FoARF R E/ PSR R
2k F @y

Optical characteristics of:type-11 ZnTe/ZnMnSe
guantum dots

B Rk

BB R S



FoARF RS/ RS ET Bl XERPEF]

Optical characteristics of type-11 ZnTe/ZnMnSe quantum dots

g4 DR Student : Hsiao-Chu Chen
I ERE Y NG RE Advisor : Prof. Wu-Ching Chou

A Thesis
Submitted to Institute of Electrophysics
College of Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of Master
in
Electrophysics
June 2007
Hsinchu, Taiwan, Republic of China

PERRAY LA ER



PIUNFRYF B/ GHE I B R

EEERE SRS

PR

<

~

24
st

—4-\

[ Sk sk Sk SR o P R 47 Sk B RIPN K A AR B/
BRI B E S B/ E RS E I REA T LGS LS
B REERA Y822 242. 783 06 R & 135 F 5
NFADT T EE e R TR R E K SRR A o f il

%“L sy V1Y ;’—IJ

wm

R

7% + 2LA 12 Stranski=Kronstonov (S-K) efic;t = £ o ¥ §

B g chsh B e o AT UBGRIEIk ¥ ki B R € P RO

"EPRRRHESRHESNE ARk SE T 0 rAB B

PIEF A AGTUE RT3 o ehd BRI rER o d P
A

# o g o

FiptreF ko f 2 60 APFRPLF 2 D EEFFEHRESL
Beind pmees s B EFd a0 §d hfia) > 0 g3 R S EhE
BEA AU o B KRR RER T OREF R BRAMET
figuﬁ%%ﬁﬁg’%a$£§$*%§§%ﬁ§’$4ﬁ€g§§
PR BTG o B fs > AP F R B BEE S 1S AR BRESE T
EERAEMFAS > A REF)SPF I GFFEL 0 XD GRS
wm Ak

D3 RFPR I ka g2 TP ERSE G PR A PP G o

L_)‘



Optical characteristics of type-11 ZnTe/ZnMnSe quantum dots

Student : Hsiao-Chu Chen Advisor : Prof. Wu-Ching Chou

Institute of Electrophysics

National Chiao Tung University

Abstract

The optical properties of ZnTe/ZnMnSe quantum dots were investigated by
photoluminescence (PL) and timé-resolved photoluminescence (TRPL) in this
thesis. The ZnTe/ZnMnSe quantum: dots (QDs) were grown by the molecular
beam epitaxy (MBE) and the coverages of ZnTe are 1.8, 2.2, 2.4, 2.7, and 3.0
monolayers (MLs). Stranski-Kronstonov (S-K) growth mode was identified by
the reflection high energy electron diffraction patterns and different red-shift
slopes with ZnTe coverage for the PL peak energy.

In order to verify the type-II band alignment, power-dependent PL was
investigated. There is a significant blue-shift of PL peak energy as the excitation
power increases. However, the blue-shift of 0D QDs and 2D layer are caused by
two different mechanisms. The QD size distribution and band-bending effect
result in the blue-shift for 0D QDs and 2D layer, respectively.

In order to understand the mechanism of carrier recombination process, the
TRPL was also investigated. The coverage dependence of lifetime can be
well-explained by band-bending effect and electron-hole wave function overlap.

In addition, the temperature-dependent TRPL shows that the carrier
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recombination process dominates by radiative channel in low temperature and
nonradiative recombination takes over above 50K.

Finally, we observed a nonzero circular polarization rate for the type-II
structures without external magnetic field. It is attributed to the existence of a
built-in magnetic field induced by the motion of carriers under the presence of
nonuniform electric field across the interface of ZnTe QDs and ZnMnSe layer.
This results in the spin splitting responsible for the nonzero circular polarization

rate.
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Chapter 1 : Introduction

