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2.3.6 Zinc oxide (ZnO) [21]
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q q QU

a6

A213N38% LCD (Liquid crystal display) uazviduiay LED (Light- emitting diodes)

2.3.7 Silicon nitride (Si,N,) [22]
e o e A a an 2 Ao I
Silicon nitride Aagnytsznaumyadvasdanaunaslulasandedanwueiduin
a -~ ~ 1 = s a Ag v é
Anudafianuudaussgelunaradaegaii i ddudizaninisainufoutunaty o
Silicon nitride Aawfigulfduamanlusugiumwdiansafinganlsdanauwiugin uazld

Dngugnuiildluninsadu(Sensing path) it AFM (Atomic force microscope)

1
97N © v ] i
2.3.8 quedaIlAN19AAULIN 92 TFa lauazadataaayls

v

Tsslauazauu @ ufa GDEHT 131 OHARA Liluduaaussldaglu

2

gaswnIIvaniafan  wiaaligia13e9 2.1 wae anveanaudussvasiagiaiavls

W09 aIa397 2.2 ,
s J
v ol o

cut Ad

17199 2.1 Taquazanuudusiweiiag ldvslawazanuui

Material Chenii;:aql formuia , Hardness(GPa)
Fused silica [23] sio, 6.4
BK-7 [23] BK:7 Glass 5.6
GD-FHT [23] N/A 5.9
Fused quartz [24] SiO, 10
Sapphire [25] Al,O5 22,5
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P = o A
ANTWNN 2.2 AIULLVILITIVDNN a@!LﬂﬂaUIa

chemical
Coating Material Deposition method Hardness(GPa)
formula
Cathodic arc coating a-C 24
lon beam coating a-C:H 19
DLC [26]
ECR-CVD coating a-C:H 22
DC sputtered coating a-C:H 15
Sapphire [27] R.f.sputtering Al;O4 8.3
Zinc oxide [28] 24T sputterng ZnO 8.7
Silicon nitride [29] | @hemical vapor-deposition SisN, 14.5
2.4 35m31an DLC Waal [20] /N

d : i!J:J @ v @ a

MNNWTan 2.3 luﬁaumaamsﬂiuﬂ?@mqmﬂmmmaamuu,mmﬂmsmﬁaum

o o A Ao A s '!.‘_'-,-_.'* - = o A '
droiaqiafavlaffiauudiliiunuazaina1ianuulusizasizqiafoulanydn
DLC uuwmm’mLmaLLS@NWﬂwamluaa@muaaﬂﬁ?ﬂaunu DLC umﬂmaq Houlenn
azhuu,wi‘ﬁmﬂluﬂﬁiﬁmuﬂaauﬁmuwamamwaLﬁwmwmwumLLa:mm‘nummia
sam@mumumaLaaﬂmmsﬂﬂmaﬁwlﬂumiﬂam/\la&l DLC %455%n"3 Deposition
mﬂmmmmmlﬁumsﬂgn DLC Wauvl,wmimmvlﬂLtmﬂangﬂﬂgﬂ 283% Plasma

g . g y
vapour deposition (PVD) %38 Chemical vapour deposition (CVD) @43 %'mimmﬂmdﬂu
lun1sdgnildy DLC taniinlilndsnuvadtszaibaneianu (Ioh “energies) n13
A o Aq o A [ o . A

Wasuwuwlasmwnld (Precursor gas) THhaV0IIFQLINANY (Target material) #30N19
wWasuulasgmnnil RINA I NFNVag DLC fmmamﬁ'ﬁﬁﬁmn%mséfmt&iﬂ&i’mﬁﬂ a:C-

d 1 d

H NiaLae au vLﬂ'ﬂ%ﬂdWﬂN‘ﬁ%@ ta-C na mauwﬂﬂammﬂmwm DIV aﬁmymmama

q

3§m3ﬁ'ﬂﬂﬁﬁw1“ﬂumiﬂg}ﬂ?\la(u DLC ¢adialuit



16

2.4.1 Sputtering
Sputtering 1Ju3TNAugunsdan@dn  DLC ldduazfiowldnulunszuaunis
gaa 1NN laazunINaIITNIUgnARuULY Sputtering  umaslidazun 2.9 lu
. 23 d' d' < U 6 o %
AITLIUMT Sputtering TwLaae (Inert gas) TilasnalUazltersnaw (Argon) azanyinla

o Id . a { ' 3: +
uanaltdulaaan (lonised) lasdianasaunsasaanunannya Cathode losan Ar an

2

=

19lilufnan cathode waz Sputter asiinuNsfanfvy Cathode 8an NITLIUNNT

U

Sputtering lEAu& ML DLC fa Dc  diode sputtering %38 Radio frequency (RF)
. & A NT Y om A oA A d A e
sputtering #$13ae Sputters LLﬂSvLW@IWLGI"Ii’]ﬁ]G@lE]xf_l&ﬁ’]ﬂ“ﬁ’)ﬁﬂ’]iLWNL@]llLW’r]‘Y]’i]ZLWSJE]@]T]ﬂ’]?

A i S ", A ':z:ez_ A .
UanWau (Deposition rate) T335A13917 LN Aoelaniiaa Unbalance magnetron sputtering

U

A cd &

=) g ] =3 1} U é o vV A ] =3 & U v
el lulmaniaglawnslaldnan Cathode ZavhlWiAaawaudninGIdanald

A & ' . SRS - Y a N .
ﬂLaﬂ@iﬂugﬂﬂaﬂﬂﬂﬂW CathOCf mﬁaﬁlﬁLWNa@]i’]ﬂ’]iLﬂ(ﬂ Plasma ionization

I@] ANRWIVLNIAANDZD wmma Unbalance I@]Uﬂ’]ilﬁﬂlx‘]@l’]“ﬂ'ﬂ\‘iLLY]GLLSJL%E‘]T']LL&“”%“’

s Bomt;rd aas leaouiivinlwiAewuss sp’ Juluilsy

LAAFWINLNLRANINIA U ubstrate mlﬁwlaaaumaaminau bombard i Substrate
' = v o A
LULAEINWAUNFTLI®

P AN RN A UR LT uamﬁnﬁﬂaﬂﬂﬁmmmu

Cooled cathode
(target)

7__Caihodc
dask* space
(] =
dc
power
supply

o Ar+H) Plasma

- > Py s p /, .
Ao de V7, Anode sheath

[ Substrate

¢

6

gﬂﬁ 2.9 "I,ﬂazl,l,ﬂsmaamsﬂgﬂﬂawﬁw

D
AL

Sputtering [20]

2.4.2 lon beam deposition
lon beam deposition %38 lon beam sputtering ﬁ]:sl,‘ﬁ’a‘ﬁm&mﬂma\‘laﬁﬂauvl,aaau

(Beam of Argon ion) lanae Sputter ﬂﬁguauaaﬂﬁ]ﬂﬂLLﬂiVLWGT(Graphite target)
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v

A a e @ { = v
Vl,@a:l,msmaamiﬂaﬂwﬁumm%' lon beam deposition LLamvhmgﬂﬁ 2.10 T390

v A adaaA & dAa ad A v . = Ao
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=
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NU38Y (Uniform film) A32U3% lon beam mmmﬂ%‘uﬂgﬂﬁﬁ%ﬂﬁﬂmﬂ’i'ﬁwﬁumﬂﬁ
aMuiauiy Substrate wianmyUdaslkuATen Bombardment dudinllatiadaliios 9
3Fn1slanuTeuny Substrate mﬁ]ﬁnvl,ﬂﬁ%ﬂ’]i‘lﬁ?\lﬁwﬁﬁmﬂi’lw?aﬁw%aLﬂ%?&dﬁ"l&i
@897 I@Uﬁ 33117 lon plating #3891 Ion'/)a/am assisted deposition (IBAD) 2:hg)
¥1nn3 3BT lon  plating 3% &lmﬂﬁﬂ?aﬂﬁmmmannumum CAUIGEGHIEE
8@318UV8d Coating ﬂuﬂnmivﬁLﬂuvl,aaauﬁmuhwumaﬂu Flux fisnsdn 1wy
wmammaimmﬂm&a(- miam floflazasd Flux vesdianasonldiuszu lu

