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ABSTRACT A series of Ti-based multilayered films were deposited using a new mid—frequency
dual-magnetron sputtering system. The influences of Ti buffer layer on the film hardness and adhesion
were investigated. The forming mechanism of macro-particles and caves was analyzed, and then the
orthogonal design and variance analysis were used to discuss the influences of the target currents, the
pressures of working gases and the substrate bias voltages on the densities of the surface defects, and
the process parameters were optimized accordingly. The results show that the target current has the
most important influence on the defect density, and the effects of the pressures and the substrate bias
voltages decrease in turn; in the condition of the target current of 20 A, the gases pressure of 0.31
Pa, the bias voltages in a range of ~160— -300 V and the thickness of Ti buffer layers, £=0.12 pm,
the high—quality TiN/Ti multilayer film is obtained, whose Vickers microhardness HVy 2 i is 2250,
film-substrate adhesion (critical load L.) is 48 N, and surface defect density is 58 mm™2.
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Table 1 Results and analyses of orthogonal testing and variance analysis of Lg(34)
Item Factor Deviation Surface defect density
Target Bias P(Ar+Ny) line Y;, mm~—2
current voltage C (i=1,2,--+,9)
Level 1 12 A 0—-140 V. 0.31 Pa
Level 11 16 A -160— -300 V. 0.32 Pa
Level 111 20 A -320—-460 V. 0.33 Pa
Sample No. 1 I I I I 338
2 I II II 11 336
3 I 11 11 111 357
4 II I II 111 289
5 II II 111 I 317
6 II 111 I IT 224
7 11 11 111 II 146
8 11 11 I 11 58
9 111 11 1T I 84
Analyses of orthogonal testing
Sum of factors I; 1031 773 620 739 (=1, 2, 3, 4)
I1; 830 711 707 706
111; 288 665 820 704
Variance analysis
S 2
12411241112 ( Z_: Yi)
Sum S; 98468 1958 5749 257 <Sj =11 =5 )
Freedom f 2 2 2 2
S;ilf 49234 979 2874.5 128.5
Impact deg. Ia 383> Fo0 7.6< Fpi0 224> Fpao (Fo.10(2, 2)=9.0)
(Strengest) (Weak) (Streng)
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Fig.2 Auger depth profiles of the elements in multilayered
TiN/Ti film
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Fig.3 Effect of Ti buffer layer thickness (z) on microhard-
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Fig.4 SEM image (a) and EDS spectra (b) of damaged sur-
face of multilayered TiN/Ti film

B, ERNAERFEEEAFERT, RS EE 3
. FERRTE SRR 2 (A s A i 5 LS R 2 (] AR AT A
WAL DO FETAR R R B — B B B S (R
IHAN), AR T S A R B AR
M s R R . 7ERTURREE, MR R 52
s Eh.

mFE 1 PR, #id EEEE 9 REREDRHER
HERFE R E AT LA S E L, H No.8 fyRH S
FEERAR, SSRsRE. HIZSHAS N : EaEfME
3K 20 A | ERARENE 2 KT -160— -300 V
MEMEET) peacen,) BI5S 1 /K°F 0.31 Pa.

St IEAS TSR A UAE L, R LESHKAE h:
EEHFAEE 3K 20 A | FAKFRERSE 3 KT -320—
~460 V FISHEE S pracsn,) 5 1 7KFY 0.31 Pa.

MITEMTAE, IEE C ERERERHTE£H
BEM WEFHKT a=0.10, EF Fo.10(2, 2)=9.0. 7]
LA, SRR ESRaEENEmE R, B F
{8 383 TR F 9.0, HULWR BF; SIEES placen,) ¥
TR R R K, B F E 224 KT 9.0,
AR R 2 BRI v TR AR TR ok S R Y
N, R FE 7.6 /0N 9.0, BUgm R B3, 3 BIEREE
BENUT A Larget > P(Ar+Ny) > Vbias XTI EHEN



666 % B

R 424

BHEHS h T LRI SRS, KT
RFURESS 2 A8 3 /K T-HRIR, B iR R 0 R B3 5
W 2. ) T )0 2 R R S AR A R,
W g SRR SRS TIN/Ti 2 BRA BET 250
LR =20 A, SHEEST p(arin,)=0.31 Pa, AR
Vbias=—160— =300 V #1 Ti [gfEEEE £=0.12 um.

AR IE 3 ST U0 b i i e B T HEAT S0, 4 el
Vickers # & HVg o, n=2250 , BEEa)4E 4 (Elllrﬁjﬁﬁ
) Lo=48 N MR HHMEE ps=58 mm™2 i it
TiN/Ti #fE, H SEM EHRTHAE 5.

IEACSEUR N 7 22 45 SR B, L R X 3 T e
FERY S B . 1ERE Mok BIRB I T, FT BRI AY
R~Hf8 R T IR E KA s LA/ 1) e R
S¥ PR R AT R A b, 0K 5 T MR K IR B
REHETE. FEo R R AT RE R o T XUR IR S 2Ry, /)
) TR G P RE R P RS 20, BB TR 12 A A%
16 #1 20 A, FH G B EI0 §IEIRA Y. 5
WSS IR S B, LG ET, BIE
H, SECRE R . EIRRAE S AT, SR A
T M2, DI s AL e, B RIS R RAR, B
TR, AR S70 i S 3 T e 2 B 0 S A N,
WA B EME R, XATRES 7R R ISR T iAE
BYETAY, SRETEhMBERmE s — R L
MR SRR T A, (BRI R A R WY LR,
MR BRI ARk, etk BRI SUREE, FIZEE TR

B 5 REMCEESETERYG SEM My

Fig.5 SEM image of the film with few defects (HVg 2 n=
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