The optical properties of excitons confined in semiconductor quantum dots (QDs) have
been studied very intensively for recent years. Several QD growth methods have been
reported [1-4]. Self-assembled QDs are particularly attractive because of their high structural
qualities and excellent optical properties [5-6]. One of the successful applications of
self-assembled QD is QD lasers [7]. In addition, the long spin relaxation time, which allows
control and manipulation of the electron spin in self-assembled QDs, was discussed [8-9]. The
QD systems characterized by the random substitution of a fraction of the original atoms by
magnetic atoms are commonly called as diluted magnetic semiconductor QDs (DMS QDs).
The DMS QDs have received a great: deal ofrattention because the combination of strong
confinement of carriers and Sp-@ exchange.interaction between carriers spin and magnetic
ions spin result in special magneto-optical properties."The most common DMS materials are
II-VI compounds (like CdTe, ZnSe, CdSe, etc.), with transition metal ions (like Mn, Fe)
substituting their original cations [10-11]. There are also DMS materials based on IV-VI [12]
and recently III-V [13] compounds. Most of self-assembled DMS QDs are DMS QDs grown
in non-DMS matrix, such as CdMnSe/ZnSe, CdMnTe/ZnTe and so on [14-19]. However, a
significant reduction of QD emission efficiency was observed in this system, because there is
a relaxation path of carriers into the internal Mn?" transition [10]. In order to enhance the
radiative emission of the QDs, non-DMS QDs embedded in DMS matrix were investigated
[20-23]. The samples we studied in this thesis are also non-DMS QDs embedded in DMS
matrix. Both types of DMS QDs have potential applications in quantum computation [24] and
spin electronic (spintronics) devices [25, 26].

The above mentioned DMS QD systems all have type-I band alignment, which electrons

and holes are both confined in QD. In this thesis, we study ZnTe/ZnMnSe DMS QDs with



band alignment of type-II. Holes are confined in the ZnTe QDs, while electrons are localized
in ZnMnSe layer. The separation of electrons and holes could result in a longer spin
relaxation time [27] than that of type-I QDs. In addition, optical properties of type-II
structures are more sensitive to interface electric field caused by carriers accumulation than
type-I structures. The special characteristic results in a nonzero circular polarization rate
without external magnetic field [28].

In chapter 2, the sample preparations using Veeco Applied EPI 620 MBE system are
introduced. In addition, the optical experiment setup, including photoluminescence (PL) and
time-resolved PL (TRPL), are presented. In chapter 3, the experimental results about low
temperature PL, power-dependent PL, carrier recombination dynamics, and circular

polarization PL are discussed. Finally, a brief conclusion is given in chapter 4.



Chapter 2 : Experiment

In this chapter, the sample growth of ZnTe/ZnMnSe QDs system and experimental setup
used in this thesis were described. The experimental techniques including conventional
photoluminescence, polarized photoluminescence and time-resolved photoluminescence are

described below.

2.1 Sample preparation

The samples studied in this thesis were grown on GaAs (100) substrates by Veeco
Applied EP1620 MBE system shown in Fig. 2-1. The elemental solid source Zn, Mn, Te, and
Se were used for the growth of self-assembled ZnTe QDs and ZnMnSe buffers. The growth
conditions were listed in Table 2-1. The growthsrate for ZnMnSe buffer layer is 0.4 A/s,
whereas the growth rate for the ZnTe QDs is 0.3"A/s. The effusion cell temperatures of Zn,
Mn, Se, and Te are 294, 695, 178, and:310-°C, respectively.

Figure 2-2 shows the sample strueture of ZnTe/ZnMnSe QDs. Prior to growth procedure,
GaAs (100) substrate was etched in a H,O, : NH4OH : H,O (1:5:50) solution for one minute at
room temperature, rinsed in flowing de-ionized water about two minutes and dried with high
purity-N,. The substrate was adhered to a molybdenum block, and then loaded into a
high-vacuum growth chamber. The substrate temperature was then raised to 620~ 630°C to
desorb the oxides. The desorption procedure was monitored by the reflection high energy
electron diffraction (RHEED). Then the substrate temperature was decreased to 300 °C for the
deposition of ZnSe buffer layer. The ZnSe buffer layer included several MLs grown by
migration enhance epitaxy and a thickness of 50 nm grown by conventional epitaxy. Then, a
thickness of 50 nm ZnMnSe buffer layer was grown. The average roughness of ZnMnSe
buffer layer was approximately 0.5 nm, indicating that the surface of ZnMnSe buffer layer
was flat. After the flat ZnMnSe buffer layer was deposited, the growth of the self-assembled
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ZnTe QDs started. The growth of ZnTe QDs was turned on for several tens seconds, which
corresponds to several mono-layers (MLs). Finally, a ZnMnSe capping layer of about 50 nm
was grown to cap the ZnTe dots. The sample list was shown in Table 2-2. The average
coverage of ZnTe layers for sample one to five were 1.8, 2.2, 2.4, 2.7 and 3.0 MLs,

respectively. The thickness of 1 ML is approximately 0.3 nm.

