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Structure and morphology of nanostructured vanadium nitride thin film

prepared by reactive DC unbalanced magnetron sputtering method
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Abstract

Vanadium nitride (VN) thin films were deposited on silicon by reactive DC unbalanced magnetron sputtering
method. The effect of sputtering power on the structure and morphology of the as-deposited thin films was investigated.
The crystal structure, microstructure, surface morphology, thickness, roughness, and chemical composition were
characterized by various techniques, namely, X-ray diffraction (XRD), field emission scanning electron microscopy (FE-
SEM), atomic force microscopy (AFM), and energy dispersive X-ray spectroscopy (EDS), respectively. The results showed
that the as-deposited vanadium nitride thin films had fcc structure with (111), (200), (220), and (311) planes. The crystallite
size and lattice constant were in the range of 16.1 —32.9 nm and 4.124 —4.144 A, respectively. The thickness and
roughness increased with increasing of the sputtering power, from 304 nm to 1091 nm and 2.2 nm to 14.4 nm, respectively.
The as-deposited films composed of vanadium and nitrogen in different ratios, depending on the sputtering power. The
surface morphology and microstructure of the as-deposited film varied with the sputtering power. The microstructure and
cross section result from FE-SEM technique showed a columnar structure for all the deposited thin films.
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" mafgangnenans agingrnanfuasinatulal NuianedusnaagnszuasATeg o

! Science Department, Faculty of Science and Technology, Phranakhon Si Ayutthaya Rajabhat University
? medtANS AnuEAnenAans iane Aty

? Department of Physics, Faculty of Science, Burapha University

’ Corresponding author. E-mail: siriwat.aru@gmail.com



v
o

nstszgadanIsseiuTnR sndngaamnatulad s guanagas il AN 5

unid
WdnuapeduTee AaNTAN 4N 1890 ABNTARE LT NA2aY LUHI18938A 7895 T9HANULN
Tuszauuntuunst i laswns nswdeudanunadunatanianldlunisdiulpdnsnzienizvzelaseaing
1e9NURadam e I ANTANATW 1 anTFTwas anRdaadl anifdns antf mstulad vseaniimaw o

faqiiumalulatidangaainssulasuniswmuietesnds Wesanguanlunirgpamnssuiiaausaanis

—2

diannanimianziazmunzanlunatanunsaun (Fayomi, Akande, Abioye, & Fakehinde, 2019)

v
o o

P = =< ANay vo a \ v o Ao o
ﬂ\?uu‘V\I@NUq\?@\iLﬂuﬂuﬂiuLWﬂIuI@ﬂV]vLﬂﬁ‘UF"’]')qlluﬁlN’ﬂ‘F_l'Nlﬂﬂ@qﬂﬂqﬂﬂ‘ﬁ]@qﬂﬂﬁ‘?ﬂiuﬂ"ﬁﬂuu FIRENNNAATY
' = o A 2 A - Y . =< = &
'ﬂEJ’NWuQ“Il@QQ@ﬂﬂﬁﬂ’]ﬁﬂ??umﬂ@qqmquu VLﬂLLﬂ LATRANHRARNA (CUttIﬂg tool) aﬁ\iﬂﬂqﬁ‘iﬁuﬂﬂ@qﬁﬂ??NLﬂ@Unﬂ

dszinn Tl msngaesnisedeudanusaILuATaHe A HAeL e U U 39Hna0 9T ue wiHAmud

o

d?/ dJ 1 A U dl A o ] U a Yo dl 1
UWAZNUNUNNNTY Tetaetinangnisldausesrsasiatlignisansunulunssuaunisudn nnlddasinu
undueasuwda (hard coating) wasdulAABLAUNIANYIE (wear resistant coating) 113 FuAdeLlulngs

Aflus aanlas uazualss asgnimunauiatiun ldsulud@anndiae (Franz, & Mitterer, 2013)

