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57912235: MAIJOR: PHYSICS; M.Sc. (PHYSICS)
KEYWORDS: THIN FILM/ VANADIUM NITRIDE / REACTIVE DC MAGNETRON
SPUTTERING
JONGRAK BORSUP: PREPARATION AND CHARACTERIZATION OF
VANADIUM NITRIDE THIN FILMS DEPOSITED BY REACTIVE DC MAGNETRON
SPUTTERING METHODE. ADVISORY COMMITTEE: NIRUN WITIT-ANUN, Ph. D. 90 P.
2016.

Vanadium nitride (VN) thin films were deposited on glass slide and Si by reactive dc
magnetron sputtering method with different N, gas flow rates ranging from 2 sccm to 8 sccm, and
sputtering current ranging from 300 mA to 900 mA. The as-deposited films were characterized by
XRD, AFM, EDS, and FE-SEM respectively. The results showed that the structure of the as-
deposited films varied with the N, gas flow rates and sputtering current. (1) In case of varied N,
gas flow rates, the as-deposited films were VN with (111), (200), and (220) planes. The gas flow
rate increases, the coat rate was changed from 7.4 nm / min to 4.6 nm / min. The thickness and
roughness decreased from 443 nm to 271 nm and 9.3 nm to 0.7 nm, respectively. Crystal size
were decreased with increasing N, gas flow rates from 30.2 nm to 14.24 nm and the lattice
constant was in range of 4.121 - 4.170 A. The cross section analysis showed compact columnar.
(2) In case of varied sputtering current, the as-deposited films were VN with (111), (200) and
(220) planes. The coating rate increased from 7.38 nm / min to 23.58 nm / min with increasing the
sputtering current. Thickness was increased from 443 nm to 1415 nm, while the most surface
roughness of 46.7 nm at 500 mA. Crystal size is increased by increasing the sputtering current
from 57.89 nm to 76.33 nm and lattice constant is in the range of 4.106 - 4.117 A. The cross

section analysis showed compact columnar and dense morphology.
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(sccm) TN (111) IZUU (200)
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4 4.132 4.141
6 - 4.170
8 - 4.155

W88 JCPDS No. 35-0768 :a= b=c=4.139 A

A =2 a d = s A Y %)
AT NN 4-2 GUHW]Wﬁﬂ"’llf’NWﬁiJ‘]JN’NLum&‘JJhlull@iﬂLiJf)LL’]JiﬂT?JG]ﬁTllﬁallﬂﬁvluiﬁiﬁ]u

o1 Ivauna lulasiou VHIANDN
(sccm) T (111) IZUU (200)
2 57.89 30.20
4 27.97 28.52
6 - 15.26

8 - 14.30
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4. ANHAENURIMAZANNRENURD
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meememmmumfmm‘ﬂ;]ﬂifnmJazmamm”luimmuuaaWasumzﬂumumau"lu”lmﬂ
[] <3 a Y o [ o Yya| o ~ Y A

ﬁ'$ﬁllWﬂﬂ‘l{‘l“uﬂfJNi’JﬂLi’J‘U1!N’JﬁuT’Jﬁﬂi@ﬁiU“ﬂﬂﬁWﬁiJ“I/IUlﬂiJﬂ’NiJﬁmUNJQQLLag

Aa g’; a d = L5 Y [ %) A
mumfn‘ummwmmmwamuuman'lu”lmﬂmmﬂuua@mmuamﬁ1'lﬁauﬂﬁ“lu1mmuﬂ

@ [ Jd aa v J

A 2 : [ a a a 4 {

NI FId0andoanuUItoues Hiuas INaetiua uazgsaed lvena (2559) NAnyINS
= a d = J A A aa = a 1 a A
wssuau o lulasadredssuenaddaduuniinsouailamess nunanuneEINnm

{ A o 3 o a A A X v
wnhganoas Inauna luTasnudazanureumiisasasnumsiuaiuyeoas lva

o o A~
LlﬂﬁulUTGliﬁ]uﬂ\‘lWliNﬂ 4-3



[m]

(c)

0.00 [nm] 19.19

A v &I a Aan Aan a d = s
NMNN4-4  ANHUSWURULDY 2 WA LD 3 UA ﬂlmﬂammmuumw"lu”l@m
Aa d Y a d'l Y (94
NIAATCHAWYNAUA AFM LﬂJ’E]LliJiﬂ"l@GlﬁhlﬂmlﬂﬁhluIﬁil,i]u

(a) 2 sccm (b) 4 sccm (c) 6 sccm (d) 8 sccm
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0.2

