n-type conduction in Pb doped Se—In chalcogenide glasses
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This paper reports on theto n transition in Pb doped Se—In chalcogenide glasses. Measurements
of thermoelectric power in the temperature range 36801315 K, dc conductivity in the
temperature range 160r<300 K, and optical band gapEgp‘) have been carried out for
Sesln,s Ph (x=0,5,10,15) samples. The-n transition occurs with very low addition of Pb
impurity (5 at. 9%9. The conductivity and pre-exponential factor also change by five to six orders of
magnitude with Pb doping. Results are explained on the basis of the formation of ionic Pb—Se
bonds, instead of covalent bonds. Formation of ionic bonds disturbs the equilibrium between the
charged defect states of Se—In glass and unpins the Fermi level and thus leggipéaconduction

in these glasses. @997 American Institute of Physid$S0021-897697)06011-§

I. INTRODUCTION the sample. DC conductivity measurements were performed

Bulk chalcogenide glasses, obtained by quenching fron?" bulk samples in the sandwich geometry in the temperature

melt, had long been considered to be undopabile, charactefa9¢ 100-300 K. A running vacuum of the order of

_3 . . . .
ized by p-type conduction. The Fermi level in these materi- 0 ticllotr);\:]vgs ;na'hn;z'glego'gggﬁ gzltlimd;[;n dg f(r;et?]sel;r:?aerrrwltslés
als is essentially pinned since the added impurities do n Qp measurin ga%sor tion coefficient as function of wavfe)—
alter the large charged defect concentration present in th 9 P

forbidden gap and impurities enter the material in an alloyin jength of light in the range 300-900 nm using a Shimadzu

sense. However, in the recent past it has been observed thm};;;/ésbSp?g:tricr)] phzltquSZt?/rs. r? pg(r:]zl tgak?r? gtﬁg ;?nggetnoisn-
the addition of certain heavy metallic elemental impurities y ploting ehw v 9 P

like Bi*~®and PB to the bulk Ge based chalcogenide glasseéhe line on abscissa.
can cause the- to n-type transition.

Electrical, thermal, and optical properties of Se—In—Pblll. RESULTS
glasses are presently being investigated in this laboratory for
their suitability as phase change material for the revers
phase change optical recordif@PCOR memories. The

Compositional dependence of Seebeck coefficient,
PS(mV/K), for Segdln,s Ph (x=0,5,10,15) samples is

composition was selected on the basis of certain calculation%h(;)[\)'g\:vé? :ZSelrgzzt |':2 ;Iggn flro r':sp(s)zﬁir\]/;n\/gﬁ‘gi;ﬁi;{:ﬁ\;
to have an alloy with higher thermal stability and minimum ) .
y 9 y value atx=>5 at. % and thereafter the magnitude of S in-

erase time. More details regarding the calculations and othe . . . L .
properties pertinent to the RPCOR memories will be dig-Creases with .the mcrea;exryalues. Var|at|o_n of S V\.”th the

cussed in succeeding publications which are under prepar%gmperature IS §hown n F_|g. 1. As seen in '.[he figure, the
tion. The present article is the first in a series of such publi-t eeback coefficient varies inversely as a function of tempera-

cations ure and can be expressed for extended state conduction as

S_+k AESA .
=Tl kT A @

Il. EXPERIMENT e

Bulk samples of Sgln,s_Ph, (x=0,5,10,15) glasses Where “e” is the electronic charge, K” the Boltzmann con-
were prepared by quenching the melt in ice water using thetant, “T” the absolute temperature, A'E;” the activation
procedure described elsewhé&rglements of 5N purity(Al- energy for thermoelectric powgTEP), and “A” a constant
drich, USA were used for the preparation of samples. Thedependent on the mechanism of the electrical transport; posi-
amorphous nature of the samples was confirmed by the altive and negative signs represent {iieand n-type conduc-
sence of any sharp peak in the x-ray diffraction patterntion mechanism, respectively. Composition dependence of
Compositional analysis was performed using electron prob&E is shown in Fig. 8a). AE; decreases with increased
microanalysiSEPMA). Thermopower studies have been per-percentage of Pb impuritA Eg values forx=0,5,10,15 are
formed on the bulk samples in the sandwich geometry usin§.72, 0.5, 0.39, and 0.32 eV, respectively.

