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Optical properties of imperfect strained-layer InAs/Ga; _,In, Sy AISb superlattices
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We present a microscopic model of the optical properties of several strained-layer InAs/GaSh-based super-
lattice structures with infrared optoelectronic applications. The requirements, both in technologically motivated
and basic physics, for improvements in the theory of the optical properties of disordered, strained-layer systems
are identified. Both disordered and perfect structures are modeled, and we analyze in detail their optical
spectra, identifying the role played by wave-function confinement in determining spectral features. For those
structures with laser applications, we study in detail the effect of alloy layer disorder on emission line shape at
various population inversions. We find that there is a significant change in the linewidth as a result of alloy
layer disorder. The optical absorption of a photodetector structure is modeled, and we appraise the potentially
degrading effects of Auger recombination processes on its operation. We find good agreement between our
predictions and experimental results. This paper presents a set of results in an ongoing research program in
which we aim to gain a quantititative understanding of the relationship between microscopic disorder and strain
and the optical properties of semiconductor heterostructures.

[. INTRODUCTION If antimonide-based technology is to become widespread in

the fields of these applications, a detailed understanding of

Antimonide-based heterostructures exhibiting opticalthe microscopic features which determine device perfor-

spectra in the infrared have been successfully fabricatethance is required so that structures may be optimized to
since the late 1980sThese so-called “6.1-A” heterostruc- achieve particular response characteristics.

tures are composed from antimonides and other 11I-V semi- [N this paper, we report large-scale calculations of the

conductors with lattice constants of around this value, sucleptical spectra of both ideal and imperfect antimonide-based

as GaSb, AlSb, and InAs. Flexibility in the design of theseSuperlattices with optoelectronic applications. We employ an

structures is further accommodated by alloying these mater€MPirical pseudopotential scheme incorporating strain ef-
als with each other or with less well lattice-matched Insbf€cts and enabling band-structure calculations in multilayer

The materials, layer thicknesses, and alloy and strain CorF_uperlattices containing microscopic disorder, including that

fi . : . : associated with alloy layers. For two laser structures, each
igurations used in these systems function as design param-

eters in engineering the electronic band structure to givlncorporatlng Ga In,Sb alloy layers, we examine the ef-

. . T . fect of the microscopic alloy configuration upon the emission
fine-tuned optical properties in the far-infrared. In conse- P y g P

o spectra, in particular the effect on the emission linewidth. In
quence, such structures demonstrate huge potential in optQyition, we model a detector structure which does not con-
electronic applications as IR photodetecfofand laser$ !

) X e . tain an alloy layer, and present the absorption spectrum aris-
The value of these materials in such applications is wellhg from a calculation of the ideal superlattice band struc-
documented in the literatufé and includes features such as yre. We give a comparison between the features of this latter
deep wells exhibiting high carrier mobilities and type-Il bandresult and an experimentally obtained spectrum for this
lineups with fundamental gaps in the infrared. However, aktructure!® appraising its performance as an IR detector.
present practical application of antimonide heterostructure§hese calculations provide us with an essential insight into
is limited by the lifetimes which can be achieved by currentthe microscopic physical processes governing the optical
growth methods. Scanning tunneling-electron microscopyharacteristics of the structures.

techniques have facilitated a direct determination of the spe-

cific microscopic_ disorde_r configurations _arising .in these Il. DETAILS OF CALCULATION
heterostructureS~® enabling appraisals of interfacial qual-