’] E]‘H;‘YI °’€L Bombard ‘WﬂSJL‘WE]“ﬁ’]UI%W&NN@]’)’]&M%WLLWH

IBAD mm&mﬂmaﬂaa

..‘ l."J v - -J'

wazaauEe sp- UAAREN rdment vaslaoouarssnal Substrate Soudiiuis
ARI0ANNTINATY Nluﬂ AL N’Jﬁﬂﬂi‘i Taof IBAD nduisnslanila Sun il
&l il
e

Q(ﬂﬁ’l‘lﬁﬂiﬁd

: ‘[ =t f“
= L 1]
GAS FEEQ™ 4
BT ~
":-j - “4} |
— 30 = ||
CATHODE v AN 41\\
FILAMENT I | 1 | on
SUPPLY (1 | BEam /
I %
- ]
| masa ¥ [ ﬂ
DISCHARGE T .
SUPFLY 0 e
a~ Axpre ¥ 5
BEAM
SUPPLY
1 ACCELERATOR |_| | NEUTRALIZER
= [ _ORIDSUPPLY SUPPLY

&

3uf 2.10 "l@a:l,mm’uaomiﬂgﬂﬂamaaﬁ% lon beam deposition [20]
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2.4.3 Cathodic arc

]
o

Cathodic arc 1113 “sﬁwﬁauﬁa@lumsﬂaﬂﬂﬁu DLC uaidalatSoufanaui
& a
ﬂmauummonammnma%mmwu‘tﬂumsﬂanWaﬂuamm%ﬂﬁw fnsuRsy DLC
unslnd7ida  Cathode a:gmjumUmsuauﬂgtyty']mﬂmnuumzﬂmsgtynpmﬂaaﬂ
nﬂ' d‘ o v Aa dl 1 d@l 1 v Aa n:l'd et = ]
oz ldiAe Arc NidasaanuITIRINA RN FUININRIINLASHAMURILY
) 1 a J n‘ g: s 3 1
1091080UgINN druniizad Arc  3nfialuned Cathode lasfiauravaidunin
1 Y A 1 1 o
auinans 1 89 10 lulaswasuazfianunmuiusaanszua iigannds i sud vy
v Aa 1 1 ~ gj A | v
IWiRanaanuddsldeseuniaiin guuna lalasmasaananaindy Cathode Taidunald

a & a6 o va| 6 = o~ a A o ¥
Lﬂ@ﬂ’)']&l‘ﬁUWUTHU%W&NLLQ&V\WI%WG&JLﬁEl'ﬁ’]ElL%ﬂ\‘lﬁT]ﬂLﬂ@]iﬂﬂLL@lﬂVl"ll@'Ll@l']&lﬂ’]@U na

- y N ‘ _ o4 e
iaaunakaunngniliwastdlouraednssuannis Explosive emission T91113@

o o

Evaporant species N nWIR a8 394 Cathode LLa:‘WmamazgﬂmﬂulﬁlﬁumaN"mﬁ

i

dlad = o

NIBIEWINUNLARN (Maghetio! filter) (ANBNITAANANTENL Immmnmﬁ snfulude

v

Filtered cathodic vacuu arc/ (FCVA) laufilagzunsazainsdanisudisis FCVA
oo A L 2 ) ‘e . . v £ A
uaad1iasgui 2.11 Tu FOVA s niiafiad (Electrostatic field) aznnainsdimiiasan

A & & dl :_d‘- 4 1 =3 & 1 v a d
wmamaLanmaumummLﬂmﬁawmammmmman Tisinaliiian1dgaloaand

Mﬂﬁ”ﬁ]ﬂ’]ﬂl‘ﬁL@]%ﬂ’%‘i@l’]iﬂ;ﬁ%ﬂ’]x‘l“ﬂ ﬂﬂﬂﬂiﬂx‘]L%Bd%'\ﬂﬂ%ﬂ’]ﬂLﬂﬂ "']VLSJﬂ’m’]iﬂ LAUNIINAN
b 7 J 4
6

Laumavlwﬂmumﬂmmmm m@@rm N’Wlﬁﬂ@lﬁ%‘ﬂ’]dﬂl a{'l‘ﬂﬂi'ri]\‘] ’)‘ﬁﬂ’]iﬂﬂﬂ‘waﬁdLLUU

FCVA uufﬂ msl,%wl,@mmaw\lau (a C)'ﬁ kl-|ardness, Young's modulus, Scratch

. —
=y

resistance ‘na@mmﬂsuumaunuwmiﬂ m’?l AU lon beam deposition LAz Radio

frequency sputtering
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Substraie
bias

Focusing

magnetic field Carbon plasma

wiewport | |

1
nautralizer,

d' . — a BJ v ada =
3n 2.1 VL@@:LLﬂi&JEJEiD’]iﬂ@ﬂWarJ@’m’Jﬁ Filtered cathodic vacuum arc [20]

2.4.4 Chemical vapour

Fi ‘\5
ad niGL ¥

‘.lnl l‘;‘ - " .‘l & =
Chemical vapougsdeposition (CVD) LIuizhldamnyiiganaznszuinming
— )
. A o v a 2 { " 1 \ 2 )
Thermochemical @9vinl#a /% 89 §ubs§rafe agiuma 800 119 1000 a4A L TALTLE L1
ey

J Ha

a A i |

a a té g
n3zyInni1y CVD ﬂgﬂiﬂ’l ] a_mp@mumﬁa‘- Substrate TIRIILAVIZUANGIDANURE

' ' # “i '
FINGINULNBNFIININUN  Substrate N3gUIUNI5 CVD aldAsunianuuisay

(Uniform) 023U 39u3989 (Hardness) Uazlin13a@and (Adhesion) atnalsfianudl

=}

- J el T
¥ o ' A plf e S A [ { '
VBN @ﬂavl,&lmmma{g]ﬂWéJuﬂﬁmmu 10 %TﬂjLN@]ivL@ I:‘ﬁaﬂﬂ']ﬂﬂ'l"lllu@lﬂmhldﬂlﬂﬁﬂqi

o o g = A g \ a v &
penseInIeNuTanliiiaAuATEags (Stress) WaslinanznusafwIadaudaing

|

3 a

A a £ aaa Bl & Aa| 6 .
‘YlLﬂ@‘IJuﬁ]’mﬂg]ﬂimLﬂ_&l_gmuuﬂixuauﬂ’ﬁﬂgﬂ‘v\lau@:}mﬁ Plasma enhanced chemical

T

ags o J { o va A {
vapour ~ deposition  (PEGVD) 34nnwWami@inuniarinlwis cvD swnsadgnildud

U

wnniizad Substrate 9 et launlaezunsuasnsdanilfadapis PECVD uaaslizy

& =

a
9
71 2.12 PECVD ﬁuuﬂu’i%msﬂgﬂﬂaumwﬁ'mmiwmzmumi CVD LLaxmim:@;Tu,

MunadaLANAsAW(Energetic., electron /100:300 eV) nneluwarain laanaluuan

A3¥UIUMT PECVD azltaanuaw 0.01 919 5 torr
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rf Power
qupply Insulated

ﬁ/_ feedthrough
m\ Substrate

~Electrodes
o

Precursor gas
(C2H>+H>»)

.. v

JUN 2.12 "L@a:l,msmadmillgﬂﬂammU'i%' Plasma enhanced chemical vapour

deposition [26] \

i

2.5 M3inasssiiniidasinglananls

|‘ *

[ A o o . A .‘J . [ o d [ . A o
nmyiaassriinuuadiaqniatlaauninialagltiaiasia Elipsometry T4ia

A o vy . # o A Y A a '
madfsnudaslwanlsiadu (Polarization) 28 JuadtiasnuaIaziounIaldun1Inu

L o ¥ Aa a e g . — A ' s '
TaarliiRemudasuudsdwarlamdnuosasiisazuaasagluzlvasdandinasuan

a

= A o
WRAA (Amplitude ratio, A ) LLa;:ﬂ:JjSJLL@lﬂm\_‘l‘y‘g_’%w_a (Phase difference, i ) 0iN171Q32

u

wWisuudasldanuguautiduasuediae (Optical propefties) aiuw Ellipsometry 34

Hou 1Tl wN1TI AT AR AW LA ATITHANLABDINR L TIF U1 TDIaN A NN A NAL L1
o o . e A XY ' o ¥ ' ' .

