VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

THIR

G

ean e w

B

PR
itted
gy

th

[y
i1 ¢

: >

By

Ay

no




ProQuest Numler: 10647849

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10647849

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346






N
















e

Bisleoirie:

Aol o g

Al

ciric

3

,z
~




QUAPT














































= .'E' E - _....’. . ": ) ? - :
__nt;; szn;ggg -.an i:agms‘:. i,y




arpier.seporating neighbowring-¢
















ws.th E;em ntum ir*
















" i
al
n

of EE— ——— |

Tl MgFe :
ve —a%%’;%ﬂi ¥
‘s T —_—

4

oI

i} 3

1 i ! D —
10 | ] 1ot 0% 14

Ferquency, Nitospcley

Fig. 5. Dielectric constant vs. frequency for cvoperated diclechric
moterials,

19, ca- - T T T q

e UnCRreecled
- rmvw COreected

Lo
Ton-
gant

oo}

aool—- .. H L
e ' 0 108 1n? 10*
Fragueacy, Kilacygles

Fig. . Loss tangent vs. fregquency far 1000 pfd evaparoted
capacitors, The solid linc indicates the losy tangent meqsuved on
the cvaperoted copaciters, the doshed line the corrected [oss

tangent of the dielectric obtained by the method outlined in the
toxt.

FIG,1-1, Permittivity and loss curves obtained by

Maddocks and Thun for thin film capacitors

P ISR L SR - U,

300- ——— . . .
Y.
200~ 10
£ Loss
. Loss Ton -
Tongunt gent
100~ 101
ol 1 ] 1 i R P
- LOF
i | 10 10° i0* o

Frequsncy, Kilacyctes

Fig. 9. Apparent dieleciric constant and loss tangent vs. tre-
quency for o 2300A cerium fluoride capacitor.

e s ——— R G RN
e e d A N ZETamh e g Y Y -

FIG.1-2. Results of Maddocks and Thup on a CeF2 film,



e ————— v -

FIGQL"'?;.

807

S0 x
)
[=]
° \
- x
2 \
2
*
o} \
x
\0.1 WH,
20k ki,
\ —— »100
D L ] L L ']
3 2.0 ) 30 3.5
V000 7 T o eersmovirme o w22 e

Resulgﬁ; of Guillen, Morchal and Roizen on Za3 {ilms.

apd'zod 200° ot 50 g =20 U !
B e T s HA
Al I 079V}  Ngoicd Clz |
T (~1.0 ev) (L40A) o
-4t 4 =7
i 10
~5 ¥ —‘__Iaa
) _(|.22 ev) _
oy
S a©
'g -8 11—~
10
TE -9 - 1 Tg
= HI'(03ev) 0% g
~ a0} - =
- L 2
b =11 “~ b
o T 104
—_— _12’, —
L'
-|3... -]
_Iéle
44 Cooling ) &7
-5k ng (°C/min) s, ¥ "
+ Q.3 -1
-6 e 30 . | 1 1 t \ |"lO

i2 LS 20 25 30 35 40 4.5

F :{G . 1"4’}‘

The tenperature dependencéﬂ“ of élohft-{c.i(iéhﬁvity in NaC¢

{after Droyfus and Newick),



S

Ol 559 10 100 1000
Time , hours
(a)

21°c

s 1 1 1l
(=1 | (o loo looo
Time , hours
(b)

FIC.-"S' 2}4‘1 " Jipok wnccnfmtion n NaCl: Cn.l* (DRVDE“)
(@) 2AAxte~ MF, (b 34x10"% y F Ca*

-
U %Ka
Comr e

FIG.}1-6,

Equivt. circuit for

space charge polarizn,
(after Macdonald).




