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MIAUMMNIAINLaANTY (Lattice Constants)
Tnseaianan (Crystal Structure)
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cubic; dhk[ = —22—2— (N-2)
Vh* +k° +1
U o 1 v = 5 d. U
9814 -1 MIMUIUMITLILHNTEHINIZUIUNAN (d-spacing) RITUTVAN 9
Peak Search

Sample : TiZrN-1.0-8041 File D TEZMN-1.0-60-1 12 Date . December-18-0¢ 09:4928 Opemtor T Adminstrator

Comment  Sukkaneste-slandard Memoc 1

Method . 2nd differential Typicdl widh 4,000 deg. Min.  height : 3000 cps
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Ztheta (deg.)

= 1 ) o ¢ a I A 4
il -3 puuumnienuusiiondueslann nmidouaes Tadloululase

A d’, v a o d Y =} o ot V] i
3190 -1 giuumsfenuussdengveaiania lmmdiouses Tadion Tulase

No. 2 Theta Intensity hkl d-spacing
1 36.380 473 111 2.4675
2 42.160 1527 200 2.1416
3 56.360 67065 100 1.6311

4 61.260 238 220 1.5119
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MIMUIUMVMIANAN (Crystallite size)

Intensity

Inmensity

28

NN N-4 Effect of crystallite size on diffraction curves (schematic)(Cullity, 1978)

kA

Scherrer Equation = = (n-3)
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Deposition of Titanium Zirconium Nitride Thin Films

by Reactive Co-Sputtering

witepiy uinll™? T3und AMeodud'? afes ysuoed?
p3IOWa pgang q3ded lnean'?

HoafrRm P aunammndmiting mansauEy maisiiand ausTenmdnd uminenduyin
*utanududaduiand SuimvaRTndindnmussitsinsmassuazmalulad (Gun.)
dinvupaznIIImIMIgaufine
“E-mail: pss,buu.thep@gmail.com

UNARRID

Ranysvasanstsznavausiammdsuasiadoululasd (TiZzN) @Fevdfumailng uoafiv
fFuunfiesou leatimnn3e (reactive DC magnetron co-sputtering) UNWHUEANDY Wafnssanas
aszuavpsidhlmmfisy (ITL) AdamsihaRan lagudsmnszusvasihlnmiisnlugie 06 A §1 1.0 A
faatunsdsuad damsiwaudastinausslulasuiwunliasfiyindy 8:6 scom Wislilfia
amanasuiresiaulmmdsuweslnfionlulass aszualunsadinmedefinadalaseairendn snwos
ﬁu%maz‘[ﬂsa&%@aﬁn’m finwainwala X-ray diffraction (XRD) WAz Atomic Force Microscope
(AFM) wan1sBawmsintavlanisiadouiinalaasesalateasiendn dnvusiuiuaslaseasdng
sameasRay lagflanmndousadindoululasdfldtoaaiinssaisndnooalnmidousile o
Tulasd szuan (111)(200) way (220) leeiiszuny (200) Wlu preferred orentation adwiduudnuas
fauvasuprunszuavasdlvmdon (ITL) wanTIaseidy APM WUIIAMNRENL WA A3
naunsureeHalifs s RuAAIMOUET (Rrms) an 27 nm 64 nm ity widadianamn
Wndvvedlanann 347.1 nm Wy 575 nm Ends

Ay Hdune nndsuresladevlulass silamase Juerfivlaaiinmets
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Abstract

The ternary nitride titanium zirconium nitride (TiZrN) thin films were deposited by
reactive DC magnetron co-sputtering technique with different titanium sputtering current (ITi)
ranging from 0.6 A to 1.0 A, using individual Ti and Zr co-sputtercd targets at constant
deposition time. The Ar to N2 flow rate fixed at 8:6 sccm to form a TiZrN solid solution.
The sputtering current effected on crystal structures, surface morphologies and microstructure was
investigated by X-ray diffraction (XRD) and Atomic Force Microscope (AFM). It was found that the
crystal structure, surface morphologies and microstructure of the films are strongly dependent on the
deposition parameters. All the films are composed of TiZfN crystal structure (111), (200) and (220)
planes with preferred orientation of (200) plane. The crystallinity of the films changed as a function
of Ti sputtering currents (ITi.). The AFM measurement indicated that the coarse and congregate grain
with not only enhanced roughness (Rrms) from 2.7 to 6.4 nin but also, continuous increases in average
thickness from 347.1 nm to 575 nm through the ITi.