Z’/ dala o a o Z’/ A @ a d‘ al' o o VYo di
syt senlulnsdasludurdeundadnaiauilannudalasuaiuaula wesannidy
AdunfArauudegaludaailszunns 9-23 GPa (Qiu, Zhang, Li, Lee, & Zhao, 2012) Anvivelailen

= a

Aulss@nBAnnuidaaniuiisnugos 0.26 Tiv 0.4 aAMnnsnnusieaINFauNg U RgalATIe 500 - 700°C (Cai

Y]

et al., 2019) yinlitnaiAauu RN lulasd sz nafldluaudusing o i MiedeuliaTuawine
WNANNLINA MR IATEIHET9 uazUaNAMNANTRITNNALAL AN UNA LN LA RNLNII LR
Tulpsstadantimnewinnaunanaaeyin s lWldiugudeulugnenfusiman Ininuazansneso

e ldiduBidnnsnlusaifiutlszqiiaean (Roldan, Lopez-Flores, Alcala, Ortega, & Real, 2010)

v
o o

o o . N Al = A a o oy v P 2 <
mqﬂiuluﬂqu"ﬂﬂ\?ﬂ']ﬁ\l,[ﬂ?ﬂNW@NUWQWi@ﬂq?Lﬂ@@Uqumﬂﬂqmqﬁ‘ﬂwqiﬁﬂﬂqﬂqﬁ Eﬁﬂﬂqquuﬂulﬁ@@uum\?

q

o vo & a 2 - A A ) | = Y aja
‘V]él ﬂuLﬂ@'ﬂ']_lN’]ﬁl'ﬂ\?“ﬁ“@']%@qﬂﬂﬁ'mLL@zLﬂﬁ"ﬂ\?Nﬂluqqu@‘im@qﬂﬂﬁ'?ﬂmquiﬁfyg}ﬂLﬁ]ﬁ'ﬁlﬂﬁ')ﬂﬂ?:u']uﬂqﬁ'mq\ﬂwglﬂﬁ

' v ]
a a

P = o Yo o A > & Ay v < ~ °
Wasannszuaunisiianunsnldaulaiudaniuainuany duindeunlaliaauudege Anuianasiase
sandesalunssulunnandeLiazensuazie Winnedaiiasndinszuiunisan (Santecchia et al., 2015)
Y 2 - . - ma 24 e - s .
WidsaTnmesedaunszuaunsAaaUNANdnszuaunauile s Anutisna rendrenaneluilaqiiv
TnalusaumaasseiiunInsAnenddauasWmunaanuianuRaxlulasd nguinisadaulnnn
Anwanueilaaanldisalmmneselunispasuiad Wy wmealanduNninseuailnmass (Sun, & Fu,
2008; Caicedo, Zambrano, Aperador, Escobar-Alarcon, & Camps, 2011; Qiu, Zhang, Li, Lee, & Zhao,
2012; Lucio-Porto et al., 2014) maRiaanfianuuniinsaudnmess (Mistrik et al., 2004) mANANASwNNTIA
70UALIRALAATY (Suszko, Gulbinski, Urbanowicz, & Gulbinski, 2011)
tﬂ” = al 6 U ac a o 1 Qddl ] al &
UANANUNIFTENATNUNAADATALARTIE NNz ANNT135 W WL TBIN1TATLANAI NN T A

warn3UsularaFnanaesilan i anwe A ENAeanis T talagn1sdsuilasutenlavdenisines

v
v o KX

A17LAReL (Leasen & Boonyopakorn, 2017) Aasiuasisneanuinaniunisdnsnlanseasng ansasianiy
=2 o al o a eﬂl o o & o a o A a 1
s lieasTRreaian N smen lulnsfmaduiusiun s lmafnnseasulunszuauni st mmess wiu
s lnauialulngian (Suszko, Gulbinski, Urbanowicz, & Gulbinski, 2011) ANAUIINUTAAINFUEIDE
wuzAARL (Qiu, Zhang, Li, Lee, & Zhao, 2012) 1aantAdal (Lucio-Porto et al., 2014) Angluuas (Caicedo,

