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Abstract

Superhard TiN coatings were fabricated by DC and ICP (inductively coupled plasma) assisted magnetron
sputtering techniques. The effect of ICP power, ranging from 0 to 300 W, on coating microstructure, preferred
orientation mechanical properties were systematically investigated with HR-XRD, SEM, AFM and nanoin-
dentation. The results show that ICP power has a significant influence on coating microstructure and mechanical
properties of TiN coatings. With the increasing of ICP power, coating microstructure evolves from the columnar
structure of DC process to a highly dense one. Grain sizes of TiN coatings were decreased from 12.6 nm
to 8.7 nm with increase of ICP power. The maximum nanohardness of 67.6 GPa was obtained for the coatings
deposited at ICP power of 300 W. Preferred orientation in TiN coatings also vary with ICP power, exerting
an effective influence on film nanohardness.
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Fig. 1. Crystal grain size of TiN coatings deposited under
different ICP powers.

1] DC 3 fr=2% Eet=v} vk
Hog A2 TIN =

WstE ekt 29
FEAY Eot=rte] o8 =AY So=vt vt
9] 3710wt TiN Z¥Ete] 249 Z7]= 12.6 nm
FH 877 HAaghs &

= Afo]zo] JRATIE ZEE TIN IR mA|
TFEE Aojshe 7EeEA A% Fekzv 39

Hel= g F83% FBHETUESE & T AUk

olgfgt TIN ZE=e] AAH =79 Yiest Ul
S Z2E o] oYX, o] YA [WF ELE Y
A FrxA 22 BIAQ 9480 9%
S 5 F A B dFeME 8 A] ZYXA
o] ~uE YApe] ¥ZAo 7 213 Iyt Yol vl
o] Agto] PYAHUL o]Hg A3 B Y
Al 713 1ol RHEAQl 3 A o 9 SRk
o] olgxE F7MAHY wEhA TIN ZEER] |
FolAe] F7t= AY Al Y= A2 A4
of FFe WXA =HIAJX A= A Ho| vAst =
Aok At

Tk =1 (h k )/ [T (I111)+1 (200)] @)

o714 1 (h k )& (11D)HEFH 200)He] -4 A
WS YEPH, reflection®] 7F B2 3% A
AT A4S fsiAE YRFA S E Haris

o oX

1.2

08
111y

04 | (200)

Texrure coefficient

0 50 100 300
ICP power (W)

Fig. 2. Texture coefficients of TiN coatings deposited
using DC and ICP magnetron sputtering with
various ICP powers.
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Table 1. Deposition parameters and physical properties of
TiN coatings by DC and ICP magnetron
sputtering with various ICP powers

Sample 1 2 3 4
ICP power (W) 0 50 100 300
Substrate bias (V) -100 | -100 | -100 | -100

Crystal grain size (nm) | 12.6 12.6 10 8.7

Nanoindentation
hardness (GPa) 13.9 | 222 | 503 | 676

Young’s modulus (GPa) | 217.3 | 3424 | 482.4 | 585.6
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Fig. 3. Surface and cross-sectional FE-SEM images of TiN coatings deposited at various ICP powers.

Table 2. XRD data of TiN coatings deposited using DC and ICP magnetron sputtering with various ICP powers

. Peak position
TiN
(11 (200)
ICP power 0 (do) 50 100 300 standard | 0 (dc) 50 100 300 standard
20 (°) 3676 | 3656 | 36.08 | 3655 | 3681 | 4271 - - - 4261
B ol 7odgitte =2 E‘r¢ BET Q)
7] witoll 29 4ollA Bt} 23] Azl s E 600 } 1 s0 2
7Y 3 FEAY Fehxrlo) 1 §3 w=ag ¢ . 2
ek st SPE TN S W IR S| o 3
o] MXE Jee Lolry] 93 (111)H (200)H é {wE
o 20 ko BAATE ¥ 20 vEpAleh =W 2| = é
T fredd ez w9l wel TN 811 W= 5 1* %
o] A Wistel wAe IS A4A £ 9 s =
3l JCPDS 7F=(#06-0642)Z € -8+ TiN (111)H ’ 0 50 100 R
I (20019 #FE 20 e T BAUY. F= ICP power (W)

o Zet=vt B9jol Aagle]l =AY ZekxvkE
o]-g-stod AlE TiN Z® 9] (111)H34 (200)
©] 20 S TIN JCPDS 7}=9] %3 20 FLETH A
Zto 2 olFaS & 7 Aok ol 20 #hel A
Zto g9 o Fd YWt 7lgtial AlRE L
271452 (PVD)S o8 t=age] g =
gt = 5ol wAsly] Aokal B 9)
oY mebx PVD IEoA H#FEHS Ar o]

fy
o,
=)
1o,
T,
Y
o
o
iy
rlo
o
g
3 4
N
o
ﬁ‘,
=)
é‘ﬂ
mﬂ
=

¥ 2719 hesl, $RY gl Atk 9%
A I A

Fig. 4. Nano hardness and Young's modulus of TiN
coatings deposited at various ICP powers.
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Table 3. Hardness of the TiN coatings deposited by
various techniques
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