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Interband and intersubband absorption in HQCdTe multiple quantum wells
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We present calculated and experimental interband and photoinduced intersubband absorption spectra for
undoped HgCdTe multiple quantum wells. The results show that there is an enhancement of the interband
absorption at energies close to the barrier energy for electrons. The calculated interband absorption, based on
a full 8x8 k-p Kane model to obtain the electronic structure, predicts that this absorption enhancement is
caused by an increase in the electron-hole joint density of states due to band mixing for confined and continu-
ous electron states. The photoinduced electron intersubband absorption presents an asymmetric line shape due
to the nonparabolic bands. The calculated spectra reproduce well the experimental results.
[S0163-182699)04215-0

[. INTRODUCTION model to obtain the electronic structure, predicts that this
interband absorption enhancement is caused by an increase
The electronic band structure in multiple quantum wellsin the electron-hole joint density of states due to band mixing
(MQW'’s) and superlattices are now reasonably understoodor confined and continuous electron states.
Many theoretical and experimental studies have shown de- We also present calculated photoinduced electron inter-
tails such as confined energy states, excitonic effects, angHbband absorption showing an asymmetric line shape due to
hole band mixing-2 Also, recently a complete calculation of the nonparabolic bands. In a previous paper we presented
the bound-to-continuum hole transitions in good agreemerfé*Perimental results for this asymmetric line stfaped we

with experimental results has been presented fdype S|mylated the experimental results considering different ef-
quantum wellS4 fective masses for the electron subbands. Now we show the

The interest in HgCdTe MQW arises because of their po_c:omplete calculated photoinduced intersubband spectra that
eproduce well the experimental results.

tential applications as infrared optical modulators, lasers, de" Th - | its for both the interband and i
tectors, and emitters. In these narrow-gap structures the lar ebbe szE”mema results for gt t de ".‘fr an Ian |fnge6r(—)
nonparabolicity effects and interband mixing, and the smal ubband absorption were reproduced with a value o

effective masses provide a rich variety of novel optical an e_V for the valence band offset in the band_ structure calcu-
electronic properties. Meyet als presented a recent review ations. These results corroborate to determine that the offset

of these properties. The experimental and calculated absorﬁ-homd. be cI_ose to .360 me\é. A range of 350400 meV was
tion spectra near the band edge describe well the variou%StabIIShed in the literature’

interband transitions between the confined electron and hole

s.tatesr’.‘8 Noqetheless the interbanq absorption near the bar- Il EXPERIMENTAL

rier energy is not yet well established. In this paper we

present calculated and experimental interband absorption We studied two undoped MQW samples grown by mo-
spectra covering the energy range from the band edge to thecular beam epitaxy on GaAs substrate with the following
barrier energy in undoped HgCdTe MQW. The results showayer sequence: a 0.am ZnTe layer, a 2um CdTe layer,
that there is an enhancement of the interband absorption &llowed by the 50 period MQW'’s, consisting of a 100 A
energies close to the barrier energy for electrons. The calcuhick Hg, g£Cd, ,7,Te well or a 80 A thick Hg sdCd, 4oTe Well
lated interband absorption, based on a fuk 8 k-p Kane separated by a 100 A thick KgCd, g=Te barrier.
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The interband absorption measurements were performed De
using a Mattson Fourier transform spectrometer for the en-

*
ergy region below approximately 650 meV. For the higher | u_ P1 Dhn VI, ()
energy(580—-1400 meY we used a Cary spectrometer. All P LY Din ’
spectra were taken with the sample at room temperature. The P L% Q* Deo

Fabry-Perot interference fringes were minimized by using a

broad band polarizer and positioning the sample at BrewwhereV(z) represents the set of potential profiles seen by

ster's angle for the MQW-air interface. We joined the two €ach carrier in the system ands a 4x4 identity matrix.

absorption spectra by matching the overlapping energy relhe terms representing the sum of kinetic and strain coupling

gion of the measured spectra. energies for carriers can be_z written as a function of the band
The photoinduced intersubband absorption spectra wer@arameters for each material, as

taken in a pump and probe configuration. Photoexcited elec-

trons in the first electron subband were generateah facc W De= E8+ EC+| Fo+ E k2+ RZ E+ 1 RZ +at,
cw Nd:YAG pump laser. The intersubband transition from 2 2
the first to the second electron subband were probed by in- @
frared light focused on a sample polished edge at 45° with —n+ v_
the growth directionf). This geometry allowed coupling to Dpn=D"+(ah=5,), &
Ejr??eéggir?s,ubband transition for light polarization in the Di=D"+(a’+8,), )
with
lll. THEORY . o1 2 Lo ok
D =(—EV— 5 (MK = Sk 71+ 272)ke 1, (9

