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Midinfrared intersubband absorption in strain-compensated InGaP /InGaAs
superlattices on (001) GaAs
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Intersubband optical transitions in strain-compensate B8, ssAS— Ny 35G& 6P Superlattices

grown using gas-source molecular-beam epitaxy (001)GaAs are investigated by means of
midinfrared absorption and low-temperature photoluminescence. Strong absorption corresponding
to the transition from the first to second electronic subband is measured at wavelengths between 5.6
and 10.5um. The data indicate that the conduction band offset between the straing@angAs

and the strained Wy Ga e is 370 meV and the electron effective mass in the strained
Ing 3Ga ggAS Well is 0.060n,. This material system is an interesting GaAs-based candidate for
applications in midinfrared intersubband emitters and detector0@8 American Institute of
Physics. [DOI: 10.1063/1.1573368

For both optical detectors and emitters operating in thecombination where both materials can be epitaxial deposited
midinfrared part of the spectrum, the use of transitions beand are direct band gap. In the present letter we demonstrate
tween the subbands of a quantized conduction band rathé; to E, intersubband transitions in
than between the conduction and valence bands has a nutmy 5/Ga, P/ 1Ny 3/Gay ggAS short-period superlattices up to
ber of advantages. In particular, using intersubband trans220 meV. This result suggests that the strain-compensated
tions allows the use of wider band gap 11—V materials where(In,Ga)P/In,GaAs system may be an attractive candidate
the transition wavelength is controlled by the structure in-for QCL and quantum-well infrared photodetector applica-
stead of narrow band gap II-VI or Pb—salt materials whereions.
the wavelength is controlled by the material composition.  Superlattices composed of (lgGa, sP/ 1Ny 358 cAS
Furthermore, the lifetimes of intersubband excitations areare grown using gas source molecular beam epitaxy semi-
typically significantly shorter than those of interbandinsulating GaAs(001) substrates. Following a GaAs buffer
excitations: layer, the growth temperature is reduced to nominally

Among the GaAs-based materials, lattice-matched50°C; a low growth temperature is important for maximiz-
AlGaAs/GaAs, InGaP/GaAs, and In—-AlP/GaAs as well asing the critical layer thickness for two-dimensional growth in
strained AlGaAs/InGaAs material combinations have allthis internally highly-strained systeth.The InGaP/InGaAs
found application in intersubband devices; the AlGaAs/GaAssuperlattice is then grown at 0.18 nm/s using cracked AsH
materials system, in particular, has been used both foand PH fluxes of 1.0 and 1.6 sccm, respectively. Because
detectoré and quantum cascade las¢é@CL9).*>* The maxi-  poth the InGaP and the InGaAs have the same In and Ga
mum conduction band edge offstE; between direct band composition, we use single Ga and In effusion celior
gap AlGaAs and GaAs is about 340-390 miéVlarge hoth the InGa,_,As and the IpGa,_,P, the In content is
enough to allow emission wavelengths in QCLs as short as 8ptimized for 0.25y=0.35 so that the barrier is dire&tE,
um?® Using strained InGaAs in the wells further increasesig maximized, and the InGaAs remains pseudomorphic.
AE, and extends the emission wavelength range tqu¥  puring the growth of both materials, the reflection high-
The use of indirect band gap AlGaAs including AlAs, how- energy electron diffraction shows a sharp elementalll
ever, does not appreciably increase the maximum emissiogyrface reconstruction. To minimize As—P substitution, the
energy? switching time between AsfHand PH is limited to 1.5 s.

An alternative material system which is also lattice crgss-sectional transmission electron microsc@'p&M)lz
matched to GaAs is the strain-compensatdd,GaP/  gshows very uniform and planar layers with no indication of
(In,GaAs systent, the strain-compensated extension of gislocations, islanding, or surface undulations. The internal
INg.46G& 5:P/GaAs. AlthoughAE, in the lattice-matched |attice mismatch values amka/a= — 1.4% for Iy 258 oP
INg 4G& 5:P/ GaAs system is too small to use formidinfraredcompared to GaAs anda/a=+2.4% for |rb3£G% eéAS
QCL applications, the model-solid theory of Van de WHlle compared to GaAs. The total mismatch of the strain-
predicts aAE of 480 meV for Iny 5.5a 68/ IN.s5&eeAS: & compensated structures is as low as 187 ppm. The required
occupation of the lowest conduction subband in the InGaAs
3Electronic mail: semtsiv@physik.hu-berlin.de is achieved by doping the InGaP barriers with Si, resulting in
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TABLE I. Description of samples. well width is decreased, the,;—E, transition energy gradu-
ally increases, reaching a maximum for well width of about 4
Nap 300 K Lw Ls Aala : :
No.  (cm ?/well) (cn®/V's) (nm)  (nm)  (ppm)  Periods  NM, and then again becomes smaller for well widths less than
4 nm as seen in Fig. 1. In our measurements, the width of the

23 lzlrxllolofz 2228 159'70 192'54 212274 :16 absorption peak is about 30 meV for samples with well width
AO7 65 101 2300 56 102 —194 50 >4 nm, but was somewhat large¥l me\) for the structure

Al5  1.45<10% 1200 4.0 6.6 634 51 with the 3.2 nm wells and reduced transition energy. No
Al6  6x10% 690 32 45 1679 51 absorption line was detected in sample A17 with 2.2 nm
ﬁég t% ;s:; 530 122? 1362 zlfgg llgg wells either because the wells are too narrow to allow a

second subband or because the electron concentration is too

low.