2.2 Photoluminescence (PL)

The schematic setup of the PL system is shown in Fig. 2-3. The samples were loaded on
the cold finger of a closed cycle cryostat. The temperature can be controlled between 10 and
300 K. The 325-nm line of a HeCd laser was used to excite the PL spectra. The incident beam
was focused on the sample by a lens (L1). For the polarized PL measurement, a combination
of a Berek’s compensator and a linear, polarizer was set between lens L2 and L3. The
compensator functioned as a quarter waverplate.*The linear polarizer can be rotated to
measure the right-handed (c") or left-handed (6°) component of the luminescence. Then, lens
L3 led the luminescence into the spectrometer. The optical path of circular polarization
measurement is carefully confirmed by some ‘standard samples with zero polarization. A
SPEX 1403 double-grating spectrometer equipped with a thermoelectrically cooled
photo-multiplier tube (R928, Hamamatsu) was used to analyze the PL spectra. The
spectrometer was controlled by a computer, which was used to store and plot the collected

data.

2.3 Time-resolved photoluminescence (TRPL)

Time-resolved PL was used to study the recombination dynamics of excitons in the
ZnTe QDs. The setup of TRPL system was shown in Fig. 2-4. The GaN diode laser (396nm)
with a pulse width of 50 ps and a repetition rate of 5 MHz was used as an excitation source.
The laser light was focused on the sample by a lens (L1). The combination of lens (L2 and L3)

led the luminescence into the spectrometer. The signal was dispersed by a 0.55 m



monochromator and detected by a high-speed photomultiplier tube, followed by a PC plug-in
time-correlated counting card. The overall temporal resolution of the time-resolved PL

measurement is about 300 ps.



Table 2-1. Effusion cell temperatures and substrate temperatures for the growth of
self-assembled ZnTe/ZnMnSe Quantum Dots. The unit of temperature is °C.

Buffer layer QDs layer Capping layer

ZnSe ZnMnSe ZnTe ZnMnSe
(500 A) (500 A) (1.8~3 ML) (500 A)

T (Zn) 294 294 294 294

T (Se) 178 178 178

T (Te)

T (Mn)

T (Substrate )




Table 2-2. Sample parameters of the ZnTe/ZnMnSe Quantum Dots.

ZnSe ZnMnSe ZnMnSe
(buffer ) (buffer) (capping)




Fig. 2-1. Veeco Applied EPI 620 MBE system.



ZnMnSe (capping layer) 500 A

AN A DM D\ | ZnTe QDs layer (1.8~3.0 ML)

ZnMnSe (buffer layer) 500 A

ZnSe (buffer layer) 500 A

GaAs (substrate)

Fig. 2-2. Sample structure of the ZnTe QDs embedded in the ZnMnSe matrix.
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Fig. 2-3. Experimental setup for the PL measurements.
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Fig. 2-4. Experimental setup for the TRPL measurements.
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Chapter 3 : Results and Discussion

In this chapter, the optical characteristics of ZnTe/ZnMnSe quantum dot (QD) structures
were investigated by conventional and time-resolved photoluminescence (PL). Conventional
PL was used to detect the ground state transition of the QD samples. To study the type-II band
alignments, we also measured the excitation power dependence of spatially indirect
transitions in ZnTe/ZnMnSe structures. The difference between two-dimensional (2D) layer
structure and zero-dimensional (0D) QD structure is discussed. Time-resolved spectroscopy
was used to understand the carrier recombination processes and also verify the dimensional
changes of ZnTe/ZnMnSe structures with increasing coverage. Furthermore, circular
polarization spectroscopy without an.applied magnetic field was utilized to study the spin

polarization.

