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ABSTRACT: The work aims to investigate the time-dependent variation of stress and film/substrate bonding properties of TiN
films prepared by high power pulsed magnetron sputtering (HPPMS) during natural aging. TiN thin films with different residual
compressive stresses (3.18 and 7.46 GPa) were prepared with high power pulsed magnetron sputtering (HPPMS) by adjusting
substrate bias (—50 and —150 V). The time-dependent variation of stress, film/substrate bonding and hardness of the films was
evaluated by substrate curvature method, X-ray diffraction method, scratch method and ultra-microhardness tester. Within 1 hour

after deposition, the compressive stresses of TiN films prepared under —50 V and —150 V substrate bias pressure fluctuated from
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3.12 GPa to 3.39 GPa and 7.40 GPa to 7.5 GPa, respectively. The compressive stresses of TiN films did not change significantly.
The average daily decrease was 28.57 MPa and 35.71 MPa for 1~7 days after deposition, 2.08 MPa and 2.50 MPa for 7~30 days
and 1.67 MPa and 7.00 MPa for 30~60 days, respectively. The compressive stress decreased continuously, and showed a rapid
decline rate in the early stage and a gradual slowdown trend in the later stage. After 60 days of natural placement, the stress was
basically released and the film properties remained stable. At the same time, the bonding property of the film/substrate became
poor with time and the hardness of the film decreased. The residual stress of TiN films prepared by HPPMS will increase with
time and decrease continuously during natural aging, which will affect the mechanical properties of the films.
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RALEK (TiN ) A o LA A i B . R S
B SR S rERE, HALARR e ML, eS8 R R
VIHIIN T, 2eim . BRI (IR4e iR ), £ER0H AL
2RISR Tz M, TIN B A
FORZRYE RIS THE . EIRREEIRST (DCMS ) K
Tk hREE IS (HPPMS ) %52 HPPMS & —Fpif
DLy M v 8 B A B AR S R M T 5 AR R 1
P SRR DY, e R AL 1 B A WU Y i R R
SA RO YGE TIN WA R, ngos gl R
BRS04 | SFAESK , HPPMS #%) 32 i AT TiN s
&8 (H HPPMS il # A0 B EL AT R & =1 A ok
AN e {ARIAEE T A K I IR S R A S
PURIYE | W <Pl G U S i e T AR T
SEPRN . SR, EAR AN 1S B HPPMS il
B A I o 2R 25 A SR R B U IR AR T
T VR JEAR GG B 0 4 Ty v B R B R AR AR R
B, R IEA R T . IRAE A i e Y AR 1)
FHEA EE = X, Zhou ZPWIgE &I, il TR
FRHEH A & 0 S e AR B T, Sl i AE
BRGREN o Ozen AU VRS Skt i sk 53 il 4% 1)
ZnO IR 1 RER Ao Ho Fs Y B T N T R
MLt B 2, W] REIE A R 0 EE 45 i . SO A R ek

A5 GRS RN 1 o SR, ALHER ST . &56 T17E N
() TIN AU E BE 2 Bl s ] anfe] 2Rk, o A7 AE
FEIERERRLHE, XUETE IFEIRISE rh i Dol K

AR SCR FH o Ty 23R ok o s e S ) £ R LA AN TR
FRAYIN 1Y TiN I, BIF5E BEAE DU S S AR B
RO RE, BRAN Sy R/ FERLE A PERE L RS
BEHE] (1h, 7. 30, 60d) FIZSALMLAE.

1 X

K UBMS450 7 U 1 = SP- Al 155 1) 25 Jik v i 42 e
i} (HPPMS ) i%4%, #E Si(100). 316L AEEAFE AT
TiN %, 30 mmx100 mmx5 mm f#) Si(100)FE4AH T R
FI R AERE R, 45 A 1 AR 610 mm Y
316L ANEEM. FREMIEA B A S, MM S5EEM Z 1)
FEE R 60 mm, 7EUCBUHEZ AT, @ AR (KK
4.0 Pa), TEFESH EMEIN-1500 V i AIE, FIH%
BT VR SV VR RE A 30 mino S T HE N TiN
W 5 BRI 454, 78 TIN MR Z /T, Jere ik
FUTRRAE Ti 2B (29 150 nm ) fE MR, RIGR
FHE DR K R e AR, 4 TIN i (600 nm ),
ARV T AR 1 iR,

#*1 HPPMS R TINBENIZSH
Tab.1 Process parameters of TiN films deposited by HPPMS
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Fig.1 Profiles and stress variation of TiN films deposited on
Si(100) substrate (within 1 h after deposition) at —50 V/-150
V bias voltage
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Fig.2 Profiles and stress variation of TiN films deposited on

Si(100) substrate (within 60 days after deposition) at —50
V/-150 V bias voltage
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Fig.5 Scratch morphology of film/substrate bonding property of TiN film at different time after deposition under bias voltage of
—50 V: a) deposition state; b) within 30 days after deposition; c¢) within 60 days after deposition
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Fig.6 Scratch morphology of film/substrate bonding property of TiN film at different time after deposition under bias voltage of —150 V:
a) deposition state; b) within 30 days after deposition; ¢) within 60 days after deposition
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