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ABSTRACT.

This thesis concerns the development of -silicon-nitride thin films to reduce the
failure from media packaging. The work has been divided into two parts.
First, trial_run of the media-packing practice were investigated, which identified the
vacuum ‘packing-as the root-cause. The media-was found-to be bending following
the pressure from.the disk packaging. The Outer Disk Zone (OD Zone) in contact with
the guiding slet of -a \vacuum-packed storage box was. putrunder the strain. The
physical changes were investigated by the Optical Surface Analyzer (OSA) and the
Scanning Electron ‘Microseope ((SEM). but ‘could not’ foundirany «changed. The
microstructural’ changes were ‘observed. by the Atomic Force. Microscopy (AFM) as
protrusions, of 1.27 nm high. “The chemical changes were .investigated by X-ray
photoelectron ‘spectroscopy (XPS), which_detects oxides. in_the film layers. Second,
suitable protective coating materials' were explored~in order to eliminate such
damages and other problems in“the-future:This focused on Silicon nitride thin films
prepared by Gas-timing RF magnetron sputtering. The SEM shows the film thickness
in the range 75 - 8~7 nm. , The AFM results yield the peak to valley (PV) roughness to
be 1.30 - 2.95 nm , The chémical composition were studied by Raman and Auger
spectroscopy, which correlates the hardness and corrosion properties of the silicon
nitride thin films. Overall the gas-timing RF magnetron sputtering is able to provide

silicon nitride thin film with better quality than conventional techniques.
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2.8.2 Scanning Electron Microscopy (SEM)
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2.8.3 Raman Spectroscopy
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2.8.4 Auger Electron Spectroscopy
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2.8.5 X-ray photoelectron spectroscopy (XPS)
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2.8.6 N159AANLTS (Hardness) 1ag Nanoindentation
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2.8.7 N1SIAAMUNURBNISNANIAULAE Potentiostat

mMyinAnunusan1sinnsaumsnann1ImelwiLall (Electrochemistry) F4aznaaau

feLASadPotentiostat A1AUANNANESWAENTLLATIANTUT DA E INTILaRIANARNSaY

v
o o

209%uU Wnetlida (electrode) i1 3 d1u Aa 1191984 (Reference electrode) Fawdutan

1%
LY

AANAINNAINANE 191989 NTIRAIAINULANAINYDINTELE (counter electrode) way 977

ABIn1snaaeU (Working electrode) [26] nsfinnsautiuduagiuaununiuvesiania

A uansanaludl
Potentiostat
Apphy Measure
Potential " J(— _(}grrent
G - “BE -F shtdiin - Flo = 2 R - B J;...-.l

Refefence e} Counter
Eleéxroda Eleclrodes
WOk —] T .
AP viny A YAYA -+t gl;mtﬁrglwfe
(Sanmple) Polarization Cell g

NTWA-2)20 %N AU OUL U o 4RLY By Potentiostatrf26]

log(Current/A)
'.lll
3

-1 0 1 2 3
Potential/Vv

A# 2.21 fegransmnisiansaulae azanudidninsladfansadaiisnidutu 10M [15]
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3.6 MsAnwauanTRvasiauulagesdusznaumaaillagly X-ray

photoelectron spectroscopy (XPS)
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a31671 4.1 windweinldlunislgniiduddnoululasd

System RF Magnetron Sputtering System
Target 99.999% Silicon target, 3”” diameter
Substrate Glass

Substrate holder speed 30 rpm

Target to substrate distance 70 mm

Base pressure 6X10'6 mbar

Ar Gas flow rate 10 sccm

N , Gas flow rate 3 scem

Thickness 100 nm
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Qs

3199 4.1 Reulaliinisligaumginususasiy

197197 4.2 80310151 Argon wae Nitrogen lunistiusuilaasiuluy

Naudunuy Timing [sec]
Argon Nitrogen

Gas timing:Ar : N, (10:1) 10 1
Gas timing ArsN 5+(10:3) 10 3
Gas timing Ar : N, (10:5) 10 5
Gas timing Ar : N, (10:7) 10 7
Gas timing Ar : N, (10:10) 10 10
Mixed Argon and Nitrogen All

b2

1nMN5197 4.2 Fn51n15198 Argon AS 71 10 sec LagUSullABusnInslY Nitrogen 9

1, 3,5, 7 uay 10 lumsdgnilauiifsd@nulaglinisuan Argon uag Nitrogen (Mixed Argon

and Nitrogen)
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4.2 nsanwaudAn1elassadsvasiduusnanuiludanaululase

