurity in QW and QWW structures
with infinite confining potential. The photoionization cross-
section of a shallow hydrogenic impurity in finite-barrier
QWW as a function of the sizes of the wire and the
potential-barrier heights of the confining potential has been
calculated.

II. PHOTOIONIZATION CROSS-SECTION THEORY

Under the action of an electromagnetic wave, the transition
of an electron residing in the ground state of a donor
impurity into a conduction band with absorption of a photon
occurs only if the energy of the incoming photonhw is
larger than the optical photoionization threshold E,. The
photoionization cross-section associated with an impurity
atom is calculated by using the formula of the perturbation
theory in the well-known dipole approximation” :
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where n, is the optical index of refraction, € is the dielectric
constant , Otgg =e?/hc is the fine structure constant. The

factor E /E is the so-called effective field ratio, which

takes into account the fact that the dielectric field E
which is effective in inducing a transition is different from
the average field E in the medium'. <y lIrly; >is
the usually position matrix element between the envelope
functions [y, > and W >, respectively, of the impurity

ground state and the continuum final state. Ei and E; are,

respectively, the ionization energy of the impurity level and
the energy of the final state.

A. Photoionization cross-section in the bulk case

1. Effect of a strong magnetic field on the photoionization
cross-section

The strength of the magnetic field B is characterized by the
value of the effective magnetic field parameter Y which

depends on the host crystal parameters (effective mass m and
dielectric constant € )

Y = 50’ B/(m?ce?) )

where c is the velocity of light.

In the effective mass approximation, the energy level of an
electron bound to a coulombic donor impurity subjected to a
uniform magnetic field B=(0,0,B) in a material having a
prolate-spheroid conduction band, such as germanium, is
given by the solution of the Schrodinger equation with the
Hamiltonian'?

2
H=—V2—z+yLZ+YT(x2+y2) 3)
r

in  which  we have introduced a’ = gh’/me?,

R* =me* /2‘¢:§h2 and y described above, respectively, as
the units of length, energy, and magnetic field. r denotes the
position of the electron and L,is the z-component of the

orbital angular momentum.

The calculation of the impurity photoionization cross-
section requires the knowledge of the ground state and the
final state wavefunctions.

For the initial ground state, we use a normalized trial
wavefunction proposed for the first time by Yafet, keyes,
and Adams'® in the following form :

2 2 2
+y”
xexp[—“(x 7y ) ENC. 5
4a;
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“4)

state.
For the final state, we use a plane wave

wr (1) =1//V exp(ik.r) (5)

where k is the wave vector of the electron and V is the
volume of the crystal.

At zero magnetic field , the transverse and longitudinal
effective Bohr radii a, and A, respectively, are

comparable, we therefore choose as a trial wavefunction
corresponding to the coulombic potential the Gaussian
function given by

wo(n=1/Vn*?a® expl-r?/(2a?)] (6)

where a is a variational parameter.

At zero magnetic field, we obtained for the
photoionization cross-section :
E. 8n g, 5/
o(hw) = [(=2)2 L] ‘ SE_ T3P
E;, g
xx (x =1)*expl-a’b(x - 1)] (7

where  x =hw/E; and b=2mE, /h?.

For a strong magnetic field, the effective Bohr radii a,

and a, are not comparable, the diamagnetic forces are
centripetal in the xy plane, they tend to compress the
impurity atom in the transverse dimensions. The photon
energy dependence of the photoionization cross-section
associated with the donor impurity in the presence of the
magnetic field is calculated.'

2 Effect of a weak electric field on the photoionization cross-
section

The strength of the electric tield { is characterized by the
value of the effective electric field parametern =l el ”1§/R B

The Hamiltonian describing the state of a shallow donor
impurity in the presence of an electric field C which is

taken to be parallel to the z direction and taking into account
the chemical nature of the impurity is given by

2
H=-y? —=—nrcos(@)
.

- z(é‘o - l)(e_K" & % r e_&') (8)
T

where 0 is the angle between the z axis and the position
vector r and the last term describes the central-cell
correction.

