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For the first time a possibility to influence on the shape of temperature dependence of integral

intensity of luminescence ]1um(T) in the region of orange-red luminescence band for the por—Si

samples by UV-rradiation has been demonstrated. In the type 1 samples two spectral components
have been elucidated, each differently reacting on the UV-irradiation phase and on the temperature
change. It is concluded that different shapes of the lum(T) dependence previously observed on
various samples by a varying groups of investigators is stipulated by different active contribution
into the resulting shape of the short—-wavelength (L) and long-wavelength (M) luminescence bands
and, possibly, other emission bands. The nature of the UV irradiation influence on the liym(7T)

dependencies is analysed.
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XeCl*-laser radiation.
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I. INTRODUCTION

In works [1,2] it was reported about one more anomaly
of the porous silicon (por-Si) luminescent light, which
is inherent to the orange-red emission band: non-—
monotonic change of integral intensity of the lumines-
cence as a function of temperature, Ijyy (7). A similar de-
pendence is shown in Fig. 1, 2. Various models were also
proposed to explain the cause of the integral intensity
of luminescence increasing in the region of low tempera-
tures (4.5 K < T' < 120 K) and its subsequent decreasing
in a higher temperature region (120 K < 7' < 300 K). All
the models proposed were possessed of a common feature
— the orange—red luminescence band had been explained
by localized oscillators. That is why when explaining
the cause of the non—monotonic feature of the Iym (7))
dependence one has accounted for the peculiarities the
temperature influence on the processes determining the
efficiency of radiative 1/7 and non—radiative 1 /7y g tran-
sitions in an ensemble of the localized por—Si oscillators.
In particular, in [1] same attention is paid to the possibil-
ity of realisation of the “bottleneck” effect in por—Si for
the non-radiative transitions genetically connected with
the so called “change of localisation region” within the
“tail” area of localized states: 77 exp(—2aR—4§/kT) with
a being the length of localisation, R — distance between
two spatially separated states, § — the activation bar-
rier height. In this case 7yg will be determined by two
factors: i) the measure of overlapping of the wave func-
tions in initial and final states of the charge carriers and
ii) the height of activation barrier. Such a dependence
of the non-radiative transitions on the two factors, in
its turn, often leads to anomalies of the transportation
properties of charge carriers at low temperatures in the
disordered materials [3] and promotes manifestation of
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the non—-monotonic feature in the Iy (7T) dependence
as well [1,2/4].

The non—monotonic feature is also inherent to the Iym
vs D (y-radiation doze) dependence [5]. The most likely
explanation of the Iy, (D) dependence is associated by
the authors of [5] with a mechanism of y—irradiation in-
fluence on por—Si according to which at the first stage
(low dozes, D < 10*° cm~2) a formation of effective cen-
tres of the charge carriers localisation takes place with
the simultaneous formation of the light emitting com-
plexes, while at the second stage of further D growth —
destruction of these. Specific example of such an influ-
ence of the y—irradiation can be associated with transfer-
ring of hydrogen: breaking the weak Si—H bonds, which
are promoting the non-radiative transitions, and transi-
tion of hydrogen into structures of other oscillators. Some
works [6,7] have demonstrated broad possibilities for em-
ployment the UV radiation also for enhancing the photo-
sensitivity and changing parameters of luminescent emis-
sion of various materials. Significant results have been
achieved in this direction when using the radiation of
excimer lasers.

Taking into account all the above said i1t seemed to be
interesting to study the influence of XeCl*—laser irradi-
ation of por—Si samples on their luminescent properties,
in particular, on the shape of the Iy (T') curve.