ity to be carried out. A quantitative understanding of the We calculate the stationary-state solutions in perfét
effects of both microscopic disorder and strain fields on thes, assuming no disordesuperlattice structures using the
optical line shapes of these structures is of principal imporempirical pseudopotential methddwhich was originally
tance in the design of devices. Indeed, recent studies usirdgveloped to calculate the electronic band structure in bulk
ab initio pseudopotential calculations showed that the micro<crystalline material® The presence of biaxial strain fields in
scopic interaction between defects and the interfacial bondseterostructures, arising from lattice mismatch, requires an
can play a significant role in determining the properties ofevaluation of strained superlattice potentials, and we delin-
defects in heterostructuré$!’ In particular, one of the key eate the method of determining these elsewfk®trained
problems for theoretical models is to provide an adequatdand offsets, between the constituent materials, are evaluated
description of the microscopic configuration of alloy layers.using the method of Van de Walf8.
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To additionally model disorder in such systems, we define
a larger unit cell, comprising many superlattice primitive
cells, and can apply disorder throughout specific layers in
this so-called supercell. The disorder potential is treated as a : 5 :
perturbation on the ideal superlattice potential, and the eigen- L 063 eV P l45ev
functions of this perturbed system are expanded in a basis of 094eV | ! 170V
the wave functions of the ideal superlattide? In alloy ma-
terials, the microscopic potential is conventionally modeled
using the virtual crysta(VC) approximatioR* by taking a e 0.60 eV
weighted average of the potentials of the constituents at the
correct fractions. Our approach facilitates a more realistic
alloy model in which the potential may be represented as a
spatially disordered configuration of the constituents, without FIG. 1. Band offset diagram for the strained-layer
averaging: the atomic pseydqpotentlals of the species Ir.] théalnAs/lOG@_7Ino,;,ng/GInAs/14AISb superlattice, calculated using
alloy layer are randomly distributed between the atom S|test.n ; )

. ; - e method of Van de Wall(Ref. 29. Band-gap energies are given

to the correct fractions. For such calculations, it is conve; .y,
nient to perform an idealized calculation using the VC po- '
tential, and to carry out subsequent disorder calculations as icul lation i . W i he i
perturbations. We take account of atomic relaxation in dis2 pla?lcu arthpc(;pufatlon |_n\t/erS|c3[n8?] f e utilize dt f Inear-
ordered systems by utilizing a valence force field method. aFay |c.rr;e to N zo?e In egtrﬁ II' ,orl Ol.thg” Iot sdam-

Previous studiés indicated that, in order to model the piing paints, 1o generate smooth, finearly interpolated curves
detailed optical response of a nanostructure, it is necessary {gr the optical spectra and density of states.
sample a large number & points in the Brillouin zone.
However, following examination of the electronic band Ill. RESULTS
structure along various symmetry directions in the Brillouin

z0ne, the region ok space to sample may be chosen such In thi's section, we present th'e results of opti'cal spectra
that only transitions in the energy range of interest are Con(_:alcul_atlons fo_r se_veral superlattl_ce systems having IR tech-
ological applications. By considering zone-center wave-

sidered. For an optical-absorption calculation, a large ener ! .
P P 9 9 unction confinement effects for states close to the band

range would be required in order to study the optical re- d int ¢ ) foat £ th . W
sponse for a wide frequency range of incident radiation. iP@ges, we Interpret various teatures ot these spectra. Ve

such a case, a fairly large volume lospace is likely to be model the linear susceptibility characterizing emission pro-
necessitated,. If, on the other hand, an emission spectrum is fggsses In thc_)se structures which have laser a_\ppllcatlons and
be computed, the calculation will generally involve a fqr @ investigation into the effects of alloy layer disorder on the

smaller range in energfand hence ink space, which is optical line shape is reported. Optical absorption is calcu-

dictated by the fundamental gap and the Fermi surface. BOfted for a structure having an application as a photodetector

carrying out the preliminary calculations described, we avoi nd the likelihood of Auger recombination processes arising

wasteful computation in the subsequent sampling. In the cad this devpe assessed'.. Furthermore, where experimental
of an ideal superlattice, the sampling region lies within one ata are ava_llable, we utilize this to exemplify the success of
ireducible segment of the Brillouin zoR&.For disordered ©Y method in modeling such structures.

structures, in which the point-group symmetry of the unit

cell is broken and only time-reversal symmetry remains, the A. Infrared laser applications: Emission

sampling region necessarily covers a greater fraction of the . ajectronic band-structure and emission spectra of a

