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Dose dependent shift of the TL glow peak in a silicon rich oxide (SRO) film
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Thermoluminescence (TL) properties of UV irradiated silicon oxide films with silicon nano particles were investigated. The TL glow curve
exhibits two symmetric glow peaks, one centered at about@2ihd the other one centered at around°Z240The position of the peak
maximum of the 120C TL peak appears to shift to higher temperatures with increasing radiation dose while the high temperature peak shifts
to lower temperature. The shift to lower temperature with increasing radiation dose of thHe pdék is typical for a second order kinetics

glow peak. The shift of the 12@ peak to higher temperature however is peculiar and is explained in this work as an effect of the multiple
phase (silicon nano particles embedded in silicon oxide) nature of the film.
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En este trabajo se investigaron las propiedades de Termoluminiscencia (TL)alggsedle oxido de silicio con exceso de silicio irradiadas

con UV. La curva de emiéh termoluminiscente exhibe dos picos 8tnitos, uno centrado en 120 y la otra centrada en alrededor de

24 C. La posicdn del maximo pico de TL en 120C parece correrse hacia altas temperaturas con el incremento en la dosis démradiaci
mientras el pico que se encuentra a altas temperaturas se desplaza hacia temperaturas bajas. El corrimiento hacia temperaturas bajas con el
incremento de la dosis de radianidel pico en 24%C es tpico para un pico emién cirético de segundo orden. El corrimiento del pico de

emisbn en 120C hacia temperaturas altas sin embargo es peculiar y en este trabajo se explica como un efecto de la naturaleza multifases
(nanopaiiculas de Silicio embebidas en el oxido de silicio) de laquéh.

Descriptores: Termoluminiscencia; silicio; SRO; LPCVD.

PACS: 73.61.Cw, 74.25.Gz, 73.63.Kv, 78.60.Kn, 78.67.Bf, 81.15.Gh.

1. Introduction in the 300-475 nm range. The low temperature (X20TL
peak shows a peculiar shift to higher temperature when the
Optical and electrical properties of silicon-rich silica haveintensity of this peak increases. It is shown that this behavior
been extensively investigated during the last decades dugan be explained by the multiple phase (silicon nano particles
to the potential use of these materials in optoelectronic deembedded in silicon oxide) nature of the film.
vices [1,2]. Many techniques have been reported to ob-
tain SRO, including: co sputtering [3,4], RF glow dis-
charge of SiH-O [5,6], Oxidation, ion-beam-assisted elec- 2. Experimental details
tron beam deposition [7,8], and CVD (Chemical Vapor
Deposition) and combinations of these techniques with SThe samples used in this study were cut from a 550 nm thick
implantation [9-10]. Depending on the fabrication methodSRO film deposited on an N type Si wafer with a resistiv-
and conditions SRO presents strong visible photo luminesity in the range of 3-82cm. The film was prepared by the
cence emission [11]. Emissions have been reported aroundPCVD (Low Pressure Chemical Vapor Deposition) method
350 nm, 410 nm, 560 nm and 750 nm. The 350, 410 andh a hot wall reactor at 70, using a mixture of DO and
560 nm emissions have been ascribed to Si-O related speci&#H, reactor gases. The ratio of the flow rates of the reac-
and oxygen vacancy related defects while the 750 nm emider gases, R=N,O/SiH; was 20 which resulted in a silicon
sion is associated with some form of quantum confinemengxcess of 8%. After the preparation the samples were sub-
effect of the silicon clusters [12]. Evidence for the associa-mitted to a heat treatment at 1T@in a N, atmosphere for
tion of the 750 nm luminescence is the red shift and the dedensification. After this treatment the samples contain nano
crease of intensity of this luminescence with increasing sizgarticles of Si. The TL measurements were performed in an
of the silicon clusters [13-15]. In this study we investigatedautomated TL/OSL reader, model TL/OSL System TL-DA-
the UV induced thermoluminescence (TL) behavior of an an15, fabricated by RISO, National Laboratory, Denmark. The
nealed SRO film that contained principally 750 nm emissionTL reader was adapted for the possibility to perform UV-Vis
peak, in its photoluminescence spectrum and some emissidlluminations. The light source comprises a 450 W Xenon



