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Dynamical Study of Heat Transport Properties of Poous Silicon
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A new fast technique to determine thermal conditgtivf porous silicon is proposed. Transient theefaotric voltage
is measured after a pulsed laser irradiation, avadlyais of the voltage decay time constant and giyrof the structure
gives the value of the thermal conductivity. Fetype Si of 70 % porosity we show the value of 3&WW-K™.. The

method can be easily applied for any other porowtheerwise structured low-dimensional media.

Keywords porous silicon, transient thermoelectric effecerthal conductivity, thermoelectric material.

1. INTRODUCTION

Porous silicon (por-Si) having unique and interegti
properties makes its way into applications of méalds.
For instance, por-Si has demonstrated very gootlirfes

the thermal conductivity of macroporous and mesop®r
silicon is two times lower than that of the singlestal
silicon (140 W-i-K™) [7]. Thermal conductivities of
sintered porous silicon films measured at room &ratpre
using a non-contact method based on lock-in therapdty

of electroluminescence and photoluminescence in theanged from 21 to 2.3 WihK™) and decreased with

visible and IR spectra [1, 2], its refractive indexd
reflection coefficient can be modulated dependingttze
porosity [3]. These properties make por-Si a pramgis
material for the photonics. Another example
applications of porous Si is in the biological figbuch as
bio-detector since it is a bio-compatible matefdl

As the world’s demand for energy rapidly increase

while fossil fuel supplies decrease, it is becomingre
important to develop new, inexpensive materials tzm
supply sustainable and clean energy to meet thésrefehe
future. One promising approach relies on thermaodtec
materials, which interconvert temperature gradiezutsl
electricity on a solid-state basis and thus prowdaethod
of cooling and power generation without refrigerant
moving parts. During the past years, nanostructaii@bn
has been ‘identified” as high potential thermoelect

of

increasing porosity [8]. Calculations also indicatthat
combination of the nanometer size of pores graatiyices
the value of thermal conductivity coefficient [5].

In this paper we demonstrate a handy novel dynamic
technique, called the "transient thermoelectricecff
(TTE)" method [9], useful to get to know the valoé
Yhermal conductivity of a semiconductor layer, apgly it
for the porous n-type silicon material.

2. EXPERIMENTAL DETAILS

The (100)-orienteah-type 1Q-cm silicon 30Qum-thick
substrates were cleaned using RCA cleaning meth@H [
and etched in HFC,HsOH=1:1 for 10 min. at gal-
vanostatic regime at current density 30 mAfcrm-Ga
eutectic was deposited onto the backside of thetisib for

material, ie., as a material with a high thermoelectric figurebetter electrical contact. During the etching psscethe
of merit ZT [5]. The figure of merit is determined by frontside of the substrate was illuminated with VBO

electrical and thermal material properties and ryiey
ZT =0Tk, whereo is the electrical conductiviys is the
Seebeck coefficient; is the material’'s temperature, ands
the thermal conductivity.

One of the ways to boost the material’s figure efitris
to lower its thermal conductivity. A lot of work&aently
have been devoted to the investigations of theomatiuc-
tivity of nanostructured silicon. Thermal conduittes of
individual single crystalline Si nanowires measuusthg a
microfabricated suspended device were up to twererdf
magnitude lower than the bulk value [6]. Strongnuiter
dependence of thermal conductivity in the nanowikes
ascribed to the increased phonon-boundary scajtenid
possible phonon spectrum modification.
studies using the pulsed-photothermal method reuethiat
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Experimental

halogen lamp. After the etching process, top narmso
layer was removed by immersing the porous sampies i
1 % KOH solution. The porous layer penetrated touab
10um in depth. Top view of the etched surface is preesk
in Fig. 1. Then the samples were cut into 3 R8mMmm
strips with porous surface on one side (see Fige@ctric
wiring was contacted using silver epoxy CW2400.
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Fig. 1. SEM image (top view) of the etched porous n-Sigam
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of the signal at the upper right contact with resge the
grounded left contact, indicates flow of electrémsn the
heated side of the sample to the cold one. SinTilBE
voltage was detected for the non-etched singletalrysSi

laser radiation

osci sample.
According to the TTE model [9], the decay speed of
tvoe Si Wy porous surface the laser-induced voltage is represented by thee tim
— n-type <! crystal surface constant which in turn is inversely proportional tiee

thermal diffusion coefficient defined as

\—> osc2

Fig. 2. Schematic side view of the sample and TTE measureme
scheme. Dashed area indicates porous surfacespoty
stand for Ag contacts, and OSC points to the oscitipe