Zone. 61nAs/10Gg /Iny 3Sb/6InAs/14AISb superlattice, which we

The microscopic relationship between the optical ProP€r5ssume to be pseudomorphically strained to its AISb buffer

ties of a system and its band structure is well documented 'fhyer have been modeled. The aim of these calculations was
the literaturé>?’ Emission processes are characterized by[0 stljdy the way in which étomic disorder in the Gan, Sb
the linear suscepiibility ("), whereas absorption PrOCESSES 410y |ayer affects the line shape of the linear suscexptibility

are descrlbeq In terms o(fl)the linear absorption COe'cf'c'em/vhich characterizes these emission processes. This superlat-
a(w), which is related to¢"™ by tice has been grown by Yareg al?° for the active region of
an IR quantum cascade laser. To assist an investigation of
the likely carrier confinement in this heterostructure, Fig. 1
illustrates its strained layer band offsets. HEfeandE_ are
the zone-center energies of the highest valence and lowest
Here c is the speed of light in a vacuum, ang is the  conduction bands, respectively, in the strained bulk materi-
background refractive index resulting from electrons in theals. As the diagram indicates, the InAs and alloy layers form
ion cores. a type-Il misaligned(or broken gap band lineup, whereas

In the case of an absorption calculation, the optical sunthe InAs and AlSb have a type-ll staggered lineup. The
appearing in the linear susceptibility expreséfoimcludes  structure is that of a so-called laser in which the AISb
all direct interband transitions for the minibands of interest.conduction-band edges form large barriers to the InAs quan-
For an emission calculation, the set is restricted to thoséum wells (QW's), the latter being separated by the small
direct conduction-to-valence-band transitions permissible foalloy layer barriers. In the valence band, holes are confined

r

InAs Ga_In Sb InAs AlSb
0703
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FIG. 2. Zone-center charge densities for the
61nAs/10Gg 7Ing ;Sh/6InAs/14AISb superlattice, plotted along the  FIG. 3. Normal & polarization incidence emission spectiin-
growth direction, down the atomic spiral center, for a virtual-crystalear susceptibility(Sl) vs photon energyeV)] for the superlattice
alloy potential. The states depicted correspond to the top three vaepresented in Figs. 1 and 2, for the virtual-cry$téC) and ran-

lence 1, V2, andVv3) and lowest three conductio€{, C2,and  dom (RND) alloy potentials. The carrier concentration is 3.2
C3) miniband pairs. X 10'% cm™3.

in the alloy layer QW's, with the InAs, and to a lesser extentgiant from the interfaces with the InAs layers, is randomly

AISb, layers forming barriers. Since the lowest bulk INAS g pstituted with the cation potentials of either GaSb or InSb,
conduction band is lower in energy than the highest bulky the correct fractions. As such, the spatial and composi-
valence band in the alloy, the fundamental band gap of thgonal averaging of the VC alloy potential model is replaced
superlattice may be smaller than that in any of the constituyith 5 more realistic form close to the heterointerfaces, ac-
ent bulk materials. Such structures facilitate h|gh-wavelenthounting for random disorder.

!nterb_and transitions and may prove useful in IR e}pphcatlons Figure 3 exhibits emission spectra for light propagating in
if & high degree of electron and hole wave-function overlappe direction normal to the interfacial planes of the superlat-
is exhibited for states close to the band edges. tice, such that the electric-field vector is polarized in the

In order to investigate carrier confinement in the potentialjn_plang direction. These spectra were calculated for an ex-
profile described further, Fig. 2 depicts the zone-center wavgiiaq carrier population of 3:210% cm3, the concentra-

functions for the top three valen¢¥) and lowest three con- (o of electrons excited to the conduction band and holes
du_ctlon (C) spin-degenerate pairs of mlnlban.dsg as d?te_r'present in the valence band. It is clear that the linear suscep-
mined from the band structure calculated. This figure indi-jpijities calculated using the two alloy layer models differ
cates distinct confinement of holes in the valence band QWegarding the fine structure of the spectra. However, the line
in the alloy layer, with only small charge leakage to the INASghapes close to the cutoff are largely unchanged apart from a
barriers. For conduction states, however, the electron wavgmaii redshift of around 2 meV exhibited by the RND spec-
functions exhibit a high degree of tunneling from the INAS 4 relative to the VC case. Modeling disorder in the alloy
wells into the alloy barriers. While Fig. 1 shows that the |3yer does not lead to line-shape broadening, relative to the
conduction well is actually deeper than the correspondmg}’ir.np"stiC VC model, and we do not anticipate a large change

valence well, suggesting that confinement should be greatg geyice performance based on the effects of disorder on
in the conduction band, this phenomenon is not observed: the,ier lifetimes. from this polarization.

