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Fig. 1-1 Classification of surface finishing.
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Table 1-1 Maximum Solubility of B4-type into B1-type transitions metal nitride GD,

BUB4 () o o
TiN 65.3 87.6 74.3
VN 12.4 90.8 81.2
CrN 77.2 92.7 83.9
ZrN 334 65.4 43.6
NbN 52.9 80.8 63.3
HfN 21.2 50.2 29.2

WN 53.9 81.5 64.3
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Fig.2-1 Changes in microhardness and indentation depth against load in TiN films
on WC-Co substrate. The microhardness of substrate was 18GPa and the

films thickness was 5um.
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Fig.2-2 The Schematic representation of load versus indenter displacement.

-19-



Characteristic X-ray ~ Auger electron

Vacuum level : E, .

Fermi level : E .S
Outer-Shdll

Inner-Shell

Incident € ectron

Excitation Deexcitation

Fig.2-3 Schematic showing characteristic X-ray emitted from specimen.
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Wave length: A

Incident angle: 0

©O0—O0—0—0 0
0—0—0—0—0-
Atom

Bragg's equation: 2dsin6=n)\

Fig.2-4 lllustration of Bragg'slaw in X-ray diffraction.
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Fig.2-5 Schematic of transmission electron micrascopy.
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Fig.2-6 Classification for bright and dark field technique.
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Fig.3-1 XRD patterns of binary and ternary nitride films.
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Table3-1 Microhardness and lattice parameter of binary and ternary nitride films

Eiim Microhardness L attice Parameter

(GPa) (nm)
TiN 20 0.423
CrN 14 0.416
ZrN 15 0.458
TigsAlgsN 31 0.418
TigsCrosN 30 0.419
TigsZrosN 30 0.446

Ti VN 24 -

.38
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Fig.3-2 Changes in micro-hardness of Ti, , Al N, Ti ,Cr,N and Ti,,Zr,N films.
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Fig.3-3 X-ray diffraction patterns from Ti, , Al N films with X ranging from 0 to 1.0.
Here, ¢c- and h- represent cubic and hexagonal structure, respectively.
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Fig.3-5 Schematic of energy diagram for the compound between
sp- bond atoms based on the bond orbital model(25),
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(b)

Fig.3-6 Scanning micrographs of Ti, , Al,N films (8) X=0.1, (b) X=0.5 and (c) X=0.9.



(@

(b)

(©)

Fig.3-7 Cross-sectional scanning micrographs of Ti, , Al N films (a) X=0 (b) X=0.5 and (c) X=0.9.



Fig.3-8 Dark field plan-view TEM micrographs of Ti, ,Al, N films (a) X=0.6, (b) X=0.7, and (c) X=1.0.
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Fig.3-9 X-ray diffraction patterns from Ti,_,CryN filmswith X ranging from 0 to 1.0.
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(b)

Fig.3-10 Scanning micrographs of Ti, ,CryN films (a) X=0.2, (b) X=0.5 and (c) X=1.0.

_47-



Fig.3-11 Dark field plan-view TEM micrographs of Ti, ,Cr,N at X=0.4 and (b) Ti _,ZryN filmsat X=0.5.
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Fig.3-12 X-ray diffraction patterns from Ti, ,Zr,N filmswith X ranging from O to 1.0.
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Fig.3-13 Scanning micrographs of Ti, ,ZryN films (a) X=0.3, (b) X=0.4 and (c) X=0.6.
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Fig.3-14 Changes in craystal structure of ternary nitride films against second metal contents.
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Table2-2 Atomic radius of Ti, Cr, Zr, Al atoms

M eatal atoms Atomic radius(nm)
Ti 0.147
Al 0.143
Cr 0.125
Zr 0.162

-52-



h-WN h-WN Ar+N,
(101% (1012)
a 1.0

0.8

0.5

t 0.4

0.35

X-ray Intensity

0.2

0.1

i f i T ™ i i T
30 32 34 36 38 40 42 4 46 48 50

Diffraction Angle:20 (degrees)

Fig.3-15 X-ray diffraction pattern of WN, films differing with N,/Ar+N, ratios ranging from 0 to 1.0.
When the nitrogen-argon ratios is under 0.1, the aW phase appeared and then the crystal
structure changed from the c-W,N to h-WN with increasing nitrogen contents.



Table3-3 Micro-hardness of WN,, films. With increasing nitrogen contents,
the micro-hardness changed from 13 GPato 28GPa.

Crystal Structure Microhardness (GPa)
o-W 20
c-W,N 24
h-WN 28

Fig.3-16 Scanning electron micrographs of WN, films, synthesized
with the mixture of gasflow ratio (a) 0.35 and (b) 0.5.



Fig.3-17 Dark field plan-view TEM micrographs of W,N the film.

Fig.3-18 Cross-sectional TEM micrographs of h-WN film deposited on Si (100) substrate.
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Fig.3-19 X-ray diffraction patterns from TiN, Ti, W, N, W,N and WN.
¢- and h- represent cubic and hexagona structure, respectively.

