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Microstructure Controlling and Properties of TiAISIN Nanocomposite Coatings
Deposited by Modulated Pulsed Power Magnetron Sputtering
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Abstract: TiAISiN nanocomposite coatings were deposited by modulated pulsed power magnetron sputtering (MPPMS)
from TiAlSi targets with the Al/(Al+Ti) atomic ratios (x) of 0.25, 0.5 and 0.67. The targets were powered by average sputter-
ing power of 1-4 kW under work pressure of 0.3 Pa with a nitrogen addition of 25%. All of the TiAISiN coatings with a ni-
trogen content of 52.0at%~56.7at% possessed an nc-TiAIN/a-Si;N/AIN nanocomposite structure. As x increased, the per-
centage of amorphous phases was increased, meanwhile the hardness of the coatings firstly increased and then decreased. In
the TiAISIN coating with x =0.5, a highest hardness of 28.7 GPa was detected. Improvement in average sputtering power
could prompt the formation of a complete phase separation nanocomposite coatings with a constant grain size. With x =0.67
under average sputtering power from 1 kW to 4 kW, the hardness of the coatings increased from 16.4 GPa to 21.3 GPa. A
low wear rate of about (0.13—6.25) x10™° mm’/(N'm) was detected in the TiAISiN coatings with different Al contents as a
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function of the average sputtering power. An optimized wear resistance was identified in the TiAISiN coatings deposited by

MPPMS under average sputtering power of 2 kW at x =0.5.
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Table1 Deposition parameters for TiAISiN coatings deposited by MPPMS

Pulsing parameters

Deposition conditions

X Ttotal Tweakl (Toft/Ton) Tweak2 (Toft/Ton) Tstrong (Toft/Ton) P, P, I, Vs
/us /us /us /us /us /us /us kW kW /A A%
0.25 1000 200 54/6 300 34/6 500 10/10 2 58.78 135.73 411.83
0.50 1000 200 54/6 300 34/6 500 10/12 2 69.61 146.48 480.65
0.67 1000 200 54/6 300 34/6 500 10/10 2 58.11 127.12 430.66
0.67 1000 200 54/6 300 34/6 500 10/10 4 60.66 133.38 449.18
0.67 1000 200 54/6 300 34/6 500 10/10 1 65.30 143.81 445.07

x=Al/(Al+Ti), atomic ratio of Al in target
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Table 2 Composition of TiAISiN coatings deposited by

MPPMS
. PAW Composition/at%
Al Si Ti
0.25 2 52.0 10.7 8.5 28.8
0.50 2 56.7 22.7 23 18.3
0.67 2 53.4 22.7 12.7 11.2
0.67 4 53.5 22.6 12.6 11.2
0.67 1 53.4 22.7 13.6 10.3
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12 W

RN, A R T AR Bk o P I TR TIALSIN gk & & 12 45 W T 1 5 P RE 5T 1259

W AR R A2 B2 S AR 1 2 T EOR
PHAT R, S IR S VR 2 AR i LA
(Ty/To)~ TSR 257 i 5 R0 AR AL 52 0 P P g
(1 R R, A RMR 2 IS R, SR RST )
B S EEAIRRIE o AL GERE 2 DR IR DR T
&, T/ T LLAEE /N T 0.3, PS5 &8 PR A7 46K
SR AR, TS B v B L fEE
H<1%, WS R FLEPTAUL R oh LR T 508 .
5 N QI v = S I N OO S B i
K, BIH VOB, TEBCEA RO AR R
Shit(Zone T)o i Ly 261 il ik o i 428 8k ) 45 25 1 1k
B B P 3 Th 2R 4 v, G T A R R g
FREERGIN . P dh 28 7 25 oh v J2 R R 7 AR o RUBE
INFNE, Bl W V- 2 Th Z 4w, R A i R
T4 JE 251, o Es 1S SRR 2 3R 1 e A iR
FRPEINBGEN, AE HEvR 2 e 3 it it 7 AL 40
KA . Musil PHRGE 7RI R, (68 TR
FAMYIRI R, 3Aek TR, ATERAGHE
P 41 T IRAF Sl R X I Zone TR X k)
IRIZEE o S5 BSTRRE I AT IE B = ) 2
PRI AR AR T I &R S il R T
PR B AR TR, T3 T RERZ1N 1~2 eVIPY,
KEAGRE B T AR EE & T PR 7R B AR AR I
TR e S, BN T IEAZAL S, BEMAEER)Z S0
b, B RS, AR RTINS RE
TR IAR R 28 R i T T AIR AR S A K,
AN AL PR A, BRI TR B AR A A 7 AT
AN BT RN IR, [RIRE I 2 R A R A v DR
SRR IR I AL R 2 e,