conduction band has a lower effective mass, permitting
wave-function tunneling, which leads to the relatively un-
confined states observed. However, Fig. 2 also indicates the .
electron tunneling to the larger and thicker AlISb barriers is 0008 1

0.009 T T T T T T T

minimal. = 0.007 | i
Since the fundamental gap of this superlattice correspond g g | Vo — ]
to transitions across the type Il misaligned interface betweerZ : RND —

. - o £ 0.005 |- ; .
the InAs and alloy layers, high transition probabilities are & ~ .

anticipated because the interband wave-function overlap is§
large across this heterojunction. Furthermore, because the ag 0.003 ;
loy layer forms one side of this key interface, we anticipate 5 o.002 .
that the microscopic detail of the alloy potential will have a (g, {
significant influence on the energies and strengths of thesi
interband optical transitions. In the forthcoming figures, 835
spectra labeled VC were calculated using the virtual crystal

approximation for the Ga ,In,Sb alloy layer model. Those FIG. 4. Parallel £ polarizatior) incidence emission spectitn-
spectra denoted RND result from perturbation calculationsear susceptibility(Sl) vs photon energyeV)] for the superlattice
in which a random cation distribution was modeled in therepresented in Figs. 1 and 2, for the virtual-cry$t4C) and ran-
alloy layer. To achieve this, a perturbation potential is usediom (RND) alloy potentials. The carrier concentration is 3.2
in which each VC cation potential, within one lattice con- x 10® cm™3.
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FIG. 6. Band-offset diagram for the strained-layer

FIG. 5. Linewidth(eV) vs carrier concentration (cd) for both  4InAs/4GaSh/2Gg;dn, ,sS5b/4GaSh superlattice, calculated using

the RND and VC alloy potentials, for the superlattice represented inhe method of Van de WallgRef. 22. Band-gap energies are given
Figs. 1 and 2. in eVv.

Figure 4 shows the corresponding emission spectra oldiscussed earlier have shown that atomic reordering pro-
tained for light propagating parallel to the superlattice inter-cesses, namely, surface/interfacial reconstruction, can arise
facial planes, for which the electric field vector is polarizedin semiconductor heterostructurésAs consequence, while
along the superlattice growth directian The spectra ob- we have modeled atomistic disorder in the alloy layer of this
tained with the VC and RND models exhibit significantly structure, the actual configurations arising in these superlat-
different line shapes for this polarization, the susceptibilitiestices may manifest some degree of reordering, and will be
being clearly greater with the RND potential. To assess theéhe subject of a further study.
effect of this disorder configuration on line shape more gen- An investigation of emission in an antimonide-based su-
erally, we consider broadening effects as a function of theperlattice containing an alloy layer which does not form part
excited carrier population. Figure 5 depicts the linewidthsof the key type-Il interface is now reported. This study was
(energy spread of line shape at half maximuwhbtained us- carried out in an attempt to identify the influence of disorder
ing both the VC and RND alloy layer models, plotted againstpresent in such an alloy layer on the optical line shape. This
the population. The linewidth is seen to increase with carriestructure, a 4InAs/4GaSh/2@aln, ,:Sh/4GaSh superlattice,
density, as is expected, due to population of progressivelyas fabricated for the active region of a 2.9n diode laser
higher-energy states with electrons, the corresponding inby Bewleyet al® In order to identify the key interface for
crease in holes in the valence band and the transitions whidhterband transitions and the anticipated carrier confinement,
this facilitates. For both alloy layer models, the linewidth Figure 6 illustrates the superlattice band offsets, assuming
appears to level off to a plateau at around>31®'® cm 3. pseudomorphic strain to thel00] GaSb substrate. As the
This effect derives from the complete population of thosediagram indicates, the InAs and GaSb layers form a type-I
states in the first miniban@1 having strong transition prob- misaligned(or broken gap band lineup, whereas the GaSb
abilities. While more energetic states are filled with increas-and alloy have a small type-Il staggered lineup. The alloy
ing population, these do not make a large contribution to thend GaSb layers act as a barrier to electrons in the conduc-
spectrum, and hence the linewidth does not increase untilon band and a well to holes in the valence band. Thus, the
higher conduction(lower valencg states leading to large key type-Il interface for interband optical transitions is the
transition strengths are populatéeimptied. At higher car- InAs/GaSb heterojunction for this structure. We depict zone-
rier concentrationgnot depictedl the linewidth changes dra- center superlattice wave functions for such states in Fig. 7,
matically, due to the onset d€2 (the second conduction for near-band-edge states. This figure indicates that valence
miniband population and the transitions which this facili- states are mainly confined to the alloy/GaSb well, close to
tates. the band edge. Conduction state confinement is less distinct,