A o j’ a aa aan ard a 4
NMNN 4-4  AaNHUSWURNULDY 2 UA LD 3 UA “ll'f)\i‘l/‘laﬂJﬁJ'N'JHuLﬂfJil]lu"lﬁiﬂ

k) a

Aa o A Y o
NAATIEHAWNAUA AFM mamJime@]ﬂ"lﬁmmﬁ"luimmu

(a) 2 sccm (b) 4 sccm (c) 6 sccm (d) 8 sccm

1 a ar d ¢ A 1T @ [
Q13199 4-3 anuveurveIlanu1dey lu lasadisuilsawast lvaunea luTasau

ons1 lviauna lulnsiau (scem) ANNHENVAI (nm)
2 9.3
4 3.7
6 3.8

8 0.7




49

5. Tnssa31agamnvesilax
4' 9 o a d =3 4
1M 4-5 udas Inseasegamanaznndavgvesiania s lulasa
= 9 a 1 9 @ &’ a A S A A 9
NAMIANYIAIINALA FE-SEM WU IATIa319 nuazdnyaznumvoslaninaonld
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Imanlasuulasldawdas lwaveanna lulaswu Taaodas vauna luTasmuminy
ad A o I = o a 9 a d A o [
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1 1 :, d' @ [} [y ] ad Ao I
a1 lumiuave Wooni1 lvauna TuTa UMY 6 scem WU UATUYDINSUTANBAULIT] U
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WMaoNUFUTE Hagdaswnd luIasnumny 8 scem insuvoslaulianyuziudanau
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@ 4 ar d [ 4 o
TaseadauuunodunsuazaNUHUIVeINaNIAIaAA91N 443 nm D4 271 nm (WA 1A

[+ A é’ [ d'
una luTaswunuay aaaadluninn 4-6

TMEC 5.0kV 11.6mm x15.0k SE(U)

L B N e » T
TMEC 5.0kV 7.6mm x50.0k TMEC 5.0kV 11.8mm x15.0k SE(V) 3.00um

d' @ o dﬂl a ar o =1 o
NN 45 MadavItazanyazNuEvealauu eyl lasqa
4 LY [
dion)smsast lvauna lulasau

(a) 2scem, (b) 4scem, (c) 6 scem, (d) 8 sccm



L S B B B B R N B
Smm x50.0k SE(V) QC TMEC 5.0kV 11.4mm x15.0k SE(V)

(@

TMEC 5.0kV 11.6mm x15.0k SE(V)

dl % 1Y dy a ar d = o
MNN4-5  MadavuILazanyazNuAIve a1 u@ey v lasa
4 LY [
dienilsaoait lvaunea lulasau

(a) 2 sccm, (b) 4sccm, (c) 6 sccm, (d) 8 sccm

600.0

500.0 -+

4000 -+

3000 —+

Thinckness (nm)
L]

2000 -

100.0 T T T T

2.0 4.0 6.0 8.0

N2 Gas Flow Rate (sccm)

A A d a s A "o o
NINN 4-6 ﬂ'JHJ‘Viu”I‘UE’NV\Iall’]JTQ'J"I!L!Lﬂlelul.u”I&‘liﬂ!‘JJ@!lﬂiﬂ]'ﬁ]ﬁi]ulﬁallﬂﬁulUTﬂﬂﬁ]u
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6. panilsznoumaniivesilan
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[ 4 o 1 ®» 2 2
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o aann [ 'Q 1 y ard 1
lulasnuazihlgnsenu TangAdadharsnaoy duwaldlsumesTans ludieTdauiin

A v 2] 2 K
a@a\‘]lll’f]ﬂ'ﬂll@uﬂ@ﬂllﬂﬁVlUT@ilﬂuLWNiJ']ﬂﬂlu
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80.00
70.00 < v
-~
3 - —a— -
s 60.00 + -
= &N
= 5000 +
£
S  40.00 4
—_—
S 3000 +
20.00 i ] i }
2.0 4.0 6.0 8.0
N2 Gas Flow Rate (sccm)

A J = a d = s
NNN 4-7 @Qﬂ‘ﬂizﬂf)‘Uﬂ?ﬂlﬂilsllﬂﬂ‘ll\laJJ‘]JNTILHL@‘IEJMLIMll@]ﬁﬂ

doutlsmeas lvauna lulasou
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waveInszua v

9 Aa EE ar o = P A 9
‘ll@ll“afnﬂﬂﬁ'JLﬂ'ﬂ%WaﬂHﬂJZ!ﬂW"I%GUfNV\IﬁiJ‘UN'JWLuLﬂfJiJllullﬁiﬂVlLﬂﬁﬂ‘Ullﬂ

A ' Y o o A
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1. aNHUTMIMENN

Wanurenumen' lulasammndou lavunszana lag tioutsanszua ludh Adun

J A o =

A Yy A o Y ' I a Y a Y Y o
Lﬂﬁ@llvlﬂ Lnﬂﬁﬁlﬂﬁ@]’zﬂﬁ1lﬂﬁ1 W‘]J’J'IN’JWHTWﬁ‘JJ‘JJﬁﬂBm%LifJ‘U azmuum”lmmuaﬂymz

9
o

~Aq ¥ Y v ad A Y 9y ~ ¥ A A
qj@ﬂﬂigﬁ]ﬂﬂiqﬂﬂujaﬂiaﬂiﬂ V\Iﬁllllﬁu’lﬁ’]ﬁlellll FUINALASTUINTANDI LUDINY