_ K
Cvp’
where Cy (J-kg™-K™) is the specific heat per mass unit,
, . and p (kg-mi®) is the mass density. The values of the
For the TTE measurements the diode pumped sotel sta | metric heat capacity of porous silicon (or angrous

Nd:YAG laser producing #00ns pulses of 1.064n  media) can be calculated taking into account thesity

laser intensity reached 10 GWnin a focused spot of according to

0.5 mm diameter. The pulsed laser was irradiatechaloto .
one side of the sample. In order to avoid irradratiear the (& P)porsi = (Cy p) s (- porosity). (2)
metal-semiconductor contact, the grounded contaas w Using indexes “por-Si” and “c-Si” to mark symbols
shielded from the straight laser light (not showrig. 2). related to porous and single-crystal sample, raspebg,
Also, to avoid parasitic photovoltages induced hyitiple  from equations (1) and (2) we obtain the ratio loé t
reflections, the intensity was reduced by approségaten  voltage decay time constants of the porous andetcimed
times. The TTE voltages were recorded on digitaiagie  layers:
oscilloscope Instek GDS-2202; the one from theestch . ~ p o
layer versus grounded left side is indicated in. Bigags 22> =T _ TS (1 porosity) . (3)
OSC1, and the voltage from the non-etched sideQS32. Tesi Drposi Kporsi

Or in the other form:

1)

Dy

3. RESULTS AND DISCUSSION

The TTE method analyses formation of photoresponsg"m'Si B
along a similar semiconductor bar exposed to irtdaser
radiation. Generally, the response consisted @fetlstages
with the characteristic relaxation times. The fioste was
associated with carrier generation and recombinatioe
second was considered as the transient Seebeck, &fifel
the third stage was due to the diffusion of therfhat or
phonons under a temperature gradient generateddsen

Ke s Pesi_ 1 _ porosity) . (4)
por-Si

Equations (3) and (4) are derived considering that
laser pulse induced thermal flux travels equal pationg
the sample for both, por-Si and c-Si, measuremasés
Thus, knowing the values of the both voltage detbane
constants and having the porosity number of por8e
can evaluate the value of thermal conductivity bé t
porous layer.
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Fig. 3. Oscilloscope trace of TTE voltage for porauSi sample
(orange line, No.1) and short laser pulse (red IM@2).  Fig. 4. Time-dependence of normalized to unity TTE voltafpe
Vertical scale is 10 mV/div., time scale is 2&div. porous n-Si sample (orange dots) and non-etched

In this work we use similar excitation techniquet bu crystalline Si (blue dots). Inset: the same in stegiplot

confine and focus the investigation on only thedlstage Fig. 4 demonstrates normalized to unity decay sace
of the photoresponse. Typical long-lasting oscidtqee of the TTE voltage for por-Si (orange trace) anfli ¢blue
trace of the TTE voltage for porousSi sample is shown trace). Visibly, the por-Si voltage relaxes morewdy

in Fig. 3. Polarity of the voltage signalei. negative sign compared to the one of c-Si. Mathematical approtiona
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of these two relaxation curves revealed them taoba
pure exponential character, and numerical analysihe
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Tpor-Si —
reached up to 70 % (see Fig. 1), the equation & qis

the value of the thermal conductivikyyr.s;= 35 W-m*K™*
(k.5 = 140 W-m*K™* was taken from [7]).

Table 1 presents a comparison of the values ofrthler
conductivity forn-type porous silicon obtained by different 1-
authors and by different methods. It is obvioust ttee
results of our measurements are in reasonable ragree
with the results of the other authors. As it wasntiomed
earlier and is seen from Table 1, higher porosity, lower
dimensions of the residual silicon stem, causesetow
values of the thermal conductivity of the structure
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4. CONCLUSIONS

A new effective and handy model is proposed in this
work to evaluate the thermal conductivity of porous
materials. The method relies on experimental palrall
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sample porosity. The technique is favorable in vigvast
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