The optical absorption in heterolayered semiconductor
structures has been demonstrated to be a powerful tool to 1. R
reveal the intrinsic details of its quantized electronic states. Dso=—EY'—Ago— 571k2— E[kZ( yOK ]+ ap, (6)
The excitation spectra in these structures are mostly domi-
nated by quasilocalized two-dimensional excitons superim-
posed to plateaulike steps displaying both the general aspects P,=— \[%Pok, 7

of the joint-density of state function for intersubband transi-

tions and the related effect due to the Coulombic interaction

between the carriers. The selection rules, for optically ex- 2 a \/I

cited transitions, depend on the light polarization and are PZ:{_ \@{Po’kz}ﬂ §P°k}’ ®)
determined by the spatial symmetry and by the different hy-

bridization of the involved electronic states and appearing in 1 R 1

the linear momentum dependencekjf;(k), the energy of PsZ{— \[g{POakz}H \/;Pok} 9)
carriers inside the Brillouin zone. Hers, labels the spin
componentn the subband level, arjcthe carrier typegelec- 1 3
tron, heavy hole, light hole, and split-off hgleThis set of = Kook 1— \/: 2_; = k2| —

special conditions shows that, some interband optical transi- Qu=| V2kaykal ZCa \/Ek{ys'kz} V28,
tions (valence-to-conductionwhich would be strictly “for- (10
bidden” in bulk semiconductorsAn=|n;—n;|>0), can be

observed in quantum well structures, although they show A V3

much weakerc?ntensitie(aasciIlator strengthisas cgmpargd to L= [ V3k{ys k) +i 7'(27( 9)} : (11
the “permitted” ones An=|n;—n;|=0). For example, the

selection rule for optical transitions from time=n state in 3 ~ 3

the valence of a QW to the first conduction subbang, LzZ[— \/;k{73akz}+i \/;kz?’( 0)|, (12)

=1, becomen=2p, p=0,123....
where EJ is the energy gapES" is the band offset for
conduction(valence band,Agq is the spin-orbit energy for

the material in the absence of straiks= —i(d/dz), 6 is

The conduction and valence band states in this work argéhe angle between the componenks k) andk= ‘/kx2+ kyz
calculated by a modified Kane Hamiltonighwhere each s the modulus of the parallel momentum in tkg plane.
envelope function component in the four periodic BlochThe brackets indicates the relatidm,b}=ab+ba. The
functions at thel point, namely,|3,+3), |3,+3), |3, 1. v2. vs, Fo, andP, are the well known Kane param-
+3), |3,+3) for conduction, heavy-hole, light-hole, and eters for the bulk dispersions of each material. The strain
split-off hole bands, respectively, are obtained from the sotermsa andp are defined in terms of the elastic compliance
lutions  of HYWPi(k,p,2)=E};(k)¥(k,p,2). The full tensor  components,  as ap=—2(Sx+2S)/(S«
Hamiltonian which includes the kinetic and strain terms+Sxy)qaﬁ and ap=—2(S+2S)/(SixtSyy) e @y for
(HU=Hk,p+ H.iain Can be written in the Hermitian form as hydrostatic strain in the conduction and valence bands, re-

A. Electronic structure



10 160 A. M. de PAULA et al. PRB 59

spectively, and the axial deformation ag,=—(S,, Mo
—S,,)/(Six+ Syy) €. b, The hydrostatic strain changes the m—hh(001):[71—272], (16)
gap asfa‘ = [E8+ (af— a@p)], however the axial deformation

produce_s different enfhr%y gaps for heavy a_md light-hole Mo 4moP§
states in the formEMM=(E*xpB ). Certainly these — (00D =| (y1+27y5)+ , 17
g =P : m 3EH2
changes produced by strain will affect the heights of the Ih g
barriers(band-offsex for each type of carrier. )
The overall result of strain effects on the valence band o (001) = y,+ oo (18)

states of Iayered structures d_epends on if a given Iayer_ is Mso 3Egﬁ2(Eg+ASO),
submitted either to an extension or to a compression with
respect to substrate. The deformation in sheplane of a and
heterolayered system is determined by the percentual mis-
match in the lattice parameters, = (ajayer— Asun)/Asubs ﬂ(111)=[y1—273]. (19)
where ag, and aj,ye, Stand for the lattice parameter of the Mhh
substrate and of a given layer, respectively. Thaigye
=agl+e€, ) and one can see that for those layers under B. Interband optical transitions
compression g e<as,p the strain in thexy plane ise,
<0 and those under extensioa,{~>as,y the strain ise,
>0.