5:@mm1ummvlﬂmluﬁaguuuwlmﬂuamomwmﬂﬂuqmm'ﬁﬂﬁuma 914 Biosensor
d' g o 6 A 6 o A A 6 ] I d'

aIN9GN uagRasnuNEINETENAET dunasdiagmantifugeidnen giau lane 130

e~ o a A 6 s
AW RIIDUN I RS aaqwau [30]

2.5.1 Polarization 2aJLL&v
< a o { = o .

usdlasnildaansnatunelaluanwussasafuusiimnan Wingalu Ellipsomtry

zatunsfiangdnssuvasawn INAwasafuLgsdn Polarization a1l W18 9nR e
g: e A dl a et g: v a Y [~3 ]

aNIUAanInuaELaunEsaaItwiuandunmaldunu zZ swnlninazaglu
firnsunw X uazunu Y lunsdiiussdnmimeduuugunifianisuazidaazfansandd
& P . o o i o A a o . Ana Y
\Juuasn Unpolarized &30 Ellipsometer T9aulauadNisuaaradnalfianiauazinegd

v

: { o ° A ! d . { o A&
dugdiandaaulunn gdunibsdaFoniiuas Polarized lunsdinauwialWinnasain
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2
tv [ '

a \ a P . i ' Aa v A& 'Y
AUl g wazSanLaIUTEANiin Linear polarized sauuasNdzuw WA Aasannnn

A \ [y A a @ A ' . . ad
UWge19N® 90 a\‘i?nl,l,ﬂz&lLLa@JWﬂ'j’]@]Lﬂqﬂ%ﬁlzLﬁﬂﬂ'ﬁ'—] Circularly  polarized 1%?751%7]

o 1Y
[~3 ol v A @ ] [

] { a ld & e { {
m)ﬂ&lLL&IL%ﬂﬂﬁ@lx‘]ﬂ"lﬂﬂuu‘ﬂdLW&LLﬂzLLI’J&JWﬂ‘ﬂ@l(ﬂ'\dﬂ%sﬁdLﬂuﬂﬂﬂmzﬁﬁii&l(ﬂﬁﬁq%ﬂlﬂd

U

. - . 4 o A A , 4 o ,
Polarization 138131 Elliptical palarized @itdwnu1va3Ta Ellipsometry TINN WU €

284 Polarization ﬁa%mﬂ"lﬂuﬁ’auamvl’?ﬁagﬂﬁ 2.13 [30]

- T
YL

e —

Sll“n 2.13 AaNBUAN 6]‘11616; Polarization 1o EJ‘VI a) fa Linear polarization b) fa Circularly

polarization Ltﬂﬂ ﬁ E}’fJ’ ﬂw %)Fw EJ r] ﬂ i
2ot “?;ﬁjﬁﬁﬂ'ﬁ i Al

LAQIDINIEE Y aUYBILEIURAIIDIINY LauFIasiaunIar

o o ° ' . . A & o
mqmqluanwmzmymamuaaazgmmaaamﬂuﬂauum p- LA s-polarization TIUWNL
A [ = ) . A A [ A
AENIn1TauaaIauI8 WSS p- wae s-polarization xdAANIINITRULBIFUIN IWHNT

3 et . . tﬂl dl v Aa
wANEIN T p-polarization aduamN I waILEINaNNTENLLA Rz TEUILRAANIINNT
< ' o A ¥, . . !
suagluszinudenudaionzwmuiiinzwuannizny (Plane of incident) [32] #u s-

. . a dl' Y nl' v 1 a g: s
polarization azdaAuau I lWA1vasusifazianuazanniznuagluiianisasainiy

FUWILANNIZNY [33]
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Incident Ray of Light

Direction of
s-polarization
T

Direction of p-polarization

- IRCNDUVRN p-L

SEmS=pOla rization [31]

laafinNg p-  Wae s-p LaZ UL \\a\'% unsnaIwmuantiule &

Fresnel leaTunuig ummn"lamaumiﬂ (2.5)

WAL (2.6) AT p- W ' n 1 & L5 n\{ - qmq"hmaums‘n 2.7) uay
~ | ':, V = | & o A P

(2.8) lagnanununauadauliaeing glues g‘&\%\\ a93UN 2.15 law?l r Aauew

WAIAVBIAAUURINAZ YIB! DR e g dpe t ADUBUNAIAVDIARLEIN

LAUNNHIUNZRIDAD TN P U8z S WEAIDY p- WA -

polarization

— (2.5)
— (2.6)

— (2.7)

2n, cos ¢

t = —
P n,cosg +n cosd (2:8)
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2.5.3 BANNIINIWY DY

Ellipsometry 227 URIVEY p- WAL s-polarization

a

AN9DIRTT D UWRIDLAWNIINY

4 . o A
Ty Ellipsometry 3210 LRIN

A U U
S NIGAL AR S (TGARR
> a 1 ‘é o v
Taqa1a81909vinl
WRauwlad Polarizati “LNIUVBINT13IA Ellipsometry

[ x> { o = b ) . A ' { o
uwsadliaezUn 2.16 3 175 113 Linear polarized TN IIUFINS

" a :
AMVULVULRILRS I/ ABANULANANUDILNE [30]

ﬂ‘Uﬂ’JWﬂ‘ﬂﬁWﬁ’m‘i

= = tan(y)e"” — (2.9)

ammmmﬂmwmaﬂ
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1. Known input @ J.A. Woollam <o., Inc
polarization

E Pp-plane

3. Measure output

polarization
s-plane

E

plane of incdence

2. Reflect oﬁ‘ sample ...
iﬂ‘n 2.16 ANHMUVDI EIhp’semetry 'l [30]
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2.5.4 M3yAIvidoyawed Ellipsometry [30]
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A WMioollam So, i

2.6 ﬂ'li')ﬂﬂmﬁ&lﬂ@l"ﬂ'l\i |

T@ﬂmvl,ﬂuamm 8 ﬁ%ﬁl‘ﬂ;ﬂ’ﬁﬂiﬁﬂhﬂdﬂiwﬁﬂﬁﬂﬂwmQGW%N’JLLa AR
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(Hardness and nanoindentation test) mmmwummm‘lummmm: (Adhesion) I@m
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Glass disk: 6217 nm Si1nm/DLC 15 nm: 6.76 nm
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Estimated cost Glass disk Fabricated disk Unit
Glass disk cost 10,000 10,000 Baht
Fabrication cost 0 ~2,000 Baht
Total cost 10,000 ~12,000 Baht
Lifetime extension 1 _ 30 Times
Total cost / Lifetime 10,009 b ~400 Baht
Cost reduction S ~25 Times
WD cost 2,000,000 80,000 Baht
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Silicon

(a)
[Cayer# 2= Cauchy Thickness # 2= 694.00 A
A=3.518 (i) B=0.08141 (fit) C = 0.00029 (fit)
k Amplitude = 1.84037 (fit) Exponent= 0.779 (fit)
Band Edge = 400.0 nm