Zambrano, Aperador, Escobar-Alarcon, & Camps, 2011; Qiu, Zhang, Li, Lee, & Zhao, 2012) S

343




v
o

nstsegaRanisssAuTf annanansamnatulat s auanagassunil AN 5

v
o o '

‘dil =l al 6 al & v a o Y £ v :’/ A G
wanlfanudnniswseniau sl inssresinddadiulun faeldan uFauislurusindauvie
paanaaaUie ilsnanunauaa lulnssniauilunan (Mistrik et al., 2004; Caicedo, Zambrano,

Aperador, Escobar-Alarcon, & Camps, 2011, Suszko, Gulbinski, Urbanowicz, & Gulbinski, 2011) WANT I

1 v 1
a a

v ° 1 A a6 a = 1 v v 1 caal | 2
AnFaungungigain lifliaruisninds il anuudue i ladeaufauls adnslsfinisnasudinasld
1 =3 v A QI o v 1 A dJ 1 o v =
amnuswdananudugelunszuaunisiadeuannsaiinasuiuia s de uisanlfulsetassainanan
pasian s e naunudivanauidugazdisliflaaaulunaiansaasn an99819ARDUTTANE
(bombard) TnRauiesddNLLdagsafuaMEANdNAANTazauNa Ny (deposition) udunasias
inliAnAufauauluieiaunFand Usngnisaianuiauiiiinainnanaun (plasma heating effect) &

WnartwReaiunislianuiauilananisinasy (Alaksanasuwan, Buranawong, & Witit-anun, 2020) 36l

©

inlansnsnasidiumwnanlulassmillassafsnanuuiansasiuilasaacufaunguugivesls

]
=

uanantinsldaunulmananudugalussuuedeudafimatinenizivin gl ssre adunssusimanies

' o

souiuatnasiteiuaenti nanafemafiauiatudunniingew (balance magnetron) gusn9v891&UUeS
WUANAENAN BN ANNIATIU TusTnATASULNIA1RTUNNTRTY (unbalance magnetron) L&WKIS

wrianasdanouei assasiu danalipuiduae swananidangean il laiduunandlaseaseuay

v a

TR lasTunAnIAaNLeR lnanmATALNa 1utuNnilnge (Shanker, Prathap, Srivatsa, & Singh, 2019)

[
o a

= Ao a o ' aa Al = o A Y aa a
qqﬂﬂqﬁ'ﬂﬂjﬂqL’ﬂﬂﬁrlﬁ'ﬁqHQQEl‘V]Lﬂﬂqmﬂqwuqqmuumm’ﬂ\?%l@mqqLuLmﬂNVLuVLW‘iﬂV]Lﬂ?ElNﬂ')ﬂ']ﬁmﬂmlﬂﬂ?ﬂ

Iy '
1% v o o =K K

AN AU TANASITA AN H UL RN LI AN T IUTUNII T e sN1sAAaY T luTa9n A 798N e NI
IUATENAERTLNINEURATBINI T RRD SN T AR LA TATN AT 19vTaaN TRl aN L9 R e N T iR es
W14 Caicedo, Zambrano, Aperador, Escobar-Alarcon, & Camps (2011) Tapraufanaune s lulngs
poemnAtlATLe ARNATLNNTNaUATRAE TN UNLNUTAND W WawlsAAnslunaaludas 0V B -150 V Iaald
o o a o 1 2 Y P o o o ! & a A =
masailneazapssawingy 20 Wiem? wazlifpanufeunudansesiuseninandaud 400°C INANHINATDY
AnellunegsaaniiRuasiannssenls aneaunudnguisawsaianaup e Nl lnssmaaaudunan
IannynRenlanisnaey Inedaudanudunangaissuiu (111) uaz (200) e dndluweagaauiaunlaa
[~3 1 o/ v dl o/ d?’ a) o dl v v 1 o 1 1

