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HALL EFFECT AND CONDUCTIVITY IN POROUS SILICON WITH LOW POROSITY ON
THE BASE OF Si<As>

H.A. HASANOV
H. Aliev Academy of Ministry of National Safety

The investigation results of temperature dependences of specific resistance and Hall coefficient of mesoporous silicon with low
porosity, formed on the base of Si<As> are given in the present article. The formulas of double-layer Petritz model are used at calculations.
The obtained results are analyzed in the in the framework of theory of effective medium, which allows us to consider the materials with

foreign inclusions in matrix.

Introduction

Hall effect is the classic method for data accessing about
concentration of charge carriers in the semiconductors [1]
and that’s why its use for investigation of porous silicon (PS)
is reasonable. There are only two works, in which the
measurement of Hall effect in porous silicon [2, 3] is
mentioned, are known in World. The detail description of
experimental data is absent in these two works and that’s why
it is hard to agree with some conclusions of authors. The
main difficulties at Hall effect measurement in PS are
connected with its high specific resistance and necessity to
take into consideration the substrate short-circulating effect,
especially that’s why this method has not found such wide
application for the investigation of porous structures.
However, as our investigations show, Hall effect can be
effectively used for the investigation of low-resistance layers
of porous silicon. The aim of the given paper is the
investigation of Hall effect and electrical conduction of
mesoporous silicon with low porosity (5-30%) on the base of
Si<As>.
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Experimental part

The measurements of Hall effect and conductivity are
carried out by potentiometer on double-layer PS/silicon
substrate structures (fig. 1) on direct current with the use of
commutation of electric and magnetic fields at the value of
magnetic field 0.3+0.5 T in temperature interval 290-380K.
PS, formed on substrates KES-0.01 with electron
concentration n=10" cm™ of orientation (111) is used for
investigations. The anodizing is carried out in 46% water
solution HF at current density 10+20 mA/cm®.
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Fig. 1. The image of double-layer PS/silicon structure for
measurement of Hall effect [3].

Lma
200k .

a L 1 |
10 2T my

Fig. 2. a — temperature dependences of specific resistance for initial silicon (1) and double-layer structures (2-5), obtained at

j=10mA/cm? for ¢ a-2-20,3-30,4-40,5 - 60 min.; b — linear volt-ampere characteristics of contacts: 1- j=10mA/cm?,

1,=10min., 2 - j/=10mA/cm?, £,=50min.

The time of anodic treatment varies in the limits 20+60
min. The practically linear dependencies of layer thickness of
PS on treatment time and weight porosity on thickness of
porous layer are observed under these conditions. PS layers
have the thickness 10+90 mcm and weight porosity 5-30%.
The plasmachemical elimination of surface amorphized film
is carried out for improvement of contact ohmicity and
decrease of value of transient resistance. The indium test
contacts for measurement of Hall effect and specific
resistance are covered on PS surface by mask. The contact

[ ohmicity is proved by Koh-Streck method, the values of
transient resistances are 0.7+2.1Q-mm.

The typical dependencies of specific resistance p of
double-layer structures in temperature interval 290-380K are
given on the fig.2,a; the temperature dependence of specific
resistance for initial silicon is also given here. As it is seen
from this figure, the similar temperature variations p(7) for
investigated samples and monocrystalline silicon is observed
and increase of specific resistance values of double-layer
structure at increase of anodic treatment time takes place. The
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temperature change of Hall coefficient Ry for investigated
structures is shown on the fig.3,a. Moreover, temperature
dependences Ry(7) for double-layer samples have similar
change character in the comparison with monocrystalline
silicon; the values of Hall coefficient for all samples are in
narrow band of values (1.1+1.7)-10-6m°/C, shown on the
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fig.3,a. Any change regularity of Hall coefficient in the
dependence of regimes of electrochemical working is absent
inside this band. Moreover, the experimental values R also
fill the given band of values for double-layer samples,
obtained in similar technological conditions and for samples
of monocrystalline silicon from different plates.
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Fig. 3. a —typical temperature dependences of Hall coefficient for initial silicon (1) and double-layer structures (2-4),
obtained at: 2- j/=10mA/cn?’, £,=40min.; 3- /=10mA/cm?, 7,=30min.; 4- j=10mA/cm?, 1,=60min.; b — dependence of ratio
Prs/puson PS film thickness for different j: 1 - 10mA/em?, 2 - 20mA/em®.

Discussion of obtained results

The traditional calculation methods of layer
electrophysical parameters, consisting in double-layer
structure [1] are used for treatment of obtained results. The
experiment cycle on layerwise elimination of substrate
material simultaneously with Hall measurements is carried
out in order to more reliably eliminate the influence of silicon
substrate. It is established, that the changes of concentration
and mobility of charge carriers in the comparison with initial
silicon don’t take place in the volume of substrate KES-0.01
itself at given treatment regimes. That’s why the parameters
of one layer (silicon substrate) in double-layer structure are
taken as equal ones for initial silicon at following
calculations. It is known, that porous silicon, obtained in
close regimes on silicon, strongly doped by arsenic, has the
columnar structure [4, 5] with pore diameter of Snm order.
That’s why the two-phase model of porous silicon layer,
consisting of monocrystalline matrix-frame (phase 1) and
cylindrical empty places, perpendicular to surface (phase 2) is
put in calculation formulas.