Layer# 1 = NTVE_JAW Thickness # 1 = 20.00
Substrate = Si_JAW

3'1_]1’] 6.3 ‘H%@]ﬂ%’]iﬁ@]@]ii’ﬂuﬂﬂLﬂﬂlsﬂwﬂﬂJ‘liﬂﬂEl% ﬂ’]i"ﬁi’“lx‘.lLLUU'%’]GEN’I.IEN‘H%G’]%YII‘HM
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|Layer# 2 = Cauchy Thickness # 2 = 456.00 A

Band Edge = 400.0 nm

A=2.087 (i) B=0.07894 () C =-0.01090 (1)
KAmplitude = 0.33212 (fit) Exponent= 1.648 (1)

Substrate = Si_JAW

Layer#1 = NTVE JAW Thickness#1 = 2000 A
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= a o o A °
1371490 6.1 @ﬁTEWVIﬂLﬁmﬂﬂiﬁ@‘}ﬂlﬂ%ﬂ’ﬁﬂ’luﬁm

Material Wavelength 450nm | Wavelength 550nm | Wavelength 650nm
Silicon 3.926+1.404i 3.789+0.951i 3.711+0.7261i
DLC 2.211+0.1873i 2.228+0.082i 2.212+0.0464i
Air 1 1 1
Glass disk 1.54+0.02i 1.51+0.01i 1.52
Slider (AITiC) 2.39+0.432i 2.354+0.363i 2.289+0.344i

fdaaa

6.1.2 NMIAIWIMANNTN L FeNGzNaveanNINAINNABANawUa DLC
anuduusIfiaziatad nuNanuuU§Iag 1693l 6.1 su1Indwaraldan
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i

AN 19N 6.2 WATALaasNITIRNTaaBIL

Parameters _ : .‘Qetail
ANURWITAND H(ds) 1 W LULNAT
AU DLC (d,) 15 WL T
Flying height,(ds) 0 94350, walwmuas
Wavelength (Blue, Green, Red) 450, 550 e 650 WL WLUAT

2ip
r01 + r1234e ]

2ip
1 + r01"-1234e 1

S 0

— (6.1)

Aﬂl =) 7 1 Qs
Tz aulRa gluaﬂwmz

I, = I,|Re” = I,R? — (6.2)

S

dl a ] o v a 1 d‘y
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B 2ip
r _ | Mt € ’ —- (6.3)
1234 — 25, :
_1 +,054€
s + If34e2w3
bas = | T2 g - (6.4)
| 1+r,ne
di
b= 2%(7)ni - (6.5)
- (6.6)
Tawfi I ﬁauaaﬁmm NNUUUINEa, I Aousaisuduiinnaniadesia

Flying height 87% n W8z K fa'Refractive index Las nction coefficient Uaz@AIRaY i
AATUYDININAILINNLLES - m&hnmaﬁa:ﬁammoﬂé‘um

] ] : , 3; s Ll ‘&
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.

guMIN (6.2) B9 (6.6) FNINS U A e \. &4 (Intensity ratio) la@a%h

— (6.7)
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T wenns
RINNIUUNIININY



66

PN o ° a 6 o a
@1TNN 6.3 ADLIVAINTANWITUNITULAD I YNAMVEIIARW 450 ‘W]I%L&Hﬂi

Parameters Wavelength 450nm
; (1.54 +0.02i) —(3.926 +1.404i)
o (1.54 +0.02i ) +(3.926 + 1.404i )
, (3.926 +1.404i) — (2.211+0.1873i)
2 (3.926 +1.404i ) +(2.211+0.1873i)
(2.211+0.1873i) — (1)
r
2 » 11+01873i) (1)
Iy - . .
B, 7 S (3,926 +1.404i)
B, “ilf' o 211+ 0.1873i)
Vg AN
A, 57 J<o
2440 b
AL
* d“ij'f:‘.-‘_J‘
2 ——t . :
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16t m —— 650 nm
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{ qz = ] U > . . & { = o
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67

[~ v [ . . a =2 = o
6.1.3 NINATDULNUTBYAAMNVNUFININNTTIA Flying height tiNailSauiiauny
HANISATRINIING 145)
a wa = a6 dl a dl 1
lumaljiadassidnuazananwzesidunlgneralinnuaaiainfauat
v é o v o g; { a Q g; v o
119 Ssanaildnanisiiwisningeiwuasiatafanainanuduadiainuiidasia
=3 v v Aw v 5 . . dl o = =y e
nafiudayannudueuania lanIzuIunTia Flying height iathandIsuiipuiy
HANIEIWI NN =] nunazldaranuTunsn laannisialunsdiwr ma i
WLARWTVRIART LasaLALANANNIULEIINN ABS UaIR18 1 WAToUNNUUBITHINNT
Normalize Tayaldotlugag 0 92 uaziivuGouiisuiunanIdImnMmosg ud
PMNAINNTIUNNTIA Flying height 7 beadthe i luriidan 2.2.2 dannazauiaia
v [l v g; o v 4 b a 1 é
Flying height ldatninndaauuwintdudainnuaasiinmuasaanion d9lunmasey
wdvlifianriininiigndeiladfainindaudiudanan 1. w luuasuaz DLC 15 wilu
= o ' v 1 4 9 |dl v vAa e v o & A
wasdsrililiausndaf Fving height Ngndaslasldaaiiled asnulunismaseuias
A a A > ' a & a 9_/.. i cAA A
Jruufgnufanis i deninlkunlutiaLasuuasninddanan 1 wiluuasuaz DLC
15 wlwaasdsanugilFlying height) Atyinns lunisnasaufazlidayaves Flying

height audurisninualiun ABS 2299843 s nasa ual s wLALAE LT iGF
A
f

[ ° v

o - . v T . ' -
AMNTULEINIANEWH i LA ganRLY ABS 2% 18w/ Tuunnagaualufan
@ Jd

22D

Fanaw 1 wiluwasuaz DLC 15 walwwas  lashluninaseuiifiin3asiie, gunsal

TUNDUNINARIY LS wamsmaaué’d@iavlﬂﬁ

A o
LR138330
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2. NuUNUNG (Glass disk)

3. ﬁ'aém/ﬁwﬁﬁuﬁwmwga 10 99 12 wlwuas
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oy e A *L o @ { ] o o @ {
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2. MNUBWANNIAN FIU U IOTNRITNARITANEY 1 WL NATUA DLC 15 W1
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The detector falloff
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Faint FH  Point FH
TAE_1 Q7791 TAE 2 0.9528
TAE 2 17165 ag 3 17571
TAE_3 24406 1up 4 2 5339
‘ TAE_4 32274 -

U7 6.19 1WiBuLABLIzRIeAN Flying height (lulasfa) Al lduuauuiaiudl Flying
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WAANT LUA3197 6.9
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Point | FH unawund | EH uuﬁéﬁﬁﬁ'}u‘mﬁu AFH

(nm) | (e
TAE_2 436 242, 19.4
TAE_3 61.99 44,63 _ 17.36
TAE_4 81.98 64.36 17.61
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(a) (b) FHin
FHIn| Wavelength 450 nm
Point | micro o
inch Min | Max | Measure

TAE_1| 0779 | 1979 | 582 2268 | 54847
TAE 2| 1.717 | 436 | 576 2188 | 873.25
TAE_3 | 2441 | 6199 555 2265 | 130022
TAE_4 | 3227 | 8198 | 516 | 2264 | 170853

Wavelength 450 nm

(e) ' o N 0 % & 0 @ 0 0
L | . = 1 \ Frjnm)

(f)

Fi ing: n>1.1, k=0
Shifted flying height 0-20 hm

£ : ¢ 450 12
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W 2 2V & S @ W 0 € W0
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0 89 20 wiluwaslasivuald n a1nn 1.1 wazlddean k
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Wavelength (nm)

Refractive index (n)

Shifted Flying height

(nm)
450 1.2
550 1.28 19 nm
650 1.37
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Pofit VN Rl N[ | §ibld &N Point] | LJ FR G L) Fit