ANIULANAL wilunnssiudnuleAndluuaageuiannlsiianuduniusanisiansauanas dou
Qiu, Zhang, Li, Lee, & Zhao (2012) lamseaflananuipeslulnssmsamaiinrieafnuuninreualnmnesa
uuEuEanaungungives Tnaldmasailameseassindszunn 1 Wiem’ ulsAnanusudesuialulngiay
194 0.007 Pa D4 0.29 Pa warAnslunaaludag 0 V 09 -200 V 1B ANEIHATDINIINLADFNTLARDLIAD
o a e a Al = | Al e A Py o = ol =
AugianeuazantiRidnatesiian TonudianuissenlAlassaf R lulassmacudunan
P2 UNANLL AN AN NA LB AT IR A LA ANET LA A AUNANANHANAAAILNE INNA Nt asl 11

! =2 9o a ! d‘ o 1 2 dgj d’j a e« A 1 dgj dll ¥
mummmmﬂmmmﬁﬂmmmwmﬁLu@mﬂmuﬂfaﬂmevl,u‘immuzgwu WaAuTAMNLUUNINTY Lazie

12
=

Andluueagaawiniifinlsngniend re-sputtering asualifauilnssafreunuae duunfuasliiufionizey

I doupuidereailannieasulaiAn luga9 9 - 23 GPa

= ¥ ¥ < ! ¥ 9o a al & = Ty as a
"ﬂWﬂi"‘lEI@EZL’ﬂEIﬂ’ﬂ’]\‘imu@‘&imu’ﬂiﬂﬂ@?%‘iLL@%@MQ@’W%QV}H’]W@NU"I\?’J’]LuLﬂENiuiﬁ]i‘meEl'Jﬁ@ﬁﬁ]Lﬁl@ﬁ‘\?

o
o a A o o

azautundwefiTataulaniaafeududAty Tnaanizeded@aiunisdnefuieiannea T unasi

° o

109419AA1 TaWA A NAL ANlunea vizan1adaiTnLnase AaudINafalATNAFI9LA s ANHLZIANIZUDY

¥
a !

AanuanlFatinetalan an9NuISEAaurtILNLIIN1TAN AT UNATRINATaIN1A941TA LA TIAD



¥ o

nstszgadanIsseiuTnR sndngaamnatulad s guanagas il AN 5

Tm\m%”mme"mdimﬁwmmm?\l@rwf\‘iﬁﬁ@ﬂuﬁﬂ UNAMNAS TN BHANI AN HALRIN1A9A TR LAD T
sialAsvaiuazdug uIneTelsnuuRsn lulnsfwsTenAe s T we AR AT S WL AU UNN AT
aTTme MNULLHLTEANauLAZNIzand lasngunnivias IaanisulsAnniasaiinmasan 105 W, 145 W waz

q al

265 W iiaAnuatesndailninesiunizinaeusiatasainaman anwmuziiuie avauun Tassaieqania

a - o

= s - & a 3 | = = o
ANNMENLRILAzaIAl Tz nauNIANaas i AN LN TTaa e Jaududiuniisanslasanisidaseiilesaes

