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MIMUIUMIAAINUAANT (Lattice Constants)
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SLUUNAN AU YUTTNTNNY
fAun a=b5b=c a=f=y=9"°
a3z Inuea a=b#c a=pf=y=90°
993 1550uin a e §oao a=pf=y=90°
Ty Tundiin a#* b #c a=y=90° g=90"°
lasndin a#b+#c ax B y=90°
e InUoa a=bwe a=p=90° y=120°
souluEada a=5b=c a=B=y#90°

141: Van Viack, L. H., 1980, ¥ 73
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Simple Face-centered Body-centerad

cubic cubic cubic

Simple Body-centered Hexagonal
tetragonal tetragonal

i

Simple Body-centered Base-centered Face-centered
ortherhombic orthorhombic orthorhombic orthorhombic
. ﬂf @
Simple Base-cente Triclinic

Rhombohedral Momnoclinic monoclinic
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2 ¥ 2
A1 (Cubic) : Elz_ - E_LEZ_'”'_
o
2z 4 2z
WN3E Inuoa (Tetragonal) : ]9 = h” +k + >
d? a’ ¢’
¢ & : 1 ¥ o
903 155931 (Orthorhombic) : L g ot
dZ 2 b? CZ
2 2 2
i@z 1nUoa (Hexagonal) : 1 = 4\ Ptk + K 4 L
d* 3 a’ c?

sou U5 (Rhombohedral) :

1 (1 + k> +1?)sin? @ + 2(k+ &I+ ki) cos? —cosa)
d’ a*(1-3cos? @ +2cos’ @)

Tulunaiin (Monoclinic) :

0\ \ 1 W k*sin’pB I°  2hlcosf
52 | o v e e e S
d sin“ B | a b c ac

Iasndiin (Triclinic) :

1
1 _ F(thz+3nk2+S33IZ+ZS,2kk+ 28,k + 25,,hl)

(n-1)

(n-2)

(N-3)

(n-4)

(A-5)

(n-6)

(r-7)
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' o,
V o= abc\/l—cosza—coszﬁhc052y+2cosacosﬁcosy (Sumsvasviiioman)

S, = b’c’sin’a
S,, = a’c*sin’ B
S, = a’b’sin’y
S, = abc?(cosacosf~cosy)
S, = a’be(cos fcosy—cosa)
S; = ab’c{cosycosa—cosf)

(ENA81994; [Cullity, N1 501-502]

ﬂg‘!lﬂ@!ﬁ,l‘iﬂfa! (Bragg’s law)
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2d,,sinf = ni (n-8)
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e d,, WuszezviesznINgsuunan (h k1) (d-spacing)

o

3

L7 4 [ 1 y
6 duyuannsznuiazyuazion dodannuuiszuiy (lumuae radians)

n eumsazou

A ANNEIAAU (A= 1.5406 A)
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o " = a ¢ et k1 -
M Iasiuanfgveslauni Inseadauuudiin
= = o
e MsutlaayueruilusiBon (1° =9/180 rad)

ABUN 1 MIMUINNITLUTHITEHINTEUTLNAN (d-spacing)

T vnaunsi (08 wIK 4, = ”.’1
2siné
4 1.5406 A
nguy (111); s - m
d = 2.644 A

ADNN 2 NMIAIUINMINININLAANY (Lattice Constants)

o 1 1 ca [l
WszeeIesEnIessuuRanINaeun 1 uag & kI Wunulueumsh (-2)

% vnauns (1) % _ K +j; +E
fiser (111) a’ = (h2 +k2+12)-dfk,
a =  WReEeP)a,
a = (B)(2649)
a = 4579 A
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intansity

28, -
26

WA A-5 Effect of crystallite size on diffraction curves (schematic) (Cullity, 1978)

Seherrer Equation

™ PO

2p Bk 3p
(a2] (o) @

2k
v

kA
Beost,

= o o = o '
yupvparanlanuiuaed Iadioy 1ulase vude unTwwas (am)
A1AINNINGY 0.9
¥ W o
ATIHIIAAUYDIS IAOND (CuK gy = 1.5406 A)
: y o P=1 ]
715 M HIUDAYNATIPAGUINA AR U 13RY
W e & a e 1 £
anunens milwosianiiannndugaga
. _ &
(Full width at half maximum; FWHM) &3/ 1179 a9 neums n-14

5 _ 2n=2

2

(n-9)