ﬂigllﬁhlv\lﬁ1 aataaslunni 4-8

Non-coated I=300 mA I1=500 mA I=700 mA

(a) (b) (©)
~ o ~ A& ~ S A P
NN 48 dnvaztazdueaidunaudonlulasanafouuunszana laq
dionlsanszua lihaeathiu@ewy

(a) 300 mA, (b) 500 mA, (c) 700 mA
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7.38 nm/min Nn3zua WA UMAY 500 mA WUISATUAABVAAUNINY 15.98 nm/min LA
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5.0 i i i

300 500 700
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7NN 4-9 sasuadevvesianunumen lu lasaenlsanszue Iihve uthimufe
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9 A A Y = ald A A 1%
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No. 2 Theta Intensity h k1 d-spacing
1 37.79 130 111 2.38
2 43.90 44 200 2.06

3 63.89 50 220 1.46
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Preparation and Characterization of VN Thin Films Deposited by

Reactive DC Magnetron Sputtering Method

Q3in vaniwe' 4sd0f leann’ way Iun Anedus

Jongrak Borsup', Surasing Chaikhun' and Nirun Witit-anun"

UNAREa

Afuurowunenlulass (vN) gniedeusiedssuanavaduunilnseuamnes deAnENA
yeedmmauiauinsauselnnaieiauRARe U TAsaaiauan Arumn AsmmenRe AN
ﬁuﬁmmzmﬁﬂi:nﬂuwwLﬁﬂﬂl@ﬁﬁugnﬁnmﬁaﬂmﬂﬁﬁ XRD, AFM, FE-SEM WAz EDS  ANHATAL
Han AN LI AT AU LE Aa 2Ry lulasd Failaseaa$anAnuLy fee szunu (111), (200)
LAz (220) TR U ANA N AATILATIE AT 14.3 — 30.2 nm WAy 4.121 — 4.170 A AMuaFL
prmnvasitdndiranaaiiesasivaufialulnnauiady douasavenuiaiierlutae 0.7-9.3 nm
NANNTAAIZRBYY FE-SEM wanslfidiuinduinaoulfillnsessrauunaeduuns Tnoiauiiaeidud
fnruruanaiuiiesn luauialulnnauiiniu RéuiwdeulEdudanuazlulnsawily

asrlsznevdaudsAnndnminauialulnsiau

ABSTRACT

Vanadium nitride (VN) thin films were deposited by reactive DC magnetron sputtering
method. The effect of N, gas flow rate on the structure of the as-deposited films was investigated. The
crystal structure, thickness, roughness, surface morphology and chemical composition were
characterized by XRD, AFM, FE-SEM and EDS, respectively. The results showed that the as-
deposited film was fcc vanadium nitride with (111), (200) and (220) plane. The crystallite size and
lattice constant were in range of 14.3 —30.2 nm and 4.121 — 4.170 A, respectively. The thickness
decreased with increasing of N, gas flow rate and roughness surface in range of 0.7 - 9.3 nm.
FE-SEM analysis showed compact columnar structure and different morphology with increasing of the
N, gas flow rate. The as-deposited films compose of vanadium and nitrogen in different composition

varied with the N, gas flow rate.

Keywords: thin film; vanadium nitride; N, gas flow rate; reactive DC magnetron sputtering
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Figure 1 Diagram of DC magnetron sputtering system in experiment.
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Table 1 Thin film deposition conditions.

Deposition parameter Values
Target Vanadium (V) pure 99.97%
Substrate Cover Slide, Silicon
The target to substrate distance 10 cm
Base pressure 5.0 x 10° mbar
Working pressure 5.0 x 10° mbar
The flow rate of Ar gas 20.0 sccm
The flow rate of N, gas 2.0,4.0,6.0, 8.0 sccm
Vanadium sputtering current 300 mA
Deposition of time 60 min
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Figure 2 Color of thin films deposited on glass Figure 3 Deposition rate of the films with

slides with different N, gas flow rate. different N, gas flow rate.
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Figure 4 XRD patterns of VN thin films with different N, gas flow rate.
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Table 2 Thickness, roughness, crystal size, lattice constants and elemental composition of the films
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Lattice Elemental composition
N2 gas flow rate  Thickness Roughness Crystal size
Constance (At% )
(sccm) (nm) {nm) {nm) .

(A) % N V:N

2.0 443 9.3 30.2 4121 39.04 60.96 0.6

4.0 304 3.7 28.5 4.141 3792 62.08 0.6

6.0 278 3.8 16.3 4170 36.34 63.66 0.6

8.0 271 0.7 14.3 4,155 36.09 6391 086
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Figure 5 AFM micrographs of VN thin films with different N, gas flow rate.
(@) 2.0sccm, (b) 4.0scem, (c) 6.0sccm, (d) 8.0 sccm



(a) (b) (] (d)
Figure 6 FE-SEM micrographs of VN thin films with different N, gas flow rate.

(a) 2.0scem, (b) 4.0scem, (c) 6.0 scem, (d) 8.0sccm
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