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Temporal evolution of resonant Raman-scattering in ZnCdSe quantum dots
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We investigated ZnCdSe/ZnSe quantum-dot structures which include planar and coherently strained
three-dimensional islands with different sizes. Optical excitation of these islands well below the
ZnSe band gap leads to a resonant enhancement of theC@dypSe longitudinal-opticalLO)
phonon-scattering efficiency and makes the 2LO and 3LO multiphonon emission observable.
Resonant excitation with a power density of about 1.3 MW/aising a micro-Raman setup results

in an exponential decrease of the 1LO, 2LO, and 3LO intensity with irradiation time. This decay
behavior is not observed for pure ZnSe crystals and can be avoided for the ZnCdSe/ZnSe structures
using much lower excitation densities. The decrease in intensity is accompanied by a shift of the LO
mode to higher frequencies resulting from a lower cadmium concentration in the alloy. From these
experimental findings, we conclude that resonant excitation at a certain power density leads to
cadmium out-diffusion from the planar quantum dots, which shifts the resonance away from the
excitation energy. ©€2000 American Institute of Physid$s0003-695(00)03619-9

Semiconductor heterostructures of reduced dimensionatents were performed in backscattering geometry with a
ity have attracted much attention over the past few ykarstriple-grating spectrometer equipped with a cooled charge-
Particularly, quantum-dotQD) structures based on II-VI coupled device detector. The microscope optics used pro-
compounds are of interest, since they are candidates for thédes a spot diameter of about Quin. With the 488 nm line
development of laser diodes in the green and blue-greeof an Ar'Kr* mixed-gas laser, we achieved a maximum ex-
spectral rangé.The formation of self-organized QDs during citation power of 5 mW at the sample surface, resulting in a
Stranski—KrastanoW and fractional monolayer growti  power density of 1.3 MW/cf The Raman shifts were de-
was recently reported. termined with an accuracy of 0.5 ¢rth

In this letter, we report on Raman-scattering and photo-  Figure 1 shows the temporal evolution of Raman spectra
luminescence investigations of ZnCdSe/ZnSe structures. Ouinder the described excitation conditions. The spectrum at
results show that resonant Raman scattering can be usedtife beginning of the experimentt£0s) exhibits three
investigate the stability of such structures under conditiongnodes at 246.4, 493.5, and 741.8 CmiWith increasing fre-
of resonant excitation of the QDs. It was reported that resoguency, the full width at half maximum of these structures
nant Raman scattering can be applied to the ZnSe materigicreases strongly. The mode at 246.4 ¢morresponds to
system to distinguish between the phonons of ZnSe and th@e znSe-like longitudinal-optical phonon of &d,_,Se
ZnSe-like  longitudinal-optical (LO)  phonons  of  \ith x=(70+5)%. Thealloy composition is derived from
Zny ¢Cdyy ;Se/ZnSe quantum wirds. the data given in Ref. 9, which were measured for

The ZnCdSe/ZnSe samples under investigation wergn Cd,_,Se epilayers on a GaAs substrate grown by MBE.
grown by molecular-beam epitax)/BE) and have the fol- | gcal strain and confinement effects may also influence the
lowing structure. A pseudomorphically strained ZnSe-bufferphonon frequency, but are minor effects and have opposite
layer of 45 nm thickness was grown on(@01)-oriented  signl® Therefore, the cadmium concentration of 30% is a
GaAs substrate followed by 2.6 ML of CdSe and capped byyood estimate of the Z&d;_,Se alloy, which is the origin
45 nm of ZnSe. Details of growth are given elsewheféle  of the resonantly enhanced Raman modes. This cadmium

sample.includes three-dimensional islands formed in theoncentration matches the value for the planar QDs deter-
Stranski—KrastanowSK) growth mode as well as smaller mined by transmission electron microscdpy.

planar quantum dots with a cadmium concentration of 80%.  The other two structures in the Raman spectra of Fig. 1

The cadmium concentration of the SK quantum dots is muchye the two(2LO) and three LO(3LO) multiphonon emis-
higher (>70%) compared to the planar QDs, whereas it iSsjons which are known to appear under resonant excitation
around 15% in the wetting layérFor comparison, a #Mm-  conditions! A resonance in the Raman-scattering cross sec-
thick sample of pure ZnSe on a GaAs substrate was investiion occurs, if the energy of an incoming or outgoing photon
gated. The photoluminescen¢BL) experiments were car- (o hoth matches the energy difference of electronic states in
ried out in a He-flow cryostat providing temperaturesne material, since in that case the denominator in the expres-
between 4.2 and 300 K. The 325 nm line of a cw He—Cdsjo for the Raman cross section tends to 28ie observe
laser was used for excitation. The Raman-scattering experjnat the intensity of the 1LO, 2LO, and 3LO modes de-

creases strongly with irradiation time on a time scale of hun-
¥Electronic mail: kaschner@physik.tu-berlin.de dreds of seconds. Second, the luminescence background
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FIG. 2. Frequency of the Z&d, ,SellLO mode vs irradiation tim@ine:
guide to the eye

temperature-dependent PL and micro-Raman experiments.
“L____//\@M The results are shown in Fig. 4; in the upper part, the PL
_J\‘_______”/\L@_g___,___.,_,_ energy at maximum intensity is plotted versus temperature.

Scattering Intensity (arb. u.)

