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Effects of Pulse Frequency on the Microstructure and Mechanical Property
of TiN Films Prepared by HiPIMS
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Abstract: In order to explore the effect of pulse frequency on the mechanical properties of TiN films prepared by high-power pulsed
magnetron sputtering, different kinds of TiN films are prepared on Si(100) wafers by changing the pulse frequency of High-power
impulse magnetron sputtering(HiPIMS) power supply through reactive magnetron sputtering technology. The crystal structure and
composition, surface and cross-sectional morphology of the films are characterized by XRD, XPS and SEM. The hardness and elastic
modulus of the films are characterized by nanoindenter, and H / E and H*/ E?* are calculated. The results show that the high ionization
rate Ti ion bombardment promotes the preferential growth of the film with low strain energy crystal planes, and the prepared TiN film
has a (111) preferred orientation. The average grain size of the films is below 10.3 nm, but as the pulse frequency increases, grain size

increases, crystallinity and the deposition rate decrease, columnar growth is obvious, and the density decreases, which affects the
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mechanical properties of the film. At 9 kHz, the grain size of the TiN film is 8.9 nm, and the film has the densest structure with the

highest hardness of 30 GPa, an elastic modulus of 374 GPa, and elastic recovery is 62.9%, meaning that the film has the best

mechanical properties.

Keywords: high-power impulse magnetron sputtering(HiPIMS); pulse frequency; TiN films; microstructure; mechanical property
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Table 1 Deposition parameters of the TiN films

Parameters Ti sub-layer TiN film

Bias voltage / V -80 -80
Target voltage / V 600 600
Flow of Ar/ (mL / min) 50 50
Flow of N,/ (mL / min) 0 5
Working pressure / Pa 1.1 1.1
Pulse frequency / kHz 4 3~18
Duty cycle / % 10 10
Deposition time / min 10 120
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Fig. 1 Waveforms of target voltage V,, target current /; and

bias current I, of TiN films prepared at 6 kHz pulse frequency

1.2 EHRIER SIFMEEENIR

KA 55 D8 Discover 25 K XS ATHX
(XRD) X B AR AL b ATk, X SRR A
Cu Ko (A= 0.154 nm), M 30° ~90° , 44
I 6(° )/ min. XA ESCALAB 250Xi %4 X 52k
JEHLTREIEH (XPS) S s b2 B 2 A T RSN
SRy 1A S W B P S e B A, AR 2 Vs i
Fi Ar ZIEhH5E 5 min, SR C 1s 47k (284.8 eV)
HEATIHUE . 32 HI 5 [H FET Apreo S 7 A% L1
%% (Scanning electron microscope, SEM) i i JiE
(RIS AT S, I i Rk 20 KV,
SR FH AR T T S0 3 B ) S B JEE B2 . SR Anton
Paar NHT? #4002k F S 4S5 1 3 485 i N 0o i i
% e 5 N P A AT W B KR NIR
9 50 nm, fiNZH EE A EIB0H #4404 500 nm / min,
PREEMAS ) 10 s, P Sk IR AN ERBE /N T8
JEEJEERER 1710, LA3E S BEAA 06 FE A 1) 5% o 7]
IR T g D e 2, AN ) BEAN A it 43 ) e HY
3N RTINS, K P IEAE ARG R B 2 A R

2 HiRHTHE

2.1 HEERVLBLRFIFLIR
B 2 g AN [R] ik o 2 ) £ TiN JEFE 1) X0 28

Hist M1 (X-ray diffraction, XRD) Ki%, & 2
ATLAE S Pl TIN5 A WY 5 0 a7
(fee) AMRSERINTITRFAE, AN [F] kv 50 2 1) % v b
K] XRD REZERTHS A 20 4 36.7° . 42.6° | 61.8°
A 77.9° Ab I B AT HE, S5ERHE PDF R
87-0628 ‘5 W)&, ATHT I3 NN fee 5411 (111D
(200). (220> F1 (222) fhif. [FIEF, FEARSK A
NP TIN AT IR A, B0 &5 5h
B, Ak, XRD iR R BLELE Ti a2
JAT R St BIATES G, 3302 T il 4% TIN i 52
&, 619 X-SR B R~ E, HiliEE k&
Si i Fr AR S R B R R B

A\
A\

2
k%)
5
E
— W\ 6 kHz RS || N, N
9 kHz
MU 18 kHz
| 1 1 1 ]
30 40 50 60 70 80
20 /(%)

2 [k il e TIN @) XRD K3
Fig. 2 XRD patterns of different TiN films deposited

at various pulse frequencies
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Table 2 Grain size of TiN films under different

pulse frequencies

Pulse frequency / kHz 3 6 9 18

Grain size / nm 8.9 10.3

Intensity
Intensity

Intensity
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Table 3  Film thickness, target peak current and bias peak

current of TiN films prepared at various pulse frequencies

Pulse frequency / Film Target peak Bias peak
kHz thickness / um current / A current / A

3 1.05 15.8 0.25

6 1.24 18.0 0.28

9 0.87 10.7 0.17

12 0.68 6.1 0.16

15 0.63 5.4 0.13

18 0.57 2.6 0.05

Kl 3 fitzs ok 9 kHz kA il 4 Ti B %0 ik i
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Fig. 3 XPS spectra of TiN films prepared at 9 kHz pulse frequency before and after etching
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Table 4 Chemical composition of TiN films deposited at

various pulse frequencies after etching (at.%)

Pulse frequency / kHz Ti N (0}
3 47.36 43.41 9.23
6 48.00 45.03 6.98
9 49.48 4433 6.19
12 48.78 44.70 6.52
15 51.06 45.95 2.99
18 49.06 4121 9.73
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Fig. 4 Cross-sectional morphologies of TiN films under different pulse frequencies
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Fig. 5 Surface morphologies of TiN films under different pulse frequencies



CiRE]

FHRE, A JKeP AN HIPIMS 64 TiN 2L SUN 24 PERE R 197

22 fiFEfEEE

T T K R IR ASONT ol % 1) TN 65 10 st 85 1
PPERCE AT E, 25K 6 P, ERAGKT
SR I Y HAT L 20 GPa R . I
1, 9 kHz koA il o 1w i LA e e (R A2
h 30 GPa, [FJINy, LSRR @ DA R i b i s
[¥), WIik 374 GPa. BHAG MKHUR IR, TiN FE
(IR R L A 1) A W PR, 7 18 kHz il 45 1)
FERAE B 42 14 GPa, FRPERIEAY 237 GPa.,

80 B
—-a— Hardness 450
L — - — Elastic modulus

70 - 400
o 1 :

1350
g sl F--—-* AN =
&) \ E
g \ =2
2 40 - \{( 1300 8
2 =
§ 30 k| \\ 1
=2 N S RO 250 &
- Sm N { S
20 - NN e m

N .
10 \‘-/// - 200
1 1 I I 1 1 150
0 3 6 9 12 15 18
Pulse frequency / kHz

Bl 6 Nkt B il 2 TIN5 R 52 A A
Fig. 6 Hardness and elastic modulus of TiN films under

different pulse frequencies
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