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The line shape of the optical and magneto-optical absorption of negatively charged excitons in three- and
two-dimensional(2D) semiconductors has been studied. The absorption coefficients have been determined
using envelope wave functions obtained by variational means. At zero field, the charged exciton lines are
disposed at the low-energy side of the threshold frequency with a rapidly decreasing long tail. In the two-
dimensional case, the maximum corresponds to the threshold frequency, while in the 3D case, this maximum
is shifted to lower transition energies. The magnetic field gives rise to a Landau quantization of the spectra,
which reduces to a series of sharp lines in the two dimensional (88&63-182608)02639-3

I. INTRODUCTION has been studied in the case of @¥f. 20 and 2D(Ref. 2]
semiconductors. However, to our knowledge, there does not
Charged excitongor excitonic trion$ are excitonic com- ~ €Xist any study concerning the optical properties of charged
plexes that may result in semiconductors from the binding ofXcitons. In order to identify the charged exciton lines, it
an electron €) or a hole f) with an exciton K). The exis- May be interesting to know whether these lines are different
tence of two kinds of charged excitons has been suggestdfP™M €xciton or bound exciton lines, to know the influence of
first by Lampert in analogy with existing atomic and mo- the geometric and guantum _cor)flnement, and also their be-
lecular systems. The negatively charged exciton, or excitonif;“’“’"?r In an'external magnetic field. . o
ion X~ (eel is the analogous of the Hhydrogen ion, while Itis the aim of the present paper to give an insight on the
the positively charged exciton, or excitonic molecule ionshape of the absorption lines of negatively charged excitons

f . in 3D and 2D semiconductors with or without an external
Xz"(hhe) is the analogous of the #1 hydrogen molecule . onevic field. In the following section, we outline the

ion. Original optical properties are expected due to their MOtheqry of the one-photon dipolar absorption corresponding to
bility and their charge, in particular, when submitted t0 anyansitions from a free-electron initial state to a negatively
external electric or magnetic field. Excitonic trions have beerbharged exciton final state. We make precise our approxima-
first observed in three-dimension&BD) semiconductors: tions and obtain an expression of the absorption coefficient
Ge/*Si* and CuCk However, because the 3D charged ex-with and without an external magnetic field. In Sec. Il, we
citon binding energies are very weak, these observationstudy the zero-field absorption, and show how the 3D and 2D
have been possible only at very low temperatures. Howevetases are different. Crudely speaking, the absorption coeffi-
more recently, the possibility of growing artificial structures cient is proportional to the density of states of the final state.
like quantum wells, where the quantum confinement effect$§o, because a charged exciton may be considered as a
become predominant and enhance the Coulombic correlaharged mobile particle localized at the center of mass of the
tions, has given new possibilities of observation of thesecomplex, we expect a quasi-free-particle behavior. But due
complexes even at room temperature, giving rise to the poge the Coulomb correlation, this free-particle behavior is
sibility of technologic applications for optoelectronic de- modified by an envelope oscillator strength that decreases
vices. In particular, negatively charged excitons have beestrongly on the low-energy side of the threshold transition
observed in different types of semiconductor quantum wellenergy. This behavior is quite analogous for 2D and 3D ma-
(Qw).5-° terials. However, because the free-particle 2D and 3D densi-
From the theoretical point of view, the binding energies ofties of states are different, the final behavior is quite different
charged excitons have been estimated using variational caler 2D and 3D excitonic trions. In Sec. IV, we take into
culations, in the case of 3D semiconducttfsi* 2D  account an external magnetic field. In this case, an additional
semiconductor$® 1" semiconductor QW8 and semiconduc- confinement effect arises. In 3D semiconductors, there ap-
tor quantum dotd? The influence of an external magnetic pears a quantization of the motion of the center of mass in
field on the binding energy of the negatively charged excitorthe plane perpendicular to the magnetic field that gives rise

0163-1829/98/5@.5)/99267)/$15.00 PRB 58 9926 © 1998 The American Physical Society



PRB 58 OPTICAL AND MAGNETO-OPTICAL ABSORPTION @ . .. 9927

to Landau levels. In 2D semiconductors, with the field per- 1
pendicular to the plane, the quantization effects are total, and a J A (D5, (D=6,
the spectra is expected to reduce to Dirac peaks. Finally, in o
the last section we outline our conclusions. 1
o f d3rc* (r)v(r)=0, (4
Il. ABSORPTION COEFFICIENT 0 /%