The envelope functions which are solutions of EL.for
theith state in the conduction band, with envelope function

By starting from the full calculated electronic structure
{¥7,(k,p,2);E}(k)} for a given quantum well profile, we
can calculate any physical property of the system such as the
interband(valence to conductigroptical absorptiot?

components in the Bloch states at thepoint having only Qi 7 0) = @y 0)
positive spin componenty,=+%, +2, +1 +1 and la- nte ex
beledU states or having negatives spin components and la- d2k
beledL states, are written in the form + aog f WQij(k)L[AEi,j(k);rij],
[Fi(k,p,2)] (20)
y " Fiz*c(k,p,z) Whet’an: 2mre?/lcmyl,, is a constant determining the scale
Vic(k,p,z)=e"" Fic(k,p.2) |’ (13 for optical transitions in the well of width.,, £(x;y) is a
i3c " Lorentzian lineshape function for the optical transitiohs,
| F4"(K,p,2) | is the linewidth for transitions from the initial statein the
valence subband, to the final stafén the conduction sub-
[ FLo(K,p,2)T band, whose energy difference at each value oktparallel
ic is AE;j(k). Here, the nonparabolicity, the subband mixing
WL (k,p.z)=ekr F_G (kip.2) (14) and sensitivity of the subband structure on the external
il P FL(k,p,2) |’ and/or internal fields play an important role.
i c The quantityQ;;(k), which measures the probability for
LFg (kip,2) ] vertical optical transitions(proportional to the oscillator

where (,p) are the momentum and spatial coordinates instrength, excited by photons of polarizaticfmand frequency

o, may be calculated as

the xy plane.
The Hamiltonian determining thie states can be obtained 1 .
by applying the time-reversal operatGe=—iiCo, to the Qij(k)=H|<‘I’i,c(k,p,2)|ﬁﬂ‘l'j,v(k,P,Z»lz, (21)
0

Hamiltonian in Eq.(1) wherel is the spatial inversior( is ) ]

the complex conjugation, and, is the Pauli matrix opera- Where we have dropped the spin-component lgpbsihce we
tors. If the applied potential profile shows a center of sym-Will be restricting our interest in this paper to those structures
metry, bothU andL states will have eigenvalue’é’j(k) and  With pot_en_t|al profiles heaving spatla_l symmetry and the final
Ef;(k) degenerated, for ak inside the Brillouin zone. results is just the added factor of 2a.

The full electronic structure is calculated by solving the In general, the linewidth for optical transitions are deter-
Schralinger equation with the Hamiltonian given in B4). ~ Mined from all homogeneous and inhomogeneous scattering
The Kane parametefS,, Po, y;. 2. andyz, which ap- mechanisms present in the sample. The direct calculation of
pear in the Hamiltonian, are determined from their directl’ij would require detailed information on growth conditions
relations to the carrier effective masses, and are derived fro@f each sample and its detailed characterization. However,
each eigenvalue of Eq(1), after an expansion to second We Will use later this linewidth as an input parameter for the

order ink, as interband absorption in a given sample, according to the ob-
served shape of peaks in experimental lines.
m Ame P2 E Finally, ae,(0) is the optical absorption due to the pres-
_0(001): { (2F+1)+ ° 0) [ + 9 ] , ence of excitons where binding energies and wave functions
me 3E4h? 2(Eg+Aso are calculated variationally after assuming a hydrogeniclike

