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DESCRIPTION OF FIGURE 7 

Function and Specifications of Piece 
Name of Piece of Equipment 'of Equi:e.ment 

Molybdenum substrate To hold germanium film 

Germnium film One of the end products of this study. 

Set screw, socket To accept set screw 
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Abstract 

We have measured the Im<],-.. temperatu:ce heat capacities 

of a nun:her of samp~es of SnTe an.d SrTi0
3 

\<lith varying 

carrier densities nco For Sn1e, the Debye temperature 0D 

is practically independent of n. The coefficient of the 
c 

electronic heat capacity y varies regularly with n but in -c 

a more complicated way than expected for a simple band. 

The Sr'I'i0
3 

samples all show appreciable deviation from the 

temperature dependence expected for the sum of lattice and 

electrortic contributions and, consequently, the value~ of 

y and eD are uncertain. B'or a' Nb-doped SrTiO sample the 
o 3 

increase in heat capacity with applied magnetic field is 

very much smalJer than for a reduced sample with similar n . c 

This provides further support for our earlier suggestion 

that the difference in T between Nb-doped and reduced 
c 

samples, and possibly the maximum in T for reduced samples, 
c 

are related to the presence of paramagnetic ions. 

, , ~" ":"" , 
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Introducti.on 

The superconductivity of degenerate semiconductors is a sub-

ject of continuing inter~st. This is due primarily to the large 

range of carrier density over which superconductivity can be ob-

served in these mC3.terials. Such materials provide an opportLJ.nity 

to study the effect of carrier density on the superconducting 

interaction, relatively free of the complications of changes in 

band structure and phonon spectrum which are i_mportant in most 

alloy systems. A knoHledge of certain normal-state properties is 

essential to a comparison of experiments with theory, arid low-

temperature heat capacity measurements provide information on two 

of these -:-- the density of states at the Fermi surface, N(O), and 

the Debye temperatur~ en" 

Of the superconducting decenerate semiconductors studied so 

far, tin telluride, SnTe, and strontium titanate, SrTio
3

, have 

been investigated in the greatest detail l ,2. In each of these 

materials charge carri.ers may be introduced either by the incor­

poration of impurities lnto the lattice or by deviations from 

stoichiometry_ In the case of SnTe, it is well established that 

Tc increases monotonically with nc ' irrespective of doping mecha­

nism" whereas fOl' Sr'l'i0
3 

the behavior is more- complex. In SrTi03 , 

when carriers are produced by reduction, which removes oxygen and 

generates two electrons pel' oxygen vacancy, a sharp maximum in the 

'1' versus n curve is observed at n ~·7xld9cm-3. For the impurity c co 

doped material, in which car~iers are produced by the substitution 

+5 +11 of Nb for rJ'i ., l' shm'lS the same Genera] behav:Lm' for lol'i n c c 

-1-
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values, but the critical temperatures of the niobiu.rn:"'doped samples 

are higher than those Of the reduced samples and there is'no well 

.. 2 3 defined maximum ' . 

Several theoretical models based on the BeS theory have been 

developed to~xplain the superconductivity of degenerate semi-

conductors. These differ markedly in their choice of the dominant 

contribution to the electron-phonon interaction. Surprisingly . . 

good agreement with experiment is obtained by each of the theories, 

possibly due to the presence of an adequate number of adjustable 
. 2 4 

parameters ' , 

The primary purpose of the present investigation was to oe­

tain values of N(O) and enasfunctions of nefor SnTe and Sr'l'i03 , 

For SnTe samples vJith high carrier densities the heat capacity 

measurements extended below the critical temperature Tc ' and. the 

new date further confirm the existence of bulk superconductivity 

which was first demonstrated in our earlier work5~. 

Sample Preparation 

The SnTe samples were sintered cylinders (approximately 3/4" 

diameter by 1" leng~h) prepared by povJder metallurgical techniques, 

Most of the SrTi0-J- samples were polycrystalline specimens pre­

pared by sintering the insulating ceramic at about l4oo°c. The 
. . 

material was subsequently reduced by heating at about the same 

I~· 

• 

" ~ 

temperature in a mixture of CO and CO2 vJith the gas composition ad-

justedfor the desir~d oxygen vacancy concentration. The Nb-dbped 

sample \'188 a boule of approximate ly 50 carel t 8, grol'!i1 by the flame 

fusion tcC.lH1.i quu. 

The Hall constant RH, from which nc was inferred, and Tc were 

"'" 
... ' ',) • I"~ ,J 
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determined in separate experiments on small samples cut £rom the 

ends of the heat capacity samples. 

Results and Discussion 
- -

'1'in Te 11 uride 

The obse~ved heat capacity C of SnTe, at the lowest tempera-

tures, could be fitted to the expression 

(1) 

by a least squar9s analysis, as would be expected for a normal 

degenerate semiconductor. Some typical data are shown in Fig. 1. 

The relatively high carrier concentration silver doped sample ex-

'hibits a heat capacity peak consistent with the onset of super-

conductivity throughout the sample. The peak was removed by the 

application ;of a magnetic field of 2000 Oe. No increase of heat 

capacity.with magn::otic fj_cld Vias observed for this material. The 

values of y and 8D derived from ain the usual way, are summa-

rized in Table I, and plotted as a function of n in Fig. 2. The c 

short range of validity of the, T3 approximation ,for the lattice 

( / '1) heat capacity see Fig. limits the accuracy with which aD can 

be determined, but the weak dependence of On on n is probably 
c 

real. The maximum 0D value occurs fbr the sample 1'11th the highest 

vacancy concentration and may be a c':))1sequence of the effect of 
o 

vacancies on the phonon spectrum. For most samples 'Y ) which j_s 

n l/3 proportional to N(O), falls close to the line represcntJng an c 
dependence, as j.s usually a:::;sumed, but: ,'.rYdeL does not seem to have 

been invc f3t Iced., eel prey 10m;1 y. 1/3 ~,'he dev:La llons from n are, c 

: .; '" ,:: 



Figure 1 

Figure 3 

Figure 1+ 

' .. >;.' 

-
Figu)"'c Ca.pt:l.ons 

8 

Typical lovl-temperature heat capacities of SnTe samples. 

Dependence of Tc and nornBl-state parameters on ca~rier 

concentration for SnTe. 

n 1/3 dependence. 

The dashed line repr~scnts an 

c 

Dependence of apparent values of normal-state para-

meters on n for SrTi0
3 

samples. The dashed line 
o c . 

• • 00 1/ 3 represents an nc -. dependence. The open symbols are 

from Refs 7 and 8. 

A comparison, of the effect of magnetic fjeld on the 

heat capacities of reduced and Nb'-doped SrTi03 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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