Keywords:  Thin films, Titanium zirconium nitride, Sputtering, Reactive co-sputtering.
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Ny

FuwdouvdeduvetanieflsivmsvaniunetvsafisviniluduinounieRdundimanza
dwitltlugramnsumsindeuudeis Hdunalnmdealulasd (TiN) desnflaudififdosmaalszms
wu Sianuudsiigunn aunsanumnudouge Tsdusawmneielige nunaianseulds Snisdeimaas
FumunmalitidnufeiandfBanania (Niu et al, 2007; Ziebert et al., 2006; Liu et al.. 2003; Su et al.,
1993; Reiner et al., 1992) ynAduunelnmdsululasd (TiN) WiuanufuhussynaldiuBondes
dwiuirdodiasinuazinipsdninalugaamnsay (Lin et al, 2010; Hogmark et al, 2000; Cunha et al,
1999)

pealsiafduusnmifsalulasdfdidaddauraszmsfs Bisunsadununisinsendadui
gruugiigafiu 500°C (Singh et al., 2008; Shum et al, 2004; Chung et al, 2004) YFTinIfnE A waE

ALY
Faunfemumadiatigmasnsadiediu Feunmmitiiaumasviowloiigmsinands msiy
prmouasladisy (20 dhivlulassassaslnmboululasd (TIN) weveduduiiudumssildsnednmidog
wosladinnlulesd (Tizi) SeliReeusfinauisumsdumnunisianiouiissinnisfatusssesnlos
vufimthresduwin uwitihufyansuddiunfuisundindouldsns ey fidumuiidawnnndsy
wosleifisululnsdiduasazarsvosuds (solid solution) Afarwudannitlnmianlulasdduias
(Niu et al, 2008; Purushotham et al, 2003; Lugscheider et al, 1999) mshalshmduinswiuslasialuiu
nauinIdpeUANFuu I auTRusNe vesiauuneindaulFdufimnadiniudansdndBeiudnunsians
vaefldugy aeliznauvesn Tasssiaadidn fviutudoulamaedey ilitimeitsuasiaunite
mReulafimnzaudwivniouflduundssomdee fillosrdsznausmguazlasesieaufidgoanstad
pudduiiveediiusely
swiunsiadeuRduuelnmdsuwedladenlulasdduaunsaildnaneisfuansteiu
7% Suennw allmnads (DC 1eactive sputtering) %39 o715oW Supriin alnwmeds (RF reactive sput-
tering) (Lin-et-al, 2010; Wang et al, 2000, Ramana et al, 2004) mimiiauﬁ’mmﬁm‘s‘ﬂluqryfyﬂmﬁ
(vacuum arc deposition) (Niu et al. 2008; Uglov et al, 2008) warnmsipdsumamafinailsinedeiiu
(co-sputtering) (Ramana et al, 2004) Feswlngndausumnlnmiduwesladolulasdlaumslsnssua
TumswBauiiFeudiegs (Niu et al, 2008; Uglov et al, 2006) 3asasiinuiounriansessu (Lin et
al, 2010; Ramana et al, 2004; Takeyama et al., 2003) wisenaoslirusinefndlouesunianneiu
(Lin et al., 2010; Wang et al., 2000) (fia Wl suvslnmdlowmaslafusiulassindauldiilarsaessduulu
ylinsAnsReulsnsiefeufilinasolnsawaauifvasilidgundnndsuseslafonlulasssdisin
Tomamzatndslulszidunsmoaudsduoraonesisnuefivieould edlshifimaliansinday
flannsomuguindiuaasersarefduldagvasmnuazligwinunninds ansidaudinweila
Thatinimeds (co-sputtering) Winsanmsndsuwadaildiihasindey 2 90 vihliaunsanuausan
aialimepianTiedauess mdsy (T ¥3e weiladuy (2o leensusennssualnifisrslgundin

ar

suARDLWUY uananiimaednuimainainmedeielderfomusanieufiduudfigumgiion
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P |

pnanaifeilifunsnsausanawisd@onlnmdongesladoululasdfiflassaiesduuiu
Taslailrnuiauuiiagsesiumeisiueninlaaiinmess Wefinwdnsnazaanasealinlumsaiinmess
spathmsadoulnmidoy (TH fiselassaiandn anumnussdnsasiuiadelfdudeyafugmilums
Fueioll

