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SUMMARY

This work s dinided inZo oo punis, fae finsl neni

denks with dmplemeniding a compuien o

<4 specially designed fon finding ihe sirucivne of cmorshous
maZeniaks and afloys from X-igy diffrociicn outa, (2Ais rneg-
ram can afso e appfied Zo efeciacn and neuiacn dififnzciicon

daia .

The second pari deuds with 2ppiging
program Lo {£ind Zhe siauciune of ermosphous Se. Tn o ine Ainsi
rari ine precgram was highly edapled ond imclemenied wiin
greal efficiency on the focad compuien insialied in Ain Shama
Univeasily., The sifica gfass was the 1248 sumnlc voew in Zhe
prcgram. Afien making ihe necesscny clierviicns in ihe poconom

nd aunning i on the focaf computen on ths foai wanzfz, ine

£

i
lesi sample geve struciuce daoifa in gocd compoadiscn wiib the
ornsginal ones, which dndicoten o geoed implz-eniailoin o¢f ite

program wilh Adigh efficiency.

Pl

In Zhe secend poni the inpfemented PROFAGR wis wsed Fo
<nvesiigale the siauciure of wmoiphous germandium. Thz sisuo-

lune was Lavesiigated through finding the mcii suiivile fhec-

neticakl medel which can £iid the expendimenicl oaia.

Sevearal models were proicsec, namefy Liolming 4icuiuce
noced Tetragenck siauclune moded, anc finalls Ponizite medod,

Lui none cof Zhese mcdels fil penfecify welé ihe exnotdmeniad

resudis, The Diamond sinucilune was ihe necnes: io the expesim-

T

ental fii, bul noil penfecify welf, The coiken Zwe stau
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were far away from the siaucturcd configuraiicn of fThe amon-
rhous germanium, A5 @ resull of thias finding the sirucituncd

noded which was suggested 2o descaile cceunaiely well ihe
struciure of amorphous Ge was what is caffed o Yreglionuf s

Zenied diamond medelf®™., This Sistc

e

PN
¢
[
&)
3
E
N
On

teve

incn micrcscopy examinaiion when Lryding Lo siudy Lhe nrccess
cf crystablization of Ge in situ unden Zhe vpacuum of ine
efeciron microscope. This inpesiigaiion revealed Zhe presence
of smalf percenitage of teinragonal caysicfs in the modn
cf the culdic carystals, This may confdiam the hypcihesis of ithe
regional distoried Diamond sitruciire meded fon the silivciuaz

of the amoaphous Ge.

Central Library - Ain Shams University

Iz

e
.



CHAPTER 1

INTRODUCTION
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CHAPTER
INTRODUCTION

The semiconductors silicon and germanium crystallize
in the diamond structure. Some authors may classify these two
materials as semimetal elements, but the diazmond strucktire
and their energy gap values, (in germanium is ~0.71 eV, aasd
in silicon is ~1.1 eV), may reveal their properties as semi-
conducting elements. Each atom in these materials is sur-
rounded by four like neighbours, and the four outer elecirans
of each atom form electron-pair, (or covalent), bonds with
each neighbour (Aldert Vander ziel, 1971)(1). In teéhnology
Ge and S5i was applied in transistors manufacturing as a thres
terminal electronic device fer their interesting electronic
properties. Recently when thin film technigue was advanced
and used in preparing solar cell, Ge was used in censtructing
such cell, In this technigue a pentavelent elewent is depositad
at first as a donor substrate (n-tvoe Ge elenment), on which a
p-type Ge is evaporated as a thin f£ilm ( ~thickness of Znges-
troms) to form a p~n Jjunction of germaniurm which has charac-
teristic features, such a system is one type of "a solar

cell”,

In a parallel way when germanium and silicon zre pre-
pared as amorphous samples they display another interesting
electronic properties such as switching and memory effects

(Ovshinsky, 1968, 1969)(2’3). From an enginsering upoint of

l(‘;

view, amocrphous semiconductors are closer to practical usage
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for electronic devices than metallicg Slasses. This situation
has stimulated the investigaticn of theses ma%farials, and tnu

good progress has been made on armorphous semiconductors tha-
have been reviewed in texts (alder, 1971, Le Comber and ¥