In this section we present the main results of the theory of/here (o is the volume of the unit cell, an@=L,LL,
the electric dipolar absorption corresponding to a transitiorf€Notes the crystal volume. ,
from a free-electron statee] to the ground state of a nega- 1 he coefficientCy , , are the envelope wave functions
tively charged excitorK™ consisting of two electronél,2) of the charged exciton in thie space related to the envelope
and one holelf). We take into account the influence of an wave functiong in ther space by a Fourier transformation.
external uniform magnetic field. Because the formalism ofThe envelope wave function accounts for the Coulomb inter-
the 3D and 2D cases are quite analogous, we treat explicitiction and is obtained as a solution of the Sdimger equa-
only the 3D case, from which we deduce the 2D case. In th&on:
present study we consider only direct-gap semiconductors

2 2 2 2
with spherical bands &=0. For the sake of simplicity, we h DL+ EA i h D+ EA
do not take into account all the details and possible degen- 2ms \"t et 2m: \"2 ¢ ?
eracies of the band structure, which we describe by an iso- 52 )
tropic twc_)-band_ model, and res_tnct oursglves to the linear +—— | pn—~An| +V.|¢p=E¢, (5)
low-density regime. Because this theory is a natural exten- 2my c

sion of the well-known theory of the optical absorption of .
excitons?223 we present only its main results. We do not where the potential vectors; of the electrons and the hole

take into account the influence of the temperature restrictinélre expressed as a function of the uniform magnetic field

ourselves to one-photon transitions at 0 K. A(r)=LHxr, (6)
Different transition processes may be suggested. Here we Ve t

consider a transition between a free-electron state from th€he interactions between the three particles are modeled by a

top of the valence band and a negatively charged excitoCoulomb potential that is screened by a quite phenomeno-

ground state. Thus the electron-photon initial and final statelgical dielectric constank:

correspond, respectively, to a free-electron stdte with

Ng, photons and a negatively charged exciton ground state v _& 1 1 1 o
|®¢) with Ng,—1 photons: ¢k \ryp Tin Top)
iy=|®i;Ng,) and [f)=|®;Ng,—1) (1)  We have previously obtained variational solutions of &9.
for 3D semiconductors, withotft and witt® an external
with magnetic field, and in for 2D semiconductors, witHdwnd
with?! an external magnetic field perpendicular to the plane.
|<Di)=a1|d>o>, The absorption coefficierw may be defined as usual as

the energy dissipation per unit volume divided by the energy
density and by the energy velocity:

1
[} = v M%\h Chpon,@a i, dh, | Po)- )

“T¢N QngS' ®
|®,) denotes the ground state of the crystal electronic a
ground state af =0 K, which in our model corresponds to a wheren is the real part of the refractive index of the crystal

full valence band and an empty conduction bamdandd,  of volume, andc is the velocity of the Iigf]ht in the vacuum.
d

are, respectively, the creation and annihilation operators ofhe transition probability per unit timé/,,, is given by
electrons and holes in the stafa$. In the first-order enve- )
lope function approximation, the electron and hole wave it _<™ NP e

functions may be written as a product of the periodic part of abs— 4 2 (f[HapdD)[*o(& £~ o), ©
the conduction- and valence-band wave functioredv at

k=0 with an envelope functioh associated with the motion where&; andé&; are the initial- and final-state energies of the

of the electrons or the holes: crystal electronic system interacting with a photon of energy
hw. The interaction Hamiltonian describing the absorption of
@ar(N)=c(r)fer(r) the light reads
and 1 2mh tqt
Habs_ﬁ Y % ; akdquvsq,, D. (10
em(r)=v*(r)fp(r). ()

wherem denotes the non relativistic free-electron mags.
We assume that the functiofig ¢ andv satisfy the orthogo- is the annihilation operator of a photon with wave veajpr
nality relations: polarizationv, and circular frequencw. &, represents the
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polarization vector of the radiatioD represents th&k=0  wherer,,r,, andr, are the position vectors of the three
band to band dipolar momentum: particles. The envelope functiop may be written as the
product of the center of mass contribution and the relative

D:ef dBre* (npu(r), 11 envelope functionp,e, :
9]

