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ABSTRACT: Due to the particularity of composition, multi-principal alloy shows many superior performances, such as higher

strength and hardness, better wear and corrosion resistance, and better oxidation resistance at high temperature, so it has been
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extensively studied in recent decades. Due to the limitation of thickness, the mechanical properties of multi-principal alloy films
are even higher than those of multi-principal alloy with the same composition. By adding carbon, nitrogen, oxygen and other
non-metallic elements into the multi-principal alloy, the performance of multi-principal compound thin film has been further
improved. The aim of this study was to investigate the effect of nitrogen content on the microstructure and mechanical
properties of MoTaW multi-principal alloy films, and to improve the mechanical properties of Mo-Ta-W multi-principal alloy
thin films. In this paper, Mo-Ta-W-N multi-principal alloy nitride films with different nitrogen content were prepared on
monocrystal silicon by reactive multi-target magnetron sputtering technique. The composition, element content, structure,
microscopic morphology of surface and section, thickness, and roughness of Mo-Ta-W-N multi-principal alloy nitride films
were characterized using X ray photoelectron spectroscope, grazing incident Angle X-ray diffraction, field emission scanning
electron microscope, atomic force microscope. The hardness and elastic modulus of Mo-Ta-W-N multi-principal alloy nitride
films were tested using nano indentation apparatus. The nitrogen content of Mo-Ta-W-N multi-principal alloy nitride film
increased with the increase of nitrogen flow rate during sputtering. When the nitrogen flow rate reached 50%, the nitrogen
content in the film increased to 49%, while the tantalum content decreased to 12%. The decrease of tantalum content is mainly
due to the toxic phenomenon of target material. The bindings of Ta-N and Mo-N, but not W-N, were found in the nitride film.
After the formation of nitride, Mo-Ta-W multi-principal component film changed from BCC structure to single-phase FCC solid
solution structure, and its surface changed from lamellar structure to cauliflower-like cluster structure. Each cluster was
composed of smaller particles. With the increase of nitrogen flow rate, the surface particle size of the film decreased first and
then increased. When the nitrogen flow rate was 50%, the cross section of Mo-Ta-W-N nitride had a double-layer structure, and
a compact featureless amorphous layer was formed near the base. With the increase of nitrogen content, the roughness of the
surface decreased first and then increased, while the thickness decreased continuously. Compared with Mo-Ta-W multi-principal
alloy film, the mechanical properties of Mo-Ta-W multi-principal element alloy nitride film were improved. The mechanical
properties of Mo-Ta-W multi-principal alloy nitride film are enhanced for the following reasons. First, after nitrogen is
introduced into the film, stronger covalent bonds are formed between metal elements and nitrogen, and the bond energy is much
greater than that of metal bonds. Second, the addition of nitrogen as an interstitial atom also cause serious lattice distortion effect
of the film, resulting in more significant solution strengthening effect. However, the mechanical properties of the films
decreased with the increase of nitrogen content, mainly because the denseness of the films decreased with the further increase of
nitrogen flow rate and the enhancement of re-sputtering effect. When the nitrogen flow rate was 10%, the hardness and elastic
modulus of Mo-Ta-W-N multi-principal alloy nitride film were 34.3 GPa and 327.5 GPa, respectively.
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property

R ) BT S R T 2004 AR 4R

S, H5 R 5 RhECE 5 AL EROCR ISR T RTS8 AT B A R EAAS S M

202341 A

FIH G T AP BB, A e

EET AR —FoH RS SR, P& RS
BIE 5%~35%Z AN, KA FAE5%E b E—f4eR
LR & SEFEEMA, S 2PNESETR
WAL, TERZ Sy, XM ZETLESE. BT
Mooy ERRRRYE, ZF G SR TIRZ AR E 4
AEZ B MEREUL T, Q0 e 5 B AR R | A i
T SO S T R A A RS, RO JLAR
KAFE T IZ WG . b, il Kam2e g i oE &
W, XFZFuuE4eki, FooliteIfdE— Emi
I, X2 TR, IS YA RRC R Te R ()
AT &4 mE S hEYEaer iR,
HEETFZENAEHE, ZF0EE WM T
JERE BRI, 2R B B 2 HeAR A A ) 22 S oA
B AR SR R TR LN RS MER 2

