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Temperature dependence of photoluminescence of ami-p-i GaAs superlattice
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Both the photoluminescence peaks corresponding to the vertical transitions and the nonvertical transitions in
an n-i-p-i GaAs superlattice are clearly observed. The redshifts of the two peaks with increasing temperature
are discussed in terms of the temperature-dependent carrier separation effect.

Since the concept of doping superlattice was proposed by Figure 1 schematically shows the band diagram of the
Esak and Tsd,the electronic properties of it were inten- n-i-p-i GaAs superlattice along the growth direction. At low
sively investigated both theoretically and experimentaif{f.  temperatures and low excitation power densities, only indi-
Doping superlattices are structures which contain alternarect transitionswhich is marked by arrow b in Fig.)lbe-
tively n-type andp-type doped regions of one semiconductortween spatially separated electrons and holes are expected.
material and have a number of unique properties, such aAt higher temperatures or higher excitation power densities,
tunable electronic structures, indirect band gap in real spac&ue to the band filling effect and the carrier thermal distri-
and large recombination lifetimes. These properties are origiPution, vertical transitions in the-doped layers and the
nated from the spatial separation of electrons and holes dukdoped layers are physically possible. Arrow a indicates the
to the periodic impurity space charge potential and can pyertical tran5|t|ons petwgen electrons in condqctlon subbands
utilized in semiconductor devices such as light-intensity2nd holes in quasicontinuum valence band in tthiayers.

possible vertical optical transitions imi-p-i superlattices are Ceptor impurity bands in the layers. From Fig. 1, Itis seen
also investigated by temperature-dependent photolumine&dat the ground transition energy in théayers is larger than
cence(PL) experiment<.® However, these reports only dis- GaAs band gap, and the ground transition energy inpthe
cussed the overall PL intensity dependence on temperatuf@yers is smaller than GaAs band gap. Due to the larger
and the critical temperature point at which vertical transi-effective mass of heavy holes and the resulting larger accep-
tions will prevail in intensity according to the sample param-tor binding energy, holes will populate an acceptor band
eters. To our surprise, no discussions on the PL peak energgther than valence subbarfdand the number of subbands
dependence on temperature were performed in the large boi?r holes, the two-dimensional state density of holes are
of previous research in this field. In this paper, we investi-much larger than th{;\t of_ electrons. Therefore it is difficult to
gate the temperature-dependent PL properties ofi-&p-i populate holes in high index valence subbands or the con-
GaAs superlattice. Both PL peaks from indirect transitions
and direct transitions are clearly observed, the redshifts of
the two peaks with increasing temperature are discussed in
terms of the competition of the direct and indirect transitions
in the n-i-p-i GaAs superlattice.

The sample was grown by molecular-beam epitaxy
(MBE) on a(001) N* GaAs substrate, after deposition of 1
um semi-insulating GaAs buffer layer, ten periods rof
GaAs (40 nm)p GaAs (40 nm was grown.n GaAs was Si
doped ang GaAs was Be doped, botihandp doping con-
centration is X 10cm 3. The overall structures were
grown at 520 °C. The PL was performed in a Fourier trans- Direction of periodicity
form spectrometer equipped with an InGaAs detector. The
spectra were obtained under excitation with the 514.5-nm FIG. 1. Band diagram of the-i-p-i GaAs superlattice along the
line of an argon-ion laser. growth direction.

0163-1829/2000/62.1)/69563)/$15.00 PRB 62 6956 ©2000 The American Physical Society



PRB 62 BRIEF REPORTS 6957

A ' AN ' ] 1.52

N i <\ 15K 1 %‘ 1.50
A\ 30K o

£ 7\ K < 148
c ~ . 70K D 146
2 =B _%0K 5]
£ T T 110K S 144
o T Tk
r ] é 1.42

r 0K P 140

y ; . ' ? ! '380 50 1 60 1 5‘0 200 250

1.2 1.3 1.4 15 1.6 1.7
Energy (eV) Temperature (K)
FIG. 2. The PL spectra of the-i-p-i GaAs superlattice at vari- FIG. 4. The energy of peak A and peak B as a function of

ous temperatures under an excitation power density of 10 W/cm temperature under an excitation intensity of 10 Wicifhe con-
The temperatures are 15, 30, 50, 70, 90, 110, 130, 150, 170, 200 inuous line is for GaAs band gap calculated according to the
For clear comparison, all the spectra are multiplied and are shiftefarshni law.
vertically.