The parameter K (characteristic for each material) in the first
part of this potential model arising from the relaxation of the
electron gas due to the excess charge of the impurity'” for
silicon is determined by the fit of the numerical results
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carried out by Vinsome and Richardson'® by the analytlc
expression of the q-dependent optical dielectric constant'’

g0(q? +K?)

g (q) = ©)

£4q% +K?2

The second part of Eq.(4) accounts for the electron screening
at larger distance from the nucleus.'® The value of &
determined for each impurity by requiring the calculated
binding energy to agree with the observed one for that
impurity.

To obtain the ground state energy, we follow a variational
treatment and we use a normalized trial wavefunction
proposed by Cahay and Kartheuser'” in the following form

b ¢
v, :Nq/o{l +[:+—7—r]n.r} (10)
d a”
where N is a normalization constant given by
-1
NZ:{I+[b2+l—25—cz+5bc]n2} (11)

with a, b and ¢ as variational parameters.
The initial ground state wavefunction without the electric
field effect is as a normalized trial wavefunction given by

1 e—r/u (12)

The final state is described by a plane wave.

Taking into account the above considerations, we have
obtained an analytic expression for the photoionization
cross-section.”’

3. Effect of the electron mass-anisotropy and the electron-
phonon coupling on the photoionization cross-scction

For anisotropic polar semiconductors such as CdS, the
minimum of the conduction band is at k. # 0. The effective

mass tensor is anisotropic, and symmetry allows a

longitudinal effective mass m, in the direction of k. and a

transversal effective mass m, perpendicular to it. The

effective mass Hamiltonian of a donor impurity center taking
into account the electron mass-anisotropy and the electron-
phonon interaction can be written as

S az 132 e?

=

2m, ax ay2 0z~ gt

> hQ aqaq + z[vqaqeiq.r 1 v;eiq.r]
q q

(13)

where A = m[/r_nl is the ratio between the transverse and

the longitudinal effective electron mass, a; and a are
creation and annihilation phonon operators for the LO
phonon of energy hQ and wave vector g, respectively.
According to Frohlich et al,*' we have

__E[ZnhQ

(/€. —1/¢gy)] (14)

where €_, is the high-frequency dielectric constant.

The donor impurity wavefunction |/;> in the ground

state that satisfies the Schrodinger equation with the

effective mass Hamiltonian (13) is described in the adiabatic
. . 2

app1’ox1mat10n‘2 by

Ly, () >=]1S>U 0> (15)

with

gc'laq )I

& (‘)Xp[Z (c q°

and |0> is the phonon vacuum state, ie. a,|0>=0, and

gq =-Vyp,/NQ.

Pgis the electronic charge distribution described by the

Fourier transtorm
p, =<18|e'* |18> (16)

|1S> is the electron ground state wave function of the
coulomb Hamiltonian™ given by

) 2 2
XT+y v/
SR A

<r|18>=(mala,)™"? xexpl—( e ] (17
ap

a;

in which a and a, are the variational parameters.
According to (13), the expectation value <¥/; [H|Y/,> leads
to an analytic expression.”

In the photoexcitation of an electron from the ground
state of a hydrogenic donor to the conduction band, the hna]
state in (1) is described in the Lee-Low- Pines™

approximation
Ly (1) >=lt>e¥e® |{n, }> (18)
where
S, =-iy, qraga, (19)
q
(20)

SZ :z(fqa;
q

and |{

For the electronic part, the final state of the electron is
taken to be a plane wave.

n,}> is the state of n emitted phonons.