The formulas of double-layer Petritz model [1] are used
at calculations:

- cd, +0,d, W
—d ,
c’dR, +c°dR
" — K s* " Hs v v Hv’ (2)

(GSdS + Gvdv )2

where Ry is Hall coefficient for upper layer (porous silicon),
o, is electrical conduction of upper layer (PS), Ry, is Hall
coefficient for lower layer (silicon substrate), o, is electrical
conduction of lower layer; d;, d,, d are thicknesses of upper,
lower layers and whole structure, correspondingly. In
formulas (1) and (2) Ry and o are Hall coefficient and
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conductivity correspondingly for whole double-layer structure.
The measurement results on silicon substrates, crude in
electrolyte are used in the capacity of data for the layer of
monocrystalline silicon.

The calculations show that PS specific resistance value is
bigger in 1.1+1.6 times than specific resistance of initial
silicon substrates in measured double-layer structures. This is
shown on the fig.3,b, where the ratios of specific resistances
of PS and monocrystalline silicon (ops/pous) are given for two
densities of anodizing current for investigated interval of PS
thicknesses. As it is mentioned above, the porosity of
investigated samples is almost proportional to PS thickness,
so the ratio of specific resistances should increase with
increase of porosity value by the law, which is close to linear
one. The obtained results are analyzed in the framework of
theory of effective medium, which allows us to consider the
materials with foreign inclusions in matrix. If PS is
considered as monocrystalline frame (with conductivity ojys,
value of Hall coefficient Ry and mobility of carriers z4s),
penetrated by cylindrical non-conducting empty places, then
conductivity ops,, Hall coefficient Ryps and mobility zpg of
such heterogeneous system depend on porosity value. We
have the following relations:

_ SOus (I_P) 3)
s I+P
RHPS = RHMS’ 4)
Uy I —P
Hes =—Mj(+ 5 ) 5)

at cylindrical spaces of arbitrary cross-section, the axes of
which are perpendicular to electric field and parallel to
magnetic one in the framework of theory of effective medium [1].
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The analysis of experimental results with the help of
formula (3) shows, that experimentally observed law of the
increase of PS specific resistance on the increase of porosity
value enough well corresponds to theoretical statements of
theory of effective medium. This is shown on the fig.4, where
theoretical and experimental data in the porosity interval 5-
30% are presented.
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Fig. 4. The theoretical and experimental dependencies
Prs/pPus =f(P) for investigated samples. The points are
experimental values; line is theoretical dependence in

the framework of theory of effective medium.

Thus, analysis of experimental results on measurement
of Hall effect and specific resistance of structures with porous
layers shows that all changes of specific resistance of double-
layer structures on the base of KES-0.01 can be explained by
the formation of unconducting empty places in silicon

without formation of depletion regions round pores and
without concentration change of charge carriers in silicon
frame. The calculations of Hall coefficient for double-layer
structures (f.2) at the condition of concentration constancy of
charge carriers in PS matrix at observable increase of
resistance of porous layer in 1.1+1.6 times prove about the
fact that changes of Hall coefficient shouldn’t exceed the
value of measurement experimental error Ry, that explains
the observable effects (fig.3) at carrying out of Hall
measurements. Note, that absence of depletion in PS,
obtained on strongly doped substrates of n-type, is also
mentioned by Andersen [6] on the base of capacitance
measurements at the use of substrates, doped by phosphorus
(0.003+0.005 Q-cm).

Conclusion
1. The value of PS specific resistance in measured
double-layer structures is bigger in 1.1-1.6 times,

than the specific resistance of initial silicon
substrates.

2. The ratio of specific resistances of porous structure
and substrate increases with the increase of porosity
value on the law, closed to linear one.

3. Hall coefficient value for all investigated samples
are in small interval of values (1.1 — 1.7)-10° m’/C.

4. Any regularity of the change of Hall coefficient is

absent in the dependence on the regimes of
electrochemical treatment.
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AZMOSAMBOLI Si <As> OSASINDA FORMALASDIRILMIS MEZOMOSAMOLI SiLiSIUMDA
HOLL EFFEKTI VO ELEKTRIK KECIRICILiYi

Toqdim olunmus isdo azmosamoli Si <As> ssasinda formalasdirilmis mezomosamoali silisiumda Holl effekti va elektrik kegiriciliyinin
temperatur asililiglarinin todqiginin noticalori verilmigdir. Hesablamalar Petrits diisturlarinin komoayilo aparilmigdir. Alinmis naticalor
materiali matrisdo yad qosmalar olan materiallardaki proseslori izah eds bilon effektiv miihitlor nazariyyasi ¢orgivasinda tohlil edilmisdir.

I'.A.T'acanoB

3®PEKT XOJLIA M ITIPOBOJIMMOCTD B ME3OIIOPUCTOM KPEMHHMM C HU3KOM IIOPUCTOCTHIO
HA OCHOBE Si<As>

B mpencraBnenHoil paboTe NMpUBENEHB! Pe3yNbTAaThl HCCICNOBAHMI TEMIICPATYyPHBIX 3aBHCHMOCTEH YIEIBHOIO COIpPOTHUBICHUS M
ko3¢ ¢ureHTa Xoiia Me30IMOPUCTOT0 KPEMHHSI ¢ HU3KOH MOPHUCTOCTHIO, CHOPMHUPOBAHHOTO Ha OCHOBE Si<As>. Brrumcienus nposeneHs
Ha OCHOBe ABYyXcloitHoi Mozxenu Ilerpuna. [lomydeHHble pe3ynbTaThl IPOAHAIN3NPOBAHE! B paMKax TeOPHH 3()(EKTUBHOM Cpebl, KOTOpas
M03BOJISIET HAM PacCMaTpUBATh UCCIIEAyeMble 00BEKTHI KaK MaTepUalIbl ¢ HHOPOIHBIMHU BKIIOYCHHUSIMH B MaTpHILIE.
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