(15 stype wave function for the ground state. The effective
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masses used fdrh andlh excitons are determined directly L[AE; (k);T;;] were already defined in Sec. Ill B and the
from the dispersions of conduction and valence bands. Albnly change needed to the present case is related to the iden-
details of this approach can be found in Ref. 13. We also usfication of the initial state, confined state in the well layer,
the statistical model for excitonic Iinewidmtogether with  and the final state which can be either confined in the quan-
the quasi-two-dimensional correctiSrto the excitonic vol-  tum well or states in the continuum with energy above the
ume in the quantum wells of width, which gives a fairly  parrier.
good approximation for the inhomogeneous line broadening The selection rules in these optical transitions are almost
in the excitonic peaks. For materials with zinc blende sym-entirely determined by the spatial symmetparity) of the
metry where the cubic sublattice has voluags this inho- initial and final states in the heterostructure and by the odd
mogeneous linewidth for good quality samples, may be estiparity of the momentum operator. However, the envelope
mated as wave functions play a very important role here in contrast to
3ad(1-x)x of the periodic part of Bloch states mainly dictates the selec-
' (220 tion rules!” In the next section, we will use the approach
where[d E'g{(x)/dx] is the change in the effective band gap optical data for HgCdTe multiple quantum wells.
betweeni andj levels in the QW with a concentrationfor

8mraZl,

§ the interband case discussed Sec. Il B, where the symmetry
dE!
i :( d g)
X
presented here to compare the calculated and experimental

structures of typeA_, BC, and a,. is the two- IV. RESULTS AND DISCUSSION
dimensional Bohr radius of the exciton inside the quantum _ _
well with values in the range 2—5 meV forslexcitons in A typical electronic structure for Hg ) Cd,Te-

CdTe quantum wells. For higher levels, we may estimate thé&lg(:-y)Cd,Te multiple quantum wells at room temperature
biding energies of excitons, to a good approximation, ash =300 K is shown in Fig. 1. The chosen sample has “di-

Ep(n)=Ey(1)/n?. rect band structure” where the conduction band has a normal
s character. The well width i&,=100 A, the Cd concen-
C. Intersubband optical transitions trations arex=0.27 in the well layer and/=0.85 in the

. . L barrier layer.
Another important optical characterization for these Struc-  Tpg fy|| electronic structure was calculated by solving the
tures is associated with transitions between confined states §bhr"ajinger equation with the Hamiltonian given in Ed)

the conduction or valence subbands, intersubband transitiorb%ing the parameters obtained from linear interpolation be-

and also transitions from the confined states inside quantu een those listed in Table I, and a valence band ofet

wells to the states above the barrier. Here, the number of 5o\ \/ The conduction band offsE is calculated

states in the continuum region plays a very important role iq‘rom the energy band gai,(x,T), measured in meV and

determining both the effective barrier height as well as thefor values of T above 70 K, which is obtained from a fitting
quality of the confinement region or interface quality in the,[0 many experimental data’ calculated fiém

heterostructure as well as possible monolayer fluctuations or
interdiffusion of material across interfaces. Recently, Szmu-

—(— 2_ 3 4
lowicz and Browri** presented a complete calculation of the Eg(x,T)=(~313+ 178K+ 444"~ 123K+ 93X")

bound-to-continuum absorption ip-type GaAs/AlGaAs T(K)
quantum wells showing the importance of a true continuum +(667—-1714+ 760(2)@- (25)
calculation.

We calculate the intersubbar{dr intraband optical ab-
sorption for photoinduced electroffswith just slight modi-
fications to Eq(20), as

The strong nonparabolicity for electrons, heavy- and
light-holes state dispersions, mainly due to the admixture of
I's bands and their coupling to tHég (conduction and I’

d2k (spin-orbi) bands can be clearly observed. The spin-orbit
inra( A w) = a° 2 —— Qi (K)LIAE; j(k);T;1, sub-bands are not shown since they display a much weaker
i J (2m)? ' nonparabolicity due to their very small coupling to the va-

(23 lence states and to almost negligible coupling to the conduc-
tion states. These spin-orbit states are important, however,
since they couple only with the light-hole branched gfand
the effect of this coupling appears as an upward shift of the

) (24 Ih states close tk=0 to higher energies and as an enhance-
ment of the minigaps betwedi and hh branches at the
anticrossings regions.

