CHAPTER II =
THEORETICAL BACKGROUND

2.1 CrN Thin Films
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Rebholz et al. [9] studied the influence Ofmtrogen content in reactive
magnetron sputtered Cri-¥\ Xon structural, mechanical and tribological properties. The
films were grown at substrate temperature about ZD Con A|S| 3]63ta|nless steel in
Ar/N2 variation. The results indicated that an amount Ofmtrogen in the films was a
function of nitrogen flow rate. For Cri XNxwith x —0'0.16, only the a-Cr phase could
be detected. In addition, Cri-XN Xwith x = 0.1-0.16 showed good adhesion and the best
wear resistance. The hardness increased from 700 up to 2400 HK0.025 as the nitrogen
in the films increased. The maximum hardness of Cn X\ xthin films was at x= 0.29.

Cunha et al. [23] studied the structural properties and mechanical properties of
CrN films that were produced by reactive DC and RF magnetron sputtering. The

,,.\




6

rilece of s v ves inesicpid Te s o et QN s
chore a low 380k s Feligte vith 171 pres el

Imeﬁs'rgﬂ\edasnweﬂﬁoietaﬁmd%%aam%@, (ﬂ%
: 05 \cliae

oertations becanevisioy. The recress oftefims, whidhvee
arolwthout [aes LR ves 193 Phadigohdio e &
el
V\Eiddgg d.0ed the remctibdogc beriar of OC
qutaed @, AN o AN tinfims Langrecsaahedmio s They Lo
et QN fims Fecl e hofest Factess al e efeche QI
netaidls foloaed by ON ad Q. Heve, tre achesn of G firrs Fed e
lones \ale Trerechess of @ ON (\2artdl pesse 84 a ON(\2oatd
s e vesirda 93 161 a2 G fespereya roomiEnpEaLe
mv%dﬁtoec&nu@mlnﬂln‘smmmm redesatiner
Y et d [24) .ol tre effect of doosiion prameias on e aampesiion
e oaly dd tquody of te fins. Inths wak OGN tin fis vee
(-nﬂtajmsrgea}saslmamaeswnagﬂrm, iy auite N2
aulAr fowraewee\ered They aoduckdiet i prese could B deaneddin
fins with awck rarge of oo Tre conposiian of QN firs vies
axirded by tefowTee of Nad e fowrateraio of Ar adN2 The crsty of
QN filvs Croresawith an ingeesirg of e flow re & room tepeaaue
\\és (LB aninaess oftkenn’mofgjllscrstﬂv\em()NmﬂdséIagigs
dons Trehaoress of ilvs Inoeesadlat g Aerate tepeeie The isd of
flowrie nackthe clpostion rete cbaeeseviben e nirogen flowrete Ineeses
9.face rupjTess of te fis inessad] with an inoeesing of e A ad N2
flowrate &Ar Towrdeves tenanpears for tefetg res

Fomies et al [1] showed that with an increasing of partial pressure of nitrogen
from 2% to 100%, the structure of chromium nitride developed from Cr+N, Cr+CrNx,
Cr+CrN to CraN. The hardness value without bias was about 20 GPa with a maximum
value of 21 GPa for the nitrogen flow rate at 100% (Cr2N). Applied bias voltage
influenced on the hardness that increased as the negative bias increased. The friction
coefficient values were between 0.4 and 0.8 for nitrogen flow rate 40% and 70%. The
wear rate values without bias were about 4x10"6 mnr/Nm and 300x10"6 mm3Nm for
the nitrogen flow rate 40% and 70%, respectively.




2.2 Concept of Sputtering
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Figure 2.3: Schematic ofabasic DC sputtering deposition system



2.3 DC Glow Discharge

ST
gt ad

Nz s intre desaar aaasdin e

Hoe24donste

st

eSS e

q
esiels

(onock). Asa

e, e aunertis noepsedrgacly ala“ Toarsadoischace is aeetad Thisis

Wena

angt
e

gyied e ek

b

V (Volts)

\annie of dedos anlios aepod cole e
8anng Tren gow M d
gt ad doin fre wdiace This s tre “nandl

tre begming of A es et alage LTt of e atlions ae

NS 0 noeee atl Wih

$oe As nme e

los e Inessed 0 e Qfece untl aneerly Unfm

ey ateed Ths s e drome g’ s s Suteig

Figure 2.4: The relation between the current density and voltage in aDC glow
discharge system [25]



2.4 lon- Surface Interactions at the Target
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Figure 2.5: Momentum exchange processes at the target [25]
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2.5 Magnetron Sputtering Technique
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coupled with the velocity Vcost? parallel to s , the motion will be ahelix.
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26 Reactive Sputtering Process
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2.1 Collision Processes of Two Particles
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Figure 2.8: Schematic depiction of the binary collision

Let m 2 particle is stationary where w jparticle collides with velocity \Zt an
angle ¢ to the line joining the centers of m 1 and m 2 at the moment of the collision.

4M. A/
The factor m Lty

hitting a molecule of gas such as nitrogen molecule, M, (electron mass) is less than

%ﬁ is known as the energy transfer function. For an electron



m2 (gas molecule). Therefore, energy transfer function is about " le As a result,
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2.8 Film Formation of Sputter Atomic Flux
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2.9 Substrate Bias Effects on Surface Mobility
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2.10 Key Parameters in Growth Process
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