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Dielectric properties of evaporated silicon mono oxide film sandwiched behveen aluminium electrodes have becn studied 
in the frequency range from 0.1 Hz to IMI-Iz. The structures \vcre prepared on glass slide bv in situ deposition of 
aluminiuln through successive evaporation in vacuum of the order of 1 W5 torr. The structures were annealed at tempera- 
tures of 303 'K to 378 "K for five minutes and thc effect of annealing is discussed. Dielectric paramters \\,ere measured 
by alternating current (A.C) impedence technique of Frequency Respollse Analyzer. The capacitance C' (permitiviv), 
conductance G and the loss factor g" lvere found to depend on frequency and temperature, within high frequency range 
the capacitance varies very slowly, showing the dielectric dispersive nature and temperature independent at high fre- 
quencies. The experimental evidence on the frequency do~nain  behaviour of this structure have been discussed. The 
r e s ~ ~ l t s  were best analyzed by comparing them with the power law frequency dependence curve which departs fi-om 
Debye like dielecric behaviour. The a.c conductance G of such satnples varies dircctity to (on) , GI) being the circular 
frequency, and n is a number, which is less than one and is a temperature dependent quantity. The slope of loss curve is 
not symme-trical with the loss peak. It is emphasised that these esperirnerltal results cannot be analysed in terms of 
quantum hopping conduction lnechanism proposed by Johnschere. The airn of  this investigation is to study the dielec- 
tric response in the specific tcmperatilre range of deposited SiO films and to prepare initially the low cost Schottky diodes 
and other basic components. 
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Introduction 

Dielectric spectroscopy is one of the most powerful and wide 
spread analytical technique used to study the role of charge 
carriers in transport and polarization mechanism. In a physi- 
cal system, the materials such as. inorganic crystalline solid, 
amorphous semiconductor, glass and polymers. are the well 
known class of compounds which exhibit unusual rapid ion 
transport behaviour fairly at low temperature i.e \\.ell below 
their melting points. (Kumar and Ganapati 1991). 

According to Jonschere (1977) and Hill (1978) the frequency 
dependence of the dielectric loss of all kinds of dielectric 
solids follows a universal law in which loss is proportional 
to on-' with n<l regardless of their physical and chemical 
nature. The common approach to the meaning of the frequency 
dependence of dielectric loss is based on the Debye polari- 
zation mechanism for which the complex dielectric suscesp- 
tibilih~*(w) is given by, 

................ x*(o)=xf (0,)-~"(co)=A(io)"-I .... .. ...( 1) 

which is equal to, [s ( w ) - ~ ~ ] / & ~ = l / l - t ~ ) z  ............................... (2) 

where E. (0) )  is the complex dielectric pern~itivity at frequency 
o. and E_ is the limiting high frequency value of permitivity 
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and F~... is the permitivity of free space and 'z' is the dielec- 
tric relaxation time. 'A' is a constant and the exponent 'n' 
falls in the range O<n<l. This produces the familiar Debye 
loss peak at o)t=l (Jonschere 1975). The loss in most of the 
dielectric ~naterials shows a component that is flat in frequency 
over ser.eral decades and depends on temperature. In lnost of 
the materials the frequency dependence of &electric loss can 
be expressed by the empirical relation1 (Jonschere 1974). 

x" (o,)=AW1 ................................................ (3) 

extending over the several decade of frequency from the low- 
est audio and subaudio range to =lo9 Hz. This can be inter- 
preted as the power low frequency depandence. We notc here 
the absence of the pure Debye response. as equation (4) 

................................ 1/31" (0) = (co/cI),)"'+ (o/o,,)'-" (4) 

where a, and o, are generally thermally activated parameters 
and the exTonent m and 1-n are both smaller than unit? and 
decreases with decreasing temperature. This law of recipro- 
cal addition gives a loss peak at a frequency which incre- 
ases with temperature. In many dielectric ~naterials the polari- 
zation is caused by hopping charges rather than by dipoles, 
the peak is not readily observed because of the onset of DC 
conduction. This is callcd 'Universal Law Dielectric Relaxation 
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The most widely used theories of a.c conductivity of hopping 
system has been based on a pair of approximations, in which 
the indi~idual hop of a carrier is assumed to be independent 
of each other (Elvin and Moore 1974). The stochastic nature 
of the conduction is then taken into account by averaging the 
overall possible pairs of sites behveen which hops can occur. 
Although these theories have yielded considerable informa- 
tion about the various processes which c a i  produce a single 
hop. Theories in which multiple hopping process are involved 
have been developed by Schcr and Lax (1973). 