(N-10)
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6000

Intensity

28 | %8 30 3
26,=27.76 26,=28.48

28

= ¥ & & P o
NIWN N-6 MINIANUNINATINHIVDINANUAIANUIVHGIFA

WA WA B 1INAUMS A-10

26, - 28
= A2 F:i|
p 2
B = ————-——~34'13;33'65 = 0.004 (50U
1 gunuluaums n-9 el
L = - s, = 0957 widou
Bcosb,
_ (09X0.15406 rm) 45 om
(0.004)(0.957)

v
AIUU WARTVUAIINY 34.5 nm
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nssepAnnniend mrinmdonsnemsn novaaiiawue riiit o
unveafrdeaninedidelassairsradidumnsvnndlanlulasifinfeuson
wnatlinfusafnATusnlnTauaiinmeds
Effect of Sputtering Power on Structure of Titanium Nitride Thin Films Deposited by
Reactive DC Magnetron Sputtering Technique

ANNgs fwEamw' Nfuaf Aol edns Yround'? uay qsdai leeau'”
ﬁnnmm;_&m;zu' Nirun Witit-anun'* Adisom Bl.arana\.v.»ur:g"z and Surasing Chalyakun'”

unAnta
Heuundlnmdlolulasd TNy wdevuulBneuussawuiad fawatiatueaimATuuniinreu
ailnneds ieAnmuaesirdsadnmealugas 130 i 270 4 Felasasinafidn Taelrssiraufinens
NeuAnmFannaila XRO ArmuBazdnrasAuEa A Krwmeila AFM nentrAnmmudn fres
Heufnfeulhulslumuindadnmedann fise Ju fnes uar Bmna R ndoukilasetag
wRnuuimawsedaniia (foe) sxuw{111), (200)(220) uax (311) HamdmTmasaiaisu wodn
suasAnSAR NN 21.9 untuninr @y 308 wiluams AvwseEELRIEUeN 331 witumns

- -
B 1113 urluwinz snusfironmennfeiauiuen 0.5 wilies dh 21.5 wliges

ABSTRACT

Titanium nitride (TiN) thin films were deposited on silicon wafer and stainless steel by reactive
DC magnetron sputtering technigue. The effect of the sputtering power, ranging from 130 to 270 W,
on the structure of the films was investigated. The crystal structure was characterized by XRD
technigue; the film's thickness and surface morphelogy were evaluated by AFM technique. The
resuits show that the as-depasited film's color was varied with the sputtering power from violet, gold
and brown. The crystallite structure of the as-deposited films was face center cubic {foc) with (111),
{200}, (220), and (311), plane. When the sputtering power was increased it was found that crystal size
were increased from 21.9 nm to 39.8 nm, the film's thickness were increased from 331 nmto

1113 nm, while the roughness were increased from 0.5 nm to 21.5 nm.

Kay Words: Thin fims, ium nitride, sputtering ive magnetran sputtering.
E-mail: komgril_saisersepap@hatmait com
" e HRnd anasfnnanand s vt s s
Department of Physics, Facully of Science, Burapha University, Chon Buri 20131,
* Smal URmeismesndwhAmimmanid sudpenaludafwiand (Thep) aua. ans.
Piasma for Surtace Sciences Laboratory, Thailand Center of Excellence in Physics (ThEPR), PERDO, CHE
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- - - o
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anausnseiutivain it ndeuusdeulsfuansnaiuudisiunandeanieu ooty i nefnenm
asvpsitevlamaedeuitilunssuouninsferd@nneniTiuepintuniinreusnneiadnel
armdrfguardniussm@Adufufduunsiell umea AT URa N A TR AL
InnidlonlulazfknsFineaiaTuaniinsausinmeds uududinousszusiusmussiigomgiies
FeAmuares Mdsetinmets vie fasih Aanlfuninsrerteatouilunszuaunieuse
fnmarmanianin lare$renin Amumuisssnsus Ui TN U RaulH Tnefduune
Favnafstu il nmaseulpsaiusdndonmatianindgowmidiand (X-ray Diffraction; XRD)
frumnumnussineniziufisfnednezneufianeflulazaln (Atomic Force Microscope; AFM)
Aethdioyarmigmilunsiiusioll