Figure 5 indicates that, for a given carrier concentrationthe charge density being significant in magnitude throughout
the linewidth is generally greater for the VC potential thanthe structure. While the conduction well is deeper than the
for that of the RND case. This is rather surprising as it iscorresponding valence well, suggesting that conduction-band
generally the case that disorder leads to line-broadening inonfinement should be greater, this phenomenon is not ob-
semiconductors. However, the reduced linewidth exhibitedserved. The charge leakage is again attributed to the lower
by the RND case arises from changes to the electronic bancbnduction-band effective mass, in addition to a narrower
structure, namely, a reduction in band dispersion, as opposésarrier, which permit wave function tunneling and lead to the
to a change in carrier lifetimes. The comparison in Fig. 5relatively unconfined states observed. We note, however,
shows that the linewidth is significantly reduced, by up tothat in the alloy conduction barrier the amplitude of these
around~10 meV, due to inclusion of the RND configura- charge densities are generally small. Due to the significant
tion, at populations below 5:010'® cm 3. To our knowl-  conduction-valence wave-function overlap in the GaSb and
edge, no experimental spectral data are available at presealtoy layers, we anticipate large optical transition strengths
for these structures, which would allow us to distinguish be-between these band-edge states.
tween the line shapes arising from different disorder configu- The linear susceptibility characterizing the emission pro-
rations. Furthermore, we note that the STM measurementesses was evaluated as for the previous structure. Again,
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FIG. 7. Zone-center charge densites for the FIG. 9. Band-offset diagram for the strained-layer 16InAs/

4InAs/4GaSb/2Gga,dn, ,:Sb/4GaSh superlattice, plotted along the 16GaSh superlattice, calculated using the method of Van de Walle

growth direction, down the atomic spiral center, for a virtual-crystal (Ref. 22. Band-gap energies are given in eV.

alloy potential. The states depicted correspond to the top three va-

lence (1, V2, andV3) and lowest three conductio@{, C2, and  disorder, appears to represent an adequate approximation to

C3) miniband pairs. the alloy layer potential, in modeling emission for the

present superlattice.

calculations were performed using both the VC and RND

alloy models. Both polarizations exhibit an emission cutoff

at 527 meV which corresponds to the fundamental band gap . _ o

and is equivalent to a cutoff wavelength of 2:4m. This .In this section we model IR absorpnon in a perfect

. . . (disorder-fre¢ 16InAs/16GaSh superlattice strained to a
result is in good agreement with the experimental vloé

2.9 um. As for the previous superlattice, thegpolarization GaSb buffer layer. This structure was recently grown by

