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ABSTRACT

- In this thesis the d.c bulk characteristis of amorphous silicon
films are investigated.: Thé fi]ms-are prepared by electron gun evapofa—
tion in a conventional vacuum system. Ohmic contacts are established bét—
ween the silicon films and the aluminum electrodes. I-V and I-T measure-
ments are performed in the temberaturege'range, 110°K to 430° K. Room
temperature measurements show that the préparation 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 amorhhous‘semiconductors and the density of |
“states near the Fermi level is calculated. The high temperéture data are
used to calculate the mobility gap of fhe amorphous silicon film. The re-

Jsu]ts are thenvcompared with the previously published work.



UZETCE

Bu ca]1$mada; vakuhda buharlastirma yontemiyle hazirlanan amorf si-

" Tikon filmlerin dodru akim govde karakteristikleri incelenmistir. A]uminyum
elektrodlar ile silikon fi]m]ef arasindaki kontagin ohmik oldugu gbzlenmis-
tir. Filmlerin I-V ve I-T dlclmleri 110°K ile 430°K sicaklik araliginda alin-
m1s olup, oda sicaklid dd]ay1ndaki Olclimlerde hazirlama kosullarinin film
dbgru ak1m 11etken11g1ni nas1l etkiledigi arést1r11m1$t1r. Diisiik sicakliklar-
da elde edilen veriler var olan amorf silikon mode]]erinin‘1s1g1‘a1t1nda in-
Acelenmis(ve Fermi seviyesi civarindaki durum onUn]ugu_hesap]anm1st1r. Yiiksek
sicakliklardaki verilerden ise amorf silikon filmlerin iletkenlik band1 hesap-

lanmistir. Elde edilen. sonug¢lar diger arastirmacilarin sonuglari ile karsilas:

tiritmistir.
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INTRODUCTION

Since 1960's, amorphous semiconduétors have become one of the major
research tobics of both theoretical and experimental solid state physics.
- fhe rapid development in the semiconductor techno]bgy during the last two
_decades with the hope that crystalline semiconductors would be replaced by
amorphous éemiconductors, which are cheaper to produce, have attracted the
intereét of many researchers and the number of articles published on this
subject has increased at an enormous rate.
| The term ahorphous 1s used for materials prebared'in the'form of a‘
thin film on a cold substrate to prevent crysta11ization.
The aim of this work is to investigate the d.c characteristics of
- amorphous silicon films prepared by evapbratfon, in order to gain a bettér
understanding of the bulk properties.
In the firstchapter, a general theory about the structure of amor-
phous silicon and thé temperature depéndence of the conductivity is given.
The second chabter gives the technique of preparation of the films and the
$et-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 comparia

“son with the results of other researchers.



[. THEGRY
1.1 STRUCTURE OF AMORPHOUS SOLIDS

In crystalline materials, one ffrst 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.
Furthér.characterization then involves the determination of the concen-
iration of various types of defect 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 neighboufs being
essentially the same as in the crystalline material.But.an amorphous mate-
rial, unlike a crystal, has no 16nq-range order, so at a distance far fromv
the atom in question the other atoms appear to be randomly distributed. This
type of disorder is a positional diéordef. In fact, in the amorphous material
‘there is no ideal structure which can be accepted with full confidence.

| The previous research on amorphous matefials shows that the properties
~of amorphous films depend sﬁrong]y on the preparation methods. There are thre

basic preparation methods for the amorphous silicon. These are :

1 - Vacuum evaporation
2.~ Sputtering

3 - G]ow-diécharge decomposition of silane (SiHa)

The specimens prepared by_g1ow—discharge decomposition of silane have fewer



voids and dangling bonds comparéd 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 satlirate the dang]ing‘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,ahd
dangling bonds, this defect being called the structural disorder;

Because of the extensive disorder preéent, the Bloch theorem, which
is responsible for the extreme]y high mobi]ities of free carriers in crys-
talline semiconductors does‘nof hold for amorphoué semiconductors and hence
many of the results derived for crystals do not app}y difect]y to amorphous
solids. In particular, the concept of the wave vector E, characterizing the
electron wave function, is no longer meaningful.This is also true for the
z;spaceyand Brillouin zones. These concepts, which are direct consequences
oflthe trqns]atfona] 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 stafes.

