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Highly efficient photoluminescencgPL) was observed from a new class of AIP/GaP
quantum-confined geometry, neighboring confinement stru¢ii@S). The PL intensity of AlP/

GaP NCSs was even higher than that of a 300-period AIP/GaP super{&tigeand the PL of the

NCS exhibited much improved immunity against thermal quenching compared to SLs. The
luminescence origin of the NCS was confirmed from the well width dependence of the PL peak
shift. The peak shifts were compared with the calculation within the effective mass approximation
using the previously reported band parameters for AIP and GaR99% American Institute of
Physics.

Luminescence efficiency is a central issue when we disfation of electrons and holes unlike the type-I systems.
cuss optical properties of semiconductors. Extensive studies To overcome such a limitation, we propose a new class
have recently been reported ordirect gapAl,Ga, _,P sys- of quantum confinement structure hereafter referred to as the
tems. In particular, much effort has been devoted to AIP/GaReighboring confinement structuf®dCS), where electrons
superlatticeSL9)'~ chiefly motivated by the prediction of and holes are separately confined in thin neighboring layers.
highly efficient luminescence through the zone-folding The schematic band lineup of an AlIP/GaP NCS is illustrated
effect®8In contrast, little has been studied on luminescenceén Fig. 1. The confining layeré&hin AIP and GaP layejsare
from simplified structures as represented by the quanturoladded between AGa _P(x~0.5) barrier layers. The elec-
well (QW).° Such a simple geometry offers an advantage irtrons are confined in the AIP layer, while the holes are con-
the context of materials growth in that a better crystallinefined in the GaP layer. The outer &a _,P layers are es-
quality is plausibly obtained when compared with muchsential to establish carrier buildup at the centered
more complicated structures such as SLs, even with the exieterointerface. Then, the wave function penetration of the
istence of lattice mismatch. Another advantage is that thelectrons and holes into the neighboring layers sets in as the
nonradiative recombination induced by carrier scattering athickness of the confining layef4IP and GaPis decreased.
the heterointerfaces would be greatly reduced. As a matter dfhe increased overlap of the wave functions is expected to
fact, strained Si_,Ge, QWSs have exhibited PL efficiency no lead to an increased recombination probability of the elec-
smaller than that of SLs with an extended period of morerons and holes and hence enhanced luminescence. More-
than 100:% Hence, there still seems to remain a possibilityover, the excitonic binding would further strengthen the re-
that the luminescence intensity of an @k, _,P heterostruc- combination probability due to enhanced overlap of the wave

ture QW would greatly exceed those of SLs. functions through Coulomb attraction.
In this study, we present a comparative luminescence
study for type-Il ALGa_,P QW systems and SLs, and the Al,Ga,.P | AlP IGaP, Al,.Ga,.P

observation of an unexpectedly high efficiency of lumines- i Dl I
cence for A|{Ga, _,P QWSs with type-Il band lineup. It is
shown that the PL intensity of &Ba P QWSs is higher X
than that of a 300-period SL.

The band lineup of the AGa, _,P/GaP system has been
shown to be of type li(staggerel and the bottom of the
conduction band is located at tixepoint, i.e., the Brillouin r
zone boundary in th& space, over the entire composition
range'? Therefore, the radiative recombination is essentially
of indirect nature both in real space akdpace. The stag- FIG. 1. Schematic band lineup of the AIP/GaP neighboring confinement

: cture(NCS). Note the increased envelope wave function penetration of
gered band ImeuP has been reQarded as the drawback of tﬁ:%lelectrons and holes confined in NCS across the centered interface. The

Alx_Gaifo/G_a}P S_YSt_em_ _Since the oscillator strength of th&nsertion of the symmetry-breaking AlP layer induces the conduction band
optical transition is significantly reduced due to spatial sepaf-x mixing, which facilitates the no-phonon recombination.

~2.4eV
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FIG. 2. 6 K PL spectra of the AIP 25 A/GaP 6 A N@Solid line) and the ) )
control AIP/GaP Sl(dashed ling The PL intensity of the NCS is higher, FIG. 3. Temperature dependence of the PL intensity of the NCS and the SL.

which shows an enhanced efficiency of the NCS luminescence. The insdfitensity of the NCS sample decreases orig0™ " times even at 100 K,
shows the schematic sample structure of the NCS. while that of the SL sample is completely quenched at 50 K. The activation
energies of the thermal rolloff for the NCS and the SL are 85 and about 15

. L . . . meV, respectively.
A calculation within the effective mass approximation

shows that, for an AIP 15 A/GaP 15 A NCS sandwiched

between the AlGa,_,P of x=0.5, the normalized overlap Seen that the PL intensity of the NCS is higher than that of
integral of the envelope wave functions becomes more thathe SL control, though the NCS is essentiallgiagle het-
30%, which is fairly close to that of a type-l QW. This is of erostructure. There are no other pronounced features other
sufficient magnitude to compensate for the loss of the otheithan the dominant, maino-phononline centered at 5465 A
wise smaller transition probability inherent to the AIP/GaPin the PL spectrum of the NCS sample, except for a small
type-ll system due to real-space wave function separation. phonon replica on the lower energy side.