2.2 TIAISIN & ETHEgE

x 3 AR Al HFEANARDZELM T ne-
TiAIN/a-SisNy PK B GURIZGUOKAERE . 47 [ & Al
JERR o 7F x=0.25~0.67 JuTH N, 208 5 L5 5 A
WA AL R INSE SN, 2 x=0.5 1,
WIE AL Ti 23T 1, ne-TiAIN/SisN, 40K B 5%
B i Ik #1) 28.7 GPao fEMRIT IR N 1 kW 44F

FUURIIIAZ0E Bl 16.5 GPa, B WS ) 2 1) 4
K, WM T =, X2 T D K&
SEER TR R, SRR T HAA
W Fae, A KR)ERIMTER T RE ARSI
EINFAERN, (REREH AR E A LM ER, A
R T4 2 0 P 4 v Ak 43N IR - Bobzin 252
e DR KT AR TR 1 & A 2 T RERE R 29 GPa 1)
TiAISIN 9K E AR JZE (x=0.45), T EUIH] 75 fiy A%t
TIAIN WREHEE 1 £, R SRS & 0n
YKL A IRIE) Spinodal R 2%, A F T
PRAF 3 B I oK /AR A A ), R R 1 R 2
B3 . AR E AR ANHIAFEAK /AR E A
s AL OR g K A SR AL TR R L, LT R
B BT AT A R, T R A R A D S O
(1) TIAISIN ¥ 28 FE 38 o E 2R TR 2 e T
nc-TiAIN/a-Si;Ny/AIN 40K A 4544, Si Al ALK& &
Byarsgm ok i RO SR SR & &, 10T o g ok
/AR R A S, AE x=0.5 IFERAT B S5 e 1)
WRIZEEH

nc-TiAIN/a-Si;Ny 40K 5400 2 10 BE 4 3 bl A
R ALJR T H x B 0.25 %8 0.67, )2 AUTI
LU AG 22 S48 0, TIAIN AHSS R4 FR TR0 7 5 TIN #4804
NTTOAIN, WZEIER N, SR e R R, (H
IR LD R B AR T S B R kD, B BRI
WRAR, W EEERERE— P . RS DEN 1~4 kW
N, R B 8 (0.13~6.25) x10° mm’/(N'm), )
BAMRE R EVERE, W D3 2 kW I B A
DR T B PR B, 2R WA 55 4 vy ] 90 J2 (1 i B P
HIF AR 5244 A5 4k . Philippon 251 F 5% &
Si SRR S T TIAISIN 40k 5 4942 b AR i
& &, AL T IRZRERAR Ny, $iT HRELL
WGEY 5K 5 R R E RV, W T B, 24
AR Dy Ak A I S TR TIAISIN
WA AR AR S ERE Al Sio & 88 i 2
T B2 A FRAIS, (FIRZ PR B3, 4l
VR I B e

#&3 MPPMS IR TIAISIN R EEE SHREE R BIRE
Table 3 Nanohardness, Young’s Modulus, and wear rates of TiAISIN coatings deposited by MPPMS

X P,/kW Hardness/GPa SD Young’s modulus/GPa SD Wear rate /(x105, mm*N"m™)
0.25 2 21.8 1.3 262.3 18.5 6.3
0.50 2 28.7 33 329.1 46.4 4.2
0.67 2 18.0 0.2 216.5 3.8 0.6
0.67 4 21.3 1.1 228.2 10.7 1.3
0.67 1 16.5 0.7 193.3 11.2 4.8

SD: Standard deviation
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