200} \.
-kh
1(}00}— . — \
I e
- h‘—_:‘-—,\:__h_‘_
1900
1300 1
ot : [} 100
— ~ ey — .
]
.
. 1 days
Y
S N
- \\
N
l'\‘ \
\ ] .- . ; .“;-
o il .
-‘-qq—“——, .\H—“!
N T ——
4 1
! ! 1o 6o

f fkets)

FIG,1-7. The results of Weaver on films of NaCl.



gﬂuaga :@2}.&3 ugeads o




























-

A,B" Wj‘i;f?‘h

= — " ——

Fig. 2-|

(AEEIC..I-Z 1S on '\H.‘ Wlt P‘,‘)

0-§ em. apu‘tum

it
VARGLAEY, 4

bO em. Foem.

o v

——32em. —>

Fia.2-3 EVAPORANT __ HEATER




SPEcMEN TERMINALS

LR

HoT STAGE ———

MASKING DIsSC
THERAMoCouPLE .
HEARTERS Hot STACE
SUPPLY

PLue cArRQyiNng
HoT STAGE AND
THERMOSTAT LEADS

HT. TERMiNAL

FIG.2-2, Vacuum apparatus used for preparing and measuring

the dielectric films.




TARIN

1 1
O Ll a3 L .

' 5 Jo 15 oo mings,
FIG.2~5. Comparisom between temperature measurements.

FIGS.2-6,2-7. Hot stage and thermostat circuit.
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(n) Requirements of Meaguring System.

The results of Weaver (1962) strongly indicated the need to
carry out dielectric meagsurements on thin films at frequencies
very much lower than 100 C/3. The present writer has considered
the possibilities of extending the measuring frequency down to
0.01 €/S. The measurements still required to be capable of rapid
execution, as it was known that newly depogited films undergo
rapid eging. It was also desirable that the method should
accommodate capacitance values much greater than the limit of
most a.c, bridges, as Weaver had found the capacitance to increase
with falling frequency (e.g. for NaCl. it rose from 1900 pf at
100 ke/s to 2500 pf at 100 ¢/s). Large values of loss tangent
(greater than 0.1) were aniso expected. Finally, the applied

potential was to be restricted to O.lv.

(b) Avajlable Technigues.

A search of the literature brought to light a few accounts
of techniques that had been successfully applied to measurements
at very low frequencies. The following examples are
representative of the methods reported,

Mole and Smith (1954) described a bridge which they had
degigned for measuring the dispersion of {nsulators in the

frequency range 0,05 ¢/s to 50 ¢/s. The principle of the bridge,

3.1
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FIG.3-9. The electrical apparatus used in dielectric measurements

on thin films: a) 0,01 -~ 0.1 ¢/s, b) 0.5 - 1000 c/s.
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(a) Introduction.

The investigations about to be reported were carried out
on Tilms prepared in the manner already described in Chapter 2,
The electrode material was silver, with the exceptions
mentioned in (f) below, where gold was used. The dielectric
films were produced by evaporating Analar reagent NaC¢é, except
on one occasion (See Table 4~2) when freshly cleaved portions
of o single erystal supplied by the Harshaw Chemical Co, were
evaporated from a specially cleaned heater of the usual type.
The rate of deposition of the dielectric was not precisely
controlled, but the average rate was calculated afterwards from
the film thickness and the length of time taken to deposit the
film,

Specimens were labelled with gsymbols denoting the electrode
material, dieclectric material and reference number respectively,
followed by either H or C , the former letter referring to
specimens under the hot stage, and the latter to the gontrel
specimens. An example would be Ag - NaC¢/ 70H , although
this will often be abbreviated in the present chapter to 70#

since Ag was common to most, and NaC¢ to all specimens,
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40H 8,700 2,200 60°C 2.6
s0H 6,400 1,600 60°c 0.7
60H 8,900 3,600 60°C 0.2
708 5,800 2,390 24°C 0.0
1204 5,500 24°¢ 2.95

16,400
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FIG.4=4 Loss tangent vs. permittivity at V.04
8 NaCe¢ films at room temperature.
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CHAPTER 9
Rasults en Crvelite Films.

