13UNT VINLTAY : mﬁmiwﬁ%’uuqwaqﬂéuﬁw—ms‘uawﬁmmqmn ANNSU
g15 AR an T A21u949 (ADVANCED CHARACTERIZATION OF ULTRA-THIN
TETRAHEDRAL AMORPHOUS CARBON OVERCOATS FOR HIGH AREAL DENSITY

145 v,
Addigy: nMstufindeuimantiemeanuiow aauaudiinialnsTulad/ dnsidw Ip/lg

walulagnstuiindeyamewdimintueuan wu nstuiindewinintiesieay
$ou (HAMR) agdlenugmunuuvesiuigiuuasarimuivesidunmsuouiiunag daevils
szepsnuess uwLAan (HMS) amauflediuannug Fufusevhliussavsnmasdiidu
asvauanasitauswiulumsuntieshouwaruiudad Tuiverinust wnsesadaiidy
mfuey (to-C) valsudwiunndmiveninfariiasi (HDD) gnduamziuaznyivaeuly
wivospauantnlasiulad  anwwiadey  Tumstiadavaell  waelasiadraganinves
mdveu MsAnwnissendiuassdns: () lnssadundsmrsauansindaiidunmiveud
vadeuRianarumnvediidy  dmSunistifindasaunuuivaniitir i uwe s
dway (i) dviswaresmumumeudumesawesiiinolnsiaindemysvounnssinia

YU

Wauasusuuadeu feaniu () : Tuedevunudevveunnszdniafiduniveu gnussivg

ulugaunusEnIng 0.5 89 5.0 uluuns vutudaneuduwesialues vuuiwedilia

waslse (NiFe) Inelduvuiadilawmesualninarsalugaainia (PECVA) madialagaumin
L3 I3

YaunfioumnssEnsatiduaSuaugninnumnvesian tasld ndesqavsimididnnseu

WUUABBNUAINASLDEAEY  (HRTEM) - wasitdndisdisoquainszanendy (WDXRF) wagms

Y

a s

3Lﬂiﬂsﬁ‘i13uﬁ’rﬁgug\1 11 AFM XPS NEXAFS Wag Raman spectroscopy IJTUANWIUSNNEFUZIU
Ingwesituia sadUszneumaadl uarlassainvesitdy Answiautinadlasiuladenis
dnnsenvuusalundutuuriufaduay amngsswesiuivesmaniay QnIEawIEnG
023 wiluns Suiadsurannsyiaiafidumsuou uansdnduiuse sp® C ga atslsfinu
\desnanumnvesiisranaunluszdu 1.0 wiluans dnduvosiusy sp? UEEs L
FuuseAvdusadeaniu (COF) egiituddny nadwinlduandififiuides davesmumn
vounnszdniafiduniuau Msshvgiulasiadfiamefualnan-orselugganmmaiaie
Huansindoutiosfiudmiugunsalfnfuwsimanemumunuiugs Reatu (i) : msatawmesld
lunsindeutudumesiaweituianounardaneululasiidaamundaud 05 fe 1.0 ity

AT MUMELAFEU 1.0 WILIAST YauanTeaasallaumsuau s Wadanamaswalndnada



luggygima Asveaeuuuy  Ballon-disk Wawedn #dneu-msveu uazddneululas

AsusuaviiAduUsednSusadaaviy  (COF) #lenin  Adulidduwesiaiens a1na1s

'
a

AT XPS Wawnediusy Siwaz SiN grulaaduiuse SiC waz CN lnswnnizated
naedoutudumediaweiedanelulas  sewindun-nsedndaildunivou  wazdifa
wiosladl (NiFe) smangruwudulssanuiinefiusswinsaesdudenan vimdhilududy
Hestunisenenveniuareendiausinandunnssindaiiduaiuey Mniuivesiiiawies
156 Fevaddummsyinsaiiduasuouuansesisenevoondiniuitanasisaiiuayulifinnsda
g sp® C RensandAmmukazaulaisuaes duwmesiawesvesdanaululnsiidiy
srelumsifiuniem sp® C lemiadle Fadudunisdunuzes Raman WReafusnsdu Iy/l
anay  enuAamuvesBunesiaweslutatuddglunisesnuuussuutuiinuiwdnaing

v a6 s

nulugamgaadnensiunnseasaianmsusu N ay

o o ay < d v =X §
an i iand anediatarinfne f%m“j”' v
=y =5 A r=l' L v .
Uns@nwn 2564 aeilatennansdnysnm >J-><(> =
P o e )
Aaeilote819158NUS N9y 311{ /%MJ/
]
o
7