1973y (4:3)

1.1- Early Work On Amorphous Germanium :

Great amcunt of experimental and theoretic

m
P

investig-

ation have bheen done in or

{3

er to reveal <tTrhe struct:
amorphous Ge and Si. The definitive work o=n amorphcus 5i was
2 = . -A(6, - .-
done by Moss and Graczyk, 18969, 1370 « Using electron
diffraction techniques they determine? the electren scatter-

ing from thin film of amorphous Si. Frox larce angle scatter-

ing they calculated the electron diffraction Suncticn an? Dy

performing a Fourier transform thev deduced “he radizl dist-
ribution functien (RDF) of the material. In addi<isn from
small angle scattering they concluded :hat amorchous S1 as

f

deposited contains voids or recions of low dernsity which ma

bt

be annealed by heating. Shevchik and Paul in 7972(8), Lsi

V3
Wy

X-ray diffraction have presented similar data for amorphous

Ge films produced by sputtering, evaporation, and

-

[4¥]
r

i
¢}

IO~

deposition. In both works they showed that the rasia

|-
(8]

istrib-

4

o

ution functions (RDF's) of amorphous Ge and Si are essentlally
identical (except that the Ge-Ge bond length is a 4% larger
than that of Si-3%i, 3ust as that in tke crystalline state)

In addition the diffraction functions for t-

©
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n

also agree extremely well except tha* *he reduced Gav~a fo-
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Si tend to zero faster than those of Ge, at large scattering

angles.

The interesting features of amorphous Ge have activated
many workers to determine its structure as a key point for
knowing the differences in structure of semiconductor mater-
ials. And accordingly, many workers have constructed their
theoretical model to be satisfied by their obtained exper-
imental results. "A network mocdel" was suggested by Polk in
1971(9). In a restrained manner the continuous random network
(CRN) (may be applied in case of small angle scattering) was
also suggested by Polk in 1971(9). As a conseguential way a
computer simulation method was suggested by Shevchikx in

1972010)

. The second experimental approach was suggested by
Rudee, Howie and Coworkers (1972, 1973){11'12), they employed
high resoclution techniques of electron microscopy to study
amorphous Ge directly. Their results could rot be explained
by the random network model, and they suggested that the
structure of amorphous Ge can best be represented by & micro-
crystallite model, with a2 crystallite diameter of 14 &

Weinstein in 1973¢(13)

has shown later that the micro-crystal-
lite model in its simplest form is inadequate to account for
the diffraction data. His results showed that gquite accept-
able agreement with diffraction data can be obtained using
a statistical micro-crystallite model. Grigorivici in 1968”4)
reported that it was only by fitting both the radial distrib-

ution function and the diffraction function that a good under-

standing of the structure of amorphous Ge and Si could be

attained.
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Other workers (1967, 1969)(75¢18) 4 orger to expiain
their experimental RDF's in amorphous 8i and Ge adapted the
amorphous cluster models. The cluster model is a middle course

between the random network and crystallite mcdels.

Recently Rudee et al. in 1972(17) has found an improved
fit to his experimental results with the Wurtzite structure.
Wurtzite also shows perfect tetrahedral bonding. It has hexa-
gonal symmetry and is composed only of six fold rings. Rudee's
success suggested that a calculation of other known tetrahed-
ral crystal structures might give even better fits to the
data. It should not be forgotten that several investigators(6'7)
have considered the diamond structure to be the normal form
in which Ge and Si crystallize but the failure of the diamond
structure to account for the experimental RDF's has in large
measure been responsible for the dismissal of micro-crystallite

models.

Recently Karimat El-Sayed et al. in 1985(18), by using

electron microscope have found that on heating in situ the
amorphous Ge thin film, two phases of Ge were developed, the

normal diamond phase and few percentage of tetragonal crystals.

