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ABSTRACT 

In this thesis the d.c bulk characteristis of amorphous silicon 

films are investigated~ The films are prepared by electron ~n evapora-

. tion in a conventional vacuum system. Ohmic contacts are established bet­

ween the silicon films and the aluminum electrodes. I-V and I-T measure­

ments are performed in the temperat~rege range, 1100K to 430° K. Room 

te~perature measurements show that the preparation conditions such as 

evaporation rate, aging and subsequent annealing all affect the d.c con­

ductivities of the films. In the low temperature range, the data analyzed 

with the existing models of amorphous semiconductors and the density of . 

states near the Fermi level is calculated. The high temperature data are 

. u$ed to calculate the mobility gap of the amorphous silicon film. The re­

i sults are then compared with the previously published work. 
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OZETCE . 

Bu ~al1$mada, vakumda buharla$t1rma yontemiyle haz1rlanan amorf si­

likon filmlerin dogru ak1m govde karakteristikleri incelenmi$tir. Aluminyum 

elektrodlar ile silikon filmler aras1ndaki kontag1n ohmik oldugu gozlenmi$­

tiro Filmlerin I-V ve I-T ol~Umleri 110~K ile 4300 K slcakl1k aral1g1nda al1n-

m1$ olup, oda slcakl1g1 dolaY1ndaki olcUmlerde haz1rlama kO$ullar1n1n film 

dogru ak1m iletkenligini nas1l etkiledigi ara$t1r1lm1$t1r. DU$Uk slcakl1klar­

da elde edilen veriler var olan amorf silikon modellerinin' l$lgl alt1nda in-

celenmi$ ve Fermi seviyesi civar1ndaki durum yogunlugu hesaplanm1$t1r. YUksek 

slcakl1klardaki verilerden ise amorf silikon filmlerin iletkenlik band1hesap-

lanm1$t1r. Elde edilensonu~lar diger ara$t1rmac1lar1n sonu~lar1 ile kar$11as-
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INTRODUCTION 

Since 1960 1 s, amorphous semiconductors have become one of the major 

research topics of both theoretical and experimental solid state physics. 

The rapid development in the s~miconductor technology during the last two 

. decades with the hope that crystalline semiconductors would be replaced by 

amqrphous semiconductors, which are cheaper ,to produce, have attracted the 

interest of many researchers and the number of articles published on this 

subject has increased at an enormous rate. 

The term amorphous is used for materials prepared in the form of a 

thin film on a cold substrate to prevent crystallization. 

The aim of this work is to investigate the d.c characteristics of 

amorphous silicon films prepared by evaporation, in order to gain a better 

understanding of the bulk properties. 

In the fi rst chapter, a general theory about the structure of amor-

phous sil i con and the temperature dependence of the conducti vity is gi ven. 

The second chapter gives the technique of preparation of the films and the 

set-up used in the d.c measurements. In the third chapter, the results are 

given and are analyzed in terms of the effect of preparation conditions on 

the electrical properties of the films. The results are discussed in compari, 

son with the results of other researchers. 
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I I TI-lEORY 

1.1 STRUCTURE OF AMORPHOUS SOLIDS 

In crystalline materials, one first characterizes the ideal peri -

odic structure with a determination of the short-range coordination and 

through a knowledge of the translational symmetry the long-range order. 

Further. characterization then involves the determination of the concen­

tration of various types of defec~ and impurities as deviations from the 

ideal structure. 

X-ray diffraction experiments have shown that an amorphous material 

has a good short-range order; the positions of the nearest neighbours being 

essentially the same as in the crystalline material.But. an amorphous mate·· 

rial, unlike a crystal, has no long-range order, so at a distance far from 

the atom in question the other atoms appear to be randomly distributed. This 

type of disorder is a positional disorder. In fact, in the' amorphous material 

there is no ideal structure which can be accepted with full confidence. 

