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surface roughness (hillock growth) of silver ftlms are presented along with the 
required theory for the measurement of surface roughness by using ellipsometry. 
The variation of the hillock growth with thickness of the film is also brought 
under discussion. This chapter also contains the calculated values of intrinsic 
stress in Silver films of different thicknesses. 

The ligh scatter ing measurements can give a lot of information regarding the 
roughness of film surfaces. Hence the surfaces of the samples analysed by 
using the ellipsometric method have been aga in examined by using light scattering 
technique and this is presented in the next chapter. These confirm the results 
of ellipsometric measurements mentioned in earlier chapter. 

All these observations are summar ised in chapter IX. This also points out the 
importance of the low temperatu re annealing . 

A theoretical study of. the lattice dynam ics of ZnS crystal is also included as 
an append ix in the thesis . In this. the phonon frequenc ies for [100 J. (110) and 
[ 111] wave vecto r directions are calculated for both normal crys tal and isotope 

(Zn34S).substituted one From these two values the eigenvector magnitude is 
computed for the three wavevector directions. 

Part of the investigations presented in the thesis has been 
published/communicated in the form of following papers: 
1. Effect of annealing on the reflectivity of Silver film 

K.P. Vijayakumar and C. Purushothaman
 
Thin solid Films 82. 225 (1981) .
 

2. Tempera ture variations of reflectivity of A1-Ag double layer films 
K.P. Vijayakumar and C. Purushothaman 
Proceedings of Nuclear Physics and Solid State Physics Symposium held at 
Banaras Hindu University . Varanasl. Vol. 25C. p. 8JB5 (1982) . 

3.	 An opt ical study of the thermal effects on Cu films K.P. Vijayakumar and C. 
Purushothaman 
Thin Solid Films. 112. 71 (1984). 

4.	 Opt ical study of surface diffusion in Silver films K.P. Vijayakumar and C. 
Purushothaman 
Proceed ings of Nuclear Physics and Solid State Physics Symposium held at 
University of Mysore. Mysore. Vol. 26c . p.SAB8 (1983). 

5. Lattice vibrations and eigenvector magnitudes in ZnS 
K.P. Vijayakumar and C. Purushothaman
 
Indian Journal of Pure and Applied Physics. 19. 749 (1981).
 

6.	 Ellipsome tric study of thermal effects on Silver films K.P. Vijayakumar and C. 
Purushothaman 
(Communicated to Surface Science) . 

7.	 Hillock growth measu rement by light scattering technique 
(Communicated to Applied Optics). 
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During the past few decades . a wide spread interest in the structural. optical, 
electrica l and other physical properties of the transition metal dichalcoqenide 
layer compounds has evolved. The members of this family of compounds can 
be regarded as strongly bonded two dimensional chalcogen -metal-chalcogen 
layers which are loosely coupled to one another by the weak van der Waal's 
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forces. Because of this type of bonding', the crystals are easily cleavable along 
the basal plane and show highly anisotropi c properties . 

This thesis contains the growth and the study of the physical properties of 
certain tin dichalcogenide crystals (SnS2and SnSe2) ' Tin disulphide and tin 
diselenide crystalli se in the hexagonal Cdl 2 type crystal structure. This structure 
consists of layers of tin atoms sandwiched between two layers of chalcoqen 
atoms. A tin atom is surrounded by six chalc ogen atoms octahedral!y . In the 
layers the atoms are held together by covalent bonding and in between the 
layers there is van der waars bond ing. 

These crystals are normally grown by chem ical transport method with iod ine 
as the transporting agent, the growth time being about 8 to 24 hours. But cry stals 
grown using transport ing agent are usually contaminated by the transp orting 
agent and this has a pronounced effect on the physical properties. Therefore 
physical vapour transport method was used for the growth of crystals in the 
present investigations. Eventhough ·a relatively larger per iod of g rowth time is 
necessa ry for the physical vapour transport method (40-150 hrs), the crystals 
obtained from this method have a much less impurity concentration than that 
obtained from chemical vapour transport method. 

Since the growth temper atures of tin disulphide and tin diselenide are 
comparativel y high, fused quartz tubes were used for the growth . Stoichiometric 
proportion of the starting materials were filled in precleaned quartz ampo ules 

5and evacuated to a pressure of 10- Torr and sealed . For the growth process 
a horizontal two zone linear grad ient furnace and temperature controllers with 
acc uracy better than ±1 °c were used . A source temperature of 700°c and a 
growth temp erature of 630°c was used for the growth of tin disulph ide crystals . 
After a growth period of 40---150 hours, golden yellow plate let like c rystals of 
appr oximately 1.5 crrr' in area and 10-60 J.L thickness were obtained . For the 
growth of tin diselenide c rystals, a source temp erature of 640°c and a growth 
temperature of 475°c was used. Usually thin platelets of metallic coloured crystals 
haVing a thickness of ~ 100 J.L were obtained . 

Crystals with good plane surfaces were selected for morphological studies. 
Beautiful ci rcular and hexagonal spiral s were observed on the as grown faces 
of tin d isulphide and tin drsetentde crystals. These observations reveal that these 
crystals grow from the vapour phase by the screw dislocatio n mechan ism. Spirals 
with hollow core and change of curvature were observed on tin dlsulph ide 
crystals. The change of curvature of the spiral step depends on the stress field 
around the dislocation . Eccentric spirals originating from single screw dislocation 
were also observed. The ecce ntricity of the spirals depends on the supersaturation 
gradient of the growth crystal. Eccentric spi rals and spirals showing change of 
curvature were observed on tin diselenide crystals also. One of the most striking 
features observed on SnSe2 crystals was the interlaced sp irals. Interlaced spirals 
result from the dependence of g rowth rates on crystallograph ic direct ion. 