Two high pressure polytypes of Si and Ge are known as
SiTIII and GelIl (Wentorf, et al., 1963, Bundy and Kasper,

)(19,20)

1963 . These types have produced great interest cur-

rently since they are more disordered than the diamond or

Wurtzite structures while maintaining tetrahedral coordination.
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Ge also crystallizes in a form such that it has cubic symetry
and 1s composed of six fold rings but the nearest neighbours
occur in eclipsed, staggered and Intermediate conficurations,
(Eclipsed configuration bonding means zero angle of rotation
of bonds, while, staggered configuraticn bonding is the rota-
tion of bonds with respect to each cther with sixty degrees),
and all the atoms have identical environments, the Ge in this

case is known as GeIV (Bates, et al., 1965)(21).

GeIII structure 1is characterized by guite distorted
tetrahedral bonding and has tetragonal symme:ry (Xasper, and

y (22)

Richards, 1964 . It differs from the previcusly mentioned

structures in two respects

(i) In addition to six-fold rings, GeIII alsc has five- and
seven-fold rings, which can have impor=ant effects orn
the electronic density of states (Weairs, et al., 1872,
Joannopoulcs and Cohen, 1973)(23'24).

(ii) There are inequivalent types of atoms in GeIII, that
is to say, two different arrangements of neighbours.

For this reason GeIIIl presents a crystalline structurs

which has many of the features of an amorphous material.

Other crystal structures considered wers suggested by
the work of Grigorivieci in 1968(14), who introduced the con-
cept of the "amorphon'-pentagonal dodecahedral unit which is
easily formed with minimal distortion of the tetrahedral

bonding atoms. In these units, all bonds are eclipsed ané

only five membered rings are formed.
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(B2

Finally for completeness, the remairning high pressure

polytype of Ge (GelII), the white-tin struc-ure {Wyckoff

25 , . . . . .
1963)( ) was alsc considered. The white-tin structurs na

!

tn

tetragonal symmetrty. Unlike the other structures mentiored
so far, white-tin has distorted tetrzhedral coordina-ior wisn
two additional nearest neighbours. The presence cf six nearsst
neighbours has profound effects on the electrcn diffraction

and produces patterns ifotally unlike the experimental data of
the amorphous Ge. For this reasocn, structares witk o*her *han
tetrahedral coordination need not be considered further.
Table 1, lists tnese structures, along with their symmetry

tvpes, unit cell dimensions, nsarest neighbours, onearest

neighbour distances and densities,

1.2- Different Models Used for Determining the Structure of

Amorphous Materials :

Several models wers mantiorei hefore ir
in order to determine “he s*ructurse of amorphous Ge., These
rodels are : the network model, the micro-crysizllite model
and the cluster models. In the past, the ne-work nmodel wa
applied, but the failure of +this nmcdel =o give agres
between the thecry and the experimental rasulcs maks +the
exclusion of it more appropriate, in the present disgussion.

These models are explained in Zetails in the Icllcwings :-

(a) The micro-crystallite disorder model :-

In this .model many workers support the :Idea of the shor:s

range order (SRO)} in amorphous matsrials which nay he stronzlv
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related to the crystalline state of these materials, but in
the same time the pair correlation functions is only applied
through a limited range {(or a limited distance) within the
system concerned. Fig. 1 represents a schematic diagram of

this model.

In this model although small crystallites are discorderly
distributed, the inhomogenity of the atomic configuration in
the boundary region is not considered. More develcopments have
been made in order to make the micro-crystallite model £f1it
the experimental results and this by beginning with larger
local units having a desired coordination followed by a
tobology borrowed from the crystalline structure (Guntherodt,

and Beck, 1981) (28}

(b) Sphere packing :

This model is built mainly by assuming the aggregated
atoms of a system in its amorphous phase as a spheres having
a certain size and the closest distance of apprecach Zor two

spheres, (or coordinated), is not smaller than their atomic

radii.

The densely random packing (DRP) of homogeneous, coherent
and essentially irregular assemblages without wvacancy, and
large range order like those in crystals as suggested by

(27)

Bernal in 1959 may be applied to determine the structure

of many amorphous binary alloys. Figure 2 shows the tetragonal

close packed units, such that many polygons may be constructed
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