The experimental results are usually interpreted in terms of a 
model initially proposed by Pollak and Geballe (1961). this 
model involves hopping conduction mechanism. thermally 
assisted. between localised statcs. However. the interpreta- 
tion is not unique and it has been pointed out (Nadkarni and 
Sirnmon 1972) that the classical hopping over the barrier 
seperating the localised states can occasionally exist. 

Jourdain (1979), have evaluated the a.c conductivih oat of 
evaporated silicon monoxide film sandwiched bet~veen gold 
electrodes within high frequency limit and a wide range of 
temperatures fro~n 173" K to 415°K. They established their 
results that for   no st of the annealed SiO sandwiched stnic- 
tures. measured at low frequency, the a.c conductivity oat is 
proportional to on, o being the circular frequency and n is a 
temperature dependent quantity and the value of n decreases 
froin 0.82 to 0.48. When the temperature is raised to 43S°K, 
tliis quantih 'n' is found to depend on some power of frquency 
(Argall and Jonscher 1968; Frost and Johnscher 1975). The 
weak localization and electron-electron interaction (Giordano 
and Dilley 1993) in some samples which consists of two tlun 
metal films seperated by insulator film of SiO. When the thick- 
ness of such insulating film is less than or equal to 200A. the 
electron-electron scattering rate was enhanced with respect 
to that found in isolated thin films. 

Here, tlie silicon monoxide IS being used as an evaporated 
dielectric to evaluate its capacitance and a.c conductance G 
against their frequency response, which is normally measurcd 
by alternating current impedence technique. The data has been 
co~npiled and are usually plotted in the form of complex 
impedence diagrams from which it is possible to exlrapolate 
the true a.c. and d.c. conductivity. To proceed further the 
parameters were evaluated on basis of its &electric proper- 
ties and loss factor measured in thin film form. ,annealed under 
certain conditions (Thickness and vacuum) or in tlie form of 
sandwich stnlcure. 

Experimental 

Preparation of the snmple. By selecting corning glass slide 
of size 25s 25s 0.8 mm3 as a substrate and washed it with 

detergent (Mixwre of KCr,O, + HNO,) and were dried and 
cleaned through attached cathodic glow discharge process in 
vacuum. A vacuum of order 10.' Inln of Hg \\rere established 
and maintained through ion pump bell jar, and without break- 
ing the vacuum so that, it is not exposed to ambient gases 
between the deposition of each layer. The vacuum n7as mea- 
sured through Pirani and Penning Ionization gauge, during 
deposition of pure Aluminium and SiO. The purity of the 
material chosen was of spectroscopic grade 99.99% (supplied 
by Koch Light Laboratories, France) and kept it in a 
molybedenium boat as an evaporant in the chamber. After 
passing a current of 45-50A through the source of evapora-. 
tion for 5 min; we can deposit the aluminium film of thick- 
ness 2000"A on glass substrate within the vacuum chamber 
of Edwards high vacuum coating unit. The rate of deposition 
of aluminium was kept at 20"A sec-'. The thickness of alumi- 
nium films \ere 0.2 micron and dmt of SiO filni itere measured 
to be 0.1 inicron recorded by Film Thickness Monitor-3, The 
structures were annealed at temperatures of 303. 328. 353. 
and 378" K for 5 min. The rate of deposition and the thick- 
ness of the film were monitored by quartz crystal oscillator. 
Then silicon monoxide fil~nwas deposited again on the same 
substrate (Each substrate) which is already coated with alu- 
minium. The thickness of the insulating film was 1000A. For 
annealing the sandwiched structure Edwards radiant heater 
with temperahire recorder Model RPH-86 was used to anneal 
at dlfferenl temperatures and the annealing time was kept 
constant (Siddall 1959). The thermocouple probes connectcd 
with this system were used for measuring the temperature 
(Inside) 32S°K, or 353°K and 378°K and the time of annealing 
mas recorded by a stop watch. The temperature were recor- 
ded by radiant heater. The contacts on these capacitors were 
made by a very thin layer of silver paint. The thickness of 
aluminium film were 0.2 micron and that of SiO films were 
0.1 micron recorded by Film Thickness Monitor-3. 

