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Contactless electroreflectance of CdSe /ZnSe quantum dots grown
by molecular-beam epitaxy
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The interband transitions of a capped CdSe quantum-dot structure have been investigated using
contactless electroreflectance. The electroreflectance spectrum shows transitions originating from all
the portions of the sample including the quantum dots and the wetting layer. The transitions of the
two-dimensional layers have been modeled using an envelope approximation calculation which
takes into account the biaxial strain in the wetting layer. A good agreement was found between the
experimental values for the transition energies and the calculated ones. From atomic force
microscopy measurements, a lens shape was observed for the uncapped quantum dots. Taking into
account the lens shape geometry and assuming that the effective height-to-radius ratio is preserved,
the size of the capped quantum dots was determined using the observed electroreflectance
transitions, in the framework of the effective mass approximation.20®3 American Institute of
Physics. [DOI: 10.1063/1.1628393

In recent years there have been increasing efforts in theompounds. The two chambers are connected by ultrahigh
development of quantum de®D) semiconductor nanostruc- vacuum transfer modules. Semi-insulating epiready GaAs
tures. Technological applications anticipated for these struc100) substrates were mounted on 2 in. molyblocks and in-
tures motivate this trend. Among them is their stimulatedtroduced in the MBE system where they were deoxidized in
emission? which exhibit excellent lasing characteristics in the 11—V chamber under an As flux. In order to have a flat
agreement with theoretical predictiohsnaking the QD  surface for the QD formation a 200 nm GaAs buffer layer
structures a potential candidate to replace the quantum wegjiowed by a 30 period19 A GaAs/20 A AIAY short-
lasers! Self-assemble@SA) QDs grown using the Stranski— period superlatticéSL) and a 30 nm GaAs layer were grown
Krastanov growth mode are the subject of intensive stddy. 5t 580°C These buffer layers were grown under As-rich
Most of the studies of SA QDs have been performed in Ill-V¢ongitions having #2x4) surface reconstruction. The use of
semiconductor systems such as InGaAs/ GW/ InGaP, e g1 produces very smooth surfa¢é3hen the substrates
and GaSb/G-aAé.Much Ies.s has bee_n done in t.he ,”_Vl_ were transferred to the 11-VI chamber. Prior to the growth of
systems, which are potentially attractive for applications Nine 11-VI materials, the surface of each substrate was ex-
visible wavelength range. The optical properties of SA QDs osed to a Be—Zn fluxZn—Be irradiation for 40 s at

?F?I\_/)el'z*ggeEothﬁlgesséiilgixcti{ztrilgn Spt;(();cr)(l)usr:%%esn%enc 70°C. This step avoids the formation of stacking faults at
’ b P W the 1I=VI/Il-V interface!® Then on each sample a ZnSe

o St an o g 87616 0 was groun at 250C llowed by 8
9y of ZnSe at 270 °C. The CdSe QDs were formed by deposit-

allow to study the shape of the QD potential or the coupling, .
effects in stacked structures. Even though modulation speé_rJg 2.5 MLs of CdSe on ZnSe at 320°C, after a growth

troscopy allows one to perform studies of the lower as welf"t€rruption of 30 s, in the case of the sample used for PL
as the higher energy transitions in QD structures very little?nd CER measurements, a ZnSe top barrier or cap layer of
work has been done on this subjétin this letter we present 100 nm was grown at 270°C to confine the QDs. No cap
a contactless electroreflectant@ER) study of CdSe QDs layer was grown on the sample used for atomic force micros-
with ZnSe barriers. copy (AFM) measurements. The capped QD structure was
Two samples were prepared by molecular-beam epitaxgharacterized by PL measurements using the 325 nm line of
(MBE) using a dual chamber Riber 2300P MBE system tha® HeCd laser for excitation. The QD PL peak was detected at
includes a chamber for the growth of As-based Ill-V mate-2.372 and 2.319 eV at 77 and 300 K, respectively, no deep-
rials and another for the growth of wide band gap II-VI level emission was observed.
The interband transitions in this structure were deter-
dAuthor to whom correspondence should be addressed; electronic mair.nined using CEF%?WhiCh is a modulated techniql}%,lethat
mmunoz@sci.ccny.cuny.edu gives rise to sharp, differential-like spectra in the region of
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6 ) TABLE I. Experimental and calculated interband transition energies.
; E jcaas) E (SL(GaAs/AlAS) Eo(ZnSe)l ] ExperimenteY) oLV
4t EO+AO(GaAS) E?(p. 9 Transition (+0.005 Theory (eV) (+0.002
.l - —-Fit Eo(GaAs) 1.428
x (1.4228)
e L Eo+Ag(GaAs) 1.745
..,; 0 (1.762)
~ } SL(GaAs/AlAY 1.873 1.876
2k 1C-1H
! b QD 2.320 2.320 2.319
4 QDOQD1WL1 [1,00e—|1,0mn
' GaAsBuffer/SL 7 QD 2.455 2.455
14 16 18 20 22 24 26 28 D=L B
: : : : : . . . WL, 2.560 2.560
Energy (eV) 1C-1H
Eo(ZnSe) 2.700 2.7G8