The previous r~search on amorphous materials shows that the properties 

of amorphous films depend strongly on the preparation methods. There are thre 

basic preparation methods for the amorphous silicon, These are: 

1 - Vacuum evaporation 

2.- Sputtering 

3 - Glow-discharge decomposition of silane (SiH4) 

The specimens prepared by glow-discharge decomposition of silane have fewer 
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voids and dangling bonds compared to those prepared by evaporation or sput­

tering techniques (1,2). This is assumed to.be caused by the presence of 

hydrogen during deposition tending to sa~rate the dangling bonds. The films 

are structurally heterogeneous when they are deposited on a cold substrate, 

by evaporation or sputtering. They contain a network of internal voids and 

dangling bonds, this defect being called the structural disorder. 

Because of the extensive disorder present, the Bloch theorem, which 

is responsible for the extremely high mobilities of free carriers in crys-

talline semiconductors does not hold for amorphous semiconductors and hence 

many of the results derived for crystals do not apply directly to amorphous 
~ 

solids. In particular, the concept of the wave vector K, characterizing the 

electron wave function, is no longer meaningful. This is also true for the 
~ 

K-space and Brillouin zones. These concepts, which are direct consequences 

of the tr~nslational periodicity of a crystal lattice, have to be discarded 

when we consider an amorphous solid. Other concepts used in connection with 

crystals remain useful however, even in disordered states. 

In crystalline semiconductors, the impurity atoms form the impurity 

energy bands in the forbidden energy gap. These impurity energy bands are 

. narrow and continuous. They constitute localized energy states, like donor 

and acceptor energy levels closer to conduction band and valence band res­

pectively. In't~e amorphous semiconductors, however the lack of long-range 

order and structural defects cause a continuous distribution of localized 

states in the enersy gap. 

Davis and Mott (1970) and Cohen, Fritzche and Ovshinsky (CFO) ·(1969) 

suggested models for the distribution of the density of localized states in 

order to explain the conduction mechanisms in amorphous semiconductors (3,4: 

These two models are illustrated in Figure 1.1 where the shaded regions rep· 

resent the localized states. In. contrast to the crystal, the density of 
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FIGURE 1.1 

.Models for the Distribution of the Density of Localized States 

(a) Cohen, Fritzche,Ovsh~nsky Model 

(b) Dav~s and Matt Model 
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;tatesdaesnot vanish anYI,/here in the entire rang~ of the energy gap. The 

lensity of states' extends into the gap from both the conduction band (CB) 

lnd valence band (VB). The localized electron states near the band edges 

lre due to the loss of long-range order. The localized states near the 

niddle of the gap originate from the dangling bonds. 

In the CFO model, tails of localized states extend from the valence 

and conduction bands far into the energy gap. Near the center of the gap, 

these states overlap. When such an overlap takes place repopulation occurs, 

with electrons transferring from the higher region of the valence band tail 

into the lower region of the conduction band tail.Since the states are local· 

,ized, this results in the creation of large concentrations of positively 

and negatively charged centers or traps. These charged states (donor like 

and acceptor like states) effectively pin the Fermi level. 
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In the Davis and Mott model, the tails of localized states do not 

overlap. The position of the Fermi level is determined by the band of the 

localized states near the middle of the gap which reaches a maximum at the 

center and then decrea~es on both sides. 

A common feature of these density of state models is that there is 

a finite density of localized states at the Fermi energy. 

Due to the different character of the electron states, above and 

below conduction band edge (Ec) and valence band edge (Ev), different con­

duction mechan~s~ are to be expected. Whereas in the extended states, char­

ged carriers are assumed to move with an almost norma~ mobility of about lt6-1C 

IV-sec, a0d the transport in l~calized states can only occur by phonon as­

sisted tunnelling 05J. This is why at the transiton fro~ the extended to 

localized states.at Ec and Ev' the mobility drops sharply by some orders of 

magnitude giving rise to mobility edges. As a consequence, a pseudo gap, 

called the mobility gap, Ec-Ev arises. 

1.2 THE D.C CONDUCTIVITY IN AMORPHOUS SEMICONDUCTORS AND ITS TEMPERATURE 
DEPENDENCE 

There are two different mechan~sms of conductivity in amorohous semi-
oJ • 

conductors. In the ban~-to-band conduction at high temperatures, theelec-

trons are excited to the conduction band and holes to the valence band. At 

low temperatures the conductivity mechanism is dominated by phonon ass.isted 

hopping in the re9ions of localized states. 