TAEL2 17110 0012 TAE.2 09685 0005
TAEZ 23567 0021 TAE_3 18565 0019
TAE 4 30800 0.030 TAE.4 23865 0080
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Wi 1 Wlwwasuaz DLC 15 wlwwas Nldaasssildninansa Fitting andayaniyia

Aaaudn Flying height 11U 19 wluiwas
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Point | FH U%21%WN2 | FH 209Aa&RNW@I®128% (nm) + 19 nm | AFH

(nm) (nm) (nm)
TAE 2 43.43 246 + 19 =436 0.17
TAE_3 59.86 42.05 + 19 = 61.05 1.19

TAE_4 78.46 60.11 +19="79.41 0.65
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DLC
(a)

[Cayer# 2= Carbon on SiO2 Thin MT Thickness# 2= 530.00 A
Amp. = 18.238 (fit) Brod. = 7.448 (fity Eo=6.214 (i)
Eg=0.735 (it) Einf=2.652 (fit
Layer# 1= 5102 Thickness # 1= 5018.30 & 5018.30 & (1)
Substrate = 81_JELL

——ie—

'J@nm”manhmyﬁiﬁ’lun’mLﬂi’l“ﬁ (8), a3 Fitting 189 Psi uaz Delta Aldannia

e AN TR 1D FEIHE B

NamiF ing (c)
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Silicon

(a)

Layer# 2= a-Si lon Beam SPT Thickness # 2 = 264.28 & (i)
Amp.=107.807 Brod.= 2.393 Eo= 3.606
Eg=1.162 Einf=1.160

—

Layer# 1= S102_JAW Oxide Thickness = 207.32 & (fif
Substrate = SI_JAW

(b)

T . 1

(c) / | i
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IR E

3UN 7.3 Tua ﬁ?ijf S %fﬂ Eﬁ ﬁﬁaawad%mmﬁiﬂu
MIIALAZLABNLAL % )] itting V89 Psi waz Delta N1b@a1n
myiauazannmssialaslsluiad Tauc-Lorentzn(b), a33uivAAAvaINRNTANDUA
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Cll a s dl o 44‘ . . gr o
A1INN 7.1 mﬂiu‘ﬁﬂmmama@;ﬂﬁumsmmmmami Optimize sensitivity

Material Wavelength 450nm | Wavelength 550nm | Wavelength 650nm
Silicon 4.419+1.328i 4.232+0.634i 4.014+0.309i
DLC 2.169+0.2087i 2.1699+0.1416i 2.1631+0.0985i
Air 1 1 1
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55%%%%%5%%%%%%%%%%%%%%%%%%%% BEGIN PROGRAM $%%%%%%%%%%%%%%%%%%%%%%%%%%%
clc

clear all

S INPUT PARAMETERS

fh = [0e-9:1e-9:500e-9];

o

Flying height (Air gap)

d = 15e-9; % DLC thickness

L = [650e-9]; % Wave length Red 650, green
% 550, blue 450

Mode = [2]; % Measurement condition l:glass
$ disk ,2:51i 1nm disk ,3:Si 5nm

MEA = 2; % USE data from which measurement

FT ON = 0O; % Fitting loop ON = 1, OFF = 0

FT S = 1; i 1

FT ST = 4;

PLD = 200; ) this FH

SHE = 0; #ft of each point, minimum

than -19

NS = 1.2;

NE = 5;

KS = 0;

KF = 0.02;

ST = 0.01; kc for iteration loop

Q

mERR = 1000;
Iter = 0;
if L == 450e-9

Ng 1. & Glass

Ns = 3 Si amorphous
Nd = 2. DLC

Na = 1; . Air

Nh = 2.39+0 AlTiC

if : :

PT;q\l
PT2. min (2) = ;
PT2 min(3) = 733;

ﬁ%ﬁ%&%ﬂ 1NT

PT2 max(2) = 2313

Qﬁ’lﬁﬂiﬂﬁfﬂﬂﬁﬂﬂmﬂﬂ

PT2 (1) 548.465;

PT2(2) = 873.253;
PT2(3) = 1300.223;
PT2(4) = 1708.532;
PT2 min(l) = 582;
PT2 min(2) = 576;
PT2 min(3) = 555;
PT2 min(4) = 516;
PT2 max(1l) = 2268;
PT2 max(2) = 2188;

PT2 max(3) = 2265;
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PT2 max(4) = 2264;
elseif Mode ==
PT2 (1) = 318.363;

PT2(2) = 584.634;

PT2(3) = 875.948;

PT2(4) = 1143.104;

PT2 min(1l) = 336;

PT2 min(2) = 341;

PT2 min(3) = 317;

PT2 min(4) = 309;

PT2 max(l) = 1595;

PT2 max(2) = ;

PT2 max(3)

PT2 max (4
end e

elseif == 550e-9

Ng = 1. Glass
Ns = 3. > Si amorphous
Nd 2. DLC
Na = 1; Air
Nh 2. AlTiC
i d

»,
3

._ ;Fllr.-—-—'ﬂ--

217
elseif =Mode
PT? J

) = 60

PT2(2) = 834.358;

$)e= 1171.059;
)

aﬂ;qv*iihaﬂﬂﬁ

4] PT2 min(l) = 635'
PT2 m1n(2

Qﬁﬂﬁﬁﬂﬁﬂmﬁﬂﬂmﬂﬂ

= 2255;
2186;

«00ay

PT2 max (1
PT2 max (2
PT2 max(3) = 2259;
PT2 max(4) = 2255;
elseif Mode == 3
PT2 (1) 237.783;
PT2(2) = 446.363;
PT2 (3) 726.075;
PT2(4) = 1007.907;

—_— — — —

o\

PT2 min(l) = 279;
PT2 min(2) = 278;



PT2 min(3) = 256;
PT2 min(4) = 250;
PT2 max(l) = 1578;
PT2 max(2) = 1569;
PT2 max(3) = 1598;
PT2 max(4) = 1596;

end

elseif L == 650e-9

Ng = 1.52;

Ns = 3.711+0.72611;

Nd = 2.1631+0.09851;

Na = 1;

Nh = 2.289+0.3441;

if Mode ==
PT2 (1)
PT2 (2)

end

else

if Mod
PT2 (
PT2(2)F
PT2 (3)
PT2 (4)

PT2 max(l
PT2

2725;
2637;

o° o o oe

o

147

Glass

Si amorphous
DLC

Air

AlTiC

ﬂmmwmw gNT

e

if Mode ==

PT2 (1) = 214.815;

ama&s&mmwnﬂmaﬂ

%

o\

end

PT2 min(1l) = 250;
PT2 min(2) = 246;
PT2 min(3) = 246;
PT2 min(4) = 234;
PT2 max(1l) = 1971;
PT2 max(2) = 1952;
PT2 max(3) = 1981;
PT2 max(4) = 1980;
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%——--— DEFINE FILM THICKNESS AND FH FROM MEASUREMENT
if Mode ==
fhm2 (1) = 19.79; % FH from measurement of each point
fhm2 (2) = 43.6;
fhm2 (3) = 61.99;
fhm2 (4) = 81.98;
TXT = 'Glass'
elseif Mode ==
T = 1le-9; % Si thickness
fhm2 (1) = 19.79;
fhm2 (2) = 43.6;
fhm2 (3) = 61.99;
fhm2 (4) = 81.98;
TXT = 'Si 1nm';
elseif Mode == 3
T = 5e-9; ickness
fhm2 (1) =
fhm2 (2) =
fhm2 (3) =
fhm2 (4) =
TXT = 'Si
end

for Nc = NS:ST:NF
for Kc = KS:ST:

Iter =
nc = [compl index of composite
4 2ted (Nc, Ke)
1, index of air
Nh] index of AlTiC
for u =
for v
rco (u,v) =5 Y +nc(v));
t &o - (1 -
end = =
end .