FIG. 1. CER spectrum of capped CdSe quantum dot structure. Solid and

dashed lines represent the experimental data and fit, respectively. The arro@s LA were obtained from Refs. 18 and 20 respectively
indicate the energies obtained from our fit scheme. b4°7 A (J 5 ML) CdSe wetting Iaye.r ' '

the transitions. The experimental details and principles of . .
CER are explained in Rpef 14 P P and thickness are 2.560 eV and 4.ZA5 ML, respectively.

The AFM studies were performed immediately after the!n order to identify the transitions originating from the QDs,
samples were grown. From the AFM images we found thathe shape of the quantum lens has been modeled by a spheri-
the dots have a lens shape with average radius-62.5 nm cal cap of heighh and circular cross section with radius

an average height df=18 nm, an effective ratio/r =0.34 For the sake of simplicity and in the limit of strong spatial
and a dot density of 4610° cm 2 confinement regime, we have applied our calculation here to

The solid line in Fig. 1 is the measured RT CER Spec_the uncoupled electron-hole particle Hamiltonian model con-

trum. The energies corresponding to the observed transitiorfg]ed in the QD domain with isotropic bands and eﬁectwe
were obtained using a fit, shown by the dashed line. ThaSsesne andm, for the electron and holes, respgctwely. It
transitions originating in the SL/buffer regio<2.2 eV) s possible to shofd that the electr.on-hole pairenergy
present a series of Franz—Keldysh oscillations, and were fltNeM Ny, d€PENds on the aspect ration hir, the electron and
using Lorentzian broadened electro-optical functithghe  hole energy levelsNe andNy,, and the z-component of the
transitions originating from the QDs, wetting lay&nL), angular orbital momentum associated to the electron and
and barrier(>2.2 eV) were fit using the first derivative of a hole, Me and My, repsectively. According to the allowed
Gaussian line shapbdue to their bound origin. The values optical selection rules, the features observed in the CdSe QD
obtained from this fit are indicated by arrows in the figureSPectral region correspond to the transitiofls, M),

and presented in Table I. —|N,M),,. As we mentioned, the ratib/r for our lens-
buffer layer atEy(GaAs) Fo+ Ao(GaAs), and ZnSe barriers mizes the energy surface in this system and, therefore, is the
at Eo(ZnSe), respectively, were straightforward when com-most favorable ratio for QDs formation, and using the effec-
pared with the established values in the literature, as showtve masses given in Table Il, we determined that the dimen-
in Table |. The assignment of the other transitions was don&lons of the capped CdSe—QDs corresponding to tQd3g
according to the following considerations. Using a three-and QD; transitions areh=3.24 nm andr =9.52 nm. Ac-
band model envelope calculatibha band offset parameter cording to this calculation the featur@dD, andQD; corre-
Qc.=AE./AE4=0.65,E((GaAs)=1.428 eV and the &c-

tive masses and spin-orbit splitting of GaAs and AIAS givVeNTABLE . Values of the parameters used in the calculation.

in Ref. 18 we obtained that the lowest transitio@-1H, for

this short period SL is 1.876 eV, which agrees well with the Parameter Znse Cdse
signal at 1.873 eV. The notatiomC-nH(L) refers to the E, (eV), 300 K 2.706 1.69%°
transition between thenth conduction and thath valence me 0.19 0.11*°
state of heavy or light hole character, respectively. In order to (0'13"69'17 450
identify the transition coming from the WL we performed an M (0.507'?.0.75 0
envelope calculatid taking into consideration that the bi- Ay (eV) 0.4 0.4
axial strain changes the CdSe band gaps. Reference 19 de- Cu 8.5 6.67
scribes the changes in the band gaps as a function of the (10" dyn/cnf)

elastic constants &, C;, and deformation potentials and (101 E;Zn en?) 5.02 4.63
b, which were obtained from Refs. 19-21 for this calcula- a (eV) s 30
tion. We have considered that the conduction band offset is b (eV) 1. —0.7

described by the paramet&,=0.85%? The parameters re-
: f : : “Experimental value.
quired for this calculation are presented in Table Il. Assum-, . .
. . . .. Average of the values shown in parentheses, these values were obtained
ing that there is no intermixing between the WL and the om ret. 30.

ZnSe barriers the WL lowest heavy hole transitio@-1H, °References 19-21.
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