With the models described for the density of states in the previous 

section and the mobility edges in an amorphous semiconductor, one would ex­

pect three mechan~sms of conduction at appropriate temperat~re ranaes : 
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1- Transport by carriers excited beyond the mobility edges into 

non-localized (extended) states at Ec or Ev' The conductivity for elec-

trons is 
( Ec-Ef) 

0" = 0". exp [- ----'-] mln KT 

where 0"' is the minimum metallic conductivity given by mln 

= 0.026 ~ = 610 (n-cm)-l 
O"min n a 

1.1 

where a is the interatomic spacing. EF and EC are the Fermi energy and con­

duction band edge energy respectively [3]. 

2- Transport by carriers excited into the localized states at the 

band edges and hopping at energies (E~. For this process, assumin0 again: 

conduction by electrons, the conductivity is given as, 

1.2 

where El is the energy level in the localized state re0ion near the con­

ducti on band edge W
1 

is the acti vati on energy for hoppi ng at energy E\ and 

0"1 is the preexponentia1 factor [3] . 

3- If the density of states at EF is finite, then there will be a 

contribution from carriers with energies near EF, which can hop between lo­

calized states. We may write for this contribution 

1.3 

where w2 is the activation energy for hopping near the Fermi energy and 

0"2 is the pre-exponential factor [3]. 
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At very low temperatures, such as kT 1 ess. than the bantwi dth of the 

Fermi energy and for a finite density of states near the Fermi energy, the 

hopping will not be between nearest neighbours, but variable range hopping 

will take place. For this mechanism of variable range hopping, the conduc­

tivity varies as [3J, 

er = ero exp [ -(~)~ J 
T 

1.4 

where 180. 3 

To = KN(EF) 
1.5 

and a as the reciprocal of the attenuation distance of the localized wave 

function, N(EF) is the density of localized states at EF and k is the Boltz­

mann constant [3J. 
-~ 

In the temperature range where this equation is valid, lner versus T 

graph is linear. From the slope of this graph, one can obtain N(E F) by 

using proper value of o.. 

A general graph of temperature dependence of the d.c conductivity 

ts, shown in Fi gure 1.2. 
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FIGURE 1.2 

Temperature D'ependence of the d.c Conductivity 

Actlvation Energies: 1- Band to Band Conduction 
2- Band Tail Conduction 
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3- Conduction Due to Hopping to The Nearest Neighbour. 
4. Conduction Due to the Variable Range Hopping. 



II. EXPERIMENTAL TECHNIQUES 

2.1 PREPARATION OF THE FILMS 

the amorphous silicon films and metal electrodes are evaporated 

in a coplanar geometry on microscope slides, by 2.5x4.5 cm in len9th, 

produced by Flscher Scientific Co. The masks used in the evaporation 

process and the metal electrodes are shown in Figure 2.1. The evaporation 

masks are made of aluminium metal plate of 0.55 mm. thickness. Wires of 

0.22 mm, 0.30 mm and 0.37 mm. diameters are placed in the rectangular 

10 

space (1.5x2.5) of the metal electrode masks to produce a coplanar qeometry. 

Microscope slides are first ~ut to the desired dimensions and then cleaned 

with Alconox detergent in an Ultrasonic vibrator. They are then rinsed with 

distilled water and methanol. 

The vacuum system is VARIAN VT-422 type. The systel:1 is pumped .do\A1n . 
-3 to 10 torr. pressure with a cryopump. In order achieve a lower pressure 

ion pumps are used. The pumping time of the cryopump is approximately one 

hour. Ion pumps operate continous1y for 24 hours to drop the base pressure 

down to 10=7_ 10-8 torr. The pre~sure is measured with a thermocouple-pressure 
-3 

gauge down to 10 torr and below that value with an ionization-gauge. The 

glass substrates are placed on a substrate holder, produced by VARIAN,on 

which three different masks can be placed simultaneously. Therefore three 

samples can be prepared at a time. 
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(a) 

(b) 

14---Aluminum electrode 

.--_~~~~~~~~~~~~~:.;. ~1H~r.-.::.:::: •• t==~-Amorphous s i 1 icon fi 1 m 
'--------------~---..",.....~ Gl ass substrate 

(c) 

FIGURE 2.1. 