Here, Ny is the density of photoexcited electrons in each |y Fig. 2 we show the calculated interband optical absorp-
quantum well by the laser of frequeneyin a semiconductor  tjon, for the Hg; - CdTe-Hg; —,,Cd, Te multiple quantum
heaving static dielectric constagj and refractive index;, well with L,=80 A at a temperature of =145 K. The
respectively, that can be taken as an average between tRg@mple has Cd concentratiors-0.386 in the well andy
values for materials in the well and barrier regions of the—q 860 in the barrier layers, respectively. We display the
heterostructure. Alse andm  are the charge and free mass gptical absorptions calculated witthick lineg and without
of the electron, respectively; is the speed of light in (thin lines the contributions from excitons, given i, (0),
vacuum, and_, is the quantum well width. Th@;;(k) and  and we have chosen two values for the linewidth. The value

where

cc

. :{ 8m2e2N,

wCe NmM2L,
0 0
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1100 TABLE |. Parameters for HgTe and CdTe taken from Refs.
12,21 The negative signs in the effective masses for the electron
1000 and light hole, in the HgTe column, refer to the “inverted band
structure” of HgTe, withE, negative[see Eq.(25)] and the con-
duction band having @ character from thd'g subset of Bloch
900 —
states ak=0.
>
g 800 Parameters HgTe CdTe
5 700 mr, (M) -0.014 0.096
& Ey(x,T) (meV) see Eq(25 see Eq(25
% 600 Aso (MeV) 1080.0 951.0
) mr,(001) hh (m) 0.420 0.410
500 mr,(111) hh (m) 0.530 0.530
mr,(001) h (my) -0.0165 0.103
100 | mr_(001) SO (no) 0.102 0.280
I a(x) (&) 6.461 6.481
1, ()] Cyy (101 dyn/en?) 5.971 6.4782
300 AL ) s 1
0 4 8§ 12 16 20 Cy, (10 dyn/cn?) 4.154 4.154
k-parallel (10¢ cm™) a.—a, (mev) 3200.0 3840.0
o b, (meV) —1150.0 —1150.0
measured interband absorption spectra for the
60 Hg(l,x)Cdee-Hg(l,Y)quTg multiple quantum well with
L,=100 A . The solid line is the measured spectrum and the
- dashed line the calculated one. There is good agreement for
> all the confined transitions, the calculated spectrum repro-
E -120 duces well both the transition energies and intensities.
S Note that there is also a continuous increase of the inter-
2 band absorption for energies higher than about 0.85 eV
= -180 (marked by arrow 1 in Fig.)3 The sharp increase at 1.2 eV
E (arrow 2 is due to the barrier absorption. The enhancement
of the interband absorption can be explained by an increase
240 of the electron-hole joint density of states due to mixing of
i the confined and extended states near the barrier energy for
1 1 ' 1
------ I' — 11 mev
=300 — : LAl 0% | |
0 4 8 12 16 20 = 4mev
k-parallel (10 ¢ cm!) » P

FIG. 1. Electronic band structure, for electrof@ and heavy-
and light-hole states(b), calculated for a Hg_,)CdTe-
Hg(;-,)Cd, Te MQW at temperaturd =300 K andL,=100 A.
The Cd concentrations are=0.27 for the well andy=0.85 for
barrier layers, respectively.

of 4 meV for the curves in solid lines was estimated from Eq.
(22) and the 11 meV value for the two curves in dotted lines
was picked for the sake of comparison. As expected, the
small values for the linewidth show how much stronger are
the excitonic oscillator strengths as compared to those for
normal band-to-band transitions. Note that, for very small
linewidths and in the limit ofT— 0, the optical absorption
without excitons will resemble, basically, the joint density-
of-states of two-dimensional systems. We also observe the
“permitted transitions” satisfying the normal selection rules,
An=0, however, due to the negligible value Qf;(k) for

[
(=4
|
=
=

(S
in

—
>

S

OPTICAL ABSORPTION
—
>

10*
1 04.1
1 03.8
0.0 d . ) . ) . _X= 0.‘386
430 510 590 670 750 830

ENERGY [meV]

FIG. 2. Interband optical absorption for Hg,,Cd,Te-

HgCdTe quantum wells, the “forbidden transitions” that Hg; -,)Cd,Te quantum well aff =145 K andL,=80 A . Small

would be shown in the plateau regions just abovelthg
andhh,, excitonic peaks are not seen.

values of linewidth enhances the excitonic peaks. Qumiy=0 tran-
sitions are seen, due to small admixture in the electronic states for