Optical studies provide a wealth of information on the band structure of the 
semiconductor and also about the impurity levels in the band ga p. Optical 
properties of the crystals were studied by transmission measurements. Refractive 
index of the crystals was determined from the interterence fringes obtained in 
the transmission spect ra of thin crystals. Absorption coefficient was also calcula ted 
from the transmission spec tra ot the crystals . 

In tin disulph ide crystals, it was found that there is a shoulde r in the abso rption 
just before the onset of band to band transitions. This shoulder is caused by 

...
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transitions from valence band to donor levels (due to doubly ionizable .sulphur 
vacancy) situated 0.17 eV below the conduction band . From absorption edge 
measurements it was also found that, in tin disulph ide the valence band is sp lit 
Into three due to spin -orbit interact ion and crystal field splitting . 

The fundamental absorption data was analyzed in terms of the theory of 
Bardeen et .a t and from this analysis, an indirec t forb idden band gap of 2.07 
eV and a direct forb idden band gap of 2.40 eV have been detected in tin 
disulphide crystals. In the case of tin diselenide c rystals, the indi rect band gap 
obtained is 1.03 eV. From the funct ional dependence of absorpt ion coefficient 
on photon energy it was found that the transition is forbidden. 

Conductivity type of the c rystals was determined by the hot probe method . 
All the tin disulphide and tin diselenide crystals grown were n-type . 

From the electr ical measurements, activat ion energy requ ired for conduct ion 
mobility , ca rrier concentration etc . were determined . Resistivity of tin diselenide 
crys tals was measured at di fferent temperatures and from the temperature 
de pendence of resistivity. activat ion energy tor conduction parallel to c-axis was, 
obtained (0.072 eV). Resistivity and Hall effect perp end icular to c -ax is were 
measure d by van der Pauw's technique . From these values , mobil ity and carrier 
concentration of tin diselenide crysta ls were calculated . From the results it was 
found that cryst als g rown by physi cal vapour transport (ca rrier concentration 

10 ' 6 - ) are less contaminated than that grown from chemica l transport (carrier 
concentration _10 '8) method. 

Electr ica l conduct ion mechanism in tin disulph ide c rystals was studied using 
Al -SnSrA1 (MIM) struc tures. The current voltage characteristics obtained show 
four discrete region s. At low voltages. the current is proportional to the voltage 
(ohmic law region ) followed by a square law reg ion at high fields. This region 
is the shallow trap square law region. The square law region is followed by 
another region where current increases sharply with voltage (I 'XV"; n ;;. 3) and 
this is due to the filling up of the traps . This region is followed by the trap free 
square law region. These observat ions indicate a charge injection into the 
semiconductor. The log I versus log d p lot in the shallow trap square law region 
shows a d 3 dependence establ ishing that the conduction mechanism is space 
charge limited . From the threshold voltage , where the ohmic current cross over 
to space charge limited curr ent in the absence of traps. the density of thermally 
generated free ca rriers was de terrntnst (2.3 x 10" crnv) . Mobility of the charge 
ca rriers was calculated using the equat ion for SCL conduction (6 cm2N .Sec). 
From this mobility, conductivity of the specimen was calculated (2.2 x 10- 7 n' 
cm ') and the calculated value agrees very well with the experimental value 
obtained from the ohmic law reg ion . Due to the filling of the traps in the 
semiconductor, cur rent inc reases sharply after the shallow trap square law region. 
The trap filled limit voltage measures the fraction of the total concentration of 
traps that is empty in thermal equilibrium and from the trap filled limit voltage , 
the trap concentration was calculated (2.3 x 10 '3 crn') . Trap dept h. Fermi level. 
effec tive de nsity of states in the conduction band etc . have also been de termined 
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Design and development . of an elliptica 
sectora l horn antenna is reported . By props 
any des ired polarization can be synthesize] 

First chapter high lights the pioneer works 
description of different types of electromagn 
antennas. etc . are g[ven with specia l reference 

An elaborate review of the past work doni 
antennas . circularly po larized horns, beam s 
horns and surfaces etc . ae given in the sec 
the memoria l lecture of Sir Oliver Lodge in 

Third chapter is devoted to tf]e descript ior 
techniques. Technical deta ils of Antenna Posi 
Flange Moving Mechanism, etc. are desc ril 

The outcome of the experimental results ( 
fitted with tilted co rrugated flanges are P. 
expe rimental investigations have been cor. 
TE,o mode. The foltowing antenna characte 
1) Co-polar and cross-polar on-axis power 
2) Polarization pattern 
3) Axial ratio 
4) Tilt angle 
5) Sense of rotation 
6) Radiat ion pattern 
7) VSWR 
8) HPBW 
9) Directive ga in 

Variation of all these antenna characterist 
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horn . 

1. It is found that on-axis co-polar and 
much dependent on the position of the flan 
position of the flange from the aperture , the 
polar component which is nearly equal in 
when the corr ugation tilt ang le is 45°. If I 
than 45°, the cross-polar component is ves 
elliptical polarization is 45°. 

Axial ratio is strong ly influenced by- the P. 
of the horn. Axial ratio fluctuate from a n 
are moved back from the horn aperture. ! 
approaches 0.26 dB, and the radiation is c 
that depend ing upon the posi tion of the II 
cross-pola r radiation can be produced . TI 
axial ratio can be obta ined only when the til'from the measurements . Dependence of the current on tempe rature in the ohmic 

law region gave an activat ion energy of 0.40 eV. 
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