Mask Used ~n the Preparation of Amorphous S~l~con Films 

(a) Silicon Mask 

(b) Electrode Mask Prepared in Coplanar Geometry 

(c) Cross-Section of the Prepared Film in Coplanar Geometry_ 
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The evaporation system used consists of an~electron-gun and three 

crucibles produced by VARIAN. Evaporantis a pure polycrystal hump obtained 

from Matheson Coleman and Bell laboratories. ~he distance between the eva po­

rant and glass substrate is 25 cm. The distance must be large in order that 

most of the atoms reach the subStrate along a perpendicular path; otherwise 

the surface of the film may not be smooth. However, this runs the risk of 

impurity atom formation on the film. Therefore the base pressure must be kept 

as low as possible.' The base pressure before evaporation could be decreased 
-8 -7 . 

to 10 torr and during evaporation ,t is kept constant at 5-7 10 torr. 

This is achieved by circulating 1 iquid I~itrogen through a jacket aroun'd 
( 

the vacuum chamber. The film thicknessess are between 0.30 ~m and 0.60 ~m. 

The evaporation of the silicon films takes between two to four hours. After 

the deposition of the silicon films, the vacuum system is allowed.to. cool in 

orde~ to prevent the formation of an o~ide layer on the film. Then the system 

is opened and prepared for the evaporation of aluminium electrodes. The thickness 

of the electrodes is around 1 ~m. and they are evaporated in 5 to 10 minutes. 

The thickness of the evaporated films is measured with an AO -scope lnterforw.eter 

produced by VARIAN. A quartz crystal digital thickness monitor produced by SLOAN 

is used to adjust the evaporation rate. However, it could not be used to determir 

the thickness of the films since the density of the films is not knowh. 

2.2 EXPERIMENTAL SET-UP 

2.2.1 Thermostatic Room. 

During the d.c measurements the samples are kept in a thermostatic room. 

The schematic diagram of the thermostatic room is shown in Figure 2.2. 

By filling the reservoir below the sample holder in the thermostatic 
, '0 

room, with liquid Nitrogen, the temperature of the holder can be lowered to-190 
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and with aid of two heaters can be raised up to 600~. By the use of 

electronic control unit in the thermostatic room, the temperature can 

be kept constant within; O.50 oC deviations [6J. At lower temperatures, 

to avoid the condensation of vapor of water and at high temperatures to 

avoid the oxidization and heat transfer between the thermostatic room and 

it~ env~ron~ent, the air inside the thermostatic room is constantly pumped 

out. 

2.2.2. D.C Measurements. 

D.C Measurements include the I-V measurements at room temperature 

and the I-T measure~ents at constant electric field. The block diagram of 

the apparatus used in these measurements is given in Figure 2.3. 

According to the applied electric field, the applied voltage is 

changed manually in 2 volts steps at low electric fields (102 V/cm) and 

in 5 volts steps at high electric fields(103 V/cm). The current for each 

setting is recorded after it became stable to avoid any capacitive effect. 

Applied voltage is measured with a digital voltmeter connected across the 

d.c power supply. In fact the digital voltmeter has an internal impedance 

much lower (1 M Q) than the resistance of the samples (105_107Q ) and if 

the voltmeter were connected across the sample the electrometer would 

indicate the current thro~gh the digital voltmeter and not the sample. 

The major difficulty encountered with the high resistivity samples 

is the environmental noise. For this reason, every connection has to be 

of shielded type. 

14 
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III. EXPERIr'lENTAL RESULTS. 

3.1 D. C MEASUREMENTS' 

The I-V characteristic of the films are obtained using the set-up 

shown in Figure 2.3, by applying d.c voltage (2V to 75 V) to the samples 

at room temperature. I-T characteristics of the films are obtained under 
, 3 

102-10 v/cm. electric fields. Philips PE 1520 is used as the doC power 
-8 -11 

supply. In ,order to measure the currents around 10 -10 Amp 0 a Cary 

401 vibrating Reed Electrometer is used. To measure larger values of 

curr-e-n~ Keithley Digital Voltmeter is used. During the measurements, the 

pressure of the thermostatic room is kept as low as 10-3 torr. 