'
al o o K

ARTEASETMNAIAN A ENeLnATALAzNsz LU A LA LU AR o desmalinadninesa

2
= o

e lfidudayaiugiudmiunisidasialy

A8n1sANEN

G a) o a o
msmsaaNanuauRaNlulngs

FanurenuunenlulndluennsefisrananereadaussuufdsueandTnmes (Figure 1) T4
UsenauMnss LA LLAYILLILATYTYINIANIIUALIRAAIN (1) S2ULLAAAL (coating system) Usznausag
v P o o o - =
FeaARAUTUNNTULAUAAANIINTTLANTUIATAR 155 mm AINES 370 mm uazAnsdansnaeudaiiy
wrulanzauReNUTANs 99.95% 1unaiduituguenas 50 mm Inauainad i idusnuifluduunaiug
unnilnsauuang (unbalanced magnetron cathode) TngAdNNIdNTRIAUNNLHMRNANINAUAZ AU 19T
uanadAYinL 1800 G waz 1300 G Ananay NaanalninaesrsesadeuTuslanssuanTIUsIAuga
(1000 V 3 A) lunszuauninade sl dufaensne (99.999%) Wuwiaamnes wasuialulngiai (99.999%)
LﬂuLLﬁvaqﬂﬁﬁ?m Tnadnaufiaiuganauaunisluasadnas (mass flow controller) 189 MKS type247D
(2) sEUUAIEYINTA (vacuum  system) Usenausaaiazasguunuunslaaiinsrunapanuiausoauiuazi

dll G dll v ] o v A o ¥ o o

wisaagunauuLlsnaidueseguing daunnusuluiaaunfeunsadnftNInsinAINALLeY PFEIFFER

Feilsznausiagauaniua U TPG262 Dual Gauge waziadh §u PKR251 Compact Full Range Gauge

Unbalanced Magnetron
Cathode

N
™

Substrate
N

"

™,

Substrate holder |

DC power
supply

to vacuum pump system

Figure 1 The diagram and feature of the coating system use in this research work.
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Table 1 Thin films deposition conditions.

Parameters Details
Sputtering target V (99.95%)
Substrate Si(100)
Substrate temperature room temperature
Substrate-target distances (d,,) 100 mm
Base pressure (Py) 5.0x10”° mbar
Working pressure (P,) 5.0x10" mbar
Sputtering power 105, 145, 265 W
Flow rate of Ar 20 sccm
Flow rate of N, 4 sccm
Deposition time 60 min

AmiLduneunN1TARBLNANENAINUNTARAs05 LT IHUNUERNWIZWIL (100) NTNAIINAZEIAUAD

¥

dngiiasinaay Tnadnnsduaulivinsannuiihasaaeuiiussazniaindy 100 mm aniuanANaY

naluiaardau i la A usuNuNIsAUUsENNl 5.0x10° mbar wadasangAgansnauwazuialulngau

¥

dhgieanaey Taaruualidnsluaufisansneunazuiialulnsiauassion 20 sccm way 4 scom AINAIAL

MaszndNnIsAfeLANALIINIzIARa LAz gnALAN 13 A RiszaALLsTns 5.0x10° mbar vinlalag

s

A A ae ] P 2 | A o o o o o
mimu&uﬂmm@ﬂ;fy’m’]ﬂ@j\i ﬂq?Lﬂ@ﬂUW@NLLW@xﬁﬁ]quGﬂL']@f]Lﬂ@'ﬂUquﬂuﬂ'ﬂ 60 U N @qﬂ?UWQLLﬂ‘iwjﬂj

v
o o

TauAd A5l Ae nnasatTamese @ uwald 3 A1 Ae 105 W, 145 W way 265 W 115158 az1aan1aa

w1 Rmasneae LUt tuanaly (Table 1)

NNSANEIAN HULLRANIZUBINANLNG

Heuunaissenldiauninll Anmdnsusianzdaamaiamig I ﬁqﬁ(ﬂ TAAFNANIATIZH
Fnemieaaenuuiadiond (X-ray Diffractometer; XRD) 984 Burker 1 D8 tng/ld Cu-Kg (A = 1.54056 A)
Wuuasnuiinfidiend uaznsaadanuy 20-scan AAERNANNIENUIRELN (grazing incident angle) Wiy 2°