1
. . - Ko R
which depends only on the particular band structure. It may #(r,R,Ro) = —5€"006¢(1,R), (15
: . Q
be supposed to be nonzero if we assume that direct band to
band transitions are allowed kt=0. We have neglected the whereK is the wave vector of the center of massR, and
terms corresponding to the creation followed by the annihiR, are, respectively, the relative and center-of-mass coordi-
lation of the same particle in a given band, so that intrabandates defined by
transitions are not taken into account. This approximation is

justified because we consider only optical excitation energies . R— fitra
comparable to the band gapTt 0 K. Finally we get, in the F=ra=r, 2 Tho
case of a given polarizatios,
872 R—mz(r +r)+m;r (16
T 0~ g U1 2 VIR
azmz—z le-D|2AS(E—E—hw), (12 Mo Mo
nmcQe it Mo=2mZ +mj is the mass of the center of mass; and
where m} are, respectively, the effective masses of the electron and
the hole atkk=0. The envelope oscillator strendtiq. (13)]
2 may then be written as
1= Cynnr (13 ,
N .
. . (k)= 8 f dre Ko T (rr/2)) . (A7)
denotes the “envelope oscillator strength,” which depends Q

At this point 1 s mportant to emark that we suppose that!T® e mass parameter-1.+ /1 2o depends only on
X P P the effective mass ratio=mZ/m}; . It appears, as expected,

the initial free-electron statpb;) in Eq. (2) corresponds to L :
extra electrons not generated by band to band transitions, stgna:jt éheo;rg]ls;tr'ggseliﬁrgglgnﬂl?r‘]’\é egelétgeo:‘lvri\;essvg(rzébiﬁen-
that the number of electrons in the valence band remain 0

unchanged. In this scheme, at zero temperature, the Fer s?nalieTQSn?r?gt)irc?r:l?Qaiwglfée?;% (b12)a]mreir?tue cer;ktir;uz(t:ce)ya
thermal distribution for the “free” electrons reduces to unity 9 P y 9 pace-

provided that their energies are lower than their Fermi en- 5

ergy, as we assume in the present study. As a consequence, = — e D|2f d3kI(K)8(&—&—fw), (18)

the electron density of states as well as the absorption coef- m2arncw

ficient @ do not depend on the temperature. The physical . . .

situation described r:t))y the assumptioﬁ of both zero Ferzpere\l/yhere we have_ introduced a factor .Of 2 n Ord"?‘r to takg Into

ture and electrons in the conduction band may, for instance"’mcou.nt the spin degeneracy. The |n|t|a_1l and final excqatlon
nergiest; and&; of the crystal electronic system are given

correspond to extra carriers generated by injection or b
nonthermal previous ionization of impurities.
gi :£0+ ECO+ Ee(k),
Ill. ZERO-FIELD OPTICAL ABSORPTION

In this section we will establish the expression of the ab- £r=EoT 260~ €0 T E(Ko), (19
sorption coefficient of the charged excitdfq. (12)] without ~ where&, is the fundamental crystal electronic energy corre-
taking into account the external magnetic field for 3D andsponding to full valence bands and empty conduction bands
2D semiconductors. In this case the envelope parts of that T=0K. e, and ¢,q are, respectively, the one-electron
free electron and hole basis functions defined in Bjjre-  band energies of the bottom and the top of the conduction
duces to simple plane wave functions ekp(). and valence band€,=%2k?/2m? is the free-electron en-

We study first the case of bulk semiconductors. Theergy while the total charged exciton enetfys related to its
charged exciton envelope oscillator strengfty. (13)] de-  relative energyE, ., by
pends on the ground-state envelope wave functipms the

r space that is related to its Fourier transfo@p .k, in the h2K3
k space by E=Et M, (20)
1 We can still remark from Eq(18) that the charged exciton

f d3r,d3r,d3r, lines, are not sharp lines contrary to what happens for exci-
Q tons or impurity bound excitons. Indeed, due to the mobility
. of the center of mass, the charged exciton lines behave like
X (1112, rn)exf =i(ky ratKa 1o=kn Tn)] free electrons if the envelope oscillator strenptk) is con-
(14 stant. However, as it results from E€L7), this latter case

Cklkah - 032
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depends strongly on the envelope wave function, and we 600 —
show below that it will strongly modify the free-electron-like
behavior of the center of mass. Using the properties of the
Dirac function, we can express the absorption coefficient as 500+
the product of a crystalline patt,ys; that does not depend
on the transition energy by an envelope pagt, :