Mea.szlre/nent yf thickne.c.s o f j lm.  The ability to measure 
tlie continuously depositing vapours in high vacuum is \\ell 
suited to the measurement of thickness of mass deposited on 
a particular glass substrate. Quartz Crystal Oscillator .itrere 
used as a monitor for measuring the thickness of thin film 
during vacuum deposition. The cnstal oscillator utilizes the 
thickness shear mode of the piezoelectric quartz. The fre- 
quency shift due to film deposition is g i ~ ~ e n  by Equation (5); 

Af = C, pAt . ... .. . ... . . .. . .. .. .. . .. . .. .. . . .. . .. . .. . , . .. , . . .. .. . .. . .. ( 5 )  

where At is tlie thickness of the film. C, is tlie constant of 
material which is being deposited. p being the density of the 
film material. (Juh-Tzeng 1982). 

Mea.surements by frequency respon.ye annlyzer 
(chel.sea). The block diagram of dielectric spectrometer was 
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given earlier (Yaqub and Shakeel. 1998) with temperature 
and frequency as parameter and by using a fully automatic 
system based on Solartron Frequency Response Analvzer 
1255A;a Chelsea Dielectric Interface CDI and a PC along 
with XY plotter. The FRA is used to measure the ~ioltage across 
the sample and the current flowing through the sample. A 
complete computer control is available within line calcula- 
tion of results enabling the frequency sweeps to be perfor- 
med in the minimum time. This instrument can me~asure capa- 
citance from 0.1 pF to 0.1 p F and G values from 0. Imhos to 
10-"mhos. This instrument is capable of providing print out 
of the measured data. This data can further be used for addi- 
tional plots for detailed study of the parameters. FRA can 
produce sine wave which are applied to the sample. The cor- 
relator of this analyzer rejects noise harmonics of the funda- 
mental signal and only the fundamental response is single 
XY recorder. The analyzer can measure both the in phase and 
quadrature component (imaginary part) to an accuracy of 
* 1% and + 5% and on full scale deflection. The instrument 
described above has been designed to measure the a.c pro- 
perties. The system is capable of generating a.c signals of 
frequency ranging from lo-* to 10%~. A. D. C bias upto 4 1 volt 
can be applied to an a.c signal up to 3.0 volts. The measure- 
ments were made 1 volt rms a.c signal and 0 volt d . ~  bias. The 
readings were taken three points per on decade a log-log scale. 

Results and Discussions 

Figure 1 shows the frequency dependence cunres capacitance 
C of complex capacitance is log-log representation, showing 
the dispersive behaviour at high frequencies. The four curves 
are drawn (Interpolated from the print out) at four dflerent 
annealing temperatures 303,328.353.378"K for frequencies 
0.1Hz to 1 MHz. 

The data taken within the temperature range down to 303°K. 
The response becomes virtually temperature independent at 
low temperature. 

Figure 2 shows the measured values of a.c conductance G of 
sand~viched structure at four annealing temperatures as 
shown in log-log representation in the frequency range from 
0.1H.z to 1 MHz. 

Figure 3 represents the measured values of imaginary part 
(loss) of complex dielectric constant s* of SiO sandwiched 
structure at four annealing temperatures for frequencies 
0.1Hz to 1MHz. The behaviour emerged from this cunre 
shomls a departure from the Debye like dielectric dispersion 
properties and the slopes above and below the loss peaks are 
not symmetrical. According to Jonschere the power law fre- 
quency dependence is observed. 