In crystalline semiconductors, the impurity atoms form the impurity
energy bands in the forbidden energy gap. These impurity energy Bands afe
-narrow and continuous. They conétituté localized energy states, 1ike donor
and acceptor»ehergy levels closer to conduction band ahd valence band res-
peétive1y. In the amorphous semiconduétors,‘however the lack of long-range
order and structural defects cause a continuous distribution of 1oca1iied
states ih the energy qgap.

Davis and Mott (1970) and Cohen, Fritzche and Ovshinsky (CFO) (1969)
suggested models for the distribution of the denéity of localized states in
order to explain the conduction mechanisms in amorphous semiconductors (3,4’
These two models are illustrated in Figure 1.1 whereAthe shaded regions rep

resent the localized states. In contrast to the crystal, the density of
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‘Models for the Distribution 6f the Density of Localized States
(a) Cohen, Fritzche,Ovshinsky Model
(b) Davis and Mott Model



‘tates doesnot vanish anywhere in the entire range of the energy gap. The
lensity of states'exténds into the gap from both the conduction band (CB)
ind valence band (VB). The localized electron states near the band edges
ire due to the loss of 1ong-r§nge order. The localized states near the
niddle of the gap originate from thé dangling bonds.

In the CFO model, tails of localized states extend from the valence
and conduction bands far into the energy dap. Near the center of the gap,
these states overlap. When such an ovek]ap takes place repopu]ation occurs,
with electrons transferring from the higher region of the valence band tail
into the lower region of the éonduction band tail.Since thé states are local
‘.1zéd, this results in the creation of large concentrations of positively
aﬁd negatively éhargedlcenters or traps. These charged states (donor Tike

and acceptor like states) effectively pin the Fermi level.



In the Davis and Mott model, the tails oi localized states do not
‘overlap The position of the Fermi level is determined by the band of the
ocalized states near the middle of the gap which reaches a maximum at the
‘center and then decreases 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 (E;) and'va]ence band edge (Ey), different con-.
duction mechanism are to be expected Yhereas in the extended states, char-
_ged carriers are assumed to move with an almost normai mobility of about Tto X
/V-sec,'and the transport in localized states can only occur by phonon as-
sisted tunnelling [i51. This is why at the transiton from the extended to
10ca]ized states.at E; and E,, the mobility drops sharply by some orders of
magnitude giving rise to mobility edges. As a consequence, a pseudo gap,

called the mobility gap, E.-E, arises.

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

' There are two different mechanisms of conductivity in amorphdus semi-
conductors. In the band-to-band conduction at high temperatures, the elec-
frons are excited to the conduction band and holes to the valence band. At
low temperatures the conductivity mechanism is dominated by phonon assisted
“hopping in the reqgions of localized states.
With the models descriped for the density of states in the previous
~ section and the mobility edges in an amorphous semiconductor, one would ex-

pect three mechanisms of conduction at appropriate temperature ranges :



1- Transport by carriers excited beyond the mobility edges into
non-localized (extended) states at E; or E,. The conductivity for elec-

trons is
(Ec-Ef) ,
o= O s €XP [- —= 1] 1.1
- KT '

where Snin is the minimum metallic conductivity given by

2
2 610 . -
i = 0-026 - (o-cm)

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 exqited into the 1dca]ized states at the
band edges»and hopping at energies (EY). For this process, assuming again:
conduction by electrons, the conductivity is given as, |

o= o, exp [- —Ejifﬂiﬂil—] - i
K | '

where E' is the energy level in the localized state region near the con-
ductioh band edge u1is the activation energy for hopping at energy £, and
o, is the'preexponential factor [31,

| 3- if the density of states at E; is finite, then there will be a
contribution from carriers with enehgies near EF’ which can hop between lo-
ca}ized states. We may write for this contribution

W2 | 1.3

o = gp exp [- ]
kT

where W, is the activation energy for hopping near the Fermi energy and

o, 1S the pre-exponential factor [31.



At very Tow temperatures, such as kT less than the bantwidth 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 [3],

] : 1.4
where ] 1803 s
° " KN(EF) ‘

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.[3].

