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Dielectric properties and effective ionic charge of
calcium sulphide
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(Reecrved 9 August 1977, revised 6 February 1978)

The dielectric constant ol calerum sulphide was moasured by Shaima & Gupta
(1963) who obtammed a value 6-69at 7.2 MHz More recenily a value of 810
was reported by Drofenik & Azman (1972) 1t can be scen that there is consider-
ablo difference m the two values Trom their value of diolectric constant
Drofemk & Azman (1972) oblaaned a value of 0 52 for the effective jome chaige.
The value dulfers [rom the value 0-43 obtained by Drofonik e @l (1971) from
thooreticul calculations  Tn view ol these difforences, 1 was considered worth-
while to measure the dieloctric constant und to calculate the effective ionic charge
of CasS

A pure sample of CaS, supphed by Roidel de Hahn was powdered and sicved
1o got particle size ol =45x  Die-pressed eyhndrical pellets of 25 ¢ in diameter
and =5 mm thick were prepmed The samples were dried for several hours
at 100°C bofore taking mensurements The dicleetric measuroments were dono
at room temperature on a Marcont Cireuit Magnification meter TT 1245 m con-
junction with a spoctal Marcont Test Jig 155 C/1 i the frequency range 50 KHz
to 50 MHz

Several procedures are avalable for obtaining dielectite constant € of the
sohd from the meavured diolectric constant ep for the powder samples  We
have used the following relation suggested by Dube et al (1971)

1 .
g (= )= (1 =) (1= AP A m
whore 4 18 a constant with a valuo 0-5 and ¢ 14 the packmg fraction.

Tn order to Lest the accwacy of the procedute adopted, the dielectric constant
of the die-pressed powdered samples of NaCl and KCI (particle size =45p) of
various packing fractions were mvestigated at 1 MHz. Thoe variation of ¢ with
& are given in Table 1. The averago value of ¢ for NaCl and KCI are also shown
along with, the literaturo values. The values obtained are m fair agreement within
+3%
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Thig agreement indicates {hat the equation wsed for detormming ¢ from
€p is vahd ovor the range of packmg fraction 07 to 09 In the prosent investiga-
tion measuroments were done for samples with packmg {ractious ~07. A
typueal frequoncy vs dieloctric constant (¢) curve for the sample with pucking
fraction 0-7 15 shown m figure 1 The frequency dopendence ol tan § 1 ulso
shown n figme 1 Over the range of frequencies coverod m this mvestigation,
the diclectric constant should he frequency mdoependent (Lowndes & Murtin
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itig 1. Varnastwon of dieloctrie consiant ¢ and loss (lan 8) of CalS with frequency.
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1969) The variation observed at low froquencics is due to factors liko unknown
impuritios and other unperfoctions. Thoe varation ceases at about 25 MHz
The Lrequency indepoudent value is takon as tho static dwlectric constant Such
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anomalows frequency dependence of dielectric constant and tan 6 have hecu
obgerved by Chavudhury & Rao (1969) i the case of some oxides

Table 1. Diclectric constant of bulk computed from powder sample (particlo
sz ~=45p) measurad at 1 MHz.

Cry-tal bl e e
Author 4 Average Literstuio value
NaCl 0 66 576
074 579 580 5-89
0 80 5-32 (Andeen (' et ¢! 1970)
090 583
Kat 072 472
0 86 4-70 473 481
090 476 (Andoen C. et of 1970)
0-96 473

The frequency mdependont value of dicloctrie constant ¢ 15 used to estimate

the olfective iome chamge ¢* from the Szigotr (1950) cquation

¢ = (wolZe)[3[(n?-] 2)|(mnv)}| (c— n?)/dar |t (2)

where wy ts 1he restrablen Irequency, 1 the refractive mdex, m the reduced mass.
Ze the tormal charge and » the volumo per 1on pair The value of w18 taken
from Drofenik & Azman (1972), » 15 taken Lom ‘Haud Bouk of Physics and
Chenustry’ (Chemical Rubber Co 1973-1974).  » 18 cstimated from 7 the nearest
neighbour dwstance taken from Guuntert & Faesslor (1956). The values of « and
¢* are given n table 2 along with those given by carlier  workors

Table 2. Diolostric constant and Szigets chargo of CaS.

Dorfemk
Drofemk Sharma Kotter
Present. and and and
work Azman Gupta Azman
(1972) (1963) (1971)
711 810 6-69 .
0-41 0-52 0-43

The data given in tuble 2 shows that the present value of ¢ 15 eloser 10 the
value obtainsd by Sharma & Gupta (1963) than ihat obtained by Drofemk &
Azman (1972)  Owr value of g* is different from the value obtained by Drofenik
& Azman (1972). However it agioes well with thoeoretical value obtained by

Drofenik ¢ al (1971).
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REFERENCES
Andeen C., Fontanelln J & Schuolo 1) 1970 Phys Reo. B2, 5068
Choudhury A K. & Rao K V 1969 Phys, Stat Sol 32, 731,
Droferik M., Kottor J. & Azmuan A 1971 Z, Naturslh 269, 325.
Droferuk M. & Azman A. 1972 J. Phys Chem. Soluds 83, 761
Dube D. €, Yadav R 8. & Parshad R 1971 Ind. J Pure Appl. Phys 9. 719
Guntort O J. & Faosster A. 1956 Z Krust. 107, 357
Lowndes R. I'. & Martin 1. H. 1969 Proc Roy Soc {l.ond.) 30BA, 473
Sharma H N & Gupta 5. 8. 1963 Ind J Phys. 37, 33.
Szigoti B. 1950 Prac. Roy. Soc (London) 204A, 50

Indian J. Phys. 52, 567-512 (1978)

Microwave measurement of complex permittivity and
conductivity of silicon by a simple technique
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The propertics of semeonductors at mncrowave frequencies studied  oarlier
(Benedict & Shockley 1953, Benediet 1953, Goldley & Brown 1955) fall into
two categories  In tho first, the semiconductor parametert wete obtained from
the propagation characterssties of the transnutted rignal The other relates to
the changes introduced by the sample mside w cavity in the resonant {requency
and quality factor Moutgomery (1947) Trom devices’ point of view, the con-
ductivity is one of the most important parameters which at nucrowave froquencies
Deoomes complex.  As the time pertod of the wave s comparable with the moan
freo time of carrers, the real and imaginary parts of conductivity arc of the same
order ic, the relaxation cffects are importunt  The curher workeis employed
d¢ mothods to nvestigate the conductavity behaviour of semiconductors But
these methods sulfer fiom the hmitations ol using low currents to avoid heating
of samples and having ohnic and surfaco contacts. Howover, microwave methods
antomatically overcome these difficulties

In the presont paper measurements made ou silicon wafers, of differont
rosistivities, for tho determmation of the complex permittivity and the mioro-
wave conductivity variation with temperature are reported using a difforent
tochniquo.
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