DOSE DEPENDENT SHIFT OF THE TL GLOW PEAK IN A SILICON RICH OXIDE (SRO) FILM 27

variation in the peak temperatures. These variations appear to
be related to the intensity rather than the wavelength as was
verified by TL measurements after irradiations with 350 nm
light of different intensities (partially opened shutter). These
measurements indicate that the first TL peak shifts to a higher
temperature and the second peak to a lower temperature with
increasing intensity.

The shift of the second peak of the TL glow curve to
lower temperatures with increasing intensity (or dose) is typ-
ical for a non-first order glow peak. This effect has been
160 200 36 200 well documgntt_ed [16] and”is re]ated to the depe_ndence of

Temperature (°C) the recombination probability with the concentration of re-
FIGURE 1. TL glow curves of the SRO film sample nr A42 after c_omb|nat|0n centre_s. On the_ other_hand the behaviour (_)f the
300 s irradiation with 230, 260, 290 and 350 nm light and a 600 sflrSt TL.QIO\.N pea!(,le the shift to higher temperature with
storage. increasing |.ntenS|ty (or dose), hgs as far_ as we knovy never
been described before. Here this behaviour is explained as
] ] ] a consequence of the presence of nano particles. TH&C120
@) ety | peak is treated as a distribution of first order peaks with their
] [ ] maxima at slightly different temperatures. The temperature
at which the distribution has its maximum is considered as
the average peak position of the individual peaks of the dis-
P (@) tribution weighted by their intensities. For the intensity of
- the peak, the peak height was taken. The position and peak
., : height were determined by fitting a Gaussian function to the
=L [ ® \ ] peak excluding the region where the peak overlaps with the
7 : A s second peak and taking into account the background signal.
50 100 130 200 50 100 150 105 110 115 130 135 Figure 2 shows the procedure for sample B.

Temperature(0) Temperature°C)  Reskslempersturei(O) To explain the temperature shift of the peak we propose a
FIGURE 2. Raw data for the low temperature glow peak of sam- model in which it is assumed that during the irradiation stage
ple B with different intensities (left graph). Gaussian shaped peaksthe radiation defects, say electrons and holes, are generated
were fitted to the data and from these fittings the peak posifions at the Si nano particles. Some of the electrons escape from
and intensitiest? were determined. In the middle graph are three the nano particles and get trapped at TL traps in the bulk ma-
examples a, b and ¢ corresponding to the data a, b and ¢ of theeria| of the film preferentially close to the nano particle. The
left graph. The det_ermined intensities and posit_ions (temperatqreshdes get trapped at not yet specified luminescence centers.
are plotted in the right graph (scattered data points) together with 8y o1 a1y, for explaining the temperature shift of the TL peak,
fitting of & proposed model for the shift (solid line). the details about how the holes reach the luminescence cen-

lamp operated at 300 W, a home made shutter that coul rs and the assignation of these centers is not important and

be gradually opened and a monochromator model GM25 ere it is simply assumed that the hole is left behind at the
(KRATOS). The intensity of the light at the sample posi- nano particle. Further it is assumed that the TL peaks of the

tion was about 3 mW/cRrfor 300 nm and shutter completely distribution corresponding to the electron traps closest to the
opened. This was determined using a pyroelectric radiome-

B 350nm

TL Intensity (arb. unit)

Intensity (arb. unit)

Peak height H (arb.unit)

ter system model 7080 purchased from Oriel. A homemade__[
computer program controlled the monochromator, the shutter +_ +1 % e ¥
and the TL/OSL system. All experiments in the TL-reader 257 227 L 24
were performed in a Nenvironment.
f s hi:d N
(a) (b) (c) (d)

