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Fig. 7. Germanium coated molybdenum substrate.
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DESCRIPTION OF FIGURE .7

Object S , Functlon and Spec1f1cat10ns of Piece
Number Name of Piece of Equipment ' of Equlpment
(7-1). Mélybdenum substrate To hold . germanlum £11m

| (7-2) Germanium £ilm One of the end products of this study.
(7-3); Set screW s6cKet

To accept set screw
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 "Abstract

.We have measured the iowrtemperature:heatvoapacities.
of a nﬁﬁber of samples of SnTe and SrTiO3 with varyingj
carrier densities ng - For'SnTe,'the Deﬁye.température OD'
ié pracﬁically independent of nc;~bThe_¢éefficient of'thé

electronic heat capacity v varies regularly with n, but in

‘a more complicated wéy than expected for a simple band.

The Sr7i0, samples all show appreciable deviation from the

3

- temperature dependence expected for the sum of lattice and

electronic éontribuﬁions and? éonéequenﬁly, the values of
Y and 6 are uncertéin. For a'Nb—doped SrTiO3 sample the.
increase in heat capaéity with applied mégnetic field is-
very much smaller than for a reduced sample with similar né.

This,provides further support for-ourrearlier suggestion

that the difference in T, between Npb-doped and reduced

‘samples, and possibly the maximum in‘TC'for‘reduced samples,

are related to the presence of paramagnetic ions.



Introduction

‘The superconductivity of degenerate semiconductors isda sub-
Ject of continuing interest. This is due primarily to the large
range of'cérrier density ever which supercenductivity ean be ob-
served in‘these materlals. Such materialsdprovide“an opportuﬁity
to study the effect of carrier denSity on theHSuperoonducting
interactioh,relatively ffee of the complicaﬂiohs of changes in
band structure and phonon spectfum which afe important in most
alloy systems. A knowledge_of certain normal-state properties is
essential to a‘cbmparison of experiments with theory, and low-
temperature heat capacity measurements provide4information:on two
of these -- the density of states at the Fermi surface, N(O), and
the Debye te@peratura QD' | |

Of the superconducting degenerate semicohductors studied so
far,_ﬁin telluride, SnTe, and strontium titanate, SfTiOS, have-

been investigated in the greatest detaill?.

In each of these
materials charge carriere may be introduced either-by the iﬁcer—
‘peration of impurities into the lattice or by deviations from
stoichiometry{ In the case'of SnTe, it is Well established that
TC increases anotonically with n,, irrespective of dOping meeha;
nism, whereas‘for‘SrTiO3 the behavior is mere~eomplex. In'SrTiO3;
when carrieré are produced by reduction, which removes oxygeq_andv.
: generetes two electrons per oxygen-vacancy;‘e‘sharp maximum;in the

_ - 5 _

eTc versus n, curve is observed at nC%7X1C;90mf For the impurity

doped material, in which carriers are produced by the substitution

k)

- _*_ .' . : N ) M .
of Wb'? for mi T, shows the same general behavior for low N,

-1-




2

valﬁes, buﬂfthe critical témperatum$ of the;piobiﬁm;doped Samples
are,higher than thoée-of the feduéed samplesland there is'no well
defined maximﬁm2’3. | |
Several'theoreticél models based on the BCS theory have been

déveloped to_éxplain thea‘superoonductivity of.deéenerate seml-
'cdnductors,t These differ mérkedly in their chdice of the dbminént
contributiqn'tq the'electrbn—ﬁhonon interactiOh. _Sﬁrprisingly
good'agreemeﬁt with experiment'is obtained by each of the theories,
_pOSSibly due to the preSehcejbf an adequate’number of adjustable
'parametersg’g. | | |

'_The.pfimary purpose”of‘the.present'invesﬁigatioh‘was towob;
tain vaiués qf.N(O) aﬁd‘éDTQS-fuﬁctions of3n¢ for SnTe.and SrTiO3.
Fof1SnTe.samples with high carriér densitiés*£he heat capaciﬁy
.measurements extended below the éritical temperatufe T, and the
neW'dateifﬁrther confirm the existence éf.bdlk'sﬁperdonductivity

which was first demonstrated in our earlier work”:

. Sample‘Preparaﬁion

_ The SnTe samplés were‘sintefed'cylinderé.(appfbximately 3/4"
- diaméﬂerrby 1" length) prepared by powder metéllUrgicai techniques.
’-Most of the SrTiQs_samples wére polycfystalline specimehs pre-
'Péred_by Sintefing thewinsulaﬁing Cerémié at about 1400°C. The
materiai waS'sdbsequently.reduéed by heating.at about the same

'  tempéréture in a mikturetof co and 002 with'ﬁhe gas composition_ad—
 \justed.fbr‘£he desired okygen vacancy concenfration.v'Tﬁe Nb»dOped
»samble Qasvé>bou1évof appfoximately 50 carats, grown by the flame

fuslon technique. -

The Hall constant R

H)

from which n, was inferred, and'TC were




3
determined in separate experiments on small samples cut from the

ends of the heat capacity samplea.'

Results and Discussion

‘Tin Telluride_

The observed heat céﬁacity C of SnTe, at the lowest tempera-
tures, could be fitted to the expression

C= 4T +aT - : (1>|

by a least squares analysis, as would be expected for é'normal
degenerate.sémiconductor. Some typical data are shown in Fig. 1.
" The relativeiy high carrief‘cohdéntration siiver.doped sample_ex~v
-hibits a heatjcapaciﬁy peak consistent with ﬁhé_onset of super-
conductivity throughout the sample. The peak was removed by the
appiication of a magnetic.field of 2000 Oe . No increase of heat
capacity.witb magn=tic field was observed for.this material. The
values of y and GD derived from o in the gsual way, are summa-
rized in Table I, and plotted as a function of nc in Fig. 2. The
short range.éf validity of the,T3 approximatiqn'fOr'the lattice -
heat capacity (sce F{é. 1) 1limits the accuracy with which 65 can
‘be determiﬁed, but.the.weak dependence of GDA-oﬁ n, is pfobébly‘.
‘real. The méximum 0p value occurs fbr the sample vith the'hjgheét
 vacaﬁcy cohcentfation and'may‘be a consequehce of the effect of;ﬁ'
'v vacancies on the’phonoﬁ.épectrum. For most-sampies Y which'is,
-propbftiohal fo N(0), falls close tg-the line represcnting an”né,
depéndence; és is usually-assuﬁed, but whicﬁ dbes not seém to Ha&ev

been investicatled proviously.  The deviations from ncl/j afe,




:'Figure 1

Figufe 2

' Figure 3

Figure 4

Figure Captions

Typical lou-temperature heat capacities of SnTe samples.

Dependence of T, and normal-state parameters on carrier

concentration for SnTe. ~ The daehed line represents an

n 1/3depen_dence.

¢

Dependence of apparent va]ues Ol normal state para-

~meters on nc for SrTlO3 samplesa The dashed 11ne
~‘represents an nc /3 dependence The open.symbols are

”.from Refs 7 and 8.

'A comparlson of the effect ol magnetic field on the

heat cdpacitles of reduced and Nb doped SrTJO3 samples
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above,-''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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