3.1 Emission properties of ZnTe/ZnMnSe QDs

Figure 3-1 shows the PL spectra of ZnTe/ZnMnSe QD structures with different
coverage thicknesses of ZnTe layer at low temperature. All of the spectra consist of three
emission bands. The sharp emission peak near 2.8 eV is attributed to the near band edge
transition of ZnMnSe layer. The other two emission bands observed in the PL spectra from
1.8 to 2.6 eV are associated with the ZnTe layer. The lower-energy emission (labeled by QD
in Figure 3-1), which is more sensitive to the change of coverage thickness, is due to the
recombination in QD or 2D layer before the QD formation. The peak energies of QD
emission bands for 1.8, 2.2,2.4, 2.7, and 3.0 ML coverage are 2.175, 2.005, 1.963, 1.917, and
1.888eV, respectively. In contrast to type-I semiconductor structures, the energy minima for
electrons and holes lie in different layers in type-II structures. In Fig. 3-2, the band alignment
of ZnTe/ZnMnSe QD is shown. We assume the band alignment of ZnTe/ZnMnSe QD with
low Mn concentration is similar to that of ZnTe/ZnSe QD, which was carefully determined by
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the AFM and PL study [29]. This spatially separated electrons and holes will greatly influence
optical properties. All of the emission peak energies given above are smaller than that of the
band gap energy of ZnTe epilayer. This implies a type-1I band alignment for the ZnTe QDs
grown in ZnMnSe matrix. The higher-energy PL band (denoted as H in Figure 3-1) near 2.3
eV is much broad and the intensity is smaller than that of the QD PL band. The H emission is
ascribed to the emission from the ZnTe/ZnMnSe interface [30].

Figure 3-3 summaries the peak energy shifts of the lower-energy emission for
ZnTe/ZnMnSe structures with different coverage thicknesses of ZnTe layer. The red-shift in
energy with increasing ZnTe coverage is attributed to the decrease in the quantum
confinement of the holes in the ZnTe QDs. Similar to the ZnMnTe /ZnSe QD structure grown
in our laboratory [31], the change in red-shift energy can be roughly characterized by two
different slopes, as observed in the Figure 3-3. The peak energy decreases promptly with
increasing ZnTe coverage when-the ZnTe coverage is less than 2.4 ML. However, when the
coverage exceeds 2.7 ML, the- decrease._of peak energy becomes smooth. The critical
thickness of the two slopes is between 2.4 and 2:7'ML. For the ZnTe coverage with thickness
thinner than the critical thickness, the PL emission origins from the transitions in 2D layer,
while 0D QD emission is expected for samples with thicker ZnTe coverage thickness. This
result was also confirmed by the study of RHEED patterns. Figure 3-4(a), (b), and (c) show
the RHEED patterns of samples with 1.8, 2.4, and 2.7 ML ZnTe coverage, respectively. The
streaky RHEED pattern of 1.8 ML results from the two-dimensional layer. As the ZnTe
coverage increases to 2.4 ML, the RHEED pattern starts to transfer from streaky to spotty.
This indicates a growth transition from a two-dimensional layer growth to a three-dimensional
island growth and implies the formation of the ZnTe QDs at ZnTe coverage thickness above
2.4 ML.

The excitation power dependence of spatially indirect transitions of ZnTe 2D layer and
0D quantum dot were investigated. In Fig. 3-5, we show the relation between the PL peak
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energy and the excitation power of three samples with coverage of 2.2 ML, 2.4 ML and 2.7
ML. When the excitation power was increased, blue-shifts for three samples were observed.
The lines fit the blue-shifts of three samples using the power function described by Y=a+bx".
The powers (s) for samples of coverage with 2.2 ML, 2.4ML, and 2.7 ML are 0.32 (dashed
line), 0.3 (dot line), and 0.1(solid line), respectively. The cubic root (s=0.33) power
dependence of PL peak shift caused by the band-bending effect is characteristic of type-II
quantum wells and has been reported theoretically [32, 33]. The band-bending effect is caused
by the spatial separation of holes confined in the ZnTe layer and the hole-attracted electrons
localized in the nearby ZnMnSe regions. With the increasing excitation power, the strong
band-bending effect (red-shift) accompanying with the carrier filling effect (blue-shift) results
in a theoretical-predicted blue-shift of PL peak with the 1/3 of the excitation power [32, 33]. It
corroborates the previous result thatithe 2.2 ML and 2.4 ML samples are 2D layer structures.
However, in the case of 2.7 ML .QD.structure,.only a few holes are allowed to be confined in
each QD. As a result, the band-bending €ffect does not play important role and the blue-shift
of PL peak deviates from the cubic.root. The carrier distribution effect is a possible
mechanism responsible for the blue-shift of 0D QD sample. At the beginning, the carriers are
excited to the barrier by the He-Cd laser of the wavelength with 325 nm and then quickly
transfer to the QD. The transfer behavior is a selection effect which decides the carriers to
transfer to the lower energy states (larger QDs) first. As the excitation power increases, the
carriers will gradually fill in the smaller QDs. This will result in a blue-shift with increasing
power intensity. Fig. 3-6(a) shows a simple schematic diagram for the carrier filling
distribution of different QD sizes as excitation power increases. The estimated
power-dependent blue-shift is shown in Fig. 3-6(b). The power of the estimated blue-shift for
QD size filling effect is about 0.11 and is close to the experimental result of QD sample with
coverage of 2.7 ML. It indicates the excitation power-dependent PL is greatly affected by the
QD size distribution.
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3.2 Dynamics of carrier recombination

