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ABSTRACT: Effects of the pulse bias frequency on the microstructure and properties of TiSiN/TiAIN nano-multilayer films

were investigated for optimizing the process parameters and improving the performances. The TiSiN/TiAIN nano-multilayer
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film were deposited by arc ion plating technology with defferent pulse bias frequency on M2 high-speed steel and
monocrystalline silicon substrates. The surface morphology, element composition, cross-section morphology, phase structure
and nanohardness of the TiSiN/TiAIN nano-multilayer films were investigate by scanning electron microscope (SEM), energy
spectrometer (EDS), X-ray diffractometer and nanoindenter. The diameter of the macroparticles on the surface of the
TiSiN/TiAIN nano-multilayer film was mainly concentrated below 1 pm. With the change of the pulse bias frequency, the
number of macroparticles was 184~234, and the area was 40.686~63.87 um” The main elements of TiSiN/TiAIN
nano-multilayer films were Ti and N, which reached to 48% and 50%, respectively. The contents of Si and Al were small. The
multilayer structure was not obvious from the cross-sectional morphology, and columnar crystals of TiSiN/TiAIN
nano-multilayer films refined. Flaky structure of the crystals appeared at 80 kHz. The TiSiN/TiAIN nano-multilayer films were
crystallized with preferred orientation (111) crystallographic planes. The grain size was about 20 nm. The nano hardness was
between 28.3~32.3 GPa, and the elastic modulus was between 262.5~286.8 GPa. The number of macroparticles on the surface
of the TiSiN/TiAIN nano-multilayer films reached the minimium 184 at 50 kHz. The area occupied by macroparticles reached
the minimium 40.686 pm? at 70 kHz. the grain size was refined at 50~60 kHz. The grain size reached the minimum value of

19.366 nm at 60 kHz. The nano-hardness and the elastic modulus reached the maximum values of 32.3 GPa and 308.6 GPa,

respectively. 50~70 kHz was the best the pulse bias frequency range.

KEY WORDS: arc ion plating; nano multilayer film; TiSiN/TiAIN; pulsed bias frequency; nano hardness
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Tab.1 Experimental parameters of TiSIN/TiAIN nano-
multilayer films

Processing parameter Value
Ti, TiSi, TiAl arc current/A 80
Pulse bias frequency/kHz 40, 50, 60, 70, 80
Pulse bias voltage/V 300
Pulse bias duty cycle/% 40
N, flow rate/(mL-min ") 100
Deposition period/s trisi/tria=180/120
Vacuum pressure/Pa 5%x1073
Deposition temperature/C =200
Deposition time/min 60

EHT=16.00kV WD= 7.7 mm Signal A= SE2 Mag= 200KX

d 70 kHz
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Fig.2 SEM surface morphology of the deposited TiSiN/TiAIN nano-multilayer films with different pulse bias frequency
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Fig.3 Macroparticles number of the deposited TiSiN/TiAIN nano-multilayer films with different pulse bias frequency: a) size and
quantity distribution of macroparticles on the film surface; b) the ratio and number of macroparticles below 1 um in diameter
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Fig.5 SEM cross-section morphology of the deposited TiSiN/TiAIN nano-multilayer films with different pulse bias frequency: f)

film thickness results

2.3 BERBSMESERTHT

& 6 BT A [m] ik o i 45 % T TiSiN/TIiAIN 44
KEZZHIER TR AR5 5, TiSiN/TIAIN 45k
ZIZ MR E R EEE N M T, R DR AL
Sio Bl kb A 3R B A8 4L, Ti JTER B IR 500 4k
K 49.1%~50.28%, N JLR MR TEEH 48.3%~
50.14%, Si TTRMETEEHN 0.96%~1.59%, Al
JCE MR T BN 0.01%~0.19.%, &ICE SHIT
WA it ok i e R A8 38 2l AR T A S AR AR, U BH Rk
i AT R A AR A X6 0 2 & iR /N

& 7 B ARk o H A58 T TiSiN/TIiAIN 44
KZZHER) XRD AT S LU AR TiN brife
PDF F J [&l4i% . 38 35 % . TiN A5 PDF & F( 65-0414
38-1420). AIN #5ifE PDF K A (25-1495, 46-1200)

31 —a—N —eo—Al

—4—Si —~v-Ti

wn
(=]
T

N
=]
T

Element ratio/at.%
v, &

k..a\\\////\\\i

] — S
40 50 60 70 80

Pulse bias frequncy/kHz
B 6 Ak mESRT TiSIN/TIAIN 40k £ 2 H A

JLE WY
Fig.6 Chemical composition of the deposited TiSiN/TiAIN
nano-multilayer films with different pulse bias frequency



