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Photoluminescence measurements under different excitation powers and time-resolved
photoluminescence experiments were carried out at low temperature on tensile strained
Ing 3Ga ;As quantum wells with InGaAs barriers lattice matched to InP. Evidence of a type Il
recombination is found between carriers confined in the tensile strained layer and in the lattice
matched one. This study allows us to propose a precise determination of the light holes band offset
in the Iny :Ga& 7AS/INg 5dG& 4AS system. ©1997 American Institute of Physics.
[S0003-695(97)02124-4

In,Ga _,As based heterostructures grown on InP areV/lll BEP ratio of 25. The well width is 5.3 nm. In both
very interesting for optoelectronic devices working in thecases the growth rate was Qun h™*. Sample A was grown
1.5—1.7 um spectral range since the growth of both tensileat lower temperature than sample B to avoid the three dimen-
and compressive strained layers is allowed. While compressional growth mode that occurs at 525 °C after growth of
sive strained structures are now well kndwhfew investi- ~ about 8 nm'? Lattice matched composition was checked by
gations have been done on tensile strained InGaAs layer;ray double diffraction(XDD). The PL measurements are

which can be used in insensitive polarization electroabsorpcarried out using the 514.5 nm emission line of a cw argon-
tion modulator® or amplifiers’ ion laser focused on a 150m-diam spot. The PL signal is

In,Gay_,As/Ing 5858 4AS (x<0.53) structures grown detected using a 0.64 m HRS2 Jobin—Yvon monochromator
on InP are expected to give type Il band lineup for lightand a Ge photodet_ector cooled down to 77 K. For lumines-
holes*8° This leads to a carrier type confinement: electronsC€Nce decay experiments the samples are excited by a mode

and heavy holes are free in the lattice matctied) InGaAs Io_cked Ti-sapphire Ia}ger whose pulse length is.around 1.5 ps
layer, whereas the light holes are confined in the tensildVith @ 82 MHz repetition frequency. The laser is focused on
strained layer. Type Il heterostructures are expected to in? 20mm-diam spot. Excitation power on the sample is
crease the performance of electro-optical moduldfbts, @round 50 mW. The luminescence from the sample is spec-
The spatial separation between electrons and light holes crér-aIIy selected by a 0.32 m monochromator and_detect_ed with
ates an electrical dipole that interacts with the electrical ﬁeldfihsynchrﬁscaan Hamamatsu sireak camera equiped with an 51
Therefore the Stark effect is linear in type Il structures,P o':;)_cat ode. h e 4 K PL ira f le A at
whereas it is quadratic for those of type |. This allows a i |gl:re J(‘.?ts. ows .spic ra (())[);a;mplgo aW
greater modulation at lower voltage bias and the possibilit ierent excitation powers ranging from ©. 0 MVV.
of both red and blue shifts. The band offset is an important hree peaks are observeq at low gxmtaﬂon power. The first
parameter for modeling the optical properties of optoelec—or.1e around-0.79 ev, Wh'Ch. remains practically -unc-hanged
tronic components using the type Il band lineup with the excitation power, originates from the excitonic tran-

In this letter we report results from photoluminescenceSItlon of the LM InGaAsélg/yer..Th[s value'('j|ffe'rs from the
(PL) and time-resolved PL experiments carried out Onusually accepted 0.802 eVexcitonic transition in InGaAs

: layers lattice matched to InP. The difference could be asso-

Ing sGay ;AS/INg 548G & 4AS quantum wellQWSs) in order to

determine the band alignment and an accurate evaluation gjated with some ordering occurring in our samples leading
9 % a smaller band gap. The second peak appears 17 meV
the valence band offset.

Th | b lecular b i below the LM InGaAs excitonic transition. This peak shows
. € samples were grown by molecular beéam epriaxy, ; _» mev/decade blueshift when increasing the laser power
with a RIBER 2300 system, of001) semi-insulating InP

b h : ; ) and presents an intensity saturation at high laser power. This
su ”sf(rates. dTbe structure %OTks'iStS 0 af tens'&*@%-zAs behavior allows us to attribute this peak to a donor—acceptor
well inserted between two bulk layers ofolfyGay sAS lat- - (p_a) gransition in the LM InGaAs layer. Finally, a third

tice matched to Ir_1P. Sample A was fabrlgated at 475 °C Wlthbeak strongly dependent on the excitation power, denoted
a.V/III-beam equivalent-pressufBEP) ratio of 6. The well (X), is detected in the lower energy range at 0.731 eV for a
width is 7.6 nm. Sample B was grown at 525 °C under &y 93 mw laser power excitation and exhibits a 23 meV blue-
shift with a variation of the laser power over 4 decades.
dElectronic mail: clairel@insa.insa-lyon.fr The PL results for sample B-ig. 1(b)] are quite similar

Appl. Phys. Lett. 70 (24), 16 June 1997 0003-6951/97/70(24)/3257/3/$10.00 © 1997 American Institute of Physics 3257



LM T LM

——120mW (X) (a)

\ EgT(LH) ]

LH band

0.68 0.72 0.76 0.80 L. |
—120mW ) (b)

HH band

FIG. 2. Band alignment for §Ga, ;As/INy 545& 47AS quantum well, where
layer LM is the LM InGaAS layer and layeF is the In {Ga ;As tensile
strained layerEg, and Egr, are the band gaps for layer LM aid
respectively. ELH represents the type Il transition between electrons and
the first confined light holes level. Dashed and full lines represent respec-
tively the HH and LH valence band.