In order to understand the mechanism of carrier recombination process for this type-II
QD system, the TRPL was investigated. The experimental PL decay profiles (open circle)
measured for the ZnTe QDs sample with 2.4 ML coverage is shown in Fig. 3-7. The decay
time is composed of a faster initial component and a slower tail component. In order to

resolve the time constants, all of the experimental data were fitted with two-exponential

function described by
I(t)=1exp(-t/z,)+1,exp(-t/z,) (3-1)
Where I(t) is the PL intensity at time t, |, and |, are the relative intensity for 7, and 7,,

respectively. 7, and 7, are lifetimes of two different recombination mechanism. The fit for
the experimental data is shown by the solid line. The time constants 7, and 7, are 3.2 ns and
74.7 ns, respectively. The lifetime of carrier:recombination is inverse proportion to the
wavefunction overlap of electrons and holes [34]. The observed two-exponential decay can be
explained by the spatial separation of charges. After the photoexcitation, a dipole layer is
formed between the holes in the ZnTe layer and the electrons attracted from the surrounding
ZnMnSe regions. This field-induced band-bending effect makes the electron wavefunction
closer to the ZnTe region. The initial faster time constant is attributed to the increasing spatial
overlap due to the band-bending effect. When the majority of the carriers have recombined,
the wavefunction overlap decreases and the band-bending effect is negligible. This will lead
to a slow radiative recombination process and results in a longer decay time. Therefore, the
slow decay time is attributed to the decay time of the ground state exciton. Because of the
nature of type-II QDs structure of ZnTe/ZnMnSe, holes are confined in the ZnTe layer and
electrons are localized in ZnMnSe layer around the dots. Due to the less electron-hole overlap
in type-II band structure, the measured lifetimes are much longer than the radiative lifetime of

type-1 QDs [35-37].
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In Fig. 3-8 we show coverage thickness dependence of the exciton decay times. The
exciton decay time increases with increasing coverage and starts to decrease above 2.7 ML.
We explain the result by separating the data into two regions: 2D layer and 0D QD. In the 2D
layer case, the lifetime increases with the coverage thickness due to the increasing electron
and hole separation. However, in the QD case, the recombination coefficient depends
crucially on the portion of hole wavefunction confined in QD structure. Figure 3-9 shows the
schematic representations for the wavefuntion distribution for different case. For the 2D layer
case, the wavefunction of holes is located at the center of 2D layer. When the coverage
thickness increases, the portion of hole wavefunction decreases at the edge and causes a less
electron-hole wavefunction overlapping shown in Fig. 3-9 (a) to (b). Thus, the decay time of
the ground state transition becomes longer with increasing coverage. On the contrary, the
wavefunction of holes starts to moye in quantum dot as the dot formed as shown in Fig. 3-9
(c). Increasing dot size makes the ground.state energy become lower and leads the
wavefunction of holes closer to-ZnMnS¢. capping layer shown in Fig. 3-9 (d). Hence, the
overlap of electron-hole wavefunction enhances:and results in a shorter decay time.

Figure 3-10 shows the spectral distribution of decay time of ZnTe/ZnMnSe QDs with
coverage thickness of 2.7 ML. As shown in the figure, the exciton decay time depends on the
monitored emission energy and is shorter for higher energies. Carriers in the small QDs,
whose ground state energy is larger, can transfer to the lower energy state in the adjacent
larger QDs [37]. The extra transfer channels will result in a faster decay rate for higher-energy
transition. The PL in the lower-energy transition has a longer decay time due to the increase in
the number of carriers that relaxed from the smaller QDs. We also examined the temperature
effect on the indirect type-II transition in ZnTe/ZnMnSe QD structures. Figure 3-11 shows the
temperature dependence of lifetime at peak energy with 2.7 ML coverage. The ground state
exciton decay time is almost constant with temperature below 50 K. This is not surprising
because the thermal distribution of radiative rate was greatly suppressed in QD structures. The
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exciton decay time, however, decreases quickly with increasing temperature above 50 K. It is

because nonradiative recombination dominates the transition above 50K.

