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! Laser ablation

2 Sputtering

® Molecular beam epitaxy

* Chemical Vapour deposition (CVD)
® Atomic layer epitaxy (ALE)
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! Forming

2 Gelation

® Aging

* Drying

*Dehydration or chemical stabilization
® Densification and annealing
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! Hydrogel
2 Alkogel
® Xerogel
* Aerogel
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! X-Ray Diffraction (XRD)
2 Scherrer’s formula

38



_ KA
S8W Cos6

(5-2)

Ol e 1y a5ed clo cols g oo alold o3l (593 5l esliial b (prioman al dipdi S
:‘))9»‘ Cowdy

A
2sin @

dpa = (6-2)

MTGQWJJ ey sl olas ol (a:b:C) S il

do = — 2 7-2
bk ™ ez (7-2)

: [46]r°-3.)“> stk e Gl

2 2 2
1 _ Rk 1P (8-2)

2. 2 2
dix a [

o oain (NKD o lo il b aSas) aSis St (o s ol dpjg s abasl,) cpl o
o3l 51 25U o ol Koo 3l slo aAld Sl s ol oo aSd sla jial L C g8 g Wgd
(9-2) alal, 5l oly oo |y TS 39 Slml St Jab o 25,5 51 (26 s g b S sh
.[47]o)5 dwle

BcosB = %+ 2esin 0 (9-2)

.&bwwgﬁw)au&lﬁs\.l_'éLgL;.engui’..;)SE‘g;l)S)b_‘éDA.La).‘)wl)o:\.f

2 S5 s (2-2-2

ol SaS 4 058 o0 atin oo Job e (Sl jgee o) LT i, ol o

5] ey |y )l GBI g (@) P iz gy e oole Syl Sloogas s oo eS|

! Strain
2 Transmittance
*Absorption coefficient

39



Gly S 9 iz s (A

395 Sk 6 p 5l (850 45 05d (8 wge e S A (pupbliteg Sl g S 3555
oole iz cupo 4 ol (Fyi 4505 cole Liz a9 (T) S jsee g 5,500 o250 (R)
Lo ls (S ()
A+R+T=1 (10-2)

ol 0 5 0il o 0ol 5l sysme g p Db |15 6098555 Sad g < B-2) S Byllae

[48] wsl oo yuj prk Dpeed = i 225 38 O j50

[=Ie %> a= —% InT (11-2)
T=21 (12-2)
Iy

Aol oo dged Caalus TYL alayl,y (o a5

— - I
I,
t

03le (555 5| guenblinag 1S g5 Sy j5e Sileds )b - (6-2) Uit
= S5l ol w098 slosle osle ()l B Ll b 38,5 (V) 351 L (Sgigs 51
3305 (oo le) Jlg 4 Syl les ol g Sl pud 4SSl crge 9 ol sole Qi Wl
S el |y plazl (o)l 9 BB ol (o0 )50

L0, sl 5 akul, 5l ly e |y (6,ly B (Sl abayl, 5l oolizl b

! Beer-Lambert law

40



ahv = K(hv — E,;)" (13-2)
G azg b aS Conl gy X g 555550 03l (5)l55 BB Efg oculi oo SOK T 0 o8
[49] col o S3A-2) Jgoz j0 a5 098 oo ol ool HA5 g5

[48] ools |35 £55 w4 a5 L X oo - (1-2) Joux

NS go X
)LZA "““ l
2

E oo e 3
2

Slisn 5 @35 05 G5yl ca p (@AV)? Josei ousy b Jle plsie 4 &jpanl o

Syl ewled (o

3,591 Gy (14-2)alal, 5l ooliiwl b lgs o |y (N) ConSlts o o

n =N+ VNZ—S2 (14-2)
09l (o0 00l ( 15-2) abl, LN 4T s a5
28 S%+1
v=(5)-(5) 152

[51]wT oo oy

1 1
=4 [=-— -
5= /Tz 1 (16-2)

%IkaT)oc\So)ﬂ Cawdy i balgy sleslainl b g oo 1y Hhas 0590 oole G STl (g0 ol
41



e(w) = g1(w) — g (w) (17-2)
g, = n%— k2 (18-2)
£, = 2nk (19-2)
al
== (20-2)

S upd i e [52] wian Sl (63 Suli cagpge 5 i lo Coond €7 5€1
e |y aslllae 9550 diged ;o 1, B plie (€2) (o590 Cond 5 SU3L Oliee (€7) SG 2S]
[53] wsS s

sy 559 5l g ;S (3-2-2

lr (Sl anil 5l aS 098 oo S oSy e I (Slaiws 4 (plag; (S5, psSny S
PeSwsSen 5o gl (Sl o 5l Sileds ik (T-2)JSs aiiS oo oolitul (g5l g

oS0 bgoh 516yl peSe Sl CgSny Se g5 (ul e (oo (LA ) (Siug) (9 Sl

S,00 1) (ges g9 4 atwn) gl 100 5 3 0> o iS5 <08 L 0l 100000 5 10

(59) S90S s S 13 prlans g 0550 3l Sileds (> b = (7-2) Uss

! Extinction Coeffiecient
2 Scanning Electron Microscopy (SEM)
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! Vibration Sample Magnetometer(VSM)
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Abstract

In  this thesis, undoped and doped SnO, thin films with different
percentages of Co and Fe were synthesized on glass and Si substrates by Sol-
gel method. The effects of Fe and Co doping, annealing temperature, thickness
of layer and substrate on structural, optical, magnetic and electrical properties
of the films were investigated. @XRD, AGFM, optical transparency
measurements and FESEM images were used for samples characterization .

SnO, films with %10 Co doping were synthesized and the samples were
annealed at 300, 400 and 500°C. XRD analysis of samples showed that the
crystal orientation changes with increase in annealing temperature and the best
annealing temperature was chosen to be 400°C.

The XRD patterns of the samples doped with different percentages of Co,
show the cubic structure with (111) preferred orientation. Optical transparency
decreased with increase in doping and FESEM images showed that grain size
decreases with increase in Co percentage.

Increasing the films thickness caused cubic structure changes into rutile
tetragonal structure and the optical transparency and the band gap decreases.

Annealed samples on Si substrate at 400, 550°C displayed (111)
preferred orientation.

The XRD spectra of the films with 0, 10, 30 of Co on Si
substrate indicated that this films have rutile tetragonal structure but at
%20 doping, cubic structure was observed. Grain size decreased with
increase in Co doping.

Undoped and Fe doped SnO, films on glass substrate with
percentages of 20 and 30 had cubic structure but %210 doping showed
rutile  tetragonal Structure. Optical transparency  and band gap
decreases with increase in doping.

The magnetic measurements of the doped SnO, samples with
percentages 10,20 of Co were carried out but ferromagnetic property
has not been observed at room temperature.

Keywords: Thin film, SnO;, TM doped SnO,, Sol-gel, optical
and magnetic properties.
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