D.C measurements are done for two purposes: 

16 

i) I-V measurements at room temperature are performed to verify whether 

the contact between the metal electrode and the amorphous semiconductor is 

ohmic or not and also to gain a better understanding of the preparation 

conditions effects on the structure of the film. 

ii) Temperature dependent conductivity measurements are performed to 

determine the conductivity mechanism, and the localized state density naar 

the Fermi 1 evel 0 



3.1.1 I-V Measurements at Room Temperature. 

The I-V measurements of the sanples show that the I-V 9r~ph is 

symmetric with respect to the polarity of thet voltage applied imp1yina 

that the aluminium electrodes form an ohmic contact with the amorrhous 

semiconductor film. There is no contact barrier and the conductivity of 

the surface states is negligible compared to the conductivity of bulk 

states. 
As seen from Figure 3.1 there is an ohmic region, which 90es up 

3 
to 10 V/cm in most samples. The ohmic behaviour disappears after this 
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region and the current increases exponentially at higher electric fields. 

According to the Poole-Frenkel IS theory [7], this is due to the presence 

of high electric field effects the Cou10mbic potential barrier. Potential 

barrier can be lowered such that be thermal energy, which is not enough 

to release the trapped electron in the absence of the field, becomes 

suffic~nt to emit the electron in the presence of the electric field E. 

In this case the free electron with the help of the electric field, will 

jump to the conduction band where its contribution to the conduction is 

considerable The current will therefore be of the form; 

a 
I = An) E exp[ 

~ 
ef3 E 

kT 
j 3.1 

where f3 is the Poole-Frenkel constant, e is the electron charge, a is the 

expon~nt of the order of 1 or 2 and A(T) is a function of temperature. 

Since the dominant field dependence is through the ~xponential term, the. 
a 

E facto~ has a relatively weak contribution. A(T) and Ea can be taken as 

constants. Therefore it is possible to write the current equation in the 

fo 11 owing form : 



~ 
1n I = Constant + ~ E 

kT 
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k 
This shows that a graph of lnI versus E2 ought to give a straight line 

with a slope equal to eS/kT. Ln I = f(E~) graphs for three different 

samples are shown in Figures 3.2, 3.3 and 3.4 respettive1y. Here at around 

103 V/cm electric field and up, the current changes linearly with the square 
1 

root of the electric field (E~). Thi~ type of behaviour at high electric 

fields shows that Poole-Frenkel type of conduction is dominant in this region. 

3.1.2. The,Effect of Preparation Conditions. 

It is well known that electrical and optical properties of amorphous 

semiconductors depend on the preparation conditions [2J. The effect of the 

preparation conditions on the samples prepared is investigated. All the 

parameters that can be controlled are systematically changed and the results 

are as follows; 

1- Deposition Rate: The resistivity variations of the films deposited 

at room temperature with respect to deposition rate is investigated.,Decreasing 

the deposition rate from 1.8 AO/sec to around 0.25' AO/sec increases the resis­

tivity of the films by a factor of 10. This is believed to be due to prevention 

of the voids accuring during deposition. 

Other research~rs observed that the density of amorphous silicon is 

15 % less that the density of the crystal si1icon[ 8J. This is due to the 

existence of voids with radii around 40 AO in amorphous silicon. When the 

deposition rate is kept low, the atoms find time to arrange themselves before 

they are covered by other atoms. Since in an ideal amorphous silicon there 

should be no voids, consequently no dangling bonds and impurity atoms, the 

density of localized states around the Fermi level should be, low meaning 
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-
increasing resistivity. Only then the impurity atoms forming the base pressure 

have chance to stick to the film. Therefore during the deposition, the base 

pressure is kept as low as 10-7 torr. 

