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Deep level transient spectroscopy characterization of InAs self-assembled
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Deep level transient spectroscoLTS) was used to obtain the energy level and the capture
characteristics of InAs self-assembled quantum dots embedded in GaAs. A specially designed
structure was used for the DLTS measurement for enhanced resolution. This structure allows us to
detect capacitance relaxation signal from a single layer of quantum dots and to separate this signal
from those of the DX centers inside the structure. The DLTS spectra with different filling pulses and
different rate windows provide clear information on the energy level and the capture characteristics
of the quantum dots. €001 American Institute of Physic§DOI: 10.1063/1.1336519

I. INTRODUCTION layer (2x10' cm™3, 300 nm), ann"-Aly;Ga gAs layer

Considerable interest has recently been focused on chafl < 10" c¢cm™3, 150 nm, a 10 nm ntype graded
acterization of self-organized quantum deBD).*~¢In order  AlxGay,As layer, ann-GaAs space layer (3:510"° cm ™,
to develop a new generation of devices such as QD laser§0 NM, an undoped InAs quantum dot lay&.6 ML), and
optical memory elements, and resonant-tunneling device8n N-GaAs layer (=3.5x10'° cm3, 270 nm. The struc-
based on quantum dots, it is very important to have a comture and the band diagram are schematically shown in Fig. 1.
plete understanding of the physical properties of the QDs. Td he growth rate of InAs quantum dots was about 0.1 ML/s
obtain information about energy levels of quantum dots, opand the growth temperature was 520 °C. To improve the uni-
tical methods such as photoluminescefee)*~® are usually formity of the dot size, we interrupted the In fluxrfé s for
used. Recently, deep level transient spectrosc@iyTS) every 0.2 ML. After the layers were grown, Ti/Au Schottky
has also been USéd:.g’g’loln principa| the DLTS method has diodes with a size of 1M-1073 CI‘T'I2 were formed for DLTS
some advantages over conventional optical methods. Th@easurement by standard lithographic technique. The back
transient capacitance techniques are able not only to deteefimic contact was formed by alloying In to tie -GaAs
levels of quantum dots, but also unambiguously to determingubstrate. The quantum dot formation was confirmed by the
their capture parameters. However, investigation of a singl@tomic force microscopeAFM) image (see Fig. 2, which
layer of QDs in ordinary Schottky-diode structures by meandvas taken after the dots were grown.
of DLTS has been difficult because of small or not clear ~ The additional GaAs/Al3:Ga ¢sAs heterobarrier under-
relaxation signals. The DLTS spectras on QDs reported imeath the QDs of this specially designed structure has two
the literature usually dealt with multiple layers of Qb Purposes(1) to create conditions under which all QD states
this article we describe a structure, which contains a£an be completely filled at zero or small negative offset volt-
GaAs—A} 3:Ga, gsAs heterojunction, for the DLTS investi- 29€s, and?2) to provide a more desirable voltage distribution
gation of a single layer of QDs. It enables us to obtain veryear the quantum dot layer to facilitate the filling and escap-
clear and unambiguous DLTS signals of the QDs. Becaus#d processes for electrons in the quantum dots during DLTS
of the presence of the second potential barrier, which is promeasurement.
vided by the GaAs/A);:Ga, ¢As heterojunction not far from The DLTS measurement was carried out using a MI-401
the QDs, the structure allows us to easily change the extefflegabytec DLTS spectrometer. Low temperat(ae20 K)
of filling of the QDs and to obtain the signals. photoluminescencé&L) spectra were measured using argon

laser for excitation. InGaAs detector and a Si-PMT were

Il. EXPERIMENT DATA AND DISCUSSION OF used for light detection.