High frequency dispersive nature of the material in capaci- 
tance or pennitivity is observed as a function of frequency at 
low temperatme: 

(1) The high frequency dispersion is due to the small values 
of exponent 'n' in equation (1) and it is a feature of the res- 
ponse of many material in which high densities hopping 
charge carrier dominate the dielectric beha\:iom (Deori and 
Jonschere 1979). 

(2) The need for recourse to a.c measurement because of elec- 
trode polarization phenomena in such structure which is due 
to the incomplete replenislunent of ions at the electrodes. Tlus 
makes the ~neasurement difficult. The complex impedence 
approach has the advantage of simplicity and conceptual 
neatness, true and a more detailed interpretation of results 
often reveals these features which complicate this picture 
while incidently throwing interesting fresh light on the dielec- 
tric response of compounds. 

(3) A decrease in capacitance is observed with increase in 
frequency, in decades but the dispersion at low temperature 
never goes down to zero as well as other temperatures. The 
sample capacitance is a temperature dependent quantity. At 
higher frequencies, the material of the film is showing a more 
typical universal response with value of 'n' closer to unih. 
(Jonschere 1978). 

Effict o f  ternperntzire. 1. There are three basic trends at 
these temperatures. At lo\12er temperature there is a well de- 
veloped universal law, loss is proportional to frequency to 
the power n-1 . At intermediate temperature a decrease in ca- 
pacitance and increase in G appears, while at the highest tem- 
peratures and over a wide range of frequencies onset of a 
strong low frequency dispersion is found. 

Capacitance is comparably lower at high frequencies and 
higher temperature. 

The dispersion in capacitance is obsenred at low tempera- 
ture. The higher capacitance at low frequency and higher an- 
nealed temperature ma?; be attributed to the siginificant po- 
larization of the charge carriers giving rise to ionic compo- 
nent of conduction. Here the dipoles cannot orient themselves 
at these frequencies and hence capacitance decreases. The 
variation of capacitance with frequency fo l lo~~~s  to (Juh-Tzeng 
1982). The following relation holds, 

............................................ c = C8 + [G'L/m2r'+ 1 ] (6) 

Where C is the geometrical capacitance, G is the conduc- 
tance corksponding to the absorption current; r is the dipole 
relaxation time and o is the angular frequency. The capaci- 
tance is maximum when frequency o is zero and C is mini- 
mum when ol =a, 

Xc= 112nfC ...................................................... (7) 
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Thus the decrease in capacitance with increase in frequency obtained in the nornlalized plots of the conductance vs fre- 
(Fig 1) is in accordance of equation (4). The experimental quency in (Fig 3); it is allnost frequency dependent. At low 
data can be used to determine the activation energy AE for frequencies below 1Hz. G is almost constant, as the esperi- 
the relaxation process. For any constant capacitance, the rela- mental range of frequencies increases, G increases in 10 
tion between the frequency f and the temperature can be es- decades. This v a n  slo\vly at low frequencies. This Gt con- 
pressed as: sists of a.c as well as d.c conductance. At higher annealing 

f = AR-' eq(-*/KT). . . ... . . . ... .. . . . . .. . .. .. .. .. ... .. . .. . . . . . (8) 

where the value of the constant 'A' depends on the value of 
the capacitance under consideration. 'R' is a resistive para- 
meter of the film which depends on the deposition condition 
like vacuum, substrate temperature, deposition rate etc. The 
experimental data covering given range of temperatures 
were fitted by choosing the best values of 'C'to substract 
from C,of the capacitance. 

Effect of frequency on cnpacitance mensurvment. The 
frequency range over whch the experiments are accompli- 
shed is restricted between 0.1Hz to 1MHz. The lower limit is 
imposed by the impedence of the matching circuit i.e detec- 
tor sensitivity. The increase in capacitance shows a maximum 
for the low frequency in all the sample. The capacitance eshi- 
bits increasing tendency with further increase in ternpera- 
ture. With n=0.37 at high temperature to n=0.88 at lo111 tem- 
perature. For higher frequencies, the decrease of sample 
capacitance can be explained as: 

a. The decrease in capacitance at higher frequencies and high 
temperatures may be attributed to the decrease in the orderli- 
ness of the orientations of polarization charges. 