Tnoaunuyy 20 A9Nyu 20° D9 80° (2) ANHAUUEHURILATANNUUNTBINTUATIAADUAIINABI9aNTIAL

'
o

fAdnmAsauLLUdaINTnTiaNanadTdu (Field Emission Scanning Electron Microscopy; FE-SEM) 184
Hitashi §u 54700 (3) TaseafreqaniaLazANNENLRIRIA@e LAYNA0IqaNI9ALIRTAAN (Atomic
Force Microspocy; AFM) 184 Seiko Instrument g‘u SPA400 way (4) 4AUIENALNIUARRATIRRAUAREINATIA
wntisaidalnsalalluuunszanewasanys (Energy Dispersive X-ray Spectroscopy, EDS) 284 EDAX Fariy

NABIRANIIAUBLANATOULLUABINIA (SEM) 289LEO §141450VP



v
o

nstszgadanIsseiuTnR sndngaamnatulad s guanagas il AN 5

NAN1FANELATaNUs 8 Na

NATRINAIF L ALADSIADLIASIRS19NAN
sluunsReaiuusdiendresilguunaion lulnssfissen lduanslu Figure 2 nans3uaszy
wuind e ldiassahadunwienulnsfidaudundnlundewlaniseieuwazilasuuad
purndsatTmmess Taeindatnmeiaildlunnndeuiinaselassairananaasiauiimsoyldacadaia
Fahannnienm eiiguunei ldannniseae e ldingeatnmnesesn (105 W) wugﬂuuumsﬁmmu
§Q§L@ﬂ%’ﬁguﬂ@:mm 37.7° Ay 43.7° sepneiuansleznauaudenlulnedesuny (111) uaz (200)
AINANAL (JCPDS A7) 65-4307) LLmLﬁ@LﬁmﬁwﬁmﬂmLﬁ]fﬂ?‘ﬁlﬁﬂﬁﬂﬂﬁ’@;ﬁuLﬂu 145 W WAz 265 W WL31
e AlaTisLuuunndeaiunidiendiisuszann 37.7°, 43.7°, 63.7° uag 76.4° Sensarivanuieslulnse
35U (111), (200), (220) Uz (311) ANNANGL (JCPDS 11 65-4307) Fatazdiudile i datTninesaen
NeuilaTifauaesszunuAn (111) ez (200) uastAsufudszunuia (111), (200), (220) uag (311) Wiald

masailnpesageausondiaadinaesgliuunisaenui@ie ndninsauaunaailnnesaansos

X
VN(111)

VN(220)

Intensity (a.u.)

Sputtering Power

MM
W

105 W * A,
| | 1 |

20 25 30 35 40 45 S50 S5 60 65 70 7S 80

« VN(200) VN@31D) A

2 Theta (deg.)
Figure 2 XRD patterns of VN thin film deposited at different sputtering power on Si (100).
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Table 2 Crystal sizes and lattice constants of the as-deposited VN thin films at different sputtering

power.
Sputtering Power Crystal size (nm) Lattice constant (A)
(W) (110) (200) (220) (311) (110) (200) (220) (311)
105 16.1 12.8 - - 4.130 4.144 - -
145 254 17.5 19.9 23.5 4.126 4.143 4.125 4.124
265 31.1 32.9 26.7 22.5 4128 4.142 4127 4.130
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Figure 3 FE-SEM images of VN thin film deposited at different sputtering power on silicon wafers.
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Table 3 Thickness and surface roughness of the VN thin films at different sputtering power.

Sputtering Power Thickness Deposition rate Roughness (R,) Roughness (R ..)
(W) (nm) (nm/min) (nm) (nm)
105 304 5.1 2.2 3.5
145 767 12.8 10.9 13.2
265 1091 18.2 14.4 19.2
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Figure 4 AFM images of VN thin film deposited at different sputtering power.
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Table 4 Chemical compositions of the as-deposited VN thin films at different sputtering power.

Sputtering power Vv N V:N
(W) (at.%) (at.%)
105 37.9 62.1 0.6
145 41.9 58.1 0.7
265 44.0 56.0 0.8
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