The term fq that describes the polarization in the final state

is taken to be

* h
fq =~Vg /I + 2D

2,2 2
(qx +qy +4Aq; )]
m,

After application of the first and the second Lee-Low-Pines
transformations, we obtained for the free polaron final state
energy
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E; = 2::[ (k; +k; + k) +nhQ
~ahQsin ' (V1= ) /1= A (22)
in which
e’ My 173
oy = h(2hQ) (/e -1/¢gy) (23)

The photoionization cross-section as a function of photon
energy hw obtained for the bound polaron associated with n
phonons emission taking into account the electron mass
amsotropy and the electron-LO phonon interaction has been
calculate,” since its expression is long and we don’t write it
here.

B. Photoionization cross-section in the low dimensional
electronic systems

1. Effect of the electron-LO phonon interaction on the
photoionization cross-section in a quantum well

The motion of the electron coupled to a coulombic
impurity and interacting with the bulk longitudinal optical
phonons is described by the Fréhlich Hamiltonian in the
framework of the effective mass approximation

H=H;sp +V(2) 24)
where
2 '7
s (VO S B 2 hQaga,
2m 601
Z[V a e'qr+Vra+e“’qr] (25)

and V(z) is the potential-energy barrier which confines the
carrier in the well

V(o) = oo if lzI2L/2
= 0 otherwise

(26)
Here L deotes the layer thickness.

The envelope function of the electron-phonon system in
the ground state is as (15).
For the electronic part, we choose a separable trial
wavefunction in z and (X,y) as

} 2 —piA
<r|1S> = E o(z)e” " 7)
where

#(z) =2/ cos(mz/L) (28)

is the ground state wavefunction which describes the
clectron continemend i the z-diection whie the exponential
factor accounts for the motion of the electron in the (x,y)
plane. The parameter A is to be determined by minimizing

the expectation value of the Hamiltonian that s,

<Y HY, >
The ground state binding energy of the electron-phonon
system can be written as

2

E; =2 — min <y, [HY, > 29)
e

We consider the photoionization as an optical transition of
an electron from the ground state of a hydrogenic impurity to
one of the conduction subbands where the electron is free to
move in the (x,y) plane. The polaron final state is described
in the Lee-low-Pines approximation equation (18) taking
into account the character bidimensional by

Sy =-i), q,.paja, (30)

q

and

$s _z(f ag —fqa,) 3

The term fq describing the polarization in the final state is

taken to be

2 2

) . h7q
ty =-Vqexp(-iq,.z) (hQ+

2m

) (32)

where p =(X,y)and ¢, =(q, 2dy)-

Without the impurity coulombic potential and the electron-

phonon coupling, the eigenstates corresponding to the
¥ s ik
Hamiltonian H are™

T

exp(ik .p ) cos(k
LS I 1-P

p <) p odd
<rl|f >=

2 12 . =
(—) exp(ik .p ) sin(k 7)., p even
LS P 1L -F I

p

with  k, =pwlL,p=1. S is the layer surface and

k, =(ky,ky)is the two dimensional wave vector of the

electron in the plane of the surface.

For light polarized in the x-direction. the first allowed
dipole transition is to the first conduction subband, as a
consequence, the electron final state wavelunction used may
be taken as

<t|f>= (%)”2 exp(ik | .p) cos(k,z) (34)

By using Eg(f), we obwined an expression of the
photoionization cross-section for the impurity ground state-
first conduction subband transition expressed in.*
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2. Photoionization of impurities in quantum-well wires

2.1 Photoionization of shallow donor impurities in finite-
barrier quantum-well Wires

The problem we are interested in is a system consisting of
an electron bound to a donor ion inside a quantum-well wire
of GaAs surrounded by Ga,, Al As, which is assumed to
have rectangular cross-section and finite height of the
electron confining potential. The motion of the electron

coupled to a coulombic impurity (located at T, =0) is
described by the effective mass Hamiltonian

2 2
H=P_ % 4vixy)
EX

35
o (35)

The value of the static dielectric constant € is assumed to
be the same in GaAs and Ga,_,Al,As (€ =13.1). The quantity
m is the effective mass, which is different in the two
semiconductors and is defined as®

m; = 0.067m  inthe GaAs
m , = (0.067 + 0.083 x )m 4
inthe Ga |, Al | As

m = (36)

where mg is the free electron mass and x is the Al
.concentration.