. . Figure Xb) shows a comparison of absorption spectrum

ihlegltz de_gs't'es Ilrl] thed lanAsd \f/vells HOf” about 1 sample A15 taken at 300 and 20 K. Beside the few mil-
cm =per well, as determined from Hall Measure- ;o oo volt blueshift, there is no other transformation of

ments. A summary of the structures investigated is given "Mhe line shape with decreased temperature. Such a tempera-

Table I. tLére behavior of absorption spectrum is typical for highly

usinmtzrsggk_);gz ?:kfg_rfgxnlzr;ue::rursen;i?rt;mzrtirc\?vri;fdth(;ﬁoped superlattice$.Because first electron miniband around
9 P k. ,=0 is fully occupied, there is no redistribution of elec-

samples in a 48° waveguide wedge geometry as described JifY . )
. . trons alongk, in momentum space at different temperatures.
Ref. 13. Figure (a) shows the room temperature absorption . :
. o . o To model the relationship between the band structure
spectra ofp-polarized incident light.(The s polarization

shows essentially no absorptiprintersubband transitions and the subband energies in our structures, we use the enve-

between the first and second subbands are measured fOP€ fur}c_tion approximatiqn model _for_ superlatti&ésNon-
samples with well thicknesses from 3.2 to 10 nm and coveParabOIICIty of the conduction band is included by way of an

the spectral ranae from 5.6 to 100—220 meV. As the  €neray dependent effective mass, as described in Ref. 16.
P g pan ( v The effect of strain on the conduction and valence bands is

calculated following Van de Wall¥. The conduction band
offset AE, is expected to be between 300 and 500 meV
Al7 based on the model-solid theofand corrected based on
InGaP/GaAs experimental restit$d and is treated as a fit-
ting parameter. Interdiffusion at the heterointerfaces is in-
cluded by adding a linearly gradedyg§Ga ggAs,P; —, layer
at each interface. The presence of a thin intermediate layer is
consistent with preliminary high-resolution transmission
electron microscopy investigatioh%. The interdiffusion
layer thickness is a second fitting parameter and is necessary
A4 to allow the simultaneous fit of interband photoluminescence
and intersubband absorption data.

Figure Za) depicts the calculated range Bf—E, tran-

A (a) sition energiesE;_, as a function of well width for the
13 INg 3G & 6P/ 1Ny 3G & 6gAS Superlattices listed in Table | to-
0.0 T e gether with the experimental positions of the interminiband
100 200 300 400 500 absorption maxima. The top of the energy range corresponds

to k,=0 and the bottom tk,= 7/d, whered is the super-
lattice period. The doping level is sufficient to ensure that the
Fermi level is always above the first electron miniband. The
300 K " 1 exact energ¥;_, is determined by using a line shape analy-
\ sis of intersubband absorptitrwhich indicates that the peak
energy lies slightly above the, —E, transition atk,= #/d in
\ the case of the ground electron miniband being fillghe
\ transition oscillator strength dt,=7/d dominates that at
4 \ (b) k,=0 because the electron effective mass inkheirection
\ is negative near the edge of the superlattice mini-Brillouin
0.0 = e zone' Including the conduction band nonparabolicity, and
'100 150 200 250 As—P interdiffusion, the intersubband absorption data can be
fit with a AE.=400=50 meV for realistic degrees of inter-
Photon energy (meV) diffusion.
FIG. 1. (@ Room ¢ . infrared absorofi oot th | Requiring that the interband photoluminescence data
.1 oom temperature miainfrared apsorption spectra o e sampie : H i
listed in Table I. Thepfull width at half maximurr? for AES, Al4, A15, ang also be fit further constrains the values of the two flttlng

A16 are 29, 27, 28, and 41 meV, respectively) Comparison of room Parameters. Figure(B) shows the measured ground electron

temperature and low temperature absorption spectra for sample A15.  t0o heavy-hole state transitions for the investigated samples
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E X107 *m? in the wells and 1.510 %m? in the barriers.
The model calculation allows us to describe the intersubband
transition energies in terms of the band alignment, strain- and
energy-dependent effective masses, and interdiffusion in this
heterojunction system. Thus, we expect to be able to use the
same model with the same input parameters to design more
complicated structures required for intersubband detectors
0 d and emitters.

To summarize, we have grown and studied strain-
compensated By Ga g/ 1Ny 355G 6AS Superlattices with a
high degree of internal strain, but on average lattice matched
to GaAs. Intersubband transition energies between 100 and
(a) 220 meV have been demonstrated in this system. The inter-
subband absorption along with the low-temperature photolu-
RN FEEEE T FETEE N minescence data are fit using a model incorporating the non-
parabolicity of the conduction band, the effects of strain, and
As—P interdiffusion. This investigation indicates that the
® PL experiment conduction band edge discontinuity is about 370 meV, which
PL fit is comparable to that of fgh:Gay s5As/GaAs. The present
study provides a set of input parameters for calculating the
band structure and emission or absorption energies in similar,
but more complicated structures. These data further indicate
that this strain-compensated system is an interesting candi-
date for applications based on intersubband emission or ab-
sorption such as quantum cascade lasers or quantum well
infrared photodetectors.
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