: Y
In the temperature range where this equation is valid, Ino versus T i

graph is linear. From the slope of this graph, one can obtain N(EF) by
using proper value of a.
A general graph of temperature dependence of the d.c conductivity

~ is. shown in Figure 1.2.
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FIGURE 1.2
'Temperature Dependence of the d.c Conductivity

Activation Energiesbz 1- Band to Band Conduction
' 2- Band Tail Conduction

3-  Conduction Due to Hopping to The Nearest Neighbour.
4. Conduction Due to the Variable Range Hopping.
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IT. EXPERIMENTAL TECHNTQUES

2.1 PREPARATION OF THE FILMS

The.amorphous silicon fiins'and metal electrodes are evaporated
in a coplanar geometry on microscope s]ides; by 2.5x4.5 cm in length,
produced by Fischer Scientific Co. The masks used in the evaporation
process .and the metal e]ectrodes'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
space (1.5x2.5) of the meta] eTectfode masks to produce a coplanar geometry.
' Microscope s]1des are first cut to the desired dimensions and tnenC1eaned
w1th Alconox detergent in an Ultrasonic vibrator. They are then r1nsed w1th
distilled water and methanol. ,
The vacuum system is VARIAN VT-422 type. The system is pnmped.down,
to 10 -3 torr. pressure with a cryopump In order achieve a lower pressure

ion pumps are used. The pump1ng time of the cryopump is approXimately one

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

down to 10—7- ]0—8 torr. The pressure is measured with a thermocouple-pressure
...3 .

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

gléss substrates are placed on a substrate ho]der,'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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The‘evaporation system used consists of an-electron-gun and three‘
crucibles produced by VARIAN. Evaporant is a pure polycrystal hump obtained
from Matheson Coleman and Bell laboratories. -The distance between the evapo-
rant and glass substrate is 25 cm. The distance must be ]argelin ofder that
host 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 képt
as low as possible. The basé pressure before evaporation could be decreased
to 10-3 torr and during evaporation 1t 1s.kept constant at 5-7 10_7 torr;
| This is achieved by circulating jjquid Nitrogen througn a‘jacket around
the vacuum chamber. The film th{cknessess are between 0.30 um and 0.60 um.
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
brder to prevent the formation of an oxide layer on the film. Then the systém
visidpéned and prepared for the evaporation of aluminium e]ectrodés. The thickness
of the eiectrOdes is around 1 um. and they are evéporated in 5 to 10 minutes.
The thickness of the evaporated films is measQred with an A° -scope Interformeter
broduced 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 known.

2.2 EXPERIMENTAL SET-UP

2.2.1 Thermostatic Room.

During the d.c measUrehents 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

| room, with Tiquid Nitrogén, the temperature of the holder can be lowered t0-190°
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and with aid of two heaters can be raised up to 660°C. By the use of
electronic control unit‘in the thermostatic room, the temperature can

 be kept constant within # 0.50°C deviations f6]..At lower temperatures,

to avoid the condensation of vapor of water and at high temperatures to
avoid the okidization and heat transfer between the thermostatic room and
vits enyironment3 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
éndltne I-T measurements at constant electric field. The block diagram of
the apparatus used 1nvthese measurements is given in Figure 2.3.

According to the applied electric fie]d; the app]ied-voltage is
changed manually in 2 volts steps at low electric fields (102 V/cm) and
fn 5 voTts steps at high electric f1e1ds(103 V/cm). The current for each

setting is recorded after it became stable to avoid any capacitive effect.
‘Applied‘vo1tage is measured with a digital voltmeter connected across the
d.c power supply. In fact tne digital vo]tmeter has an 1nterné] impedance
much lower (1 M’Q) than the resistance of the samples (]05-1OZQ) and if
tne voltmeter were connected across the sample the electrometer would
indicate the current through the digital voltmeter and not the sample.