BT ZHRE, G, 99K S5 H B NbMoTaw #
R B R AT DAk 2] 16 GPal®, Zou Z5UV@E i g 55 Mk
£ T NbMoTaW J K, TERH T 3 o o 7 s 7L
K] 64 (1100 °C/3 d) B o H o /Y e T Al
gERRRE M X T = BT MER £ oA A T
FEM ELd /. Zhang ZEUR F Z ¥ RGP ST 46 T B
F A BCC Z5H9HY Mo-Ta-W Wi, ZSTH HLRS B Ry
4~8 nm, MEREFATIA 20 GPa, TEX £ EI04 4 Wil
FgE i, XA ST imAR . AL ESE4 )R
JLE, 2N —FhZ o0 b AW mmse, oy i i)
RE XA Tik—myes . Hd, ZE508 Y im)
otk %, EHEM LT £ FE 06 2R UL IR T K
M, 6 HEFE VA ORAR AT BCHLA . Pk BERE SR AL ) 45 5
T ET ZHIFF, X TF A= F oo A S £ 3



w52k 1M

BT, S A iX Mo-Ta-W-N £ £ I04 & A ALY IR 19 520 -23-

A BACYRI B A AT ST R DLAE , A HAT a0 2L
FOK RN 2 FI0E & BALY W ) L ZUEE A

ARSI MoTaW Sl , 18 i 75 22 BURE H U T
BT R AU AR UM, S BB i S ot
M, 7E MoTaW Z EILH B PHIAZILER, HIAAH
X MoTaW £ T o0& M IR O SUR T 2 PR RE
MR, 0 22 T ou 6 e B ALY i AT 5 SR AL g
A

1 iR5e

1.1 HEHE

K FH VT 22 10 s T Bt LR ) B R T BEE R R
T4 T Mo-Ta-W-N £ £ 08 & 2LV, wids
T S 15 B A A B IR A L s R A B 1 e LS
UG SRR e AR A Al (4l =99.95% )
BT 4@ Mo, Ta fil W #, HF, Mo Ml Ta %
FHHLF AR 2, W SR FI ARG A ik 4% o 304
HRY 60 mm, JEREZ) K 5 mm. HIEHE NI E T
WS MR BR A A 15 mmx15 mmx0.5 mm
K/ P HI<100>Hf ik o DT AR AR R H v
Al SR ANE R TAEAR,

TE SN 22 0 B0 45 0 S5 1 45 T, B SR TG K 2
W HERA LSS A RHER 75 75 Uk 10 min, B &8 Tk b
VEHAE R TIRE T T 8 3 Fh & JE S M 730l 2 T 9%
PEHLUTRNE B 3 A BRGS0 H , F0A E S I A1 R
FEHEE A 10 cm. FHIHEHAS E[EMET
5.0x107° Pa, PRl ARSMESIELE] 0.8 Pa, Jfibtr
10 min [ T S DA 2 B b4 2 1 1) SR Ak ) S5 4 0

TE IR 28 RG4S DO R A v, SRR AL
10 r/min, S EARFFLE 0.8 Pa, SR E A 40 mL/min,
HAP ARSI Ry (R=No/(Ny+Ar) ) 73l 2 10%
30%F1 50%, HTFfil&ARAEEE Mo-Ta-W-N &
L, Mo $EAYTHZRIE E N 100 W, Ta ¥EKTHZH
THZE R 150 W, W AR R D246 28 R 100 W T SFHITR
BFEIA 1 he DURUS, A S A2 OB 2 v il B A 4]
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1) SR E PR RBHE A R =1 X SR
Yo HL FRETE{Y ( X-ray Photoelectron Spectrometer,
XPS, %15 Thermo Scientific K-Alpha ) i€ £ It
B 4 Bl A W) RN A AR W R T A 2% 1 43 R Ak A
XPS /il B i X PR IE R Al-Ko fa i (GE&EH
1486.6eV), TAEHERN 12kV, HFEH 6 mA, 4
Wras Bs LT 5%107 Pa, MAEN 50 eV, HKH
0.1 eV, ZEERERGHER TSI YR C 15=284.80 eV
A RE AR

2) RHIEAS A X $124ii i ( Glancing Incident
Angle X-ray Diffractometer, GIAXRD ) ) /7 X £ F
T I B Al R 25 R R AT 0 BT o AR SR T B 1
BRUKER AXS GmbH 23 F] 42 77 ) X S RATHHL (2
5 D8 Advance ), ZrtridfErh TAEHREN 40 kV, T
TERLUEA 40 mA, X FFZEN Cu-Ko( 4= 0.154 18 nm )
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AATP R S AT AR A o RO, TR RS
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4) R3¢ FE G & AT RS B T ) OB

( Atomic Force Microscope, AFM, 12 Dimension
ICON ) A2 FIouMli By & i — e M =43, &
fiE 22 F2 0w I i) R T MRS BE 1 00, i,
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AN, KRN ML, Mo-Ta-W-N Z&ALHy 8 5 v (1) 42 &8 ot
R, iH Ta JCE RO BCR
BHRE, N 21.5%FFE 12.0%, %0 HER K skt
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Tab.1 Chemical compositions and thicknesses of M o-Ta-W-N nitride films