3. EXpenmental results and analyses FIGURE 3. Energy level diagram of the model for the trap filing.

To determine the TL glow curve, the sample was irvadiatec 2, 2200 RO LIS SR T TR e
for 5 (sample A42) or 10 min (sample B) with UV light of ght, Pp P P P

- cle np (a). As the dose increases, the subsequent generated defects
wavelengths between 200 and 400 nm and additionally storeg, i1 nano particle are trapped at trap 2, 3 and 4 which are at in-

for 10 min to clean “fading sensitive glow peaks”. Figures 1 creasing distance from the nano particle (b), (c), (d). The energy
shows the results of the TL measurements for different irratevels of the traps increase with the approximation of the trap to

diation wavelengths for the sample A42. It is seen that thehe nano particle due to crystal strain caused by the presence of the
shape of all glow curves is very similar except for a smallnano particle.
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nano particle have the lowest peak temperature (or lowest aavith

tivation energy). This may be thought of as an effect of crys- s

tal strain caused by the presence of the nano patrticle. Figure 4 kg = k- (47rqupﬂ)

shows an energy level diagram and the transfer processes dur- 3

ing the irradiation stage corresponding to this model. Thea

readout stage of the TL process is assumed to be similar to

the usually assumed.,e. during the heating the electrons

are thermally released from the traps and transfer through the q=r (

conduction band to the trapped holes where, upon recombi-

nation, a photon is emitted. wherep, is the density of nano particlegy the density of
Within this model we make the following three assump-traps,V is the volume of the sample andis a ‘set up’ pa-

tions: rameter that relates the peak height with the number of filled

N traps. The solution for (2) is
(1) The dependence of the individual peak tem-

peratures of traps on the distancgljetween nano par- T(H)=cTy+ (1 —¢)Tw (3)
ticle and trap is:

4 1/3
37erqu7)

wherec is:
Tr) =Ty — (T —Tp) exp (—k,r 1
(") (Toe = To)exp (~hyr) (1) 3@ 20 D enQ
where k,. is the spatial alteration coefficient for the - Q3
peak temperaturd,, is the peak temperature of traps Q=t, VH

far away from the nano particle afi@ is the peak tem-

perature of traps closest to the nano particle The functionT'(H) depends thus only on three parameters:

(2) Secondly we assume that the traps are disI>» To and k,. Fitting this function to the scattered data
tributed homogeneously over space. This implies thaPCints of the right graph of Fig. 3 leads to the solid line

the number of available traps at a distafitom a nano in this graph with parameter valudg = 352 K (79C) and
particle increases proportional & T..=400 K (127C). The parametet, has the value 0.5185.

(3) Finely we assume that the electrons gener-,
ated during irradiation at a nano particle are trapped at™*

nearest available traps. Thus when N electrons are geRye have shown that the temperature shift as function of dose
erated at the nano particle, they are all trapped within & the UV induced low temperature glow peak of SRO could
circumference? around the nano particle correspond- pe an effect of the confinement of the defect creation sites (at
ing to a volume with N traps while al traps outside the gjicon nano particles). Good fitting results were obtained for
circumference remain empty. Note that according 03 simple model based on the generation of radiation defects
the first and second assumption, R is proportional 10yt the nano particles and subsequent trapping at traps in the
®y/N. Since the intensity H is proportional to N, R is pyik, in which it is assumed that (1) the traps are homoge-
also proportional tG/H. neously distributed, (2) the traps closest to the nano particles

Using these three assumptions and additionally assumin re filled first and (3) the peak temperature of the traps obey:
= Too — (Too — To)exp(—k, - r) wherer is the distance

that the nano particle is very small compared to the spherb q -
of filled traps around the nano particle (so that we may inte>€tWeen traps and nano particles.
grate from the center of the nano particle) the average peak

Conclusion

the preparation of the SRO Films.
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