5 400-
a’(hw)zacrysta'enu(ﬁw)a %
)
8v2m; 32 , T 300-
acryst:W |8 ) D| ) §
g
S 200
1 Vhwg—to z
aem(hw)_,u_wT 1(Q). (21) i
100 -
We have introduced the threshold transition enéragy, cor-
responding to zero center of mass momentum:
0 M 1 M T M 1 M
fiwg= €5+ E ¢, (22 0.0020 0.0015 0.0010 0.0005 0.0000
where e,= €c,™ €u denotes the band gap lat=0. Now we T Ahv(@u)
obtain the result that the envelope oscillator strer{dgh. FIG. 1. Plot of the 3D zero-field envelope oscillator strenigth
(17)] depends only on the transition energy differenceagainst the transition energy differentar=A%tw=%fwo—fw for
Ahw=hwy—hw through the quantity) defined by two values ofo=m}/m}, . The transition energies are expressed in
“atomic units” 2(1+m%/m})|Ex|, whereEy is the 3D exciton
2m’e‘ binding energy.
sz?(ﬁwo—hw). (23
® S=riptTlon, 1=Tp—ro,, U=Tgo; (26)

So it appears that because only positive valuedfb are

allowed, the absorption bands of negatively charged excitons 0ss, -—ustsu, Osuss (27)
are disposed on the onv-freqqency side of_the t.hrgsho_ld tranrpus we get the following expression fdr(r,r/2) in Eq.
sition energyZwg. This particular behavior distinguishes 17):

charged exciton spectra from exciton or impurity bound-

exciton spectra. In order to get qualitative insight into the

dependence at on AZw near the threshold transition energy rei(r.1/2)=Ne~ K2 Crnp( kD)™ 1P, (28)
hwy, we can assume that the photon enefigy is nearly moe

constant. In the limit of three noninteracting particles, theso that the envelope oscillator strength reads

envelope oscillator strength is constant, and the behavior of

the absorption coefficient is dominated by the square-root I"2(Afiw)
function VA% w, leading to an increase af at increasing 4
Ahw. This behavior is analogous to that of free electrons. :N_Tr > ¢ 2T PE2(mtnt p+ 1))
However, the Coulomb interaction may not at all be ne- K3 mmp
glected so that the influence of the envelope oscillator M nep2
strength will be predominant. i( 1 )
In order to evaluate the envelope oscillator streri@th. B \1+4p2
(17)] we use the Hylleraas-type variational wave function mnp+1

gte;teer:mined previously for the charged exciton ground % 2|2:o (_1)|Cgirl+p+2(2ﬁ)2l+1 (29)

drei(S,t,u) =Ny(ks,kt,ku), (24)  with B=u{[Q(A%w)]/k}, and whereC! denotes the bino-
mial coefficients.
L men In Fig. 1 we have plotted the variations of the envelope
p(stu)=e %‘4 CmnpS t"UP, (25 oscillator strength againstAw for significant values of the
P mass ratioo, using a 34-term wave function defined by the
whereN is a normalization constant; the scaling fadtaand  condition m+n+ p=<5. It appears, as expected, tHate-
the coefficientsc,,,, are variational parameters that have mains not at all constant, and decreases strongly Wiit.
been determined by minimizing the mean value of the relaThis behavior is quite analogous for different valuesrofn
tive energyE,.; M, n, andp are positive integers or zero, Fig. 2 we have plotted the variations of the envelope part
with n even due to the symmetry of the envelope wave funca.,, of the absorption coefficiedEqg. (22)] for 0=0.1 and
tion by interchanging the two electrors;t, andu are ellip-  o=1. We remark that the behavior af,,,, is dominated by
tic coordinates related to the three mutual distances the envelope oscillator strength and not by that of the
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FIG. 2. Plot of the 3D zero-field envelope absorption coefficient ] ] o
@en, Against the transition energy differencehv=A%w="%w, FIG. 3. Plot of the 2D zero-field envelope absorption coefficient
—#o for two values ofo=m*/m} . The transition energies are ¥en against the transition energy giﬂerenm":_éh“’:hw(}
expressed in atomic units 2¢m?/m¢)|Ey|, whereEy is the 30 —fiw for different values ofr=m/mj . The transition energies
exciton binding energy. are expressed in atomic units 2¢{n}/mj;)|Ey|, whereEy is the

3D exciton binding energy.

square-root function, contrary to what happens for free elec-

trons where the absorption coefficient depends mainly on the 8

electronic joint density of states. As a result, in bulk semi- I1’2(Aﬁw)=/\/—2 > cmnpzmwp

conductors, the negatively charged excitons bands are dis- ke mnp

played at the low-energy side of the main absorption thresh- o

old 7 wg with a maximum followed by a rapidly decreasing xf Jo[2r B(Ahw)]e frmtnTPTigy
tail. This behavior may be used to distinguish the charged 0

excitons from free or impurity bound excitons the spectra of

which reduce to sharp lines.