2- Ageing: I-V ~ea~urements of the same sample are obtained at different 

times ~nd the change in resistance is observed. In the course of time, as it is 

seen in Figure 3.5 the resistivity is increased. This effect is observed one 

month following the film deposition, later on the film is stable. 
o 

3- Annealing: The samples are annealed at around 300 C. As a result 

of annealing, the resistivities of the films deposited at foom temperature are 

increased by a factor of 10. 

The effects of preparation conditions on the resistivities of the films 

are given Table 3.1. With lower evaporation rate, againg and annealing, the 
7 

highest resistivity which is obtained, is 10 O-cm. The resistivities of the 

amorphous silicon films prepared with the electron gun evaporation method by 

other researchers are as following [9,10 and llJ. 

Researchers 

Yong, John and Wong 

Dey and Fong 

Delleferra, Labusch and Roscher 

Resistivity (o-cm) 
7 8 

10 -10 
5 6 

10-10 

103_10
4 

3.1.3 Study of The d.c Conductivity as A Function of Temperature 

Current versus temperature (I-T) measurements are performed between 

1100K and 430 0K at constant electric field at 10°C or 20°C temperature 

intervals. The results obtained for two samples are shown in Figures 3.6 

an.3.7. 
In the higher temperature range, the conductivity mechanism involved 

is. band-to-band conduction. The temperature at which band-to-band conduction 



TAB LE 3·1 

~vaporation EYaporat ion 

Sample no. Rate. Pressure. . Thickness 

0 

( AI Sec) ( Torr.) . 
0 

(A ) 

23·4·S4-1 1· 8 6x1Cl 6000 

23·4·B4- II 1·B 6)(107 
6000 

23· 4 .~ 4 -11 I '·8 
-7 

6x 10 6000 

22 ·5·84 - I 0·25 6 x 1cl 3600 
. 

22 ·5·84 - II . 0·23 6 x 107 3314 

22·5·S4 III 0·27 
-7 

6 x 10 38B3 

7-7·84 - I 0·2B 5 x 107 
4772 

7· 7· S 4 ~ II . 
-7 

0·36 5x10 6079 

7·7· 84 - III . 0·26 5 xlC? 4422 
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occurs must be determined. In order to determine the temperature above 

which the basic transport mechanism is band-to-band conduction the con­

Juctivity versus temperature graphs are constructed. The results for the 

samples are shown in Figures 3.8,3.9 ~nd 3.10. 

The activation energies obtained from the slope lno-versus-T -1 

graphs above 130°C are around 0.8-0.54 eV, which are the half of the 

energy gap. These values show that the mobility gap of amorphous silicon 

lies around 1.1-1.6 eV. These values agree with the values obtained by 

other researchers[13J. Therefore at temparatures above 130°C the con-

ductivity mechanism is a band-to band conduction. 

In the high temperature range, between 403 0 K and 28SoK a different 

conduction mechanism exists since the curve is not linear any more. In 

21 

this temperatur-e range electrons jump to tail states closer to the conduction 

band. 
° ° At temperatures between 285 K and 200 K, the dominant conductivity 

mechanism is of the form: 

o = 0 exp [ -
2 

liE 
kT 

J 3.3 

The activation energies obtained from the slopes of 1no versus T- l graphs 

° ° between 285 K and200 K are between 0.2 and 0.06 eV.This shows us that the con-

oductivity mechanism involved is not band-to-band conduction but it is rather ° 

hopping conduction between the nearest neighbours. 

3.1.4 Measurement of the Density of States. 

° In the low temperature range below 200 K and at constant electric 
k 

field of 102~103 V/cm. the conductivity versus T-
4 

graphs of the samples 

aroe plotted. These graphsare shown in Figures 3.11 and 3.12. In this 

° temperature range there is a linear relation, in accordance with the 

variable range hopping conductivity proposed by Matt. The equation (1.4) 



can be rewritten as, 

To ~ 
1 na== 1 nao - (--) 

T 

22 

3.4 

Therefore the density of localized states around the Fermi level, N(E
F
), 

, ~ 
can be calculated using the slope of the lna versus T graph. By taking 
-1' 0 

CI. == 10 A as proposed by t~ottT 3 J for evaporated silicon films, the N(EF) 

values are calculated for the samples. The results are as follows 

Sample no 

23.4.84 II 

22.5.84 - I 

2.7.84 - I 

3 -1 
N(EF) (cm -eV) 