The major difficulty encountered with the high resistivity samples '

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

of shielded type.
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IT1. EXPERIMENTAL RESULTS

3.1 D.C MEASUREMENTS

The I-V characteristic of the fi}ms are obtained using the set-up
shown in Figure 2.3, by applying d.c voltage (2VEto 75 V) to the samples
af room témperature. I-T charatteristics of the films are obtained under
102f103 y/cm. electric fields. Philips PE 1520 is used as the d.c power

-1
8—10 ! Amp. a Cary

supply. In order to measure the ;urrents around 10~
401 vibrating Reed E]eétrometer is used.lTo measure larger values of
current Keithley Digital Voltmeter is used. During the measureﬁents, the
‘pbessure of the thermostatic room is kept as,1ow as ]O~3 torr.

D.C ﬁeasurements are done for‘two purposes:

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
cond{tions effects on the structure of the film.

i1) Tempefafure debendent conductivity measurements are performed to

determine the conductivity mechanism, and the localized state density near

the Fermi 1eve1.
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3.1.1 I-V Measurements at Room Temperature.

The i-V measurements of the sampies show that the I-V graph is
symmetric with‘reépect to the polarity of the voltage app]ied implying
that fhe aluminium electrodes fohn an ohmic contact with the amokphous
v>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 goes up

to,103 V/cm 1n'most samples. The ohmic behaviour disappears after this
region and the current increases exponentially at higher e]ectfic fields.
Aec0rding to the Poole-Frenkel's theory [ 73, this is due to the presence
of high electric fie]d effects the Coulombic potential barrier. Potential
barrier can be Towered such- that be thermal energy, which is not enough
to release the trapped electron in the absence of the field, becomes
sufficent 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 =A(T)E expl eBE 3.1
KT

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

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

Since the dominant field dependence is through the exponential term, the
a ,
E  factor has a relatively weak contribution. A(T) and E? can be taken as
constants. Therefore it is possible to write the current equation in the

following form :
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Y
In 1 = Constant + -8 E

kT

This shows that a graph of TnI versus E;2 ought to give a straight line

with a slope equal to eB/kT. Ln 1 = f(E%) graphs for three diffefent
samples are shown in Figures 3.2, 3.3 and 3.4 respectively. Here at around
'103 V/cm electric field and.up, the current changes linearly with the square
root of the electric field (E%); This 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 [2]. 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 déposited
at room temperéture with respect to deposition rate is 1nvestigatedeecreasﬁng
the deposition rate from 1.8 Ao/sec to around 0.25'A°/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 researchers observed that the density of amorphous silicon is

15 % less that the density of the crystal siliconl 81. This is due to the
existénce of voids with radii around 40 A 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 vbids, éonsequently no dangling bonds and impurity atoms, the

density of localized states around the Fermi level should be low meaning
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increasing eesistiVify. 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 meaSUrements of the same sample are obtained at different
times and the change in resistance is observed. In the course of time, as 1tvis
seen in Figuke 3.5 the resistivity is increased. This effect is observed one
month‘fo]loWing the film deposition, later on the film is stable. |

3- Annea]ing': The samples are annealed at around 3000C. As akreéult
of annealing, the resistivities of the films deposited at room temperature are
increaeed by a factor of 10.

The effects of preparation conditions on the resistivities of the films
afe given Tab]e 3.1. With ]ower-evaporation rate, againg and anhea]ing, the
highest resistivity which is obtained, is 107'Q—cm. The resistivities of_tﬁe
amorphbus silicon films prepared with the e]ecfroﬁ gun evaporation method by'

other researchers are as following [9,10 and 111,

Researchers | Resistivity (q-cm)
‘,Ybng, John and Wong ' 107;]08
Dey and Fong | : 105-106
De]1eferra, Labusch and Roscher ]03-]04

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

Current versus temperature (I-T) measurements are performed between
110°K and 430°K 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

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



TABLE 341

Resistivity

Evaporation Evaporation Resistivity
Sample no.’ Rate. Pressure. | Thickne_ss Before AnnealingAfter Annealing.
(A/Sec) { Torr.) | (A ) e(qQL.cm) P(em)
‘ - ’ 3 |
23.4-%4°] 1.8 610’ 6000 610
23-4:84-1] 1.8 610 6000 11x 10" 110
23.484-111 | 1.8 6x10 6000 1x10%
| ' =7 5 5
22.5.84-1 0.25 6x10 3600 1.6x10 2-4x10
| 7 — G |
22.5-84-11 | 0.23 6x10 3314 1.5x10
| | -7 | 5
22.5.%84 11 0.27 6x10 3893 1.7x 10
7.7.84 -1 028 5x 167 4772 6-1x106 2.7x 107
. -7 6
7.7.84-11 | 0.36 5x 10 6079 8.8x10
. -7 ~ 5
7.7-84-111 | 0.26 5 x10 L422 5.2x 10