& A s P ) : A
Aoy INTENUSNWISIN W Doy




WARINTORN ~ CHATARAT : ADVANCED CHARACTERIZATION OF ULTRA-THIN
TETRAHEDRAL AMORPHOUS CARBON OVERCOATS FOR HIGH AREAL DENSITY
MAGNETIC RECORDING. THESIS ADVISOR : ASSOC. PROF. PRAYOON
SONGSIRIRITTHIGUL, PH.D. 145 PP.

Keyword: heat-assisted magnetic recording/ tribological properties/ lp/lg ratio

Tetrahedral amorphous carbon (ta-C) films is a class of diamond-like carbon
films that contains a high fraction of tetrahedral sp® bonded carbon in its structure. It
has been commonly used as an overcoat to provide protection against corrosion and
mechanical wear for magnetic recording device and hard disk drive (HDD) components,
such as, sliders, read/write heads, and media. For this application, it is desirable to
reduce the overcoat thickness as thin.as possible, down to a few nanometers, in order
to increase the density and capacity of magnetic recording devices and HDDs. However,
as the thickness reaches the nanometer range, the ta-C overcoats may not be able to
maintain their chemical bonding structure, especially their high sp® bonds fraction,
which directly associated with their mechanical properties, such as density, wear,
corrosion, thermal stability, and hardness.

This thesis reports on a comprehensive study on chemical structures and
tribological properties of ultrathin ta-C overcoats with thicknesses of between 0.5 and
5.0 nm for high areal density magnetic recording. The ta-C overcoats were fabricated
on NiFe substrates using a pulsed filtered cathodic vacuum arc technique. The ta-C
overcoat thicknesses were accurately determined by high-resolution transmission
electron microscopy and wavelength dispersive X-ray fluorescence techniques
(WDXRF). The surface morphology, chemical composition, microstructure, and
tribological properties were systematically investigated by atomic force microscopy
(AFM), X-ray photoelectron spectroscopy (XPS), near-edge X-ray absorption fine
structure, Raman spectroscopy techniques, and a reciprocating wear test. The results
showed that the surface morphologies of ta-C overcoats were atomically smooth with
a root mean square surface roughness (Rg) below 0.23 nm. The ta-C overcoats had
high sp3 bonds fraction. However, as the overcoat thickness was thinner than 1 nm,

the sp? bonds fraction suddenly increased resulting in a significant increase in the
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coefficient of friction. The obtained results demonstrated the limitation of the
thickness of the ta-C overcoat fabricated by the PFCVA technique as a protective
coating for high-density magnetic storage devices.

In addition, the influence of interlayers on the structure and tribological
properties of ultrathin ta-C overcoats were investigated. Two different interlayers, Si
and SiN,, with thicknesses of between 0.5 and 5.0 nm were applied to the interface
between the substrate and overcoat layer with a thickness of 1 nm. This was achieved
by sputtering technique. The fabricated ultrathin ta-C overcoats were characterized by
WDXRF, AFM, XPS and Raman spectroscopy, and their tribolgical properties were
investigated by the reciprocating wear test. The AFM result showed that the insertion
of both Si and SiN, interlayers slightly changed the R, of the overcoat. The results
showed that the insertion of Si or SiN, interlayer enhanced the formation of sp bond
and the sp® bond fraction tended to increase with the interlayer thickness. The XPS
resull also revealed the presences of Si-C and Si-O-C bonds on the interfaces of both

Si and SiN, interlayer, which enhance the adhesion between the overcoat layer and

substrate.
/
School of Physics Student’s Signature f?)\’mj OV
¥ ohia <O
Academic Year 2021 Advisor’s Signature 2 '

Co-advisor’s Signature,\ ,é;ﬁ R\ et
g—/ .
Co-advisor’s Signature  Mhf  Suohap