guUnsaluasiBn iy

A duvslnndsuwoflatunlulosslunuiduiinioudsi5iuendnlasiainede am
winusdsLlugyamATiuY §8 sunaud winiesey ailarede (Ul 1) deuedsuidunsmazien
fouaduriugugnans 3100 mm ge 3700 mm Aesaihansiedoy 2 9le Tiui Inwidey (99.97%)
uaz waslaion (99.97%) mnauiAudnanarihiy 75.0 mm firing wioumadisiniusgmsuanss
miwdeuldufiaeinou (99.999%) duufissiimmed waldufalulnsiau (@9.996%) Wuufalufise
dmdumdesguananmezaaaiauadeulsnoumeedssguiuiundlafivesgunalsm3duiedseguiing
TudqumesmsTnrusuldinasiarnusuans balzers 34 TPG300 Tagldi TauwuRandl §u TPRO10 waz
watauupmuiiegu KRS0 wisilslumaindaumpnunistaagidmipundausmsosmunuinsiass
wiawey Edwards dessnavsegerauny ju DATAMETRICS CONTROLLER 1605 was niufagiaes
3u MASS FLOW Modal 826 seties B

dwivfumsumisiefouilduundnmdsmesladisululasd Gunnhiagse il sznaudanszan
aladuas winddnau Mhermazaaudadgmousggama lasdalivisanuitdsandouwii
13cm anmnuuluisandaulldr iU 5.0x10-5 mbar anut sauufisoineunatufialulasiau
Tnumarunuapumiswniurda manauiadasadon muualisasinaufisorinsuuasuiialulasiay
i 8 scom wa 6 scom muady sAfuiimualinssualieeathasndaumasladen (20 s
Wiy 0.6 A aasammeas wazutlsmnazasiminosadntnmdo (ITH) wittu 0.6 A, 08 A uaz 10 A Tay
Hfuneusiazgatdnaiadauu 60 nfi fedieumsiefeuiidmnmprdanhanuazeemhdhasiafen
Tnemsadrmasmithasieisy (pre-sputtering) Wussenmewisatsney 5 uiil TaeDawsinds (shutter)
figsdnzwhaihamedouiuwiunedanseiy anhiduafefldudnmisusesladeululasdmed
wuall

AduuneiindouldtenuaasillAnmlaseadnawindas Adeudewnidiond (X-ray Diffrac-
tometer; XRD) 28¢ Rigaku $u Rint 2000 lagld Cu-ka (A = 154056 ) # 40 XV uaz 40 mA a7
upy 26-scan fpsusAnsznUEee (Grazing incident angle) asiiviniy 30 aunu 28 an 200 fie 800
uazAnmesALlsznausnzelidudsmadn EDX gaisAnmdnymciuio aaumnuazaonumenuin
(Rrms) vesWlanuneiindeuldduininsesnasfiaadslulasalay (Atomic Force Microscope; AFM) 789
Veeco Instruments Inc. 9y Nanoscope IV #59330LUY tapping mode uufwthoasiidnnddufufioun
1x1 m2
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U 6 uamdmivAnsazAuinvsdduunsnmidsnmesladiuslulasdfindeuldnmafinmédas
wafia AFM Tuwwy 2 58 waz 3 T8 wuiWauuslnmdouwesladisnlulasdfindoussnszualiihaes
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Tnndsuwasdladeululasdiedauld il danszualiusaiiniyuisnifsdunuinfldumslnmies
wosladpalulssdfndould flaseaiendnazun (111) (200) was (220) nusiszuny (200) Wu preferred
orientation waslifasfiuaeiisluros 427 - 430 Yeiloeisznausisaasidudiumetia EDX wuhildy
Fadauldfmueiilvndey (T wadladiey (20 was wlasiau ) dusedtssneuludndusie Susy
Anszualifrveai nmdfsuiildlunszuaumseiey dmivanumeuinasanunuianmefin AFM
wudlenszualwinassdlnmlss fiefumaneuRawasanvunresiduiidnfisduan an 27 om

Wy 6.4 nm waz 347.1 npide 575 nm GANSIAL

LONEIINeEY

Chung, K.H., Liu, G.T., Duh, J.G., & Wang, J.H. (2004). Biocompatibility of a titanium—aluminum
nitride film coating on a dental alloy. Surface & Coatings Technology. 188-189: 745-749.

Cunha, L., Andritschky, M., Rebouta, L. & Pischow K:(1999). Corrosion of CrN and TiAIN coatings
in chloride-containing atmospheres: Surface & Coatings Technology. 116-119: 1152-1160.

Hogmark, S., Jacobson, S. & Larsson, S. (2000). Design and evaluation of tribological coatings.
Wear, 246: 20-33.

Knotek, O., Bshmer, M-, Layendecker, T., & Jungblut, F. (1998). The structure and composition
of TiZrN; TiAIZrN and TIAIVN coatings. Materials Science and Engineering. 105-106:
481-488.