o) " | —
% = = ———=

]
F====== DEFINE_ st compoO =3 =

$————-COMP-—-—-—-—
$————-Air----
%----AlTiC--
Rdm =1kco 1 2 % Beam which reflect from middle layer
Rdb = rco( % Bedm which refdect from bo@gbm layer
ﬂﬂ?ﬁﬂﬂgw G VANENAE. .,
AmpC(u,1l) = abs(RC(u,1l))"2;
PhsC(u,1l) = angle(RC(u,1l));
end

o\

====== NORMALIZED INTENSITY TO 0-2 s

o)

o\

AmpC N = AmpC-min (AmpC) ;
m _CN = 2/max (AmpC_N) ;
AmpC N2 = AmpC N.*m CN;

o\

====== MEASUREMENT LOOP

o)



o\

% Use intensity from measurement from each case to re-plot FH

if MEA == 1
PT = PT1;
PT min = PT1 min;
PT max = PT1 max;
fhm = fhml+SHF;
MTXT = 'lst';
elseif MEA ==
PT = PT2;
PT min = PT2 min;
PT max = PT2 max;
fhm = fhm2+SHF;
MIXT = '2nd';

elseif MEA ==

elseif ME

PT = PT3;
PT min =
PT max =
fhm =
MTXT =

for asZ = 1l:length (fhmd)
fﬁhmds (as) ==0fhmd (as2)

ﬂUEJQ“’fI“EIﬂ‘iW BIN9

end
end

RRLEE N mwwwma &

end
for

end

PT (Is,1
PT mln(Is 1) =
PT max(Is,1)

= PTd(A index(Is)
PTd min (A 1ndex(Is
PTd_max(A_lndex(Is))

end
fhm = fhmdS+SHF;
MTXT = 'ALL';
m = l:length (fhm)
IP(m) = ((PT(m)-PT min(m))/(PT max (m)-PT min(m)))*2;
if IP(m) < O
IP(m) = 0;
end
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if FT ON ==
break, end

F====== FITTING LOOP

% Fit N&K which its intensity give nearest FH to measurement data

150

CT = 0;
ct = 0;
for u = FT_S:FT ST
CT = CT+1;
mI = 200;
for v = l:round (max (fhm))+1+5
Cf = Cf+1;
fERR(Cf,1) = ab mpC N2 (v) -IP(u));
if fERR(CE, 1)<
mI "RR
end
end .
FHC (CT) (Morcp each intensity which
nearest to measured 1In (
end
Sfhm = size (f
SFHC = siz
if Sfhm(1,
FHC =
end 4
ERR(Iter,1) ~2Y);
if ERR(It
mERR =
Nindex
Kindex =
FHC2 = FHC
end
end
end
if FT ON == 1
N i
np = [complex ( Nlndex Klndex % refracrlve index of composite
WAhhich 1terated Nc, Kc)
x of air
] x of A1TiC
§m======= ASSIGN Rij, Tij €
ﬁﬂﬁ}@_ﬂﬂg; ITW‘T‘JTI g1 ﬂ d
rcp(u,v) = (np(u) -np(v))/ (np (u)+np (v))
tcp(u,v) = 2*np(u)/ (np(u)+np(v));
end
end
F====== DEFINE 1lst composite layer ========
%—-—-—--COMP--—---—- 1
$———-Air--—----- 2
$=——--AlTiC—-—--- 3

Rdm = rcp(l,2); % Beam which reflect from middle layer
Rdb = rcp(2,3); % Beam which reflect from bottom layer
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for u = 1l:1length(fh)

Bp (u) = (2*pi*fh(u)*np(2))/L;
Rp(u,1l) = (Rdm+Rdb* (exp (2*i*Bp(u))))/ (1+Rdm*Rdb* (exp (2*i*Bp (u))));
AmpP (u, 1) = abs(Rp(u,1))"2;
PhsP(u,1l) = angle(Rp(u,l));
end
====== NORMALIZED INTENSITY TO 0-2 ========

AmpP N = AmpP-min (AmpP) ;
m PN = 2/max (AmpP N);
AmpP N2 = AmpP N.*m_ PN;

o\

if L == 450e-9

Co = "b';

Co2 = 'b*';
elseif L == 550e-9
Co = "'g'";

Co2 = 'g*';
elseif L == 650e-9
Co = "'r';

Co2 = 'r*';

end
plot (fh (1:PLD) .*1048 02)
legend(['n = ',numZst. index) ])

title(['Fitting of I
point ',num2str (FTS),
ylabel ('Intensity ra@io!
xlabel ("FH (nm) ") .
grid on

grid minor

measurement data with

AULINENINYINS
ARIANTAUIM TN
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555555559555 %%%%%%%%%%% BEGIN PROGRAM $%%%%%%%%%%%%%%%%%%%%%%%%%

% INPUT PARAMETERS

fh = [0e-9:1e-9:400e-9];

o

Flying height (Air gap)

Tl = [0e-9:0.5e-9:2e-9]; $ 1st Si02 thickness
dl = [45e-9:1e-9:65e-9]; % 1lst DLC thickness
T2 = [2e-9:0.5e-9:4e-9]; % S102 thickness

d2 = [15e-9:1e-9:35e-9]; % 2nd DLC thickness

WL = [450e-9,550e-9,650e-9];

o

Wave length 650/550/450e-9
only are allowed

o

Add layer = 'Si';
cL = 0;
MX = 0;

for iL = 1l:length (WL
L = WL(iL) ;

cL = cL+1;
cs = 0;
if L == 450e-9
Ng = W5 Glass
Ns = 4 "% Si amorphous
Nso = 5102
Nal = ¢ A1203
Nd = 2 DLC
Na = 1; Adir
Nh = 2.39 AlTiC
elseif == 550e—9
Ng = l.51+ .0 f?yr % Glass
Ns = 4.232+0. 6 LE = % Si amorphous
Nso = 1.459;- ..-_-1-___, 3 % 5102
Nal 203
Na
Nh 2 AlTiC
elseif L == 650c¢
Ng = 1. ; Glass
FUEATEINNens
= 2.1631+0. 09851, % DLC
1; $ Air
= W’l ﬁﬂﬂ“‘iﬂd URINGTAY
o————SlOZ —————— 2
$----DLCl-—---—- 3
$-—---Si02------ 4
$—-—-—--DLC2—————- 5
$———-Air—-—-———-—- 6
$-———-AlTiC-————- 7
if Add layer == 'S'
n = [Ng, % Glass
Nso, $ S1i02 (T1)
Nd, % DLC 1
Nso, $ S1i02 (T2)
Nd, % DLC 2
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Na, % Air

Nh]; % AlTicC
elseif Add layer == 'A'
n = [Ng, % Glass

Nal, % Al203 1

Nd, % DLC 1

Nal, % Al203 2

Nd, % DLC 2

Na, $ Air

Nh]; % AlTicC
elseif Add layer == 'Si'
n = [Ng, $ Glass

Ns, $ Sil

Nd, $ DLC 1

Ns, % Si2

Nd, %

Na,

for u =
for
end
end
c= 0;
cd = 0; .
for z = 1:length iy 4 “; Ly
for x = 1: leng dl .i
for v = l.l_- 12
fo g
%----DLC2------
$————-Alr-—————-
%$—-—-—-AlTiC-——-—- 7

Rdm = r(5,6); /‘Eﬂhm which refligét from middle layer

i ﬁuﬂﬁ%ﬂﬂﬁﬂﬂ’]ﬂﬁliiiém :

rcl (Rdm+Rdb* exp ( (1+Rdm*Rdb* (exp (2*1i*B(u)))) ;
% =i L7
— Wiﬁﬂ‘f 5 TEJ HRINEINE
s=———-O- - —‘ i 1 C
F————- Sq32 —————
$----DLC2------
$—-—-—--COMP1----- rcl
A(v,1) = (2*pi*d2(v)* y/L; % ALPHA, Below r of material
Rdm = r(4,5); % Beam Wthh reflect from middle layer
Rdb = rcl(u,1); % Beam which reflect from bottom layer
rc2(v,u) = (Rdm+Rdb* (exp (2*1*A(v,1))))/ (1+Rdm*Rdb* (exp (2*i*A(v,1))));
F====== DEFINE 3rd composite layer ========
=————- DLCl-=---- 3
G————- Si02-—---- 4
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G(w,1) = (2*pi*T2 (w)* y/L; % ALPHA, Below r of material