- 316 - * wm #H R

2021 4E 12 A

FIAISE TiSIN, TIAINEPS27IEg XRD 45 a1, 7E4T 5
Bk 36.5°, 42.4°, 61.5°, 77.5°HF, ULELHY
TiSiN/TIAIN 44K 2 2 Wi 6 5 FR e R AT 5 I 4
GEXFNL, HFEATESEEN(111), (200). (220)F1(222)
fn T AT S0 . 7E 44.5° R S AT, BR T X g e
BRILARA Z 81, A XE R AIN A9 (200) 54 T . 76 XRD
grgrh ) IR A KB TiSIN =70, —FHEET
Al, Si TEEEEL, A/ —FHEHT Si IN &
TR RS SizN, LA 8125 TiSIN/TIAIN 4k £ )2
THE A 285 0 LA TE O S 7 S5 R IR (11 A T Dk 0, S b5
WER R b, HsE A B AAmes, JREET Al

Si JTLRBIAE TIN Stk b, FEOL A% A BRI, 5l
A i T ) B2 A 2 5 P00 ot 2 fok o (i A 2R 1
B, e 36.3°RMTHHANLE, (111) 5L AT S IEAE 152
B VR B RRARIG K U0 £ 2 Y 25 TR AR
FEMA B AR A K BRI B . 7E 6157 4 M
B, (220)fh T AT AL TE , ISR IZ T ARIC, ULBHTE
XANTT ] AR AR A BRI R B A . 7E 77°07 S F A
B, BEE Bkoob o AT A8 0, (222) 5 11 061 58 5 4
Wik, BROCBURAT s, AT gHiEshR e PDF
Rk mE . XEm T ALRETFEAR Ti KF, 5l
A A AR AR /N, AT S U 7 ' R AR AR AR . FEDTAR
BT R I L R, ko O HE AR B 38 s |
RS R B 30 55 2 I 2 PR e, AR A7 i R L b
5 R B T RE AR AL, B 2 1 0T R B g S AR 7
BRI & A 2 2 AR A1 R IR o g o s
TN, 513 R A BN . 78 ok b O i (1
F-300 V R AS R 40% 51T, SRS TR
T DR B A K R R T R R, kR T
FIEFR, fff TiSIN/TIAIN 40K 2 2RI E (111) 5T
J5 AR5 [0 ) W AR A A i B o

~ & ~=]
g8 Zs&d
Q0KHz | O v O
70 kHz
~~ e Pl
s 60kHz .
< 50 kHz "
‘E' 40 kHz
o s
3 Substrate
g
=
# TiN-PDF#65-0414 | | I
TiN-PDF#38-1420 | | |
0 AIN-PDF#25-1495 [ )
AIN-PDF#46-1200 | | 1
1 1 1 1 1
20 30 40 50 60 70 80
200(°)

B 7 ARk R RS T TiSIN/TIAIN 44K £ 2 B
XRD i} K1

Fig.7 XRD of the deposited TiSiN/TiAIN nano-multilayer
films with different pulse bias frequency

RIEW =227 (Scherrer ) 31 TiSIN/TIAIN 44
K 22 2 AR ()40 BT 5 T Ak ) o R <B4
= (R

kA

D_ﬂhk,cosﬁ (1)

K. D FIRTRIT 5 By FoRATH IR 5
B&s k FoRPIREEL, BUEY 0.89; MRy X Sk
2=0.154 056 nm; 6 F/RATHIIEXT I AIRT S AR . o,
R TE L ATES A IR . AR RS A R LR
2, Pl Bk b AR 2R A 3, dbokn ROSE B 40 kHz By
i 20.572 nm /N £ 60 kHz B 19.366 nm Jii, XAE
80 kHz B3 ZE 20.364 nm, {HH Gk R ILA Y+
TE 20 nm, 58 5 AR B 1) 22 )2 I ok A
A — 5 BIXF N

*2 (MMNBEMNRARTIHESH
Tab.2 Calculated crystalline size of (111) crystal plane

i, D pwie S
40 36.409 0.402 20.572
50 36.391 0.419 19.736
60 36.384 0.427 19.366
70 36.374 0.411 20.119
80 36.332 0.406 20.364
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Fig.8 Nano-hardness, elastic modulus and load displacement curve of the deposited TiSiN/TiAIN nano-multilayer films with
different pulse bias frequency: a) the load displacement curve; b) nano-hardness and elastic modulus
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