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Abstract—The porous silicon (PS), formed from the anodizatio

of a ¢ typesubstrate silicon, consists of a network organired

pseudo-column as structure of multiple side ramatfans. Structural
micro-topology can be interpreted as the fractidntlee inter-

connected solid phase contributing to thermal perts The
reduction of dimensions of silicon of each nandaliise during the
oxidation induced a reduction in thermal condutfivintegration of
thermal sensors in the Microsystems silicon reguiae effective
insulation of the sensor element. Indeed, the loevrhal conductivity
of PS consists in a very promising way in the fedition of integrated
thermal Microsystems.In this work we are interggtim the

measurements of thermal conductivity (on the serfaicd in depth)
of PS by the micro-Raman spectroscopy. The thecoradiuctivity is

studied according to the parameters of anodizdtiotial doping and
current density. We also, determine porosity of gas by
spectroellipsometry.

For this reason, PS layers have been effectivegd uss
material for local thermal isolation on bulk silic¢g11], [12]
and as material for the fabrication of micro-hatpb for
low-power thermal sensors [13], [14]. Nevektss, before
implementing the PS sensor, it is necessary to rstatel the
thermal transport in such such nanostructure ane
experimental study of its thermal conductivity, aating to its
characteristic parameters.

In this work, we are interesting in anodizationsdicon to
release the principal factors, acting on the molgho in-
depth of the layer. We present porosities resalitained by
spectro-ellipsometry and thermal conductivity of IBggers by
micro-Raman spectroscopy. The analysis of surfau in-
depth distribution of the crystallites composing thaterial is
presented.
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|. INTRODUCTION

IOROUS silicon (PS) is obtained by electrochemittzick

of single crystalline silicon [1]. PS is a tuneabiaterial in
respect of its pore size distributions depending its
formation conditions. From the macro-porous silicwith
thickness bigger than 0.1 micrometer or 0.1 nanerhéb the
meso-porous silicon (about 2 to 100 nanometer icktiess)
to the nano-porous silicon (thickness smaller tha®
nanometer), the range of its applications variéss Thaterial
is used in photonics and optoelectronics [2], quiant
electronics [3], silicon-on insulator technology] [@nd very
recently in sensors [5].Since the last decade, &Salso been
investigated in the area of photovoltaic [6] asaatireflection
coating and as a sacrificial layer for the layansfer process
(LTP) [7]1-[8].This material presents a thermal coctivity
near to thermal  conductivity of silicon dioxif®. It is an
excellent candidate to ensure the thermal insulafay the
micro sensors on silicon because it ensures thehanémal
stability of the microstructure [10].
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Il. PROCEDUREEXPERIMENTAL

The PS samples were prepared by electrochemicali@ano
etching ofp-type, (100)-oriented, 0.01~0.023-cni’ silicon
wafers, in a solution of HF (48%):C2HOH of 1:1. r@unt
densities range were 5 and 75 mA/cm?2 during 10 rihe
current density and the time attack selected petonitbtain
different layers with different porosities and difént
thicknesses. After the electrochemical treatmemhes were
rinsed in deionized water and were dried undepgén flow.

Thereafter, a thermal oxidation at low tempera{3@0°C)
under dry atmosphere of,0s applied on these samples in
order to stabilize the whole structure mechanicahd to
allow carrying out following treatmentd5].We called this
stage “pre-oxidation”.

Meso-porous layers of 175-um thickness were obtiane
complex methods then were oxidized under dry atimespat
different temperature (between 300°C and 700°C).

We determine porosity of the materials by
spectroellipsometry technique.

The thermal characterization was carried out byroaic
Raman spectroscopy in order to determine the size o
crystallites of PS as well as thermal conductigitgording to
the parameters of anodization.

the

. RESULTSAND DISCUSSION

The analysis by spectroellipsometry permit to detee
the indexes of refraction (n, k). From n and k, desluce the
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value of samples porosity. We use the model of mann as We obtained the following results. The porosityigectly,
given by Aspnes [16]. The results are summarizadbie 1 as related to the nano-structure of material. It ie thrincipal

follows: parameter acting on thermal conductivity. Fig. 2wb that
TABLE | thermal conductivity decreases when porosity ireesaThis
SAMPLES POROSITY OBTAINED FROMBPECTROELLIPSOMETRY is explained by the effect of reduction of the efffiee size of
the nano-crystals silicon; when porosity increasegstallites
Curent density (mA/cm?) Porosity (%) size decreases as well as surfaces of intercoonestitween
crystallites what more reduces the thermal way dnydaction
1 17 in the silicon skeleton.
5 22
54 ¥ ) ¥ I k I ¥ I . -
The results presented in table 2 of the crystallgize are 4_' —=— Sjp not treated _
obtained from the measurement of the width of neiduight . i | —o— SiP oxyded I i
of Raman peak function [17]. E 34 i
TABLE Il = 2+ . -
CRYSTALLITES SIZES OBTAINED FROM THERAMAN ANALYSES o J -
14 \—\-l 1
Porosity (%) Crystallites size (nm) 1 . . . :—ﬁ_—- ]
20 95 30 40 50 60 70 80
48 8,7 P (%)
Fig. 2 Thermal conductivity of meso PS samplesiagidl Lh under
dry O,

The exploitation of Raman spectra can lead to the
determination of crystallites size only when theidental
power laser is low for not provokes the heatinghef surface
(which would modify the position and the shape be't

spectra) (Fig. 1). during 1 hour, in dried ©at 150°C, 300°C and at last at

The method of measurement that we develope_d sdleriin 450°C.Whatever their porosity, the thermal condistiof the
on two effects complementary to the micro-Raman

spectroscopy. The first is the use of the lasenmbkalized isnailtirgl FI)IlelSJnft(;”r?aV;(S:hEEe ;?nTgmeJ/r(;I?rt]lgrr]l.inCCZ;)enadsléctgllt)crdase
on the surface of material, like local source oathrey. The y 9 gty

The variations of thermal conductivity with the feenature
of porous silicon are presented in Fig. 3 for thpeeosities.
Each sample has a thickness of 50 um. Their tHerma
conductivity is measured after anodization andraiftédation

rise in the temperature resulting depends mainlytharmal 7

conductivity from the sample. The second effectth® 3’5', ]
displacement of the peak Raman with the temperaifithe 3,04 =
sample, which makes it possible to deduce the lésalin the 5] ]
temperature from material. <O . 4
g 201 -
A S 15- ]
X 10- -
E 3 0,5 T
I R J J
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Displacement RAM AN (cm )
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Fig. 3 Thermal conductivity of meso-PS

Fig. 1 Raman spectra of the sample (J=5 mA/cm2, tx)0m

By using the linear model suggested by Nonnenmacher
[18], the thermal conductivitKs of a material in thin layer IV. CONCLUSION

can be measured by (1):
! y (@) In this study we examine porous silicon samples by

Ks=2P/m(T -T.) spectroellipsometry which inform us about the pityosf the
! s (1) layers. The micro-Raman spectroscopy enabled usbtain

O thermal conductivity of porous silicon. This theima
P the power of heating; the temperature of surface alg conductivity of PS was studied according to theapeaters of
the temperature of the substragethe diameter of the laser anodization. Thermal conductivity strongly decreasbsn the
spot. layer porosity increases. Oxidation under driedif@uced a
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strong decrease of conductivity to reach a mininilma.
thermal conductivity of PS is quite lower than tieitmono-
crystal silicon. Thermal transport in the porodgsn layers
is limited by its porous nature and the blockingrafisport in
the silicon skeleton what supports its use in therral
Sensors.
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