3.3 Polarization of zero magnetic field

In order to study the spin polarization degree without an applied magnetic field (B), the
circular polarization PL was investigated. Figure 3-12 shows the PL spectra with o " (dash
line) and o (solid line) circular polarization for the 2.7 ML ZnTe/ZnMnSe QDs without
external magnetic field. We can clearly see that the polarization rate (P ) is nonzero, where

P is defined as

P: g g _2
|+l G2

In this expression, | . (1 _) is the integrated PL intensity of o" (o) polarization. The

calculated value of P is about 7 % in this sample. It’s quite a special phenomenon because
the spin orientation of carriers should be randomized before recombination for B=0 [38]. This
result implies that some built-in B.exists in the type-II structures. The Mn spin alignment is
not essential for the built-in B. The results show that the nonzero polarization is less sensitive
to thermal energy at least for temperature below 100 K. However, the spin polarization
induced by Mn should be greatly suppressed with increasing temperature [39]. We believe
that this phenomenon is similar to those found in type-II semiconductor heterostructures [40],
where a nonzero spin splitting is possible with a built-in B induced by the motion of carriers
under the presence of nonuniform electric field across the interfaces of ZnTe QDs and
ZnMnSe layer. The nonuniform strain induced internal magnetic field might be in the minus
z-direction because the negative polarization rate changes to positive by an external magnetic
field applied to z-direction [30]. The schematic diagram was shown in Fig. 3-13. Because of
the built-in magnetic field, the carriers of higher-energy spin state will easily flip to the

lower-energy spin state and result in a negative polarization rate as shown in Fig. 3-13(b).

17



This investigation shows that the carrier recombination process of type-II structures
dominated by the interface electric field enormously. It also provides a possibility to

manipulate the spin degree by tuning the internal strain for zero applied magnetic field.
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(a) 1.8 ML

(b) 2.4 ML
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Fig. 3-4. RHEED pattern of ZnTe QDs with different coverage.
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Fig. 3-8. ZnTe coverage dependence of the ground state exciton decay time.
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Fig. 3-9. Schematic representations for the wavefuntion distribution of electron (light
shadow) and hole (dark shadow) for (a) thin 2D layer, (b) thicker 2D layer, (c)

small 0D QD, and (d) larger 0D QD without considering wetting layer.
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Fig. 3-10. Broad band time-resolved PL of ZnTe QDs with 2.7 ML coverage.
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Fig. 3-11. Temperature-dependent lifetime at peak energy for QD of 2.7 ML coverage.
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Fig. 3-12. PL spectra with o (dash line) and o (solid line) circular polarization for the

2.7 ML ZnTe QDs at external magnetic field B=0.
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Fig. 3-13. The schematic diagram of built-in magnetic field in the ZnTe /ZnMnSe

structure (a) and spin relaxation process (b).
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Chapter 4 : Conclusions

The optical properties of type-II DMS ZnTe/ZnMnSe QDs grown by the molecular beam
epitaxy were investigated by conventional PL and TRPL in this study. The type-II emission
peak energies of samples with 1.8, 2.2, 2.4, 2.7, and 3.0 ML coverage are 2.175, 2.005, 1.963,
1.917, and 1.888 eV, respectively. S-K growth mode was identified by the RHEED patterns
and different red-shift slopes of the PL peak energy with increasing ZnTe coverages. The
excitation power dependence of spatially indirect transitions of ZnTe/ZnMnSe QDs shows a
significant blue-shift for PL peak energy. The blue-shift of 0D QDs and 2D layer are caused
by two different mechanisms. The QD size distribution and band-bending effect result in the
blue-shift for 0D QDs and 2D layer, respectively.

In addition, the radiative decay time is'composed of a faster initial component and a
slower tail component. The inital faster time constant is attributed to the increasing spatial
overlap due to the band-bending effect and . slower decay time is attributed to the
recombination time of ground state transition. The exciton decay time of samples with
different coverages is well-explained by wave function overlap. In addition, the temperature
dependent time-resolved PL shows that the carrier recombination process dominated by
radiative channel in low temperature but by nonradiative channel above 50K. Finally, a
non-zero circular polarization of PL at the absence of magnetic field is attributed to the
accumulation of interface charges confined in adjacent layers. This type-II QD system could

be a potential candidate for the spintronics devices.
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