This chapter is included in order to illustrate the
applicability of the experimental techniques to substances other
than alkali halides, It is also hoped to show that the
understanding which has been gained, of the less processes in
alkali halide films may be of assistance in interpreting the
results on eryolite films.

Cryolite (b,u rs) is a naturally occurring mineral,
which crystallises in the menoglinic feorm, Thin films of the
subgtance have been quite widely used for eptical purpeses
(Holland 1956, Dell 1949), and the weork of Bourg (1963) contains
useful information on the structure of such filme, No data
are however available en the electrical properties ef cryelite
either in bulk or in the form of thin films,

In the present investigation, twe capacitors of eryelite
were prepared with silver slegtredes, and twe with aluminium
electredes. The former were found te be short-gircuited on
formation, but were ¢ured by the application of 0,1 v. d.e.
The specimens with aluminium elestrodes did not require this
treatment, All four films had almost ldentical dielectric
properties, and these are illustrated in Fig, 9=1 for ome
specimen (Thickness 9000:)-




9.2

At room temperature, a large, well-defined peak in tan A wvas
evident, which changed in pesition very slightly during aging.
The permittivity wes about 10% at low frequencies. However,
when the measurements were repeated st 107°C, it was found that
the peak had moved to a very high frequency and the values of
tan A were now close to 0,1 over the whele frequency range,

The permittivity at this temperature was also fairly constant,
and lay between 1.1 and 2.0 x 10° in the renge 0.01 - 100 ¢/a.

Fig. 9=2 is a Cole-Cole plot of the measurements at room
temperature, showing that only a very nmarrow distribution ef
relaxation times are present,

The position of the peak was determined at different
temperatures, and an activation energy of 0.8 4+ 0.1 ev was
deduced, Temporary exposure t0 moisture had no effeect on the
dielestric properties.

Since there is no previous information on the conduction
and loss mechanisms which may operate in eryolite, er on the
energies of migration of charge carriers, the value obtained
for the activation energy does hot lead to any conclugpions,
exsept that the mechanism is probably ionic rather tham
electronie,

The loss peak and permittivity curves are however very
similar to those associated with the Pispersion B mechanisa in

alkaii halides, (although the latter generally showed a wider

range of relaxation times.)




9.3
The high values obtained for the permittivity can only

be explained on the basis of an interfacfal polarization mechaniem,

and it ls therefore reasomnable to make the tentative suggestion

that ionic space charge polarization at the electrodes is the

cause of the observed dielectric behaviour of eryolite films.

It would seem worthwhile to carry out further research on these

films in view of their possible applications as high permittivity,

low loss capacitors at elevated temperatures.
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FIG,9-2, Cole=Cole plot of resuits on cryolite at 22°C.
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FIG,10-1. Dependence of relaxation time on activation energy.
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APPENDIX.

The proposed model for polarization of the dielectric is
represented in an idealized form in Fig, A~l., The cation
vacancies are assumed to have their normal mobility within the
erystallites, but they encounter a low potential barrier at the
crystallite boundaries, and a much higher petential barrier at
the elestrodes, The anion vacancies are agssumed to be
cempletely immobile, as would be the case in alkali halides at
the temperatures of interest,

When a steady potential is first applied, the cation
vacancies migrate towards the pesitive electirode until they meet
with erystallite boundaries., Jlere their migration is retarded,
causing an accumulation of charge along one face of the
crystallites. (Fig. A-l(a)): Since, (referring te the potential
diagram) there is now an enhanced field acting on the vacancies,
they will be induced to cross the boundaries inteo adjacent
crystallites. This process goes on wntil finally, when o
sufficient number of the mobile vacancies have piled up close
to the positive electrode, the ficld is very small in mest parts
of the dielectric and practieally all the potential drop occurs
across Lhe space charge layers. VWhen the fleld is reversed,
nigration takes place in the opposite direction, and the
poelarization builds up as before at the oppesite electrode,

En electrical cireuit analogue has been constracted in Fig., A-2,
The capacitance and leakage resistance of the individual
crystallite boundaries combine into the capacitanse c. shunted
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