__JL_‘ 008 — Up to 160 K the PL spectrum is mainly determined by the
—— 7T emission of the planar QDs. Due to thermalization the SK
200 300 400 500 600 700 800 dot PL dominates at higher temperatures, but the electronic

Raman Shift (cm™) levels of the planar QDs still exist and are known to have a

FIG. 1. Room-temperature Raman spectra of a ZnCdSe/ZnSe structure unZ-nS_e like Femper"_ﬂure peha\”%}' Exciting with 47_6 nm, a
der excitation with 488 nm and 1.3 MW/émat different times. The record- Maximum in 1LO intensity appears at 40 K. At this tempera-
ing time for each spectrum was 10 s. One observes up to 3LO phonoture the excitation energy is about 30 médhergy of 1LO
modes. With increasing time the luminescence background and the phon honon higher than the PL, i.e., we observe an outgoing
intensities decrease. The inset shows spectra at three times in the vicinity of . Lo o
the 1LO mode. The high-energy shoulder originates from Raman scatterir:Eesonance' Using the 488 nm line for exqtauon, no Raman
with phonons from the GaAs substrate. modes are observable up to 140 K. At higher temperatures
the scattering intensity strongly increases, having the maxi-

) o o mum at room temperature. Note that this is not the tempera-
from the QDs disappears with increasing time. Furthermorey o effect of the Stokes scattering, since all values were

we observe a hardening of the 1LO frequency with irradia|,grmalized withn(w) + 1, with n(w) being the Bose factor.

tion time, as can be seen in the inset of Fig. 1. The highat room temperature, the excitation energy is 170 meV be-
energy shoulder of the 1LO mode originates from inelastic

light scattering with phonons from the GaAs substrate. The

f——

Zn,Cd; _,Se 1LO mode is shown as function of irradiation 1.5x10° L K o oo o w
time in Fig. 2 and exhibits a hardening with increasing time. _ 1-0“051%&% SRR s Mjle nm J
The frequency at the end of the experiment is 1.7 tm & . 1,=1.3 MW/cm®
higher than at the beginning without an apparent saturation. 8 *1%7 " 1LOZnCdSeznSel,  T=150s

Figure 3 shows the scattering intensity of the 1LO, 2LO, z . * i2lozncdSeiznsel,  w=14ss

. L . L. c 3x10% 4 A 3L02ZnCdSe/ZnSe |, T=141s

and 3LO mode versus irradiation time. The decrease in in- g = 1L0 ZnSe bulk |,
tensity can be fitted by an exponential decay function using = it [ 1LO2ZnGaSene 128
decay times between 141 and 150 s for the different g Giid ot
multi-LO scattering processes. The first part of the experi- § N .
ment ended after 900 s. Five minutes after stopping the irra- o .
diation and a further 20 min later, the intensity did not re- 0_' ] : s
cover, but rather remained at the value at the end of the 0 200 400 600 800 1000 12002400
continuous 900 s irradiation, i.e., the underlying process is Time (s)

irreversible. For comparison, the behavior of the 1LO ZnSe _ _ _ S
phonon of the 4um-thick ZnSe sample is shown as well as FIG. 3. Phonon mode intensity plotted as function of irradiation time for

. . different data sets. The data for the 1LO, 2LO, and 3LO modes of the
the 1LO intensity for the ZnCdSe/ZnSe structure when theZnCdSe/ZnSe structure were fitted by a single-exponential decay. To check

excitation power was reduced by a factor of 25. Here, thef the observed process is reversible, the intensities for the 1LO, 2LO, and

scattering intensity stayed constant within experimental ac3LO modes were determined again 5 and 25 min after ending the excitation.
curacy The intensity of the 1LO mode of pure ZnSe under the same excitation

. . .. . ., conditions and the 1LO mode of the ZnCdSe/Z1i8e25) structure apply-
To investigate the origin of the electronic states Wh'Ching an excitation density attenuated by a factor 25 stay constant over the

are responsible for the resonance behavior, we performegbservation time of 900 s. Here, the lines are a guide to the eye only.
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ening of 1LO frequency, since a lower cadmium concentra-

26 g im;: :: EE:Z? :z; tion in the ZnCd, ,Se alloy leads to a frequency shift to-
—d- (e 1o ot e sy i wards the value of the LO phonon of pure ZnSe.
2.5 : T i In conclusion, we have performed temperature-
3 : : * ! dependent PL and Raman-scattering experiments on
5 244 ! S — * : ZnCdSe/ZnSe structures..We found a resonant. excnguon and
o 1 4 perarcossommamar 0| % an exponential decrease in Raman-scattering intensity of the
W23 ; * ZnCdSe-like 1LO, 2LO, and 3LO modes under excitation
1o i ! with 488 nm and 1.3 MW/cta This behavior is explained by
224 i i a shift of the resonance energy due to cadmium out-diffusion
E ' T from the planar QDs. The observed effect is irreversible, but
~ 104wl =4T8nm PN is not the typical degradation mechanism in 1l-=VI semicon-
; 08 1 87 : p '\ ductor compound devices, which is widely accepted to result
s i i ./° \ from dislocation spreading in the material. To further inves-
£ 064 : / y tigate the underlying mechanism, it would be useful to com-
g _ Ll : /.' 0 = n\n: pare results of structural investigations, such as high-
g 04 ™ - : 4 resolution transmission electron microscopy, before and after
| iy irradiation. Our method may be used to destroy selectively
E 0.24 1i|/ one type of dots with specific resonance energies, leaving
2 o0 _.,_._._._._._._.,# i those with much different energies unaffected.
0 50 100 150 200 250 300 350 One of the authorgA.K.) gratefully acknowledges an
Temperature (K) Ernst-von-Siemens scholarship.

FIG. 4. In the upper part the energy of the PL maximum vs temperature is1
shown as well as the ZnSe-like temperature behavior of the planar QDs
states(using the function given in Ref. 13The two different excitation 2 . :

energies are indicated by dott¢2.605 eV} and dashed?2.541 eV} lines. |§ \é I\Qg?g\’/ AzAl mfrgﬁj(:/v,:. \\//v'ai;roﬂni]TLzéi];blga' Ige\ijls,sﬁgfva
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