. Mohseniet al® for application as a type-Il infrared photo-
spectra calculated using these two alloy models were V€lYetector. A 125%-point grid was sampled for the calculation,

similar: ngever, the resglts additionally showed that they 4 the range of bands to include in the optical sum appear-
z-polarization spectra predicted with the VC and RND alloyjq iy the absorption coefficient expression was chosen such
models were very similar to each other for this superlatticeinat all interband transitionss500 meV were considered.
unlike the corresponding spectra for the previous heterogigure 9 depicts the valence- and conduction-band offsets
structure. Figure 8 depicts an example of thegmlarized  assuming pseudomorphic straining to the GaSb buffer. The
spectra for an excited carrier population of 70" cm™®.  type-Il misaligned lineup again leads to superlattice states
It is clear from the figure that the two line shapes are verygiving interband transitions with energies smaller than either
similar, with little indication of broadening effects. As was of the bulk band gaps, and as such is potentially useful for
identified earlier, the InAs/GaSb heterojunction is the keylong-wavelength applications. That these wavelengths lie in
interface for interband transitions in this superlattice. As athe infrared is to be predicted by the band structure and ab-
consequence, the specific detail of the alloy layer configurasorption calculation, though first we consider the likely tran-
tion is unlikely to have a large effect on the susceptibility in sition strengths which, as in the preceding emission calcula-
this structure, as the results indeed indicate. Accordingly, théions, are governed by the overlap of wave functions
simplistic VC model, which does not describe alloy layer between the electron and hole states.

Figure 10 depicts the zone-center charge densities for the

B. Infrared detector applications: Absorption

0.0006 : : top three valence and bottom three conduction spin-

0.0005 - - :
2 ManannananAp AR c3
£ 0.0004 - . ; ©
£.0.0003 - . 5
§ 0.0002 B V1
~ 0.0001 g M/\/\‘ V2

0 1 1 1 1 1 1 \\L V3

052 0525 053 0535 054 0545 055 0555 0.56
Energy (eV) 16GaSb 16InAs
FIG. 8. Parallel £ polarizatior) incidence emission spectftn- FIG. 10. Zone-center charge densities for the 16InAs/16GaSh

ear susceptibility(Sl) vs photon energyeV)] for the superlattice  superlattice, plotted along the growth direction, down the atomic
represented in Figs. 6 and 7, for both the virtual-cry$#C) and  spiral center. The states depicted correspond to the top three va-
random (RND) alloy potentials, and for a carrier density of 1.7 lence /1, V2, andV3) and lowest 3 conductiofC1, C2, C3

X 10 cm™3. miniband pairs.
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FIG. 12. Schematic diagram of tii@ AM-7 hole-hole(Refs. 34
and 33 and(b) AM-1 electron-electror(Ref. 34 Auger recombi-
nation processes.

FIG. 11. Normal & polarization and parallel ¢ polarization
incidence absorption spectfiinear absorption coefficient (cnd)
vs photon wavelengthm)] for the superlattice represented in
Figs. 9 and 10.

Brillouin zone, were previously carried out for Si{SiGe,
degenerate miniband pairs. The hole states show large comultiple-quantum-well(MQW) systems by our Research
finement to the GaSh valence well, though a slight charg&roup®~*While such calculations lie beyond the scope of
leakage to the InAs barriers is exhibited. Similarly, the electhis paper and require large computation times, it is possible
tron wave functions are largest in the InAs conduction well,t0 glean a good indication of the overall Auger recombina-
though in this case a significant amount of tunneling to thetion rates from considerations of the zone center energy-band
Gasb barriers is observed due to the lighter conduction-bangeparations®* In the case of long-wavelength superlattice
effective mass. Thus wave-function overlap is good close ténfrared detectors it is advantageous to suppress hole-hole
the heterojunctions, suggesting cross-interface transitioAuger recombination processes, which reduce the excited
strengths suitable for interband optical devices. electron concentration in conduction states. Such a process,