Lin{ Y.'W.; Huang, J. H. & Yu, G. P. (2010). Effect of nitrogen flow rate on properties of nanostruc-
tured TiZrN thin films produced by radio frequency magnetron sputtering. Thin Selid Films.
518: 7308-7311.

Liu, C.P. & Yang, H.G. (2003). Systematic study of the evolution of texture and electrical properties of
ZNx thin films by reactive DC magnetron sputtering. Thin Solid Films. 444: 111-119.
Lugscheider, E., Knotek, O., Barimani, C., Leyendecker, T., Lemmer, O. & Wenke, R. (1999), PVD

hard coated reamers in lubricant-free cutting. Surface & Coatings Technology. 112: 146-151.
Niu, E.W,, Li, L., Lv, G.H. Chen, H. Feng, WR. & Yang, S.Z. (2007). Influence of substrate bias on
the structure and properties of ZrN films deposited by cathodic vacuum arc. Materials Science
& Engineering, A. 460-461: 135-139.
Niu, E.W,, Li, L., Lv, G.H. Chen, H. Feng, W.R. & Yang, S.Z. (2008). Characterizaticn of
Ti-Zr-N films deposited by cathodic vacuum arc with different substrate bias. Applied Surface
Seience, 254: 3909-3914,

&



105

eI Ry s adinasias afel 2

| @oe awinnasndduRoatnnuuesgimiathadiy 10-11 Beminy 2554

Purushotham, K.P., Ward , L.P., Narelle Brack, Pigram, P.J., Peter, E., Hans, N. & Manory, R.R.
(2003). Tribological studies of Zr-implanted PVD TiN coatings deposited on stainless steel
substrates. Wear. 254: 589-596.

Ramana, J.V.,, Kumar, S., David, C. & Saju, V.S. (2004). Structure, compggition and microhardness
of (T1,Zr)N and (Ti,A)N coatings prepared by DC magnetron sputtering, Materials Letters.
58:2553-2558.

Reiner, H., Hantche, H., Jehn, H.A., Kopacz;U. & Rack, A.\(1992). Decorative properties and
chemical composition of hard coatings:Surface & Coatings Technology. 54-55: 273-278.

Shum, P.W., Tam, W.C., Li, K.Y, Zhou, Z.F. & Shen; Y.G. (2004). Mechanical and tribological
properties of titanium-aluminium-nitride films deposited by reactive close-field unbalance
magnetron sputlering. Wear. 257 1030-1040. '

Singh, K., Limaye, PK., Soni, N.L.., Grover, A.K., Agrawal, R.G. & Suri, A.K.(2005). Wear studies
of (Ti<ADN coatings deposited by reactive magnetron sputtering. Wear. 258 1613-1824.

Su, YL, Lin, J.S., Shiau, L.I. & Wu, I.D. (1993). A tribological investigation-of physical vapour
deposition TiN coatings paired with surface treated steels for machine element applications.
Wear. 167: 73-83,

Takeyama, M.B., Itoi, T., Aoyagi, E. & Noya, A.\(2003). Diffusion barrier properties of nano-
crystalline TiZrN films in Cw/Si contact systems. Applied Surface Science. 216: 181-186.

Uglov, V.V,, Anishchik, V. M.,/ Zlotski, S.V. & Abadias, G. (2006). The phase composition and stress
development In ternary Ti-Z-N coatings grown by vacuum arc with combining of plasma flow.
Surface & Coatings Technology. 200: 6389-6394.

Wang, D.Y., Chang, C. L., Hsu, C.H. & Lin, H.N. (2000). Synthesis of (Ti,Zr)N hard coatings by
unbalanced magnetron sputtering. Surface & Coatings Technology. 130: 64-68.

Ziebert, C. & Ulrich, S. (2006). Hard multilayer coatings containing TiN and/or ZrN: A review
and recent progress in their nanoscale characterization. Journal of Vacuum Science &
Technology, A. 24: 554-583.



106

LENBLBUCLUM Y0
PCUM HBLAER 00 — 00 UNLELLUALN]
EOELACHARAZENHELTMMELUCMIRLCHLECLULBULCUY

~

W@ﬂd&?ﬁaﬁﬂ_MW?@%W?F@@R@?EFTEP.WF\@J%H

WHRM EMssseral Yreroeh sBBTUY BRNEUUE BUNLNIBY RIEUN RULIbRKIBY

B = g
i

SEAUINEHYHBRCEDIE

OB LU G