1 .46 X 10
20 

21 
2.7 X 10 

20 
2.5 X 10 

These r-esults are in good agreement with the values obtained by other 

experimenters [12 J, and show that the dangl ing bonds are highly concentrated 

around the Fermi level. 
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FIGURE 3.2 

LnI versus E~ graph of.the sample no:23.4-84-I1 at Higher Electric 

Fields Between 1156 V/cm to 2116 V/cm. 
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. Full Temperature Range 1000K to 400 (k. 
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Temperature Range 298°K to 444° K. 



33 

-5 r --------------------------________ __ 
10 

5 
cd·c ~) 

Sample no 22·5·84- I 

-6 
10 

0·25 

FIGURE 3.11 

0·26 0·27 0-28 

k " _4 

0·29 

The variation of conductivity as a function of T for the low 
o 0 

temperature"range, between 256 K to 118 K. 



34 

· -1-
·o(n.cm) 

105r--------------------~~.~_~._=_=_= ___ ~ .. = __ -.~------~ 

-7-
10 

0·294 

FIGURE 3.12 

0·297 0·300 

Sample no: 23 .4.84-Il 

0·303 0·306 0.)09 
,=-1/4 (0 K"1/4 ) 

14 
The variation of Conductivity as a function of T of the Sample no: 
23.4.84-11 for the low Temperature Range Between l34°K to l090K. 



IV. CONCLUSIONS 

The samples used in this work are prepared by electron beam eva­

porati~n under a base pressure of 10-7 torr obtained in a conventional 
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° ' ° vacuum system. The samples consist of an amorphous silicon film of 3000 A-6000A 

in thickness on which, a layer of aluminum is evaporated as metal electrode. 

In order to investigate the electrical properties such as the room 

temperature conductivity, basic transport mechanisms, the density of states 

near the Fermi level and the activation energies, d.c measurements are per­

formed in the temperature range from 1100K tb 430oK. The I-V measurements 

. at room temperature show that the contacts between the silicon film and 

the aluminum electrodes are ohmic up to an electric field of 103 V/cm. 

The ohmic behaviour disappears after this region and the current increases 

exponentially at higher electric fields .. At higher electric fields I-V 

curve obeys the Poole-Frenkel law. The d.c conductivities of the films are 

around 10-5-10-7 (n-cm)-l 

In the higher temperature range, above 400
o

K, the conductivity me­

qhanism involved is band-to-band conduction. The activation energies ob­

t~ned from the slope of lna-T-1 graphs above 4000K are around 0.54-6.8 eV .. 

These activation energies give a mobility gap of 1.1-1.6 eV. 
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In the high temperature range between 4000 K to 285°K the dominant 

conduction mechaniim is different. In this temperature range electrons 

jump to the tail states closer to the conduction band. 

At temperatures between 285°K to 2000 K the conductivity mechanism 

involved is hopping conduction between the nearest neighbours around the 

Fermi 1 evel . 

, ° In the low temperature range, below· 200 K,and at small electric 

fields, between 10
2 

and 10
3 

V/cm. the conductivity of these films obey 
!:i 

the T 1 a\,l as proposed by ~10tt. These low temperature results are then 

used to calculate the density of states around the Fermi energy level 

which is of the order of 1020 ~ 1021 (cm3-eV)-1. ~he results show that the 

density of dangling bonds in these films is similar to those prepared by 

sputtering but is much higher than tho~e prepare& by glow-discharge 

decomposition of silane(SiH4). 

The effects of ageing, annealing and deposition rate during eva~ 

poration are also studied. It is observep that the resistivities of the samples 

deposited at room temperature increase by a factor of 2 or 3 within the 

first month of preparation. Annealing the samples also increases their 

resistivities by a factor of 10. However the most effective preparation 

parameter, in terms of higher resistivity, is the deposition rate. De'-

creasing the deposition rate from 1.8 AO/ sec to around 0.25 AO/sec in­

creases the resistivities of the films by a .factor of 100. 

.. 
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