II. EXPERIMENTAL SETUP

Por-Si samples obtained by applying the anodic selec-
tive etching to silicon plates oriented relatively to (100)
crystallographic axis have been investigated. The etch-
ing had been carried out in an etchant consisting of 50%
of ethanol and 50% of hydrofluoric acid. Details of the
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por—Si layers formation are described in [8]. That is why
we only note here that the porosity of the samples, de-
termined by the gravimetric method, constitutes 65 %
whereas the porous layers thickness equals about 25 pm.
Such parameters of porosity and porous layers thickness
were reached at the current density of about 30 pA/cm?
and of 20 minute process duration. Depending on etch-
ing conditions, all the samples investigated may be op-
tionally broken into two groups differing by the loca-
tion of the main light emission band. These groups are:
i) group 1 having the emission band maximum at 610
nm and ii) group 2 having the maximum at 720 nm.
Photoluminescence (PL) spectra have been measured by
means of the diffraction spectrometer of C—1 type having
a spectral slot width that not exceeds 0.1 nm. PL exci-
tation was performed with a Hg lamp of —500 type into
480 nm band that corresponds to maximum of excitation
spectrum of the por—Si orange-red emission band. Varia-
tion and stabilization of temperature of the samples have
been reached due to employment of UTREX cryostatic
system. The temperature range was 4.2-300 K with 0.5°
step; in the low temperatures region, temperature was
stabilized with accuracy of less than 0.5°. Irradiation of
samples was performed by employing an XeCl* excimer
laser designed and made by the authors [9]. The laser
possesses a wide-range functionality and is constructed
according to the “master oscillator — power amplifier”
optical scheme. Such a laser source design permits to
reach the following parameters of radiation: 25 ns pulse
width, 308 nm generation wavelength, 20 mJ pulse en-
ergy, 5-107° radians beam divergence, AX = 0.1 cm™".
When being irradiated, the samples were put into a spe-
cial sealed chamber, which could be filled with various
gases. The number of irradiation pulses could be var-
ied (up to 150 pulses that correspond to the destruc-
tion threshold of the samples) in the Oz—enriched atmo-
sphere.

III. RESULTS AND DISCUSSION

Figs. 1 and 2 show fragments of the PL spectra of the
orange-red region measured at various temperatures T
(1-7) various doses of pulsed irradiation (a—c) for the
samples of 1 and 2 types, respectively. Fig. 3 shows the
temperature dependence of integral photoluminescence
intensity of 1st (a) and 2nd (b) types of por—Si samples
irradiated of various quantities of UV—pulses.

We focus on the following results:

e non—monotonic shape of Iy, (7) dependence for
the initial (unradiated) samples of type 2 and typ-
ical — monotonic — shape of such a dependence
for the type 1 samples;

e change of shape of the Tlum(T) depending on the
irradiation dose: from non—monotonic shape to
monotonic one for the type 2 samples, Fig. 3b, as
well as influence of the irradiation dose on mag-
nitudes of coefficients (dljym /dT) (Fig. 3a, 3b) for
both types of the samples;

e pronounced deformation of the band’s curve shape
as a function of temperature as a result of faster
decay of its short—wave wing (this effect inherent
to the type 1 samples only and becomes more pro-
nounced under higher irradiation doses, Fig. 1 (a
to ¢)).
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Fig. 1. Fragments of photoluminescence spectra of 1st type
samples, obtained under various temperature values (1-7)
and UV-radiation doze (a—<): 1 — 5 K, 2 — 70 K, 3 —
100 K, 4 — 150 K, 5 — 200 K, 6 — 250 K, 7 — 300 K; a)
non-irradiated sample, b) after 50 pulses of UV-radiation, c)
after 150 pulses of UV-radiation.
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As a result, a spectral position of the maximum and
the shape of the light emission curve for the type 1 sam-
ples at room temperature (Fig. lc, spectrum 7) become
identical to those for the type 2 samples spectra, (Fig.
2¢, spectrum 7).
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Fig. 2. Fragments of photoluminescence spectra of 2nd
type samples, obtained under various temperature values (1,
2, 4-7) and UV-radiation doze (a—<): 1 —5K,2 — 70 K, 3
— 100K, 4— 150 K, 5 — 200 K, 6 — 250 K, 7 — 300 K; a)
non-irradiated sample, b) after 50 pulses of UV-radiation, c)
after 150 pulses of UV-radiation.