In Fig. 3 we present a comparison of the calculated andhis material.
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FIG. 3. Experimentalsolid line) and calculateddashed ling ! * ! * ! *

absorption spectra for the 100 A HgCdTe MQW. Calculated spectra 80 100 120 140 160 180 200
with 20 bands. The vertical arrows indicates the transitions for en- Energy (meV)
ergies close to the barrier energy for electra@sow 1) and energy
of the barrier layeKarrow 2. FIG. 5. Photoinduced intersubbairtfirst electron subband to

second ongfor the 80 and 100 A HgCdTe MQW at room tempera-
the electrongsee Fig. 1. The band mixing near the electron ture (300 K). The solid lines are the measured spectra and the
barrier energy causes a rounding of the electron subbandi®tted lines the calculated ones. The used linewidth are indicated in
which increases substantially the electron-hole joint densityn€V-
of states at these energies, about 800 me\( in Fig. 1 related to the transitions between confined stéfiesn the
We now present the results for the photoinduced intersu A | bband d d the hiah
band absorption in the conduction band. Figure 4 shows th Irst electron subband to secon Qmm the high-energy
' . - Seak(PZ) to transitions were the final states have energy
calculated intersubband optical absorption for the 80 A ; . .
A above the barriefsee inset We have used a photoexcited
HgCdTe quantum wellssame sample as in Fig).2Ne con-

sidered two values for the linewidth, 8 meV in the solid line ﬁqlz;tsrﬁ?emeg%e;?g _ f;i@én:: d twgzzluesef)(() r;srlrfrg)?ntal
and 12 meV in the dotted line. The stronger peBi) is o "

sake of comparison. It is clear that the transitions to the
040 ———— contippum have a much.weaker oscillator strength than the
T—300K transitions between localized states, due to the small overlap
of the wavefunctions in the calculat€|; (k). For the same
reason, they also have 3—4 orders of magnitude smaller os-
. cillator strengths than the interband transitions obeying the
An=0 selection rule. This is because allowed intersubband
. T optical transitions occur between localized states with oppo-
— — site parities, which determine their small oscillator strength.
In fact it is expected that the intersubband oscillator strengths
are of the same order of the “forbidden transitions\h
>0, in the interband transitions, as described in Sec. Il B.
J The nonparabolicity also strongly influences the shape of
these lines as well as the linewidth®?° The asymmetric
broadening to the low-energy side is due to the nonparabo-
licity effects. This asymmetry appears because there is a fast
p2 ] decrease in the intersubband transition energy ak geral-
l lel increasegsee Fig. 1
. ] Figure 5 shows the comparison of the calculated and mea-
0.00 == . N N sured photoinduced intersubband absorption for the 80 and
50 100 150 200 250 300 350 100 A Hg1-CdTe-Hg,-)Cd, Te multiple quantum
wells. The solid lines are the measured spectra and the dotted
Energy (meV) lines the calculated ones. For the 100 A sample the calcu-
FIG. 4. Intersubband optical absorption for ¢g,Cd,Te- lated curve with linewidth of 4 meV reproduces very well
Hg-,)Cd,Te MQW atT=145 KandL,=80 A. Twovaluesfor the measured absorption. The curve with linewidth of 8 meV
the linewidth of both peaks P1 and P2, are shown. The concentrds broader than the experimental one. For the 80 A sample
tions of Cd in each layer are the same as in Fig. 2, where the wethe calculated curve with linewidth of 8 meV is close to the
layer has “direct band structure” type. measured width. The curve with linewidth of 12 meV is

80 A

0.08

0.06

pil |

Absorbance

0.04

0.02
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again broader than the experimental one. The calculateering the energy range from the band edge to the barrier
spectra reproduce well the observed asymmetric broadenirgnergy shows that there is an enhancement of the absorption
to low energy in the measured intersubband transitions. Alsat energies close to the barrier energy for electrons. The cal-
the calculated transition energies match very well the meaculated absorption reproduces well the confined interband
sured values. transitions and predicts that this interband absorption en-
We should stress that both the interband and intersubbartthncement is caused by an increase in the electron-hole joint
transition energies depend on the value of valence band offiensity of states due to band mixing for confined and con-
sets used in the band structure calculation. We could reprdinuous electron states. The photoinduced electron intersub-
duce both the measured interband and intersubband spectvand absorption shows an asymmetric line shape to the low-
(Figs. 3 and b with the same value for the valence bandenergy side due to the nonparabolic bands. The calculated

offset (360 meV. spectrum matches well both the line shape and transition
energies. Also a value of 360 meV was determined for the
V. CONCLUSIONS valence band offset.

We presented measurements for the interband and inter-
subband absorption in HgCdTe MQW. We calculated these
absorption spectra using a fullX3 k-p Kane model to We acknowledge financial support from CNPq, PADCT,
obtain the electronic structure. The interband spectrum covand Fapesp.
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