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' Feynman

" “There is Plenty of Room at the Bottom * , http://www.zyvex.com/feynman.html
" Nanotechnology

* Norio Taniguchi



JBMM LsLDCLh_?.o)).) ,u.&} > s..&L:JJbJGau')Js.A.JL:S&ﬂBaM ;A-L.Cmn

Blos jouss Slge S0 38 2 5590 (7-)

0 G Ao ((gole) Ll ¢ (eolp aes) Llu o (3ale) Llu b s aus aw )0 suls olgs

YA

=8)(S/em) V-7 B VT sgam 0 ol bt Sale, ol s ais asle Lable )b aed
Slem) 5 V- 3 ges johka YU (Sasla, gl)ls pomimgll wiile slable, g wiils o e
Sasbe, s bl 5 bble,b Sosle, o Sosle, @l bl s [Flozs 1T
Bl cloail Gudo ke 5 cueblite oo o alidy, des &) Comd IS elas Llu yars 5

o5 (gl olgs o yiage 51 SO 1) bl pous ( Soile; o ol (0l 05l conls

Ir]ass o Joos (Sesp 250

il @l amb d(Gls) 5 B b s Wed (oo e 5551 sl )5 ssk JSs Leds 2SI

O 4 a8 S e laz ool Lalei ol 0105 3529 48 zge (S 2SI Sl e Ll (61 &S
2 9 Sl e il Jlas Loy Slge 50 [Flanss oo (651 S L (g )lg5 S seginn (g
9 2 Syl lei Ul pani g ale Slge o Ll jls Jligean il Jlgi g cud)ls g adlse o
L g laes 0,0 YL L g ol Soo8 (5)les B Ll ans dlge po oS el s il lo
VIS 50 pas ol ok, e & Candls i 31 o0 2SI IS Ll fs5 o0 Aiged 2]
ol 00 0010 L Ll jord SO 50 (55198 BB g b, b e o iile, e 5l Soled 25k ()
S Bl oo (000 25 o o S p0 d)b o e ST b il Jlg ponine S5
Jom pes e bl jous 5l 500 550 ;0 INP 5 GaAs Jio 090 o0 00wl piivns (gLl yous
S yos Lol o (il wms (i 2) o o2 S )0 Gl Jlos penie 9 <)l

oy g 9 =S (KBSl )3 (e U osuoy (nl 45 (AlAS o ST Je) 9255 (oo i o

v



il sl okl Ly Lglols Sz 555 0 Lol tts aalys Lablos o 5 (Lo sl
7= e W (Sl Ly aSh Cns Hge yilly L 6551 BB (o9 SarsS ebliseg 25U
Wgh (g0 Sl (9398 o 23> b e b ledels peitane (SUlujors S5 3 a3k 80 b
OFg® w3z podle @ge 0 p i il )b Julo (oSl poliins 8 SUlo o o S

[#lams o 3y 3L ol (Sgisd uSodp by 4S e

[0) puiiins jué 5 puiione 5)lgs B 5 Sisled b -(1-1) S5

oS Slade 3925 il oo Llu o Gio¥T Lol jod G5 0 mlin 0 tegn 5 (S0 iz

a2l ol 23U (Ko S olss bl o o 50 (YD) (are sl (callBl 00l S
4 S (5 ey Sladg 2SN ] byl Y 50 a8 (g polie L bl jad G ST digad j5bo ozl
€5 SUloyod S Az ) s Leig 2SI L ledol 058 (2T o)1 0929 Lol oole jolie
L Bloyond ST.0,5 (o0 518 iilo) Sles a5 5 oole ol jo calll slajl 5 g 298 (0 0ol
VT 3)ls o9z Lol osle yolie 4y o (55705 (Sldg iSIl (] byl Y )0 &5 (g polie
AL ol 5 058 (o0 0anel P gg5 SULajord S Az )0 wes b oyi> b slelals 05

S99 Yl £9i 93 ;8 5l a8 olloses 10 (S jeb 13,5 oo 18 Cud il g YU osle ol )



[Flogs o s (0ya> b 09,280 IiJL slobol> g9 akomy & Llojos g5 05l azals
oam ¥ g VT (a0 Sblo jos (Sl (5195 BB i 5 0 Eg 9 Ego (Y-1) S5 50 (Y-) JS2)

o2ly o

- e e n g a5l

Ego) Eg

] oBlisal Sbudihy (ailnroclnlel 3 Siled o LYY T ISA

(oo 005 YT diged ds Connd Lol (Kl g S0 25U olss i el bbb o 2u¥T LILE
V1Y o= paidin ooty Viams 48 el Mhoopond K021 ol B il sl 1S el

-1 JSt)eed ol yan [ADT (g1 0,8 s Sl L g

o Jdl Lgg Sl cpl dawgs il ad bl pous Slge Jlidle 4y ol g Sl ol 004381 L
3 i (5l igd (oo ae STl ila; lel 4 Cad)b ls Sl aS ledg 2SIl by g
sl a4 g)le BB I 0 0 i ol al oole (g5le8 BT ol e a4 ol aST )l

W agborbaly soka: JatS ST L= 1) cavabily B a8 CalliBggmn o=y

h 2 2/
Eg—Eg[,:4m 37*n)*"” (=¥

w

' Moss-Burstein shift
' Many-body effects
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' Physical Vapor deposition

" Source substance

" Substrate

* Chemical Vapor deposition
* Spray pyrolysis
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" Empirical Pseudopotential Method
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Abstract

In this thesis, first zinc oxide (ZnO) thin films, nanorods and nanoparticles
were grown by sol-gel route. The average thickness of the films, diameter of the
nanorads and size of the nanoparticles were 200, 160 and 150 nm, respectively. Then
the effect of chemical parameters (such as pH value, type of solvent and stabilizer),
physical parameters (such as drying and annealing temperature, aging of the sol) and
Al doping on the structural, optical and electrical properties of the samples have been
studied.

X-ray diffraction spectra and FESEM images were used for structural
characterization of the samples. Optical and electrical properties of the samples were

investigated by the transmittance spectra, Hall and four probe measurements.

XRD results showed that all samples were polycrystaline. Preferential
orientation of the ZnO films and nanorods were [002], while for ZnO nanoprticles it
was [101]. The optical transmittance measurements of the films showed a
transmission of 80% in the visible range. It also showed that as-grown film has higher
transmittance than the others. FESEM images of the Zno films, nanorods and
nanoparticles showed a Y-shaped pattern with diameter of 500 nm, presence of
hexagonal rods with diameter of 200 nm and lengths of about 1 micrometer, and some
particles with average size of about 150 nm. Mobility and carrier concentration of the
Al-doped sample were also investigated.

Key words: Transparent conductive oxide, Zinc oxide, Sol-gel route, ZnO Nanorods

and nanoparticles.
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