4.2.1 nmsfnwanantivasasiduuimdnunludfneululasdlagly SEM

PNMsAnwauanURvewssiduuwanuludanaululasa lnednvazraiiuialag

14 SEMIpeASanuUsdiu tiameanunuiveastuilauindavasuudanauinasnwuin Tunis

v
=

JuguidudanumunlndiAsadu leld Gas timing Ar : N, (10:1, 10:3, 10:5, 107, 10:10)

Way Waw Argon Way Nitrogen fmuuunAe (75 - 87 wiluiung) Assiolud

TMES 1004 § Omm 100k SE(U) 8/10/2011 1054

TMEC 10.0kV 8.5mm x100k SE(U) 8/12/2011 1650

V 8.6mm x100k SE(U) 8/12/2011 11:32

A 4.2 anunuvasiidudanaululnsdlae (1) Gas timing Ar: N , (10:1) (2) Gas
timing Ar : N 5(10:3), (3) Gas timing Ar : N , (10:5), (4) Gas timing Ar : N ,(10:7),
(5) Gas timing Ar : N , (10:10) waz(6) W&y Argon wag N ,
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4.2.2 mstnwemuandfiveswadlauuwdnuiludfnoululasdlag AFM

nnsfinvauauTRvesiidy SN Tnednvarvesiuiilagld AFM eviZouesilidu
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‘wm'wﬂéumqmﬁﬂuﬂu%é‘nauiulmiﬁﬁ%ugﬂimw Gas timing Ar : N, (10:1, 10:3, 105,
10:7 way 10:10) uae e Argon fiu Nitrogen ilAiadeves Peak to Valleylndifesfude
130 — 2.95 uiluluns uanwieraluil

13199 4.3 53l Argon.sae Nitrogen-lunistuguilduauuuy

HauAuuuy Peak to Valley

(nm)

Gas timing Ar=N’; (20:1) 1.63

Gas timing Ar-:N ,{10:3) i3

Gas'timing Ar+ N4 (10:5) 1.12

Gas timing Ar : N5 (10:7) 2,71

Gas timing Ar. N, (10:10) 2.95
Mixed-Argon and Nitrogen 1.20
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4.2.3 msfAneauautRvasiauunndnuiludanaululasdlavasdusznay

mapdilaelyd Auger

MnnsAnwauauRvesitduumdnuilugdnaululasalasesdusenaununiilagly
Augernu Wevhnsissuiiisunisindeutuiidudanoululase wuid ’Lums‘lumfﬁugﬂ
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4.2.4 nsAnwauaulRvalduukdnuuddnaululasalagasdusznauniaad
Tagld Raman
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Taun1s3iasnzsiann Raman wWisuifieuanauddeiinisineinistuguilda
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potential lu%34 -0.231 V 1 -0.336 V Ineflauursadnuludaneululesdld Gas timing
Ar : N ; 10:5 fin corrosion potential g@nfa-0.231V uaz wamsAnpassive current Tugag
10°-10"°

—— TimuagAr:N, 10:1
e Timing Ar: N, 10:3
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Timing Ar: N, 10:1
Timing Ar: N, 10:3
Timing Ar : N, 10:5
Timing Ar: N, 10:7 |
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4.4 nsAnwMAFaUANURAAMULTIYBINauUenanuludanaululase

nMsfnwvedsuanUinnuuiwediiduunninuluidneululasdlasldindosInaany
wiwosndnulu wiludumumdu(Nano indentation) wuihilduurwdnulusanoululase
#usuTneld Gas timing Ar : N , (10:1, 10:3, 105, 10:7 WAr 10:10) UAT WAY Argon LAz
Nitrogen fi1 wamesien il 4.11 84 nmdl 4.16 uansmaruudswosiduitugulngld
wellamuauiwliitelagisnns Gas-Timing uas wawu Ar and N , 1aen1sld Load 1.0
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MN LIINAINHNIVDINAUNAIUBNLNLTY
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a & ddv 4
miwmaaummLtiamaawauwwugﬂimﬂh Gas timing Ar : N , (10:5) Prax i 60 nm

A1 Hardness #a 6.31 GPa waw Elastic Modulus g 212 GPa
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Al 4.14 m‘swmaaummLLﬁwmﬂéuﬁ%ugﬂima’lﬁ Gas timing Ar : N , (10:10)
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