The electron confining potential V(x,y) is taken as?

0l x <L, /2, yl<L,/2
V(%,y)=1 Vo, X [> Ly /2, y <L, /2
Voyly > Ly/2

(37)

V,, and V,, are the conduction band discontinuities at the

interfaces between the two semiconductors and L and L
are the dimensions of the wire. The values of the potential-
well heights Vi and V are determined from the Al
concentration x in GaAs-Ga,,Al,As using the following
expression”’ gap discontinuity AEg,
AE =1.04x +0.47x%eV. The values of V,, and V,, are

taken to be 60% of AE ;.

The wavefunction that describes the impurity in the
ground state is taken to be”®

A
W) = ‘g o(p(y)exp— 2l

38
7 (38)

where A is a  variational parameter  and
i -
A, cos(K | L /2)e Koxbr2e7Kalxl
Jx|>L,/2

Aycos(K |y x), -L,/2<x<L,/2

P(x) = (39)

A, is a

K, =2mE, /h»)"? and
K, =[2m,(Vy —E,)/h* "%

normalization  constant  of o(x),

The parameters K, and K, are determined by the

matching conditions at the interfaces. It is assumed that

¢(x) and Lo
m ox

are continuous across the interface, then

le and K, must satisfy the following relation

m Ky, =m, K tan(K, L, /2) (40)

Similar function is used for @(y).

For light polarized in the z-direction, the final state
wavefunction of the first conduction subbands is

v, () =1/JLo(x)e(y)exp(ik, z) A1)

where L is the length of the wire and @(X)and @(y)are

taken to be the same as in the initial ground state.  Thus, we
obtained for the transition from the impurity ground state to
the first subbands wavetunction relative to the x and y
transverse directions of the wire an analytical expression of
the photoionization cross-section.’

2-2 Effect of the electron-LO phonon interaction on the
photoionization in infinite quantm-well wire.

The motion of an electron bound to a donor ion, inside a
rectangular wire of sizes L and L and interacting with
the bulk longitudinal optical phonons is described by the
Frohlich Hamiltonian :

H=H3p+V(x,y) (42)
where V(x,y) is the infinite confining potential
0 for|x|<L,/2,|y|<L,/2
Vx,y)= , (43)
oo otherwise

For the electron-phonon system, we choose a pekar-type
trial envelope function® which is separable into the particle
|1S> and the phonon part equation (15).

Without electron-phonon coupling, we take a separable
electronic wavefunction |1S> as

<r|1S>= (%)“2 COSTR/L  )eos(y/L , ) XP(2)

x =y

(44)

where ((z)is the electron wavefunction for the motion
along the wire axis

B(2) = ()" Zexp(—2* 127 (45)
Am

and A is a variational parameter.
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We consider the photoionization as an optical transition
from the impurity ground state to the final subband state
where the electron is free to move along the length of the
wire. We describe the polaron final state of this transition in
the Lee-Low-Pines approximation®* taking into account the
character unidimensional by

S| =-iY.q,zaja, (46)
q
and
Sy =X (faay —fya,) (47)

Without the impurity potential and the electron-phonon
coupling, the eigenstates of the Hamiltonian H are

Vi(ng,nyk,,r) =Lexp(ikZZ)an (x)

L

X, (x)and Yny (y) are chosen to be the solutions for the

(48)

one-dimensional infinite wells defined by the rectangular
well.
For example,

"t cos(k, x),n,odd
\J2/L, sin(k n, X), N even

where K, =n, 7/L,, n, > 1. Similar functions are used

for Y, .
y

X, (x)= (49)

final
E; =<y ()/H+e? / g4r/y, (r) > with

By minimizing the state energy

respect to the

variational function fq , we take fq as

Le V, < flexp(~iq ; p)/f >

q =

Q+—Z
( 2]“ )

where q, =(q,,q,) and p=(X,y).