Composition/at.%

Samples N, flow ratio/% Thickness/um
Mo Ta A N
Moy6Tay, W, N3, 10 25.8+0.5 21.5+0.3 21.3+0.5 31.5+1.2 1.934
Moy, Ta;sW,oNy, 30 22.44+0.2 16.0+0.4 19.8+0.4 41.7+0.7 1.753
Mo,,Ta;, W 7Ny 50 21.9+0.5 12.0+0.2 17.2£1.0 48.9+1.5 1.383

Mo-Ta-W-N Z ALY 5 0 {22 s 25 A RSt
XPS Hi5E , LA MoaTa;, W Nyo W R ], 3282 4370
Z1 XPS Ei% (N 1s. Mo 3d. Ta 4f fil W 4f) %%
WE 1R, %08 B FORTE XPS FHHoea",
ATLLE H, MoyyTaaW 7 Nyg 8 5 H [R] B A7 7F 42 s - 4
& . &lR-AMER-ANES, HhER-EnsaR
B Mo;,Ta1,W17Nyg EHJ‘% *ﬁﬁ%ﬂﬁ% s ﬁ%ﬂﬂﬂ Y5 YL
B4, SR TREA eSS SR B R A TR, Xt
FRFLE LB EGY SRR Z /M, 2% mmEE
e M EZ BT I B2 o N Is FUIGEAT LG4 il 3
A 394.8 eV ARAYIEXT Y T Mo 3pspn, 396.9 eV 4k
XTI T4 IR ALY, 399.0 eV AR FE N—O
B MRIEEIERIIALEE, Mo 3d f77E 2 410Uk,
228.7 eV 4L Mo 3ds), W1 231.9 eV AL A Mo 3ds), 1§
¥ F MoN; 229.3 eV A Mo 3ds), I Hi1 232.5 eV
B Mo 3ds, WX I T MoO, . 7E Ta 4F Yeit iy 2 541

gER g 7T 23.9 eV ALY Ta 4f;, W 25.8 eV 41
Ta 4fs, XM T TaN; 24.3 eV A Ta 4f, W
26.2 eV AbHY Ta 4fs, WEXT T Tay055 25.6 eV AbHY
Ta 4f,, W1 27.5 eV 4L 1 Ta 4f5, IEXF T TaO,, W 4
I [FAEAETE 3 LU . W 4f,, 7 31.6 eV AL AYIEFI
W 4fs, 76 33.7 eV WG R4I4E Wi W 4f, 7
34.2 eV AL RN W 4fs, 7F 36.3 eV AL FYIE(CER WO,;
W 4f;, 1E 34.9 eV AL AYIE T W 4f5, 75 37.0 eV Ab g
M WOs. M 38 XPS Bl 1) 430 S AU 45 58 T 4,
Mo, Ta;aW 7Ny BALYH L AFAE Ta-N FI Mo-N [H 45
&, BRIFAELE W-N 45 S, XaJfeH WA
EmAYE R ITE, W—N B2 RA R

( AH# %= —72 kJ/mol ) KT Mo—N f ( AH#*® K=
—115 kJ/mol ) HI Ta—N %8 ( AH#*** = —251 kJ/mol )
LIRS, W—N #AE AL L Mo—N #51 Ta—N
%E}Xﬁ[m-w]o

A: Mo 3p
B: N in MoN and TaN

A, B: MoN
C, D: MoO,

C:N—O
5 e
.2 g
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g g
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Fig.1 XPS spectra of Moy, Ta;; W 7Ny thin film
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TS B 1 g AR AR B R TP A 45 )
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) HE T, 1T(220) 4 T LA Fe T 38 T, R
Tl 4 IR ) 45 1) S P, (220) AR T H(111) A T
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ek, XA VF(200) U n] SR A (111)H fa] i 4[] B
AR PRI e R ) R R B T 3R H (200)
PRI . B2, BALY B A B B i 3
FI2ET RN 22 18] B 52 A LA T e, ik 5 A K
FEAR B HI

(111)(200) = BCC
e _ow TR
Mo,,Ta;,W17Ny
*
= NA Y
3
8 J\ Mo,,Ta;sWaNa
*
g I e
2 "(110) MoysTa, Wy, N,
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Fig.2 GIAXRD spectra of Mo-Ta-W-N
nitride thin film