h. At low frequencies the a.c conductivity is viewed highly as 
an extension of traditional d.c electrical measurements which 
adds frequency to the more familiar parameter of such mea- 
surements. As the excitation frequency increases, contact of 
the film effect and losses are expected to directly reflect the 
bulkdissipatir~e mechanism. 

c. It is well known that the time required for electronic or 
ionic polarization to set in is very small as compared to time 
of voltage sign change i.e half period of applied a.c voltage. 
At higher frequency the hall- period of a.c voltage becomes 
shorter. When the space charge polarization fails to settle it- 
self. the capacitance begins to drop. 

d. At a higher frequency the system requires higher thermal 
energy to attain a maximum capacitance resulting in the shift 
of height of the curve towards the higher temperatures. 

e. For each of the dispersion curve the value of n is ddferent, 
particularly at lowest temperature the power law relation is 
clearly discernible at high frequencies, n=O. 88. 

Variation if condztctnnce G as a$nction qf frequency 
af d$fivent temperatzrres. The total conductance G as 

temperature, G shifts to~vards higher values. Since Inore elec- 
trically excited thermal current is generated by thermally 
excited electrons. At low annealing tcmperature, therc is a 
characteristic depolarization current of frozen particles in 
polarization. it is called DRC-Dielectric Relaxation Current. 
(Nadkarni and Simmon, 1972). 

Conclusion 

In order to interpret our experimental results. it is proved 
that the dielectric response 01 such amorphous film in the 
frequency response departs from the Debye response and it 
falls into a universal pattern in which the frequency depen- 
dence of the dielectric loss follo\\s the empirical relation in 
which loss is proportional to ton-' which is extending over 
several decades of frequency. 

Under the above discussions, it is concluded that the a.c con- 
ductance G of such film is proportional to on over many 
decades of frequency, where n < 1. In such amorphous com- 
pound it increases with frequency. which is in accordance 
with the work of Jonschere (1978). 

The results show that the value of 'n' is a temperature depen- 
dent quantity, which is entirely controlled by mutiple hop- 
ping process. 

It is concluded that both the real and the imaginary part of a.c 
(Conductance G) of the present model have thc same fre- 
quency dependence specially at lugh frequencies 

If the electrode contacts are poor in thin film structure: no d.c 
polarization mill be observed and the effect of series resis- 
tance will be prominent. 

The total conductance G of the samples which we have exa- 
mined consists of a.c as well as d.c conductance over a given 
range of temperatures from 300 K to 37S°K, frequencies up 
to 1MHz. hence the a.c conductivity is proportional to some 
powcr of circulr frquency on (Jonschere 1977). At normal 
temperature electrodes effects produce an apparent disper- 
sion in a.c conductance G. 

As we increase the annealing temperature of the sandwiched 
structure the value of 'n' will decrease and the conductance 
will shifi towards higher values. 

I 

The capacitance C decreases with incraease in frequency 
though \.en slowly i.e the permitivity decreascs but lower 
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Fig 1 The frequency dependence curves showing C' of corn- 
plex capacitance in log-log representation, showing the dispersive 
nature at high frequecies. 
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Fig 2 The Co~npilation of a.c Conductance data for a range of 
temperature arranged on a common log -f basis (HI.) but displaced 
vertically a=303K, b=328K,c=353K and d-378K for higher tem- 
peratures. 
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Fig 3 The frequency dependence of dielectric loss of Al- 
SiO-A1 sandwiched s t ructure  annealed a t  three  d i f ferent  
termperatures. 303328,353 and 378 K. 

temperature, it does not reaches to zero and dispersion is 
observed at high frequency. 

To achieved tlie best results of thin film, a vacuum require- 
ment is of the order of 10-5 torr, othenvise the measured pro- 
perties will not show a desired effect. 

The dispersio~l in perrnitiviv is obscwed on the low tempera- 
ture annealed sample observed at frquency range 10Hz-1M HL. 

This nlethod can yield valid informations on the precise 
nature of interaction of electric field on amorphous materials 
as rvell as on polymeric materials. (Shickiwski ct a1 1998). 