Table3-4 Micro-hardness and | attice parameters of Ti,_ ,W,N films.

Crystal Structure Hardness (GPa) Lattice Parameter (nm)
TiN 20 0.423
Tig Wy N 35 0.422
c-W,N 24 0.424
h-WN 28
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(b)

Fig.3-20 TEM micrographs of Ti, W, N films (a) plan-view images with diffraction
pattern and (b) cross-sectional images.
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Fig.4-1 X-ray diffraction patterns from Cr, ,Al,N films with X ranging from O to 1.0.
Here, c- and h- represent cubic and hexagonal structure, respectively. Cr, ,Al,N
films with X<0.6 had the NaCl structures and those with X>0.7 had the Wurtzite

structures.
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Fig.4-2 Changes in micro-Vickers hardness and lattice parameter of
Cr, Al N films. For Cr Al N filmswith X<0.6, the hardness
gradually increased up to ~27GPa with decreasing lattice parameter,
above which the hardness abruptly decreased to ~17GPafor X=1.0.
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Fig.4-3 X-ray diffraction patterns from Zr, ,Al,N film. The peak of Zr, Al N films showed
cubic structure between X=0 and X=0.37. With increasing Al contents Zr, , Al,N

films had hexagonal structure.
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Fig.4-4 Changes in lattice parameter and micro-Vickers hardness of Zr, , Al N films.
For Zr, ,AlyN films with X<0.37, the hardness increased up to ~29GPa.
On the other hand, the lattice parameter of these films continuously decreased
from 0.458nm (X=0) to 0.444nm (X=0.37).
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Fig.4-5 Changes in |attice parameter of Ti, (AlyN, Cr,  Al,N and Zr, ,AlyN films.
L attice parameter of NaCl-type decreased with increasing X values.
L attice spacing of Wurtzite structure expanded in a-direction and
shrank in c-direction.
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Fig.4-6 Anisotropic behavior of Wurtzite structure in Ti,_ Al N, Cr, Al N
and Zr Al N films.
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Fig.4-7 Bright fields of TEM images of Cr, ,Al,N films (a) X=0.6, (b) X=0.7
and (c) X=0.9.
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Fig.4-8 Plan-view TEM micrographs of Zr, , AlyN films at X=0.2.

Fig.4-9 High-resolution TEM micrographs of Zr, ,Al,N at X=0.6. The HRTEM images
showed lattice images and the open circle area indicate amorphous structure.
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Fig.5-1 Schematic drawing of plasma enhanced cathode.
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(b)

Fig. 5-2 Ti, Cr, Al films synthesized by (a) conventional cathode and (b) plasma enhanced
cathode. The surface roughness was (a) 0.16 um and (b) 0.08 pum, respectively.
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Fig.5-3 Compositions of (Ti,Cr,Al)N films from Ti,,Cr, ,4Al,;, Cathode against substrate bias
fromOto 200V.

-80-



lIIIIlIllIIIII
* *

lIlIIlIIII
*

LH(ooz)

2 J 200V
z /
*“‘C’ J
c
= . | 150v
z .
x ] 100V
N
- (@}
- S
- T JJ 25V
;“iJ s |L—$’M-¢4~L¢-u1u oV
30 35 40 45 50 55 60

Diffraction angles. 20 (degrees)

Fig.5-4 XRD patterns of Ti, Cr,Al, filmsfrom Ti,,Cr, ,4Al,;, cathode under substrate bias
from0to 200V. Here, C, H and * indicate cubic, hexagonal and substrate, respectively
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Fig.5-6 XRD patterns of Ti, Cr, Al, filmswith various levels of Al contents.
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boundary wear (b) (Ti,Al)N after 50m and (c) (Ti,Cr,Al)N after 70m.
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Fig.5-8 X-ray diffraction patterns of Ti, Cr, Al,N films synthesized from Ti,Cr, Al ; targets
under difference deposition temperatures. Here, ¢c- and h- represent cubic and hexagonal
structure, respectively. Films from Ti,,Cr, ,Al ,; targets had a NaCl structure from 410 °C to 520 °C.
Beyond the deposition temperature of 580 °C, the peaks indicated that the films contained both
of NaCl and wurtzite phase.
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Fig.5-9 XRD patterns of Ti,,.Cr,,Al,¢N filmswith different deposition temperatures
from 480 to 650 °C. The films had cubic structure between 480 and 600 °C.
Finally, the crystal structure of films changed from the cubic structure to

amixture phase at 650 °C.
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Fig.5-10 Changes in micro-Vickers hardness and Y oung’s modulus of Ti,Cr,,Al, ;N films
with different deposition temperatures. The micro-hardness decreased from 30 to 24 GPa
with increasing the deposition temperature from 410 °C to 650 °C. The Y oung’'s modulus
decreased from 470 GPato 320 GPa,whicih corresponded with the phase transformation
from NaCl to mixture phase.
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(b)

(©)