It is interesting to compare the above 3D results with
those we may obtain in the case of strictly 2D semiconduc
tors. Our 3D theory may be easily extended to the 2D cas
The only differences arises from the fact that the integrals: : -
over to the crystal volum€ have to be replaced by integrals Tions of the 2D envelope absorption coefficienty, (7 w),

Eq. (30)], for significant values of the mass rawo using a
over the crystal surfac&. The 3D absorption coefficient [Zz?te,frm)]wave fgtlmction defined by the conditi?n&n Jrgp
[Eq. (21)] becomes, in the 2D case,

<4. It appears that the charged exciton bands are decreasing
functions disposed on the low-energy side of the threshold
transition energyiw. But, contrary to what happens in the
3D case, the absorption coefficient does not exhibit a maxi-

(31)

where J, is a Bessel function depending on the transition
energy Afiw through the quantity3, which has the same
fmeaning as in Eq29). In Fig. 3 we have reported the varia-

a(fiw)= acrystaenu(ﬁw):

8mmj 5 mum below the threshold transition energy. This result is due
acryst=—|8'D| , to the fact that the 2D free-electron density of states is con-
ncnth
stant.
Aeny(fiw)= e 1(Q), (30) IV. MAGNETOABSORPTION
whereQ is still given by Eq.(23). But we remark thatrg, In the present section we study the optical absorption of

o, negatively charged excitons under the influence of an exter-
no longer depends on the square root of the transition energy. " uniform maanetic field directed alona thexis
differenceAfiw. This is due to the fact that the free electron Let us first digcuss the case of bulk se?niconddctors In the
density of states reduces to a constant in a 2D medium. Thu ffective mass approximation the envelope parts of the elec-
the absorption coefficient depends now only on the envelopﬁOn and hole basis wave functions defined in B).read
oscillator strength. '

In order to compute this latter, we use the 2D analogous _
functiont’ of the 3D casdEq. (25)]. We obtain fo(r)=e/(kxrk2lgm(eHxy2ch)g (v (32
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where g|(y) are the linear harmonic oscillator wave func- #2KZ,/2M, is the kinetic energy of the center of mass along
tions. Now,\ = (k,,ky,I) wherel is the Landau quantization the field direction andv.,=eH/Mqc=(0/1+20)w, is the
index. In our previous study we have shown that at suffi-cyclotron frequency of the center of mass. Using the proper-
ciently low magnetic fields the in-plane center-of-mass mo-ies of thes function, we obtain finally the following expres-
tion can be separated from the relative function. Thus th&ion of the absorption coefficient:

envelope wave function reads

&(r,R,Ro) =exdi(KoxXo+KozZo) ] drei(r, R)q)L(Yo)(,33) a(fiw)= agrysi@en (fiw),
whereK, andK, are thex andz components of the center-
of-mass wave vectoiX,, Yy, andZ, are the components of 2v2my 172 )
the position vectoR,, of the center of massb(Y,) stands Feryst™ nemel |2- DI,
for the eigenstates of the Schiinger equation of the linear y

harmonic oscillatorL is the Landau-level quantization inte-
ger corresponding to the center-of-mass in-plane motion.
¢.e1 1S the relative wave function that we have determined or (hw)= ii E 1
using the variational method. e p2ho T \Ate
In order to get an expression of the envelope oscillator L e
strengthl defined in Eq.(13), we use the same method as enly
above in the zero-field case, but restricting ourselves to low X JO dkd ke, Q(A%w).1],  (37)
magnetic fields. In this case, we may assume that the spatial
extension of the relative motion is very smaller than that of
the center-of-mass motion. With these assumptions we obwhere the transition energy differendéw is now given by
tain

1 (Ky Ky 1) Ahw=egtEpe— (I +12fiwe—ho. (39)

= 5K0x Yk>(5K02 'kzél"I
) The quantityQ(A% w) is given by Eq.(23).