Therefore, the experimental results, adduced in Figs. 1
to 3, testify that by irradiating the por—Si samples with
nsec—pulses of the XeCl*—excimer laser it is possible to
influence on the fundamental /1y, (T') dependence as well
as to modify PL spectra of the type 1 samples to be sim-
ilar to those of the type 2 samples (“7” spectra in Figs. 2
and 3). The cause of this is that for the type 1 samples,
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in contrast with the type 2 samples, one can clearly dis-
tinguish two components (L and M bands) within the
whole emission range; each of these differently reacts
upon both the temperature variation and the irradia-
tion dose. In particular, UV—-irradiation dose increasing
for the type 1 samples reduces the temperature decay
time of the L band (see Fig. 2, a—c). Such a behaviour
may be associated with two circumstances: (i) lowering
of the energy barrier for transition of carriers participat-
ing in the recombination emission from “radiative” to
“non-radiative” state; (ii) reduction of 7y g time of the
non-radiative transitions. It should be noted that when
changing energy parameters of the centres responsible for
emergence of the L emission band, one wait the position
of its maximum also has to be shifted but really such a
shift is not observed. This result forces us to put into
basis of the model explaining the experimental results of
Figs. 1 to 3, the fact of influence of UV irradiation on
kinetic processes determining efficiency of the lumines-
cent emission. Such an approach is consonant with that
proposed by the authors of [1] model for explaining the
nature of non—monotonic feature of the Iy (7) depen-
dence which, as now can be realised, is inherent to M
component of the emission band. By analogy with [1] we
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Fig. 3. Temperature dependence of integral photolumines-
cence intensity of 1st (a) and 2nd (b) types irradiated of vari-
ous quantity of UV—pulses: 1 — before irradiation, 2 — after
50 pulses, 3 — after 150 pulses.
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can describe a nature of the non-monotonic feature of
the Iiym (T) dependence when basing on the net influ-
ence of temperature upon both the thermally activated
transition of carriers from “non-radiative” to “radiative”
states and the “bottleneck” effect manifestation in the
non-radiative recombination of carriers [10]. As to the
more concrete emission mechanism, it 1s difficult basing
on the adduced results to give preference to any of the
three following mechanisms which one founds in the lit-
erature most frequently: (i) mechanism connected with
the quantum-—size effect manifestation in the silicon fi-
bres, (ii) mechanism stipulated by emission of the siloxen
compounds located on surface of the silicon fibres, and
(iii) combined two-component mechanism according to
which the emission takes place as a result of the car-
riers recombination at the silicon quantum fibres or at
the compounds that passivate a surface of such fibres.
At the same time it is known that the por—Si surface is

passivated due to formation of the SiOH, SiH, and SiOx
compounds. Oxygen—containing Si compounds also pro-
mote the bright luminescence of por—Si. As to the hard
radiation, it is accompanied, as a rule, first of all, by
breaking the weak Si—-H bounds [5]. New complexes that
are formed with the participation of released hydrogen as
well as interaction of silicon surface and atmosphere, can
essentially influence the kinetics of recombination of the
photoexcited charge carriers. It is the base from which
one should explain the UV—-activation of the temperature
decay rate of the L band (Fig. 1). An in—depth descrip-
tion of the dependencies versus doze for the orange-red
emission band decay of por—Si along the with results of
investigations of IR reflection spectra will be given in a
separate work.
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BIIJINB BUITPOMIHIOBAHH?¢ XeCl*-JIABEPA HA TEMIIEPATYPHY 3AJIE2KHICTD
IHTEHCUBHOCTHU IHTEI' PAJILHOI JIIOMIHECILEHIIII IIOPUCTOT'O KBAPITLY
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Vaepie mpoeMOHCTPOBAHO MOMXKJAUBICTH BrmBaru Y O—ompoMiHeHHAM Ha (pOpMy TeMIlepaTypHOl 3aJiekK-

HOCTH iHTer'PasbHOl iHTeHcHBHOCTH JrtoMinecteHil [um (1) oA 3paskis mopucToro KpeMHito. Y 3paskax IepLIOTO

TUIY MOXKHA BUIJINTH Bl CIEKTPAJIbHI KOMITIOHEHTH, KOXKHA 3 AKUX TO—IHITOMY pearye Ha OIMPOMIHEHHS Ta 3MIHY

TeMIeparTypu. 3po6JeHO BUCHOBOK PO Te, 1o pisai dopmu samexsocTd flum(T'), fAKl crocrepiramu pisei rpynn

OOCJIHVKIB Ha PISHAX 3pa3Kax MOPHUCTOTO KPEMHIIO, 3YMOBJIEHI HEOJIHAKOBMM AKTHUBHUM BHECKOM Y BUCJIOHY

dopmy sanexnoctu [1ym(T) Koporkoxsuisosol (L) Ta mosroxsuasosoi (M) cmyr soMinecreHunii, a MoxuBo, i

immwmx cmyr. Ilpoanamnisosano npupony srusy Y®-onpomitenns Ha dopMy 3amekHOCTH [um (T).
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