Rdm = r(3,4); % Beam Wthh reflect from middle layer

Rdb = rc2(v,u); % Beam which reflect from bottom layer

rc3 (w,v,u)=(Rdm+Rdb* (exp (2*1*G(w,1))) )/ (1+Rdm*Rdb* (exp (2*1i*G(w, 1)) ) ) ;
F====== DEFINE 4th composite layer ========

G————- Glass----2

S————= DILCl----- 3

%$——-—--COMP3----- rc3

0(x,1) = (2*pi*dl(x)*n(3))/L; % ALPHA, Below r of material

)
Rdm = r(2,3); % Beam which reflect from middle layer
Rdb = rc3(w,v,u); % Beam which reflect from bottom layer
rcd (x,w,v,u)=
(RAm+Rdb* (exp (2*1i*0(x,1)))) / ] [ (2*1*0(x,1)))):

Y- DEFINE 5th .com LT N

S————= Glass----1

S———== Si02----- 2

$-—---COMP4----~- rc4

AL = (2*pi*Tl(z)* aterial

Rdm = r(l,2),‘
Rdb = rcd (x,w,v,u) ;
rch(z,x,w,v,u) =

om middle layer

\\‘ bottom layer
\Qén Rdb* (exp (2*1*AL))) ;
rcS5(z,x,w,v,u))"2;
cS5(z,x,w,v,u));

-min (Amp(z,x,w,Vv,:));

R 2(z,x,w,v,S_arrl);
atfrom 1st value of FH

. - sum(DS_I,}

1% cL ==
Mt_indeXits, 1 = z; % lst Si02 layer
st DLC layer
$nd S102 layer
Mt 1ndex(cs 4 =v; 5 2nd DLC layer
end
end
end
g=========  STORE SENSITIVITY OF EACH WAVELENGTH ==========
if cL == 1
AmpB = AmpN2;

S I1 =8 I(:,cL);
elseif cL ==

AmpG = AmpN2;

S I2 =S I(:,cL);



elseif cL ==
AmpR = AmpN2;
S I3 =8 I(:,cL);
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end
end
F========= END CALCULATION LOOP
$===== POST PROCESSING LOOP ========

S IA = S I1+S I2+S I3;
for xs = 1l:cs

if S IA(xs) == max(S_IA)
MX = MX+1;
M index (MX) = xs;
end
end
for i = 1l:length(M index)
Si0l1 (i) = Mt inde
DLC1 (i) = Mt_inde
5102 (i) = Mt index (M
DLC2 (i) = Mt index (M
DLC1 T(i) =
Si0l T (i)
DLC2 T (i)
Si02 T (1)
end

3 2 k )
900000000000000000 45 i ] i e oo

AuEINENINeINS
PRIANTUAMINYAE
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$5955552%%%%%555555523%%%% BEGIN PROGRAM 55955552%%%35555552%%%%53555%

% NEED TO RUN EST S!hﬂi

ciear 5N BQW‘TEJT’VI?W g1

l\)

FX = '24"; % Fi fllm thlckness for plot first digit
% 1 er where

q ‘W'] AN ‘iiﬁiﬂiﬁﬁ% HA R o

T FX = Thickness of layer FX whick fixed,
this value must not exceed range of
thickness of array above

o° oP

o

T FX2 = 25;
PLC = 2;
PLD = 400;
DLC1 T;

o\

Real thickness DLC, Si0O2 and DLC which
has highest sensitivity

o\

Si02 T;
DLC2_T;
Plusl = 0;
Plus2 = 0;
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for u = 1l:1length(fh)
AmpBP (u, 1) = AmpB(SiOl,DLC1l,Si02,DLC2,u);
AmpGP (u, 1) = AmpG(Si0Ol1l,DLC1,Si02,DLC2,u);

AmpRP (u,1l) = AmpR(SiO1,DLC1l,Si02,DLC2,u);
end
$--—--Glass----- 1
$-—---Air------- 2
$-—---AlTiC----- 3

for iL = 1l:length (WL)
L = WL(iL) ;
cL = cL+1;
if L == 450e-9

Define loop number

oo

Ng = 1.54+0.021; % Glass
Ns = 4.419+1.3281; % Si amorphous
Nso = 1.465; % 5102
Nal = 1.78; % Al1203
Nd = 2.169+0 % DLC
Na = 1; ' % Adr
Nh = AlTiC
elseif L == 550
Ng = 1. s Glass
Ns = 4 . S1 amorphous
Nso = 5102
Nal = A 1203
Nd = 2. DLC
Na = 1; SR Air
Nh = A1TiC
elseif ==
Ng = 1. Glass
Ns = Si amorphous
Nso = 1. 5102
Nal = 1. A1203
Nd = 2.163 % DLC
Na = 1; % Air
Nh = A1TiC
end _
ng = [Ng, = bt ———l
Na, "?‘ |}‘
Nh]; |I%
for u = 1l:length(ng i

for v = 1:1en th(ng)
ng (v)) fA¢hg (u) +ng (v

endﬁumwmwmm

end
for u = 1: length (fh)

o WP ?ﬁﬁi ﬁiﬁ‘ﬂ IR

= (2*pi*fh(u ; % BETA, Below r of composite model
Rg(u 1) = (Rdm+Rdb*(exp(2* *Bg( )) )/ (L+Rdm*Rdb* (exp (2*1*Bg(u)))) ;
% Light reflect from composite model
Ampg (u,1) = abs(Rg(u,1))"2;
Phsg(u,1) = angle(Rg(u,1));

end
AmpgN = Ampg-min (Ampg) ;
mgN = 2/max (AmpgN) ;
AmpgN2 = AmpgN.*mgN;
if L == 450e-9
AMPG _NB = AmpgN2;
elseif L == 550e-9
AMPG NG = AmpgNZ2;



',num2str (T_FX),

',num2str(T_FX),' nm a

elseif L == 650e-9
AMPG NR = AmpgN2;
end

if PLC ==
switch FX
case '24"
FX1 = 2;
FX2 = 4;
Fl = length(T1l);
F2 = length(T2);

X = T1.*10"79;
Y = T2.*%10"79;

(=

&l

iy
|

case

case '34"

TF2 = d2 *10"9;

XTXT 1=5Add layer, '

', num2str (T ,' nm and 1lst DLC layer at

end

ﬂﬁ"ﬂiﬁﬂﬂ'ﬁmﬂﬁﬂﬂmﬂﬂ

= num2str (T FX2
fsT FX2 = flndstr(sT FX2
if £sT FX > 0
T FX = T FX*100;
TF1 = TF1.*100;
Plusl = 1;
end
if £sT FX2 > 0
T FX2 = T FX2*100;
TF2 = TF2.*100;
Plus2 = 1;
end
for 1 = l:length(TF1)

= dl.*10"9;

tr(T_Fx2),"

,Add layer,'
2str (T _FX2),'

st layer';

ANEINENING1DT.... e

',num2str(T FX2),

159



160

if round(T_FX) == round(TF1l(i))
TF L = i;
end
end
for 1 = l:length(TF2)
if round(T_FX2) == round(TF2(i))
TF 12 = i;
end
end
if Plusl == 1;
T FX = T _FX/100;
TF1 = TF1./100;
end
if Plus2 == 1;
T FX2 = T FX2/100;
TF2 = TF2./100;

end
ck = 0;
for i = 1l:cs

if Mt_index (i adex (i,FX2) == TF L2

end
ck2 = 0;
for =

S IAP = ((S_IA-0. 6! 3)

S_IAT = ((S_IAT-O0. "m

o -
for i = 1:F1 LA

end

&umwﬂmwmm

S _IAT(i,]) == Wax(max(s IAT)