3 s In order to compute the envelope oscillator strength we
X f dr exl —1u(Kox + Koi2) Jdren(r,112)) - have chosen the same 34-term trial wave funéfidiEq.
(34) (25)] as in the case of the zero-field case. Though this func-

tion is only well adapted in the zero-field limit, we expect

As expected, the transitions are allowed only if the selectionthat it will lead to an acceptable estimation of the absorption
rules L=1, Ko ,=ky, Kg,=k, are satisfied. On the other coefficient in the case of low magnetic fields if we vary the
hand, because we may assume that the oscillatory in-plarsealing factor as well as the linear parameters in order to
motion of the center of mass is confined within a surf8ce minimize the mean value of the relative energy. In Fig. 4 we
=L,L,, the possible values &€, are restricted by the con- have reported our results in the case of an effective mass
d|t|on O<K0x<eHL /ch. The absorption coefficient de- ratio 0=0.1 and for two values of the effective magnetic

fined in Eq.(12) may thus be written as field y=fwe/(2|Ep|), whereEp is the 3D donor impurity
ground-state binding energy. It appears, as expected, that the

5 eHL, /ch absorption coefficient decreases strongly withw. This is
a= anCwL ———e-D| E f due to the fact that, on the one hand, the center-of-mass

behavior is dominated by the A% function, which is

% related to a 1D free-electron density of states. Indeed, due to
X fo dkol (ky Kz 1) 8(E—E—fw). (35  the magnetic field, the center-of-mass motion remains free
only along the field direction. On the other hand, as in the
The initial- and final-state energies are now given by zero-field case, the envelope oscillator strength decreases

with Azw. Finally, the observed quantization is due to the

_ ﬁ2k§ gquantization of the center-of-mass motion in the plane per-
E=Et et om* +(1+1/2)hwe, pendicular to the field direction, and is quite analogous to the
€ Landau quantization for free electrons.
52K 2 In the case of 2D semiconductors, using the same method,
E=Eyt+2€c0— €0t = 0z we obtain in the case of a magnetic field perpendicular to the
2Mg semiconductor surface:
+(L+1/2fiwemt+Efer - (36)
) eHLy /ch
#2k22m? denotes the electron kinetic energy along the ~ @=————|e-D| E 5(Aﬁw)f dkl (ky, 1),
. . nm ch
axis. (| + 1/2)k w, is the energy of an electron Landau level, (39)

we=eH/m} c being the electron cyclotron frequend is
the charged exciton relative energy in a magnetic fieldwhere the envelope oscillator strength reads now
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FIG. 4. Plot of the 3D absorption coefficient,,, against the
transition energy differencAhv= A% w=hwy—# o for two values
of the effective magnetic fielg and o=mj/m} =0.1. The transi-
tion energies are expressed in atomic units 2045 /m})|Ex/,
whereEy is the 3D exciton binding energy.

I (k1) =k, kO
2

% J’ere*iM(K0xx)¢)re|(l’,r/2) .
S

(40)

It appears that, in this case, the absorption spectrum reduces
to a series of sharp lines located below the threshold transi-

tion line and separated by the eneggy# w, corresponding
to integer positive or zero values lbfThis behavior is due to
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the fact that the perpendicular magnetic field gives rise to a
total quantization of the electron and center-of-mass
motions?!

V. SUMMARY

In this study we have shown how the shape of the absorp-
tion coefficient of charged excitons with and without an ex-
ternal magnetic field may be used to distinguish them from
excitons or localized bound excitons. In the zero-field case,
the charged excitons lines are never sharp lines, because of
the mobility of the center of mass. The behavior of the ab-
sorption coefficient is dominated, on the one hand, by that of
the envelope oscillator strength, resulting from the relative
Coulomb correlation, which decreases strongly with the tran-
sition energy differencdzw. On the other hand, it depends,
crudely speaking, on the density of states associated with the
“free” charged center of mass. This latter behavior is differ-
ent in the 3D and the 2D cases, like what happens in the case
of free electrons, where the densities of states are, respec-
tively, proportional to the square root of the energy or equal
to a constant. In a magnetic field, the absorption coefficient
depends mainly on the behavior of the “free” center of mass
in a magnetic field, giving rise to a Landau quantization in
the 3D as well as the 2D cases. Only the shape of the ab-
sorption coefficient is different in the two cases due to the
differences of the densities of states. In a semiconductor
QW, we expect an intermediate situation. In particular, if the
field is perpendicular to the plane, we expect sharp lines,
because the combined effects of the magnetic and quantum
confinement in the field direction give rise to a total confine-
ment. We hope that the present study will be useful in order
to characterize charged exciton lines in semiconductors.
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