This experimental study of lo\\r frequency polarization effect 
in evaporated silicon monoxide films has shown that tlie fre- 
quency at which the loss is niasium coincide with the relas- 
ation frequency (Fig 3) which is determined by the capaci- 
tance measurements. This is the distinct feature of Debye like 
dispersion properties. 

Effect offreqz~ency on the variation yf irnaginarypart E 

of complex dielectric constant. As sholvn in the plots of 
Fig 3: the imaginary part E" (a) (dielectric loss) at various 
temperatures, (with different symbol corresponds to a dif- 
ferent temperatures) shows a dependence on temperature. 
The dispersion is also observed in imaginary part at low 
frerquency range 0-100 Hz. 

References 

Argall F, Johnscher A K 1968, Conc/~tctioiz rnecha/zisi~r in 
SiO Jlrns, Thin Solid films (2), 185-210. T.hcuz/r (12) 
513-523. 

Deori K L, Jonschere A K 1979 Dielectric response of a solid 
Electrolyte at low temperature. J Phy C SolidState Pl~~v- 
sics 12 L289-292. 

Elvin J Moore 1973 Numerical studies of the a.c conductivity 
of hopping System. 1. Effect of Space and energy disor- 
der." J Plzy CSolidStatc Pl7.v.sics 7 1840-1853. 

Frost M S, Johnschere A K 1975 Debye-like dielectric dis- 
persion properties". 

Giordano N, Dilley NR 1993 Electron-Electron Scattering in 
rnetal insulator-metal sandwich structure. Ph.y Rev B 
Conde~?sedMafter Plzysics 7 (48) 4675-78. 

Hill R M 1978 Characterisation of Dielectric loss in solids 
and liquids. Natzlre 14 (275). 

Jonscher A K 1974 Hopping losses in Polarizable dielectric 
media, Nature 19 (250) 191-195. 

Jonscher A K 1975 New Interpretation of dielectric loss. 
Xatzire 14 (256) 566-569. 

Jonscher A K 1975 Physical basis of the dielectrical loss. 
Nattrre 11 (253) 717-719. 

Jonscher A K 1977 Universal dielectric Response. ,Lmture 23 
(267) 673-679. 



Dielectric Dispersive Rehavioz~r of .Silicon 1Wor7o Oxide 

Jonscher A K 1978 Dielectric Response of electrolytes. Phil 
ilifagazine B(38) 587-97. 

Juh-Tzeng Lue 1982 An automatic thin film thickness indi- 
cator implemented with 2-80 microcomputer. I,*'nc~ium 
12 (32) 71-712. 

Jourdain M A, de Polignac, Despujols J 1979 AC Conduc- 
tion of evaporated silicon mono oxide Films. J P/I,v C 
Stare Pl7.y~ 12 4999-5007. 

Kulnar A, Ganapathi L, Kanatkar S M 1991 Synthesis of 
Superconducting Yttriu Barium Coper oxide thin 
films on Nickel based Superalloy using the insitu 
pulsed laser deposition. YBa2Cu307=6-. JApp  Ph-V.Y 69 
2410-2416. 

Nadkarni G S, Simmon J G 1972 Electron hopping in a high 

field. J App Phys 43 3650-3556. 
Scher H, Lax M 19734 Stechastic Transport in a disordered 

solid 1. Theory Phy Review B7 491-4502, 
Sluckiwski M, Wiecizorek W, Prqluski J 1998 A.C Conduc- 

tivity studies of colnposite polymeric electrolytes. 
Electr-ochin? iilctu 43 (10-1 1 )  1339-1342. 

Siddall G 1959 Vacuu~n deposition of thin films. 1,'aczi~im 9 
274-279. 

Pollk M, Geballe T H 1961 Low frequency conductivity due 
to hopping process in silicon. Plq~~ica l  Revieiv 122 
1722-1753. 

Yaqub M, Shakeel S 1998 The Complex dielectric properties 
of petroleum and their admixtures. Pah- J Sci Ind Res 2 
(4 1) 86-91. 

irshad
Text Box
19




