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"concluded thatua photo-generated hole 1s'captured oh an acceptor—type trap before the rad1at1ve

recombination with a confined electron. The excitation of this‘band-edge” PL occurs through
some states in the matrix and’ d1rect1y in the CdS crystallites for the two kinds of samples,
respectlvely The temperature coefﬁc1ents of the ~optical transition energies for the nearly
‘,matnx-ﬁ‘ee ﬁlms are smnlar to ‘those of bulk CdS while for the CdS/glass films, .they are
smaller. “Thls -may ffe ‘because of the dlfferent boundary COl’ldlth; forthe thermal expanswn of
CdS ¢ crystalhtes N S

'INTRODUCTION

Smce the ﬁrst Works of Ekrmov and €O- authors [1] and Brus }[2] CdS nan -crystalhtes

mterface or changes in the storchlometry of the NC. As atesult; the’ m‘ s of}the ‘band-
edge photoluminescence from CdS QD has not been deﬁmtely est ed as yet [3,4].
Another question, which has no clear answer yet, is to what extent CdS NC’s can be thought of
“as small pieces of the bulk material. Do they possess bulk pararneters such as the characteristic
electronic. structure. energies with their dependence on temperature, phenon ﬁ'equencres or
electron phonon interaction constant‘7

" 'In this work, ‘we studled the temperature dependence of the absorptxon PL and PL
éxcitation (PLE) spectra of two kinds' of Cds QD composrtes CdS _doped’ glass films and
matrik-free ﬁlms of close—packed (CP) CdS nanocrystals This paper is “devoted to comparison
“of therr propertres We discuss the origin of the ‘band edge PL and temperature dependence of
the parameters extracted from the spectra. =~
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substrates were ’t‘hen prepare
NC s formed a. random CP structure of nearly sphencal partlcles separated b su;face

samples‘ “We modelled
h paJr states were detemu'
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fcas dop;d Qiass (R=: ZSnm) »’z‘
o

N e > CP Cds (R'Z 4nm)
,Eg—z 5¢V and the Kane energy E~15.5¢V [10]) and 5 S|~ cummes
calculating ' the  oscillator. . strength (8], the first - % (1s,18,;)
- absorption peak (des1guated' (1S.1S3)) was fitted 2 74f" iy
qlute well w1th the nommal values: of the ﬁlm :

~ Optic ‘dvéhsit‘i‘//‘, au.

Y 3;5

: et Energy, eV
: F1g 1. Absorptlon spectra of a CP
NC film (left) and a CdS-
doped - glass film  (right).
‘eoretlcal curves were calculated
- using the modlﬁed Maxwell-
~ Garnett theory (NC - volume
T fractlon /=03 and 0.13 for the CP
N ‘and CdS/glass filins, respectlvely)

eally related to“the’ other we
i ostudied -~ “the = ‘temperature
i dependence - of the . position,
*- intensity - and broademng of the
PL ‘peak.-A Gaussian fit of the
peak lineshape was used for the
estimation of its full-width at
‘half-maximum (FWHM) for
‘each _teﬁjperature. ‘In. such a
manner, . -the’ . luminescence
¥ linewidth ~of“the: CdS doped
" Si0, film. was deteimined to
"« 'be, for example,” 126meV -and
V at T=4.2K and 60K,
- respectively. The FWHM value
a CP 'NC film was
ated 0 be 125meV at
77K This’ broadening includes
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both the inhomogeneous and homogeneous contnbutlons the former is mamly because of the
NC size distribution. The value of FWHM increases relat1ve1y rap1d1 wi tempera e, except
for the reglon from 30 to 60K m the case orvadS—doped SlOz samples shduld be mphas1sed

: g : ::where Ey is the band. gap energy. at 0K-and o(z:and
. _: 025} @ are constants.:The values.of Eq obtained for.CdS
Eo NCin- glass-and ‘CP- filmi: presented in- Fig.4 -are
2 2.65eV - .and - 2:77eVy i ‘respectively.:. For . the
8 bsorption.and. PLE:peaks, the wvalues:of Ej were
P stimated as 2.89eV-(CP. NC)-and: 2.88¢V (CdS-
£ 005 ¢ doped-glass). The values of ¢ obtained for the HE
000 *+'PL ‘peak for both -samiplés, namely, 3.61:10"eV/K
~ 'for' CdS/glass and 6.6 10*eV/K: for CP NC, ‘agree
: ,Flg 3. Temgzgt:r:;u rgé;;ndéncev f:: “wit th08§ teported i in the literatuire for CdS NC in
: ,theFWHM and the mtegra ; N a_;nd are sli htly less’ than ‘for bulk CdS
intensity of the HE, PLpeak for \Og™ 7 10eV/K ) [ D The values: of = this
CdS NC's in glass (R~ 30A% .  paramefer “obtained ; from the * temperature
r ‘dependence of the absorption and PLE spectra are
2900 v ievery similar (excepting that for the PLE peak of
2875 [aan, | N . i+CdS in glass = see below). It is quite important,
2 wol ’ because this confirms that the HE PL really comes
T ~ from the CdS NC for both kinds of samples.
CSBE 0 Absorption | The “differencé between them in the value of ag
< zso0 | L HE ' may be because of the different boundary
Gams[ h T " conditions in“terms of the thermal exparision for
g, " | almost free-standing NC: and those embedded ina
b r1g1d matrix.
e -~ | The NC origin of the HE'PL peak is further
2700 Lea el 200 “35 300~ confirmed by the temperature dependence of the
. Temperature (K) - PL 1nten51ty (Flg 3), which is: typical for a band-