In addition, we expect significanf-X mixing of the Figure 3 shows the temperature dependence of the PL
wave functions due to breakdown of the translational symintensity of the NCScircles and the SL(squares The ex-
metry, which is induced by the introduction of thin AIP and citing laser is focused to give a power density of 25 W/
GaP layers. This effectively relaxes the strict selection rule otn?, causing the appearance of a shoulder on the higher
the momentum-conserving optical transitions and allows foenergy side. The PL intensity is spectrally integrated, includ-
the dominance of no-phonon transitions. The present schenieg the shoulder. This shoulder is thought to be due to free
can also be applied to material systems consisting of thexcitons, since the relative intensity of the shoulder increases
type-Il band lineup such as strained;SiGe, lattice  with increasing temperature and it dominates at higher tem-
matched to SiG&>1° peratures. Therefore the PL in Fig. 2 may be of a bound

All the samples were grown by gas source moleculaand/or localized exciton nature. The PL intensity of the NCS
beam epitaxfyGSMBE) (VG Semicon V80H using PH and  decreases only by a factor of 10 as the temperature is in-
elemental Ga and Al. The substrates are nominally undopedreased up to 100 K, whereas that of the SL is completely
GaR100 wafers. The sample structure of AIP 25 A/GaP 6 A quenched at 50 K. The activation energy of the PL intensity
NCS is shown in the inset of Fig. 2. After the growth of a rolloff at higher temperatures for the NCS is 85 meV, which
3500 A buffer layer, the barrier layers and active layers werés much improved over that for the SL, approximately 15
grown at around 620 °C, which is the minimum temperaturemeV. Thus, the NCS is seen to offer better immunity against
that 4x patterns in the reflection high energy electron dif- thermal quenching than the SL.
fraction (RHEED) can be observed during the growth of the To confirm that the luminescence origin of the NCS is
GaP buffer layer. This helps prevent thickness fluctuation oflue to the expected spatial indirect transition, we grew two
the GaP layer. During the growth of the GaP cap layer, theseries of multiple NCSMNCS) samples. In the first set of
substrate temperature was ramp raised to 650 °C and thee samples, the GaP layer thickness was varied from 7 to 22
whole structure was annealed for 5 min. The composition ofA, while the AIP layer thickness was fixed at 20 A. In the
the AlL,Ga,_,P barrier was confirmed to be within the range second set, the AIP layer thickness was varied as 13-50 A,
of 0.50<x<0.56 from x-ray diffraction spectra. The control while keeping the GaP layer thickness at 10 A. It is expected
SL was a 300-period AlIP/GaP SL separately grown at a subthat the MNCS shows a quantum-confined peak shift as the
strate temperature of 700 °C, and its structure was confirmethickness of AIP and GaP is varied.
to be (AIP) 5/(GaP) 5 from the satellite peak analysis of The 6 K PLspectra from the two MNCS samples are
x-ray diffraction. shown in Fig. 4. The peaks clearly shift towards a higher

Figure 2 compares the PL spectra of the NG&lid line)  energy side with decreasing thickness of the AIP and GaP
and the 300-period AIP/GaP Sidashed ling The exciton layers. The maximum confinement shifts of 155 and 100
source is a cw He—Cd las€325 nm. The laser power den- meV are obtained in the valence bai@aP and conduction
sity is 1.0 W/cn? and its total power is 20 mW. It is clearly band(AIP), respectively. This is clear evidence that lumines-
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Bl = =P Linear interpolation was used to obtain the

compositional dependence of the &k, _,P parameters. Ex-
ceptionally, since the electron effective masgp+ of AIP is
e

not well established, it is treated instead as a fitting param-
eter in the calculation. The tendency of the experimental
peak shift agrees well with the calculation, though the energy
offset of 105 meV is necessary for the perfect agreement of
the absolute peak position with the experiment. The best fit is
obtained withmA,p:~0.4m0, which seems to be a reason-

able value. The large energy offset of 105 meV still needs
justification and warrants re-examination of the validity of
the effective mass approximation.

The observed PL intensity of the NCS was one order of
magnitude lower than that of the GaAs/AlGaAs QW, but the
green luminescence was still clearly visible to naked eye.

In conclusion, we propose a new class of AlP/GaP
quantum-confined geometry, NCS, and observed efficient lu-
FIG. 4. 6 K PL spectra of the MNCSs. The peaks shift with changing AIPMinescence with considerable immunity against thermal
and GaP layer thickness, which reflects the quantum confinement in thuenching compared to SLs. The well width dependence of
conduction and valence bands, respectively. the PL of the NCS was investigated, and the luminescence

origin of the NCS was confirmed.
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