Note: All data are taken at room temperature

0¢
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occurs must be detérmined. In order to determine the temperature above

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

ductivity versus temperature graphs are constructed The results for the
samples are shown in Figures 3.8, 3.9 and 3.10.

" The activation energies obtained from the slope 1ng-versus—T_]

| graphs above 130°C are around 0.8-0.54 eV, which are the ha]f‘of the
;_energy gap. These values show that the mdbility gap of amorphous Si]icon

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

other researchers(13]. Therefore at temparatures above 130°C the con- .
ductivity mechanism is a band-to band conduction.

In the high temberatnre range, between 403°K and 285°K a different
eonduction mechanism exists since the cunve is not linear any mone. In

‘this temperature range electrons jump to tail states closer to the conduction -

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

© mechanism is of the form :

AE
o=o9,epl-—1 | | 3.3
2 kT

The activation energies obta1ned from the slopes of Ino versus T -] graphs
between 285°K and 200 °Kk are between 0.2 and 0.06 eV.This shows us that the con -

~ductivity mechanism involved is not band-to-band conduction but it is rather

hopping conduction between the nearest neighbours.

3.1.4 Measurehent of the Density of States.

In the low temperature range below 200°K and at constant electric
field of 102e103 V/cm. the conductivity versus T_/4 graphs of the samples
are plotted. These gnaphs,are 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 Mott. The equation (1.4)



22

can be rewritten as,

L
TO)
T

Ino = Tno, - (

3.4

Therefore the density of localized states around the Fermi level, N(EF),
_ _ : X

can be calculated using the slope of the Ino versus T 4graph. By taking
a-]= 10 A° as-proposed by Mott[ 31 for evaporated silicon films, the N(EF)

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

. ' v -1
Sample no N(EF) (cm3-ev)
23.4.84 - 11 ‘ - 1.46 X ]020

' 21

22.5.84 -1 ‘ 2.7 X 10
20

2.7.84 -1 2.5 X 10

These results are in good agreement with the values obtainedvby other

experimenters [ 12 ], and show that the dangling bonds are highly concentrated

- around the Fermi level.
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TypicaT-I—V Curve of a Sample at Room Temperature
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.;;140_ Sample no:23-4-84-11
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FIGURE 3.2

LnI versus EL2 graph of the sample no:23.4-84-11 at-Higher Electric
‘Fields Between 1156 V/cm to 2116 V/cm.
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FIGURE 3.3
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‘ ’ ” .
Lnl versus E* Graph of the sample no:22.5.84-1 at Higher Electric

Fields Between 1296 V/cm to 2116 V/cm.
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" FIGURE 3.4

Lnl versus E%Graph of the sample no: 7.7.84-1 at Higher Electric
Fields Between 1849 V/cm to 2809 V/cm.
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FIGURE 3.5
- . The Change of Resistivity with Time.
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idB ~ | | Sample no:22.5-84-1
!
+
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FIGURE_3.6 : | y ( )

The Conductivity of The Sample is Plotted for The Full Temperature
Range 110°K to 430°K | |
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The C_onductivfty versus T_] Graph of the Sample n0:23.4.84-11 for the
"~ "Full Temperature Range 100°K to 400 k. ‘

. 1k | \ Sample no :23-4.84-11
6(QLem) ' |
164 ~—
;
._5'
10
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10 —
i 1 [ 1 1 i § 1 | ! 1 1 1
y) 4 R o 8 10 ]23
- | | oy 17}
~ FIGURE 3.7 o | | AR
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6lfL.em) - Sample no: 23. 4 841
 4x10

Band to band conduction.