RESULTS
A. Samples and method of study

B. Result and discussion

, All the DLTS measurements were performed by direct
The samples used for this study were grown by molecuyetermination of the electron emission rate as a function of
lar beam epitaxy using a Varian GEN Il system. The Strucyemperature from 80 to 472 K in a wide range of time win-
ture consisted of, starting from tl{&00 n*-GaAs substrate, dow from 1076 to 10 ! s under dark condition. Before each
a Si-dopedn”-GaAs buffer layer, am™-AlosGasAS  scan, the sample was cooled down under zero bias and the
measurements were made during the warm up cycle. Figure
dElectronic mail: cplee@cc.nctu.edu.tw 3 shows the measured DLTS spectra with different filling
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FIG. 1. Band diagram of the structure for DLTS measurements at zero 120 140 160 180 200 220 240 260

offset voltage and layer structure of the quantum dot sample.
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FIG. 3. DLTS spectra taken at a constant offset voltage ®6 V and a rate

: —4
pUIseS' The rate window was %40 “ s and the offset window of 3.4x10™“ s with different amplitudes of filling pulses.

voltage was—5.5 V. To vary the average occupation of the
dots, the amplitude and the duration of the filling pulses were
varied. DLTS signal$curves(1-3 in Fig. 3] from the quan- From activation plots of these dependencies we determine
tum dots were clearly observed when the positive fillingthe emission energiesee Fig. 4. The saturation point cor-
pulses were more tha3 V with different duration of filling  responds to the flat band condition and the measured activa-
pulses. In cases when the filling pulses were smaller antion energy gives an energy difference between the quantized
long, wider and more symmetric DLTS signétsirves 4 and level in the dots and the GaAs band edge to be 0.4 eV.
5) were obtained. These signals were observed in all samplddecause of the excellent resolution of the DLTS spectrum,
with and without QDs and they had distinctly different we were able to measure the capture characteristics of the
physical characteristics. We suppose these signals are attri@Ds. The electron capture cross section and the quantum dot
uted to the well-known DX centers in the AkGa,csAs  concentration were then calculated using the ordinary proce-
layer!*12 To separate parentage of different peaks we havelure for DLTS analysis to be 1.6710 *? and 1.0< 10"

also prepared a similar structure but without quantum dotscm 2, respectively. It should be mentioned that the cross
In this case, all the quantum dot peaks completely disapsection about 10* cn is much higher than those of com-
peared. Only the DLTS signal from those related to DX cen4monly observed defects, and it is a good indication of the
ters remained. Besides, the signal from these centers coukistence of quantum dots.

be completely switched off by means of short filling pulses

with duration less than 810 ° s because of the relatively 1000

small capture cross section of such kinds of defects. Figure 3 ' ' ' '
also shows that the position of the QDs DLTS peak varies - ]
with the height of the filling pulses when they are below 5 V [ 0-4ev 0356V .
and remains about the same when the pulse height is above 5 :
V. This is due to the shift in the energy level caused by the X 0.26 eV
electric field from the offset voltage and the filling pulses. » 100 3 3
N'_ i
x
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FIG. 4. Activation plot for DLTS signal from QDs with the 3.0-5.0 V
pulses, and from DX centers obtained with the 0.5 V amplitude of filling
FIG. 2. AFM image of InAs islands. pulses.
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FIG. 5. Dependence of the amplitude of DLTS signal on the duration of the gth ( )

filling pulses. The results of measurements were taken at a constant offset
voltage of —5.5 V and amplitudes of filling pulses 5.0 V at different dura-
tion of filling pulse.

FIG. 6. PL spectra of our sample.

IlI. CONCLUSIONS

In conclusion, we have used DLTS to characterize a

single-layer of self-assembled InAs QDs. The excellent reso-

Figure 5 shows the dependence of the amplitude DLTSution of the DLTS signals was obtained by using a specially
signal on the duration of the filling pulse. The measurementiesigned structure. The electron ground state energy of the
was taken at a constant offset voltage-66.5 V and a rate quantum dots was unambiguously determined. The density
window of 3.4<10™* s. The amplitude of the filling pulses of the QDs, the capture cross section and the capture time
was 5.0 V. The capture time can be obtained by fitting thisyere also determined based on the DLTS results. The ob-
dependence with the following equatfdn tained results agree with those determined by other methods

such as AFM and low temperature PL.
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