For light polarized in the z-direction, the first allowed
dipole transition is to the first subbands n, =land
ny =1for which the final state electronic wavefunctions |f>

may be taken as

<r|f>= - (

—2—)ex (ik , z)
Jf '__LxLy pUK,

Xcos(mx/L )(:os(7zy/Ly ) 6n
Taking ito account the above considerations, we have'®
obtained an expression of the excitation energy dependence
of the photoionization cross-section o (hw) associated with a
transition from a shallow donor impurity to the first
subbands n, =1and ny =land for n phonons emission.
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IIL. RESULTS AND DISCUSSIONS

The effective field ratio E,/Ejused to calculate the
theoretical cross-section is generally evaluated by the
adjusting the theoretical curve such that the maximum value
of the cross-section is the same as that of the experiment.
This is due to the complexity of calculating the effective
field parameter E ;; at the impurity site. The factor E.+/E
may be generally smaller than unity for shallow impurity
levels and greater than unity for deep impurities. As it is well
known, this factor does not affect the shape of the cross-
section and according to our knowledge, unfortunately, no
experimental results on the photoionization cross-section of
the shallow impurity level is available, and a comparison
with experiment is not yet possible. We therefore calculated
the photoionization cross-section for an effective field ratio
equal to unity.

The numerical results of the photoionization cross-section
as a function of photon energy at zero magnetic field and for
different values of y are applied to germanium.’ With
increasing magnetic field, the value ofhw at which the
cross-section reaches a maximum moves to greater energies,
the magnitude of the cross-section becomes slightly smaller
and the photoionization cross-section falls off very slowly
like the & —function potential model®® for higher photon
energies. This is due to the fact that as the magnetic field
increases, the effective bohr radius becomes larger than the
transverse one, and this makes the impurity ground state
wavefunction to be deeper, more precisely, cigar-shaped.

For the electric field effect, we have calculated” the
binding energy and the photoionization cross-section in the
presence of an applied weak electric field with and without
the account of central-cell correction. We have found that
the short-range potential has a large effect on the binding
energy for very weak applied fiels and a small effect for
increasing electric field. As expected, the magnitude of the
cross-section becomes smaller with central-cell correction
effect because of increasing binding energy and smaller
effective Bohr radius, this leads the ground state level to be
more deeper. The peak values of the cross-section with and
without central-cell corrections effect occur at photon
energies at about 1.3E; and 1.4 E;, respectively.

We also find that as the value of the parameter n

increases, the value of hw at which o(hw) reaches a
maximum becomes smaller and moves near the threshold..
With increasing electric field, the extension of the ground
state wavefunction is shrinked, this increases the magnitude
of the cross-section.

For a same given value of 7), the cross-section and its

associated peak with the combined effect of central-cell
correction and electric field are found to be. respectively,
larger and smaller than those with only the electric field
effect, this is well achieved for the very weak fiels where the
central-cell correction effect is important.

The numerical results of the photoionization cross-section
as a function of photon energy hew for both the 1sotropic and
anisotropic hydrogenic models with zero phonon and one
LO phonon for a shallow donor impurity are applied to
CdS.” These results show that the action of the electron-
phonon interaction is to lower the cross-section, to push the
value of hw associated with the peak value of the cross-
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section towards higher photon energies, and to increase the
optical photoionization threshold energy because of
increasing binding energy with the electron-LO phonon
coupling for both the isotropic and anisotropic hydrogenic
models. The combined effect of the electron mass-anisotropy
and the electron-phonon coupling has a drastic effect on the
photoionization cross-section.

The results we have obtained® through a numerical
minimization of the energy with and without the electron-
interaction with the lattice through LO phonon coupling in

the GaAs/ Ga,_, Al, As quantum-well structures show that

the general characteristic features and implications of the
present calculations agree well with those obtained by
Ercelebi and Tomak® using a non separable wavefunction
for the smaller well thickness. These results clearly show the
validity of the electronic separable wavefunction for thin
well sizes.