a conventional setup. The sample was placed between two DC conductivity measurements have been performed on
copper electrodes. The temperature gradient, measured usititp bulk samples in the temperature range 100-300 K.
a differential thermocouple, was established using two smalVariation of conductivity(o) with Pb content at 273 K is
heater wires electrically insulated but thermally connected te¢hown in the inset in Fig. 2. It is observed that conductivity
of Pb doped samples is several orders of magnitude larger
IElectronic mail: rmmbic dusc@dbt.emet.in than the undoped Se—In sample. Figure 2 shows the variation

bpresent Address: Semiconductor Laboratory, Materials Division, NationaPf conductivity \_’Vit_h temperature. Curves representing _the
Physical Laboratory, Dr. K. S. Krishnan Road, New Delhi 110 012, India. temperature variation of show two slopes. The change in
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FIG. 1. Variation of Seebeck coefficient(rBV/K) as a function of 1000/T
(K™1; (W) x=0, (V) x=5, (@) x=10, (O) x=15 for Segln,s_,Ph, . Inset

shows the compositional dependence of S.

slope occurs at a temperature representet;asConductiv-
ity is thermally activated in the high temperature range
300 K>T>T,. However, below the temperatuig;, i.e.,
T,>T>100 K the conductivity is dominated by localized
state hopping conduction near the Fermi lelzel. Conduc-
tivity in the temperature range 300KT>T, follows the

Arrhenius equation

3.30
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FIG. 2. Variation of dc conductivitfo) as a function of 1000/TV) x

=0, (@) x=5, (¥) x=10, (O) x=15 for Seslny,s_4Ph,. Inset shows the

composition dependence of dc conductivity) at 273 K.
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FIG. 3. (a) Composition dependence (®) optical band gap ES"‘/Z]; (V)
activation energy for thermoelectric powekE]; (O) dc activation energy
for extended stateAE,]. (b) Composition dependence of pre-exponential
factor (og).

The dc activation energ)E, is calculated from the slope of
In o vs 1IT. Compositional dependence AE, is shown in
Fig. 3(@. AE, is found to decrease with an increase in Pb
content. In the present case tA&,=AE  for x=0, how-
ever for x=5 at. % AE,<AE;. The value of the pre-
exponential factoery for the samples is shown in Fig(t3.
As seen in the figure the values of the pre-exponential factor
decrease by five to six orders of magnitude with the addition
of Pb 5 at. %.

The low temperature data, i.€[;>T>100 K was re-
plotted as IngT) vs T**in accordance with Mott’s variable
range hoppingVRH) relation

00 714
N e : ()
where A*=Ty=\a’/kN(EF).

N(Eg) is the density of localized states Bt, A the
dimensional constant~18), « the decay constant of the
wave function of localized states neg(~10" cm™1), and
k the Boltzmann constant. The plot of {n(l) vs T /4
shows a linear relationship.

We define hopping distanceR" as

9 1/4
[sraeren] @

The variable range hopping distance has been calculated and
is ~10 A for these samples.

Figure 3a) also shows the composition dependence of
optical band gapligpt) estimated for these samples by mea-
suring absorption coefficient as function of wavelength of
light in the range 300—900 nm. As indicated in the figure, the
optical band gap also decreases with the addition of Pb to the

g=
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tivation energy. The decrease I:‘ﬂgpt with increasing Pb
could be the effect of compositional disordéb is more
Ec electropositive than Se and indium. The lone gaP) elec-
trons adjacent to Pb atoms will, therefore, have higher ener-
gies than those remote from Pb atoms, causing a broadening
and tailing of the LP valence band. This leads to the ob-

S
| +
Sej
%‘ EF
se; served decrease in tHE" values with the addition of Pb.

+
Sey
Se-l
10.73 ev l £ In the earlier studies on Pb doping in the Ge—Se system,
il % Ey I N ' the p to n transition occurs at Pb9 at. % while in the
present case it occurs at b at. % with higher values of

room temperature conductivittwo to three ordeps This
property may be useful in forming-n junctions with higher
rectification ratio.

x=0 x=5

FIG. 4. Band gap picture fgp-type (x=0) andn-type (x=5).
V. CONCLUSION

host Se—In matrix. It is observed thaE, is much less Pb impurities are incorporated into the host Se—In matrix
thanEJ™ for x=5 at. % indicating that the Fermi level does in charged state thereby disturbing the equilibrium between
not lie at around the center of the band gap. the charged defect states present in the band gap. This dis-

turbance unpins the Fermi level and it moves towards the
IV. DISCUSSION conduction band, and thus causes ph® n transition in the

. . . . Se—In—Pb glasses. Addition of Pb also causes asymmetric
It is assumed that the dominant conduction in the

Sergln,s sample is through the extended states because of tht"é“"”g in the band gap.

. ~ _1 _l .
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