F1g 4 Temperature dependence of . edge lummescence/ Indeed dependence canbe

the absorption and HE PL energies - .. apart - ﬁ°m the "radiative

for the CP CdS NC film (R~.25A%) “recombination ““chaninel, a2’ " non-radiative
B T T recombination ‘mechariism (via traps). “Assuming
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that the trap. level lies‘in the upper part of the CdS band gap, the Fermi level is somewhere in
the middle, and using the Schockley-Reed fonnula we can approximate the PL intensity by the
following expression:

“]0 -

1+B (l+g exp(E k—TEFD L

where Io ‘and’ B ‘are‘constant, g is the degeneracy factor, E, the trap-ionisation energy and Ep the
Fernii level, ‘As one can seée from Fig:3, (4) providesa good fit'to the experimental dependence.

The.activation energy (i.e., the difference between the trap depth and:the Fermi level) was
found to be rathéismall (€:g., 25meV: for CdS/glass): A better:fit can be-achieved if we assume
two kinds of traps; the second one is shallower and its contribution to the non-radiative lifetime
is'smaller. We:would like to draw attention to the increase in the PL:intensity at approximately
30K, This effect Has been' reported. before [13]-and correlates with the decrease in the FWHM
of the PL peak mentioned above. In terms of the present model, this can be explained by the
crossing of the trap level and the Fermi energy at 7~30K. However ;a-detailed study of this
effect will be the subject of the future work:*

“ Thus;it-16oks’ plausible that the HE: PL peak originates- ﬁom ‘CdS NC: However, if we
admit this, 'we have to explam the: Stokes shift between the absorption and- emission (about
100meV for CP films). -Such large Stokes shifts have been observed before for CdS/glass [14]
and CdSe/glass: systems [15].- Sométimes™they ‘were: explained by the stronglyenhanced
electron-L:O-phoron coupling in QD [14]: This requires unrealistic values of the Huang-Rhys
parameter and would be very unlikely.  Another explanation [15] stresses the effect of a broad
QD size distribution. Larger QD (with smaller confinement effect) contribute more to the
emission (~ 'R*y when the whole ensemble.is:excited (non-selective excitation). On the contrary,
all QD contribute to the absorption accordmg to the. distribution of their sizes. Finally, there is
an explanation’of the Stokes. shift in terms of the dark’ (ground) and ‘bright’ exciton states
[15,16]. The sphttmg between them can be as large as several tens.of meV [16]. However, any

_of these effects can hardly: explaln such a shift of 100meV for moderate size NC in our case.

We think that the HE PL peak in both - krnds of samples is due to the  radiative -
recombination of a conﬁned electron in a QD.and a hole captured at a shallow acceptor level.
The acceptor-type defect can be situated at the interface or even outside the QD.. The capture
process should be faster than e ‘drrect e-h recombmatlon, this is why the latter is not seen in
the. statxonary PL _spectra. S h.an explanatlon thas been proposed in ref. [3] on the basis of a
time-resolved PL study. Here, the main argument in fayour of this PL: mechamsm comes from
the fact that the HE PL peak energy follows the absorptron peak shlfted from it by almost a
constant value.

.. What remains._ to be dlscussed is the excuatlon mechamsm of the. “band- -edge’
lummescence from CdS/glass films. The. width and spectral pos1tlon of the PLE peak
corresponding. to this, emission (Fig.2) practlcally do not change with temperature. Moreover,
this peak does not comc1de with the posrtlon of the 151835 transition for samples where the
latter could be resolved N _te‘also that there is a Jarge absorptlon due to the matrix in the same
spectral région (Fig.1). We think that the excitation of this PL occurs through these states in the
matrix and not by creating e-h pairs inside QD. This is. confirmed by the fact-that PL spectra
excited with the A=457.9nm line of the Ar laser (that is; sme—selectrvely) praetlcally coincide
with those obtained with A=350nm (non-selective excitation)
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CONCLUSIONS ' .

It follows from our studies of the temperature dependence of the absorption, PL and PLE
spectra of two kinds of CdS nano-crystalline samples, that theg intense PL peak’ in the ultra-
violet spectral range most likely originates from the recombmatlon of an electron confined in a
QD (1s, state) and & hole trapped on a’shallow acceptor state. The excitation mechanism of this
PL is different for the CP and CdS/glass films. The glass matrix absorbs the light strongly,
probably because only.some part of the Cd and S atoms: form crystallites; Wlule the rest.of them :
stay dissolved in the glass. Th
llght—absorbmg states‘in:the glass matnx

-From the temperatur “dependence of
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