Figure 11 depicts the normak4polarized and parallel termed AM-7 in the literaturd? is illustrated in Fig. 12a).
(z-polarized incidence absorption spectra for transitions upThe AM-7 process may be suppressed by engineering the top
to 500 meV in energy, which corresponds to a range ofwo valence bands to be separated by an energy greater than
Wave|engths from the cutoff down to around 26m. We the fundamental ga?Jr’ Examination of the detector band
plot the curves as a function of wavelength, rather than enstructure(not depictedl indicates that the fundamental gap
ergy, to adhere to the convention for the absorption spectriig=0.084 eV, whereas the separation of the highest two
of detectors and thus to ease comparison with the experimefairs of valence miniband¥/1 andV2, is equal to 0.097 eV
tal results cited earlier. While emission spectra, such as thos I'. Thus, it is anticipated that this design suppresses the
considered earlier in this paper, indicate the detail of theAM-7 Auger process, making it useful for application as an
band structure over a small energy range, absorption prdR detector.
cesses involve direct transitions over a far larger range of Electron-electron Auger processes may also be important,
energies and hence of momentum space and miniband indibe most important example being deemed to be the AM-1
ces. As such, this calculation requires a broader view ofase in the literatur&. This process is depicted schemati-
band-structure features, and illustrates a different, use of theally in Fig. 12b). By engineering the width of the lowest
model. Comparison with the experimental resifltadicates ~ conduction band€1) in the growth directiork, , such that
good agreement in the cutoff wavelength at aroundd@. it is smaller than the fundamental gap, AM-1 recombination
The x-polarization spectrum exhibits a dip at aroundum  May be suppressed. While these processes may still take
which is also distinct on the experimental spectrum. Theplace alongk;, they would scatter electrons into valence
x-polarization again dips below a peak at arounduén, States remote frorl, which have small hole concentrations
whereas the-polarization spectrum rises significantly in this and hence should not constitute a large nonradiative recom-
region. The latter resembles the experimental results mod&ination rate. Further examination of the detector band struc-
closely, as this spectrum also rises dramatically belowiure shows that the width of theé1 miniband(from I' to P,

7 wpm. Significantly, the experimental spectrum was meathe growth direction Brillouin-zone boundaris 0.030 eV,
sured at the Brewster angle to the direction of incident lightwhich is indeed less thaB . In consequence, the device is
and as such will contain contributions from both polariza-expected to be successful in suppressing AM-1 Auger re-
tions, as we indeed observe from comparison with our calcombination.

culation. The agreement with these experimental results pro-

vides further evidence in support of our model for optical IV. CONCLUSIONS

spectra.

Nonradiative recombination processes degrade the perfor- In this paper, we have identified the demand, both within
mance of optoelectronic applications, since these may ddechnological and basic physics, for improvements in the
plete bands of carriers which could potentially participate intheory of microsopic disorder and strain with respect to the
optical transitions. Full band structure calculations of the Au-optical properties of heterostructures. We delineated a model
ger rate, which account for processes throughout the entiref the optical line shapes of such systems which facilitates an
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atomistic description of the microscopic alloy potential, lat- center Auger recombination processes which are deemed to
tice relaxation at defect sites, and biaxial strain. The emisdegrade the performance of such devices are successfully
sion spectra of a number of type-II laser structures were corsuppressed for the detector structure.

sidered, each showing significant infrared emission, as is |n this paper, our microscopic model of imperfect hetero-
consistent with the wave-function overlap of band edgestructures has been applied to the particular case of random
states. We modeled randomly disordered cation potentials igisorder in the alloy layers of antimonide-based systems.
the alloy layers of each superlattice, and compared to thejowever, there may be more general applications in the
results for a virtual crysta(VC) alloy layer potential. We  study of microscopic ordering in alloys in addition to other
find that accounting for microscopic disorder leads to a sigkey topics in device physics, such as interfacial disorder,
nificant change in the optical linewidth, compared to the reyeconstruction effects, and the description of substitutional
sult obtained using the VC approximation, for structures inimpurities. This method provides a valuable quantitative link
which the alloy layer forms part of the type-Il interface. Our petween the microscopic features of heterostructures and the

analysis shows that this broadening arises from changes {@acroscopic properties which govern their performance as
the electronic band structure. devices.

In assessing the optical absorption characteristics of a de-
tector device, we predict significant wave-function overlap,
leading to a strong infrared optical response. The cutoff
wavelength and general lineshape features of the calculated
spectra are in good agreement with those recently obtained We would like to thank the U.S. Office of Naval Research
by experiment. Furthermore, we find that the principal zoneand D.E.R.A.(Malvern) for financial support.
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