Fig.5-11 Transmission electron micrographs with electron diffraction patterns of Ti,Cr, ,Al, /N films
at deposition temperature of (a) 520 °C, (b) 580 °C and (c) 650 °C, respectively.
The grain sizes changed from 100-200 nm to 20-30 nm, corresponding with the phase transitions.
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Fig.5-12 Transmission electron micrographs with electron diffraction patterns of Ti ,.Cr, ;Al &N films
at deposition temperature of (a) 480 °C, (b) 650 °C, respectively. The films had a cubic structure
at 480 °C and changed to the mixture structure as the deposition temperature was increased up
to 650 °C. The micro-structural changes of these films were similar to those of Ti,,Cr,,Al,,N films.
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Fig.5-13(a) XRD patterns of Ti, ,Al,,N and films before and after the post-annealing.
With increasing the annealing temperature over 900 °C, the films
transformed to a hexagona structure. Here, “S’ indicates substrate peaks.
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Fig.5-13(b) XRD patterns of Cr, ,Al, (N films before and after the post-annealing.
Here, “S’ indicates substrate peaks.

-91-



Table5-1 Chemical compositions, crystal structures, microhardness, and lattice parameter of Ti, Cr, Al,N films.

Sample 1 and 2 were prepared from Ti ,Cr, ,Al, ; target at 520 and 650 °C.

Sample 3 and 4 were synthesized from Ti ,:Cr, ;/Al 5 target at 480 and 650 °C.

Films Crystal MicroHardness  Lattice Parameter
Compositions Structure (GPa) (nm)

Tig10C 0242l g.66N cubic 29 0.412

_ cubic 0.412
TIO.llcr0.22A|0.67N hexagona| 27
Tiy57Cry 1Al N cubic 29 0.415

. cubic 0.415
Ti 0.26cr0.lOAIO.64N hexagonal 27
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Fig.5-14(a) XRD patterns of Ti, ;,Cr,,,Al, 5N films before
With increasing the annealing temperature over
transformed to a hexagonal structure. Here, “S

and after the post-annealing.
900 °C, the films partialy
" indicates substrate peaks.



h-TiCrAIN c-TiCrAIN c-TiCrAIN Annealing
(1010) (1112) (200) Temperature ('C)
N-TICAING - oraIN
(0002) )
(1011)
- 1000
B
&
1=
) 900
X
800
700
as-dep.
[ [
30 35 40 45

Diffraction Angle:20 (degrees)

Fig.5-14(b) XRD patterns of Ti, ,,Cr,,,Al, N films before and after the post-annealing.
With increasing the annealing temperature over, the peaks of cubic phase
shifted to lower angles. Here, “ S’ indicates substrate peaks.
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Fig.5-15 Changes in lattice parameter of Ti, Cr,Al,N films against the annealing temperatures.
With increasing the annealing temperature up to 1000°C, the lattice parameter of
C-Tig10Cro24Al 6N and c-Ti ,,Cry 1Al N filmsincreased up to 0.417 and 0.421 nm.
Here, ¢- and (c,h)- indicate cubic and mixture phase of cubic and hexagonal types.
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Fig.5-16 Changes in crystal strucute of c-Ti, Cr, Al,N films after the post-thermal annealing.
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Fig.5-17 The phase diagram of (c,h)-Ti,Cr, Al,N films after 900 °C thermal annealing.
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Fig.5-18 Changes in microhardness of Tij ,,Cry,,Alo N and Tig,,Cry 1, Al N films
against the annealing temperatures. The micro-hardness changed from 30 to ca. 24GPa
corresponding with the phase transitions.
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Fig.5-19 Plan-view transmission electron micrographs of Ti, ,,Cr,,Al &N films after the annealing 1000°C.

Fig.5-20 Cross-sectional TEM micrographs of Ti,,Cr,,,Al, &N films after the post-thermal annealing 1000°C.
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Fig.6-1 XRD patterns of Cr, ,Al, N films after atmospheric annealing at 800 °C.
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Fig.6-2 XRD patterns of Cr, ,Al, ;N films after atmospheric annealing at 900 °C.
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Fig.6-4 The weight gain of Cr,_,AlN films as afunction of annealing time.
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Fig.6-5 Changes in micro-hardness of Cr,Al,B,N films as afunction of B contents.
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Fig.6-6 Glow discharge optical emission spectra of Cr, Al B,N filmsat (a) Z=0, (b) Z=0.4.
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Fig.6-7 X-ray diffraction patterns of Cr,Al,B,N filmswith different B content from 0to 0.1.
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Fig.6-8 Changes in lattice parameter of Cr,Al,B,N filmswith different Z valuesfrom 0 to 0.1.
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Fig.6-9 Plan-view TEM micrographs of Cr,Al,B,N films (a) Z=0, (b) Z=0.4 and (c) Z=1.0.
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Fig.6-10 XRD Patterns of Cr, ,Al, B, 0,N films after atmospheric annealing from 800 to 1000 °C.
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Fig.6-11 XRD Patterns of Cr, ,Al, B ;N films after annealing from 800 to 1000 °C
under atmosphere. Oxidization started after 2 hours annealing with keeping
the cubic phase.
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