PL Intensity (a.u.)

sensitive to the excitation power. This kind of transition has

068 072 076 080 been widely studied in the InP/InAlAs heterostructui&s’
The PL lifetime in a type | quantum well is expected to
Energy (eV) be lower than in bulk material because of the enhancement

of the excitonic effects in confined structures. Therefore, one
FIG. 1. Normalized photoluminescence spectra under different excitatiorshouyld expects a faster decay of the QW PL as compared to
powers for sample Aa) and sample Bb). the decay of the barrier PL. The oscillator strength of a type

Il transition is expected to be a few percents of those of type
to those of sample A. The LM InGaAs excitonic peak is | transitions® leading to a longer lifetime. Time-resolved PL
found around 0.792 eV, whereas the D—A transition is notwas carried out and we first measured a carrier lifetime re-
visible in this sample. A peak is detected at 0.751 eV forlated to the excitonic transition in the LM InGaAs layer of
0.012 mW laser power excitation with a blueshift of 16 meV 850 ps. For the X) transition a lifetime of 15 ns is deter-
for a variation of the laser power over 5 decades. This latemined. This value is about 20 times larger than the excitonic
transition seems to have the same behavior as pgakar LM InGaAs one. It indicates that it could not be a type |
sample A. transition. Indeed the lifetime measured in InGaAs/InAlAs

Now we focus on the so-callec] transition. Since the or InGaAs/InP type | QWs is about 1 A%2°All these results
(X) PL intensity does not show any intensity saturation forconfirm the type Il nature of theX) transition. Therefore,
high power laser excitation, it cannot be assigned to somband filling could occur at high excitation power. This ex-
impurity incorporation. Moreover the shift observed with in- plains the observed blue-shift and the broadening of the
creasing excitation power is too large to be attributed to g§X)—PL transition as the excitation power increases. Similar
D—A transition and it is well known that a D—A transition behavior has also been observed in the AllnAs/InP type |l
becomes narrower at high excitation powers. The oppositheterostructuré!
behavior is observed for the peaK)(which broadens when To go deeper in the investigation of this type Il band
the excitation power increases. We notice also that the pedineup we try to determine the valence band offset value
(X) does not correspond to any referenced transition in LMusing the PL results. The general expression for the £LH
InGaAs layer. transition is
Furthermore, we can observe a 20 meV increase of the

(X)—PL transition energy as the well width decreases from
7.6 nm (sample A to 5.3 nm(sample B. The peak X)

ELH 1= EQn, . 5a, ;a9 ~ AE, (LH)+LHy, )

where(see Fig. 2 Eg(Ing 54Ga, 47AS) is the band gap energy

seems to be very sensitive to quantum confinement effect%.f the LM InGaAs layer whose value is extracted from our
We therefore assign the peaK)(to an intrinsic transition measurements: 0.79 eV for sample A and 0.792 eV for

that originates from the InGaAs tensile strained layer. In asample B,AE,(LH) is the light holes band discontinuity,

typet qutuantum vt\)/eil the Ot';t'czl trgnsmon ene_rgmsfa:;ee 3\),:} d LH, is the light hole confinement energy in the well. It
pected to occur between the band gap energies o ppears that the optical transition ELHepends linearly on

?nd Gthe A b:;rrledrs. Foor 7gOth dsbagges\,/ LM In?aAl\s arldthe band offset, whereas for type | QW the fundamental tran-
No.4Ga 7AS band gaps0.79 and 0. eV, respectivélgre sition is not very sensitive to band discontinuities. This al-

Iargeitr thlan(;he e?ergt{ Pbo st|t|otrr]]§(f trlfa?]iﬁff‘yoth; ?bzv?l lows an accurate determination A€, (LH). To do this we
resutts lead us to atribute X ” yp used ay? test taking the minimum of

recombination, noted ELH between electrons in the LM
InGaAs layer and light holes confined in the InGaAs tensile  y?(AE,)=(ELH18 —ELH1Z, )2

strained layer, as shown in Fig. 2. Such transition is expected

to appear below the well and barrier band gap and to be very +(ELH1—ELH1Z, )2, 2

3258 Appl. Phys. Lett., Vol. 70, No. 24, 16 June 1997 Lugand et al.



103 type | recombination results for the same reasons. Later, the
: theoretical works of Godefré§ gave a conduction band dis-
r continuity of 45% for an 1gsdGay g AS/INg 548Gy 47AS SLS.

. 98 meV No experimental measurement confirmed this calculation. In
. - our case the light hole transition is observed ia thK PL
. . spectra. To our knowledge, this is the first direct observation
N, 104;' " - of type Il LH transition in the InGaAs system. It allows a
[ - - more reliable determination of the valence band offset which

is found to be 984 meV for Iny Gay /AS/INg 548Gy 47AS.

In conclusion we have performed PL and time-resolved
an PL measurements on JgGa, 7As/Ing s4Gay 4/AS structures;
o) T Y ST RN S A NP S we find a new transition at 0.731 eV for sample(A6 nm
70 75 80 8 90 95 100 105 110 115 120 and at 0.751 eV for sample &.3 nm very sensitive to the

AEVLH (meV) excitation power and with a long carrier life time of 15 ns
assigned to the type Il transition between the free electrons in

FIG. 3. x? function vsAE, , the valence band discontinuity for light holes. the LM InGaAs layer and the confined light holes in the
x* is defined as follows: y*(AE,)=(ELH1{— ELH1S,)?+(ELH1} Ing :G& 7As tensile strained layer. We have deduced a LH

—ELH1g,)? where ELHE, and ELHZ; stand for the theoretical values for  hand discontinuity equal to 984 meV.
the type Il transition of samples .3 nm and A(7.6 nm and ELHfxp and

ELH1,, the experimental data.
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