For a CdTe quantum-well in which the electron-LO
phonon coupling constant is intermediate, we have
calculated the binding energy of the ground state and the
impurity photoionization cross-section with and without
taking into account the electron-LO phonon coupling.® We
have found as expected that the polaronic effect is more
pronounced in the thin layer size and the binding energy
increases as the layer thickness decreases.

The zero photoionization threshold of the cross-section we
have obtained in the quasi-two-dimensional systems® does
not occur at the ionization energy hw =E; , as predicted in
the bulk three dimensional systems when using plane wave
for the final state,“z‘zo but is splitted in two terms
corresponding to the ionization energy E;of the impurity
level and the lowest subband energy of the square well
potential h?z? /(2mL?*) .This enhancement of the optical

photoionization threshold is due to the additional electron
confinement in the direction perpendicular to the well. When
L goes to infinity, the electron is free to move in all the
space and the zero phonon threshold reduces as expected to
the ionization energy. The photoioization cross-section in
QW rises sharply at zero absorption, peaks at lower photon
energies, and then increases as photon energy increases. The
effect of electron-phonon coupling on the photoionization in
quantum well exibits the same behaviour as in the bulk case,
but in a more pronounced manner, especially when the layer
thickness of the well is small.

For an infinite square ZnSe wire of dimensions

L,=L, =1(a") and a rectangular one of dimensions

Liy =1(a”) and L, :I.S(a*) where a’is the effective
Bohr radius of ZnSe, we have'® found that the zero optical
photoionization threshold energy Eg obtained is a sum of

the ionization energy E; and the electron confinement

energy of the final state of the transition, i.e.,
E! =E, +h*z?/2mL?%) +h’r*/(2mL3). Clearly, it is
seen that the photoionization energy in the quasi-one-

dimensional quantum wire is greater than that in comparable
two-dimensional quantum well.** The enhancement of the

optical photoionization threshold is due to the additional
electron confinement in QWWs. We have also found that the
magnitude of the cross-section decreases and the optical
photoionization threshold energy increases with decreasing
confinement length of the QWW. These effects are more
pronounced for the one-phonon results than for the zero
phonon case. Moreover, we have shown'” that the effects of
electron-phonon coupling on the cross-section are more
significant for small confinement lengths of QWW

(Ly = I(a")) than for slightly larger confinement of QWW

(L, =15@")).

For a single shallow hydrogenic impurity placed at the
center of the wire material GaAs sandwitched between two
finite layers of Ga_Al,As, we have’ studied the
photoionization cross-section as a function of photon energy
hw/E for two choices of the alloy composition of Ga,.

AlLAs, x=0.15 and x=0.30 and for different values of the
dimensions of the wire. As we have noted by fixing two
directions of the wire and as the Al content x increases, the
confining well depth increases, making the wire more one-
dimensional. So the binding energy increases and, as a
consequence, the maximum value of the photoionization
cross-section decreases.

For a same value of the Al concentration x, as one
directton of the wire (L) increases. the peak value of the
cross-section increases because of decreasing Dbinding
energy. The numerical values of the cross-section in the
infinite confining potential are smaller than those in the
finite potential case. These results are more pronounced as
the photon energy increases. We also note that the optical
photoionization threshold energy in infinite confining
potential is greater than in finite potential of the
confinemeent. This is logical because the bound states in the
infinite-well wires have higher binding energies than in
the finite-well wires. In conclusion, we have shown that the
impurity photoioization cross-section are very sensitive to
the magnetic field, the electric field, the central-cell
correction, the mass anisotropy, the electron-phonon
coupling and their combined eftect in a bulk semiconductors
and to the electron-phonon coupling in a quasi-
bidimensional and a quasi-unidimensional systems. We have
also shown that the Al concentration or the height of the
barrier affect drastically the photoionization cross-section in
a finite quantum-well wire.
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