2.2 Mo-Ta-W-N B3R 53 4

& 3 A Mo-Ta-W-N £k 477 7 5 1) 2 i A1 A e T
$i. MG Zhang ZEPIHFSEEE AT A, MoTaW A4
W B TR T 2 AR gsH , B0m BRI A
RAEHZER . A Mo-Ta-W-N Z ALy 5 ) 2 i T 55 Al
DIEH, EUR A R 2 i Y 4 e s, R
TE R T AR SR A RS54, B AT 75 Pl T /DN A SR
P AL, X 22 3 00 R Ak T A ) SR 3% T T 45201 T
iF, BfE RS R A, R i R R S S
JEYE R M R=30%M}, MoyTa;sWaoNyy R A
A /NIRRT . 2 R, AREEREIME] S0%HT,
21T Y O R ST OB G . Mo-Ta-W-N - &Ufk 4 1 e
fR T TR S ) B A R IR S SR, M T
MoTaW &4 WM, ALY i rEmtoR ok 4 T
M R anfl . RS AR, Mo-Ta-W-N &
Ak 4y T S 1) A T A ORR SR e AR AR A KL . S Ak, 2
R,=50%}, Mo-Ta-W-N & {k¥ (0 # mi B0 T W02 &5
F, KRIE Zhang AORTF7E 25 SRR, 50T 3K 59—l
TR T 808 R E AR fL 2

H P 3 A A AR 5538 1T LA Mo-Ta-W-N
RACY AR, 455N 1 iR, M 2R
ARG, Mo-Ta-W-N & 1h 8 ) JE 13 320 5 AR A1
2 R=10%HT, MBLAYERE N 1.934 um; 24 R, B3|
50%MF, KRR /D] T 1.383 pm, AR ML,
FEE ) TOAR B R Bt A SR R, M 32.23 nm/min
FEAIRE] T 23.05 nm/min. 8 IR TARGH 28 (14 B AT mT 05 A
F 34N, H—, —EEM TR SAE T A8
SEAT), FRTE S W AR T, 75— MR I R
I SIS TRy A o K A =91 % VA S = 7/ B 56
e S 2o 2 DA S5 4 D1 A8 SR S A, (A D
RORREAL, B “¥oprhs” %, 2, T 2R
P ELAT AH 2 1 R B AR AT, SRR I, A S
FEHER, AR R AR, TR
TG AR TR, TS0 B ok R A1 025290
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Fig.3 Surface and section morphologies of Mo-Ta-W-N nitride thin film

PRI, AR T A B 3R i 2 R0 SR I B T
BEAIG,  DATT 5 S50 AT B P 2 B i/

& 4 2 Mo-Ta-W-N ZAb$ B 1) Ji - g b
X =YEIES, ATLIE 1, Mo-Ta-W-N & ALy i
RHEEIPRDIRGER . AT MoTaW &4 MM %
TAHLRS B Ra=(6.15+0.01) nm, 24 &SI ZE Ry N 10% .
30%F1 50%M, Mo-Ta-W-N 15 1% 32 HTHLRS ¥ Ra {8
A3 59124 (3.25+0.06) . (1.77+£0.02)., (2.56+0.08) nm. i
LTI, Mo-Ta-W-N 21k 47 5 5 119 2 1 R RS A BH
e, X FEEIERE T ARRETES A, 5IAK
Ji i B ) 2 T NG o B AU R R
THEBBE 11 2% TDRELRE B2 S0/ 5 K . Y AR
(10%) B, REIEHCNMIONR, HRER SRR,
FMEHLRE R, R b E LB TR, A
& DA 1 2 T WG B D A B SRR DA B BRI AL
RPO Bl R TR AR (30% ), WS bk
TR S 1T 9 SR R AR, (R R B 5 1Y g

2, JEF 0 2 T A s R 12 f A R 1 A 2R
A& BRSSO NI D T S8 2540, TR R T A Xt
JeUE RS- R, AR B PR AR, (HEREE R,
YRSEIENN (50% ), o B8 (%) 2 THDRELRES B CEHT AR K,
RS F I R REIR, O R R, R R TR
IR ARG, A B0 R ik BR, (H2
LT AT (1) BE 1 SRR N, A 1 7 5 5 1 5 T A
REEMIE— RAER K (4 AR ), Brll
AR FF B, 5 T R AT RURE B 1 3 10242029

2.3 Mo-Ta-W-N B 1= ee s 4

&l 5 2 Mo-Ta-W-N S {4 MR Y 99 K IR ) 2
PEREBE R TR AL B o HRE Zhang PRI 5T
ZERATH, SFETHH MoTaW A 4 5 1 i i oy
(19.9+0.6) GPa, 314 i 4 (280.2+14.8) GPa, M &l 5
T LIE 7 MoTaW & & 5l ARJTE DS,
Mo-Ta-W-N {11 78 5110 s 8 0 s A ol 25 180 0m

16.4 nm 9.6 nm 20.4 nm
—14.7 nm —83nm —10.7 nm
0 10 pm 0 10 pm 0 10 pm

a MoyTa, Wy Na,

b Mo,,Ta;sWxNa,

¢ Mo, Ta;,WisNy

Kl 4 Mo-Ta-W-N AL A AFM R IIE S
Fig.4 AFM surface morphology of Mo-Ta-W-N nitride film
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