1107 ~
R E——
Hopping to the localized
tail étates near the
3x1(f5 | conduction band.
] I : [ | I ] l l} !
23 24 25 26 27 28 29 30 31 32
| | | 3
~— Increasing T » l-TQ—(°K_)
FIGURE 3.8

The ConddctiVity versus T-1 Graph of the Sample no: 23.4.84-1I for the
Temperature Range 312°K to 435°K.



31

6
R
(ﬂcm) _ Sample no 22.5.84-1
16"
5.
10
1 L L | I L1 L |
23 24 25 26 297 28 29 30 31 3.2 33
_ | ;
107, 0,71
| T (°K )
~ FIGURE 3.9

The Conductivity versus T—] Graph of the Sample no:22.5.84-1 for the

Temperature Range 303°K to 454°K.
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'FIGURE 3.10

The Conductivity versus 77! Graph of the Sample no: 7.7.84-1 for the
Temperature Range 298°K to 444°K. : :
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B Sample -no  22.5.84-1

; 6 ‘
10 | 1 1 | | | l 1 | | ]

0.25 0-26 0.27 0-28 - 029 A o A
7404

FIGURE 3.11
-4

The variation of conductivity as a function of T for the Tow

0
temperature range, between 256°K to 118 K.
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_5 . ) '
10 [ e —
r | sample no: 23.4.84-1

167 . | 1 1 | | L1 1 N | ] L L |
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VA
ILANEIEAY

© FIGURE 3.12
A

) ' N - ,
The variation of Conductivity as a function of T  of the Sample no:
23.4.84-11 for the low Temperature Range Between 134°K to 109°K.
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IV, CONCLUSIONS

The samples used in this work are prepared by electron beam eva-
‘ poratidn under a base pressure of 10'7 torr obtained in a conventional
vacuum system. The samples consist of an amorphous silicon film of 3000 AzGOOOAO
~in thicknéss on whjch, a layer of aluminum is evaporated as metal electrode..
In order to investigate the electrical properties such as the room
temperature conductivity, basic trahsport mechanisms, the density of states
near the Férmi Tevel and the activation energies, d.c measurements are per-
’ fofmed'in the temperature range from 110°K to 430°K. The I-V measurements
- at room temperafure show that the contacts between the silicon film and
the aluminum e]éctrodes are ohmic up to an electric field of 10° V/cm.
The ohmic behaviour disappears after this region aﬁd the current‘increases
exponéntia]]y at higher e]ectric fields. At higher electric fields I-V
~curve obeys the Poo]e-Frehke] law. The d.c conductivities of the films are
~ around 107321077 (a-cm)™!
N In the higher temperature range, above 400°K, the conductivity me-
chanism involved is band-to-band conduction. The activation energies ob-

tained from the slope of 1no-T-] graphs above 400°K are around 0.54-0.8 eV."

These actiVétion energies give a mobility gap of 1.1-1.6 eV.
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In the high temperature range between 400°K to 285°K the dominant
'conductionAmechanism is different. In this temperature range electrons
Jump to the tail states closer to the coriduction band.

At temperatures between 285°K to 200°K the conductivity mechénism
involved is hopping conduction between the nearest neighbours around the
Fermi level.

;n the Tow temperature range,‘below-ZOOOK,and at small electric

. - 3 . '
-f1e1ds£ between 102.and 10~ V/cm. the conductivity of these films obey.
y .

the T~ law as proposed by Mott. These Tow temperature results are then
used to calculate thé'density of states around the Fermi energy Tevel
‘which is of the order Qf.1020 - 107! (cm3-ev)_]. The results show that the
~density of dangling‘bohds in these films is similar to‘those prepared by
sputtering but is much higher than those prepared by glow-discharge
decomposition of si]ane(SiH4).

The effects of ageing, annea]ingvand deposition rate during eva-
porationvare also studied. It is observed that the resistivities of the sampTes
deposited at room temperature increasé by a factor of 2 or 3 within the
first month of preparation. Annéa]ihg the sgmp]es also increases their
resistivities by a facfor of 10.“However fhe most effective preparation
parameter, in terms of higher resistivity, is the deposition rate. De-

‘creasing the deposition rate’from 1.8 A°/ sec to around 0.25 A°/sec in-

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