476

107



nsregRnn IR iAo s ans Tnueianse AR 0

lneolussiEnng ‘

Ao iulnsflunadedviuafrnmaiase pinaduuntinreusdmagieqn
m‘g‘mmE\au'luqzyru1mﬁs’:uuﬁ"ﬂﬁ’ummuiuunﬁnwmﬁnmﬂ?q (Figure 1) #fteuafaumsanzzLen
Ut AL 9IuIn 36,3 WURMAT 43 57.0  isuRwng Aededinlnnideniqns (09.97%)
duiaudnens 5.0 e Aualne wisunaslWinussganszusnse mandeuliufisendneu
(99.999%) Whuufisadmaed unsufinlulansy (99.995%) duufielaifien witesguauganiases
witeuadeuzzneunuitesguuuuunsloussilisfesgunalonthihuedesquiing n1sdnnoissuly
WA INAUIES balzers 4 TPG300 Tnlivadmunfenil ju TPROTO uay Wadmuunimuile
fu  1KRO50 nnrseuRalunsruasuninafeunay quiwm"‘rm AouAudRT IuRuaALTATEY MKS
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Wiy 10.0 truiias ﬂﬂmwmi’uiumw:qrycynmﬁlmﬁnmm‘n’mfuzmﬁu 5.0x10° Naauas Uses
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AR iamminlAnnTasasinandinfamatoainanndfiond (X-ray Diffractometer; XRD)
84 Rigaku {u Rint 2000 Iael§ Cuk, (1 = 1:54056 Saansan) # 40 Alalaad uex 40 Taduesd
arainusy 26-scan Katsuannaznu@es (grazing incident angle) winifu 3° aunu 28 an 20° fia 80°
dwduauaudn (crystal size) resifvATIRangsILRa @Y E @ endruaunTees Scherer
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{u Nanoscope IV

Figure 1 Feature and diagram of the DC unbalanced magnetron spultering system
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Fntitiuatnatunsednnesiinssemminunlredrediduinniden Wlnsk dAmFudrriafeues
?iﬁuuﬂa‘[ﬂnﬁkﬁﬂu‘lﬂﬂrﬁdﬂiﬁﬁE‘{’mﬂmm‘s‘qa’wq (wrmnﬁ'\nmuuuwaa'ﬂéwﬁ?ﬁqawmmﬁ’mm?
ndauid) nudndeiidiatimagilunsrusumaneeuindy 130 Andf dnruadeuiidnszanm
5.5 whusparieun weeilidsiui 185 wluwnsieund Wedrdrednnsiafudlu 270 dnk
(Figure 3) flesnidediuddisiinmsiasinliflassurssninaufifinannislese ludufisensneuly
Feundeuindrnusalifiunniudumalisamnisainamesinmiisnanthaziedeuidiniu
lfinrandaiusssesrenlnmilosuasufialulnsaunode fusmiulnmilonlulnsdisdenuutin

a2 ahion i . - Y
FangacfuifientageulunsfviiudussHidamnsnafeure gl duiiubon

Figure 2 Features and colors of TiN thin films deposited on stainless substrate at different power.
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Figure 3 Deposition rates of TIN thin films at different power.
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Tunszununanageutlinnweiesnerss nnidsuanihanafeuussufislulnnsuinl jiren
ubaefugadulnmientlnes widei &R Hunszuaunnafeudadudy 200 Tnd
wuguns@nnuiediendTi 42.52°, 61.66° uax 74.16° nnﬁu;ﬂuuun'mi{mlwﬁﬁmn-haq
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UL (200), (220) Uae (311) uavgptneilaiumdsiniagiy 270 i wu;ﬂuanirmmuﬁﬁtani
g 36.70°, 42.52° , 61.86 ° use 74.16° Famssuplumnia@ssunsdidiendsesinmilentulneg ans
grudisys JCPDS et 65-6774 AeiilasssisndnuuummumefAolia (foo) Arzuau (111), (200),
(220) uaz (311) ﬁ'm"mgﬂuuun"mi!rmmui":ﬁmnﬁqu 56.50° tﬂuﬁnﬁai}ﬁnﬂuﬁtﬂui’ﬂqmﬁu
Tnusnnsuanfsasiidaindey dviovaniidegludos 4.238 - 4230 Saamsen (Table 1) doumnn

udnreddMndau ifansanaunisaed Scherrer wurdninmlutag 21.9 - 39.8 wiluwns

(111} (zon) {220} (1%}

Intensity {a.u.)

AR
{ i

oW 25 n s 40 45 50 58 L 85 70 75 L

2 Thata (deg.)

Figure 4 X-ray diffraction patterns of TIN thin films at different power

Table 1 Lattice constant, crystal size, thickness and roughness of as-deposited TIN thin film

Power Lattice constant Crystal size Thickness Roughness
(w) (A {nm) {nm) (nm)
130 - - 331 05
200 4.239 21.85 621 18
270 4,238 39.84 1113 21.5
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Figure 5 Morphology of TiN thin films by AFM at different power
{a) 130w, (b} 200W, (c]) 270W
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