eV at this temperatujeit should originate from the vertical

tinuum valence band both by photoexcitation and thermafransitions in thep layers. The position energy of peak B is
excitation when compared with that for electrons. Thus it car@lso compatible withhiw=Eg—Eq—E,+e*/4meeor, the
be expected that the PL from vertical transitions in the €nergy for DA pair luminescence, but for DA transition,
layers will be much stronger than that from théayers. This ~ When increasing temperature, due to the rapid ionization of
may be the reason that a peak corresponding to vertical traghallow impurity Si(ionization energy is only about 5 megV
sitions in thep layers is observed in our experiment, whereasthe PL should decrease very rapidly. In our experiment, the
no peak corresponding to vertical transitions in thiayers  intensity of peak B decreases very slowly and it tends to
is observed. dominate the whole PL at higher and higher temperatures.
Figure 2 shows the PL spectra of the-p-i GaAs super- 1hus we think peak B should be related to the vertical tran-
lattice in the temperature range 15—200 K under an excitaSitions in thep layers. No peak corresponding to vertical
tion power density of 10 W/cfn At low temperatures, one transitions in then layers is observed, possible reasons have
peak is observed which is marked by A in Fig. 2. When thebeen proposed above.
temperature is increased to 90 K, a new peak appears Figure 4 shows the position dependence of peak A and
(marked by B in Fig. 2 When further increasing tempera- Peak B on the temperature under an excitation intensity 10
ture, peak B becomes more and more obvious in the whol¥V/cnT¥, the continuous line is for GaAs band gap calculated
PL spectrum. Excitation intensity dependent PL experiment@ccording the Varshni law using the parameters of G&As.
at various temperatures show that peak A blue shifts rapidly the temperature range of 15-70 K, the redshift of peak A
with increasing excitation intensity, whereas the position ofiS similar with the shrinkage of GaAs band gap. When the
peak B is basically power independent. Figure 3 shows théémperature exceeds 70 K, the red shift of peak A becomes
power-dependent PL spectra at 170 K, it is clearly seen thd@ster than the shrinkage of GaAs band gap, whereas the
with increasing excitation power density, the intensity ofredshift of peak B is always similar with the shrinkage of
peak B increases faster than that of peak A. GaAs band gap in the temperature range 90-200 K. The
We will now discuss peak A and B. Due to the large blue€nergy difference of peak B and GaAs band gap is about 20
shift with increasing the excitation intensity, it is clear that MeV. This is consistent with the corresponding energy of
peak A results from the nonvertical transitions. From thevertical transitions irp layers which is shown in Fig. ithe

energy of peak B1.484 eV at 90 K, GaAs band gap is 1.504 energy difference should be the ionization energy of Be
which is about 28 meV, in case of heavy doping, this energy

will decreas@ With increasing temperature, for peak A, ex-
cept that it will redshift together with the GaAs band gap, it
will also be affected by the modulation effects of separated

T=170 K A B

2 —— 30 Wiem® photogenerated carriers to the doping potential. The more the
2 eeenees 20 W/om® spatially separated electrons and holes, the more the doping
o .~ 10 W/em? potential is decreased or flattened, and the higher the position
£ b F---swem? energy of peak A. Between 15-70 K, the indirect band-gap
E ------ 2.5 Wiem® transition is completely dominant, the number of spatially

separated electrons and holes generated by a 10-¥\¢&gm

, , , , , , citation intensity are almost constant in this temperature
09 10 11 12 13 14 15 1.6 range, thus the doping potential is almost constant. So the

Energy (eV) position of peak A has the similar_redg;hift with the GaAs
band gap. When the temperature is higher than 70 K, the

FIG. 3. The PL spectra of the-i-p-i GaAs superlattice under Vertical transitions begin to become important in the PL pro-
various excitation power densities at 170 K. The excitation powercess, some electrons and holes will recombine in vertical
densities are 2.5, 5, 10, 20, 30 W/&m transitions and will not spatially separated. With further in-
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creasing the temperature, more and more electrons and holksv temperatures, the PL peak from the indirect tunable band
will recombine in vertical transitions and the spatially sepa-gap of then-i-p-i GaAs superlattice is observed. With in-
rated electrons and holes become less, thus the modulati@neasing temperature, a peak appears at the high-energy side
effect of photogenerated electrons and holes to the doping the photoluminescence spectrum, and it tends to dominate
potential will become smaller, the doping potential well will the whole photoluminescence at higher temperatures or
become deeper. Therefore the redshift of peak A becomegigher excitation power densities. We believe the peak origi-
faster than the shrinkage of GaAs band gap. Meantime, dugates from the vertical transitions in thedoped layers of

to thermal distribution effect, it can be expected that theihe n.jp.j GaAs superlattice. The redshifts of the two peaks
vertical transition will become more and more important inyith increasing the temperature are also discussed in terms

the PL process with increasing temperature or with increasyy the competition of the nonvertical transitions and vertical
ing the excitation intensity at relatively high temperatures ansitions.

this can be clearly seen in Figs. 2 and 3.
In summary, we have investigated the temperature- This work was supported by the National Natural Science
dependent PL properties of ami-p-i GaAs superlattice. At Foundation of China.
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