ﬂmﬁaﬁ’ﬁmumfmmaﬂ

end

contourf (X,Y,S IAT',20)

colorbar

grid minor

title (TTXT)

xlabel (XTXT)

ylabel (YTXT)

hold on

plot (XM, YM,
mo', 'LineWidth', 2, '"MarkerEdgeColor', 'w', '"MarkerFaceColor', 'b', 'marker
size',6);
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text (XM, YM- ((Y(2)-Y(1))), ["\fontsize{1l3}\bf\color{white} S =

',num2str (max (max (S_IAT))),' at (',num2str(XM),',"',num2str(¥YM),")"'])
hold on

end

AULINENINYINS
ARIANTANNINGIAY
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$%%%5%%%5%5%%5%5%%5%5%%5%5%%5%%%5%%%%% BEGIN PROGRAM %$%%%%%%%%5%%%5%%%5%%%5%%%5%%%%%%%
clc

clear all

% INPUT PARAMETERS

fh = [0e-9:1e-9:500e-9]; % Flying height (Air gap)

WL = [450e-9, 550e-9, 650e-9];

o

Wave length Red 650, green 550,
blue 450

Measurement condition 1: AVG data
of S11/DLC77 (3Layers)

2: AVG data of 5Layers disk

=
O
0.
()
Il
’_\
~
o o° oP

o

FT ON = 1; % g, loop ON = 1, OFF = 0

FT S = 1; nd stop

FT ST = 4;

PLD = 100; BeELOT dis it his FH

SHF = 0; ou of“ of each point, minimum
: 2 athan -19

DS1 = [60,80]; e\ ran LC1

DsS2 = [21,29]; 3 K S B DI.C2

Ss1 = [0.5,1.2]1; ' i C Iz i i

Ss2 = [2.5,3.5];

SD = 1; s for iteration loop
ST = 0.01; for iteration loop
SC = 20; d 50 can be input
if Mode ==

MEA 1;

Dsz - [l,l],’

§s2 = [1,1]1; |

fhml (1) = 18.‘I|r

fhml (2) = 44.6

fhml (3) = 63;

fhml (4) = 83.2; =
elseif Mode

umwamwmm

fhm2 (1)

fhm2 (2)

f

ARTEN T UM AN
:nd i
=========== CALCULATION

Iter
for di2 = DS2(1) :SD:DS2(2)
for Ti2 = SS2(1):ST:S5S2(2)
for di = DS1(1):SD:DS1(2)
for Ti = SS1(1):ST:SS1(2)
d = di*le-9;
T = Ti*le-9;
if Mode ==
d2 = 0;

Il
o
~
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T2 = 0;
else
d2 = di2*le-9;
T2 = Ti2*1le-9;
end

Iter = Iter+l;
for LC = l:length (WL)
L = WL(LC);
if L == 450e-9

Ng = 1.54+0.021; % Glass

Ns = 4.419+1.3281i; % Si amorphous
Nd = 2.169+0.20871; % DLC

Na = 1; % Air

Nh = 2.39+0.4321; % AlTiC

if Mode ==

PT1 (1)
PT1(2)

elseif Mod
PT2 (
PT2(2)F
PT2 (3)
PT2 (4)

ﬂﬁ%ﬂ%ﬁi}%w N9

QW‘?ME‘EW&IWTN@‘I&H

.1699+0.14161;

o\O

oe

I

Nh = 2.354+0.3631i; % AlTlC
if Mode == 1

PT1(1) = 530.599;

PT1(2) = 850;

PT1(3) = 1058.223;

PT1(4) = 1221.336;

PT1 min(l) = 298.4;

PT1 min(2) = 283.2;

PT1 min(3) = 280.8;

)

PT1 mln(4 = 271;
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o\

PT1 max(l) = 1378.4;
PT1 max(2) = 1378.4;
PT1 max(3) = 1378.6;
PT1 max(4) = 1387.6;
elseif Mode == 2
PT2 (1) = 879.494;
PT2(2) = 1350.186;
PT2(3) = 1672.807;
PT2(4) = 1901.923;
PT2 min (1) 434 .6;
PT2 min(2) = 428.8;
PT2 min(3) = A
PT2 min (4)

end

elseif L
Ng =
Ns =
Nd =
Na = \ \ %
Nh = b (78 TRLITiC
if Mode ‘ o )

Glass
i amorphous

-—
.“1 d

PT1 max (2) = "

PT1 max(3 = 1971. 2
Ffﬁ na
PT2 (2) 1629 896
PT2(3) = 2133‘666 LY
WG RIINGA Y
o WIS NE18
q PT2 min (1) 572.4;
‘ PT2 min(2) = 559.6;
PT2 min(3) = 517.8;
PT2 min(4) = 508.8;
PT2 max(l) = 3188.6;
PT2 max(2) = 3179.4;
PT2 max(3) = 3206.6;
PT2 max(4) = 3200.6;

end

B ASSIGN Rij, Tij
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o\

n =[Ng, $ Glass
Ns, $ Si
Nd, % DLC
Ns, % S5i2
Nd, $ DLC2
Na, % Air
Nh]; $ AlTiC

for u = 1l:length(n)
for v = 1l:length(n)

r(u,v) = (n(u)-n(v))/(n(u)+n(v));
t(u,v) = 2*n(u)/(n(u)+n(v));
end
end
G====== DEFINE 1st e g q ========
%—----DLC2—-=————-
$————Air--—-———-—-
%$--—--AlTiC-————-
for u =
Rdm = r (5 middle layer
Rdb = r (6, om bottom layer
B = (2*pi~* r of composite 1
rcl (

*Rdb* (exp (2*1*B)));

%$--Add layer2-- 4
%$--—--DLC2—-————-
%$—-—-—--COMPl-----
Ay Below r of material
Rdm = r (4, eflect from middle layer
Rdb = rcl (u, l) sch reflect from bottom layer
rc2(u,1l)=(Rd /(1+Rdm*Rdb*(exp(2*i*A)));
17 __
§————= DLCl----- [
%$--Add layer2-- 4
%—----COMP2-—---- rc2

= 2*p *ﬁ*n )y/L; BWMALPHA, Below r of material

m middle layer
f¥om bottom layer
(u, 1 —(Rdm+Rdb*(exp(2* 1*G) /(1+Rdm*Rdb*(exp(2* *G))) s
$ =s L7

AT INEAR

%—--Add qayerl——Z
F————= DICl--—-——-
%——-—-—-COMP2————-— rc3
O = (2*pi*d*n(3))/L; % ALPHA, Below r of material
Rdm = r(2,3); % Beam which reflect from middle layer
Rdb = rc3(u,1l); % Beam which reflect from bottom layer
rcd (u,1l)=(Rdm+Rdb* (exp (2*1*0) ) )/ (1+Rdm*Rdb* (exp (2*1*0) ) ) ;
F====== DEFINE 5th composite layer ========
G————- Glass----1

%$--Add layerl--2



o)

o\

o° o oe

o

end

Rdb
rcb(u
Amp (
Phs (
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c4

(2*pi*T*n(2))/L; % ALPHA, Below r of material

=r(l,2); % Beam which reflect from middle layer

= rcd4(u,l); % Beam which reflect from bottom layer
1)=(Rdm+Rdb* (exp (2*i*Q) ) ) / (1+Rdm*Rdb* (exp (2*1*Q) ) ) ;

u, 1) = abs(rc5(u,1))"2;

u,1l) = angle(rcb(u,1));

NORMALIZED INTENSITY TO 0-2 ===

AmpN = Amp-min (Amp) ;
mN = 2/max (AmpN) ;

AmpC N2 = AmpN.*mN;

====== MEASUREMENT LOO

Use intensity from
if MEA == 1

elseif ME

N

PT =
PT m
PT m
fhm
MTXT

PT

MTXT

acl

end
for

ase to re-plot FH

PT1;
in
ax

= d =S erom Urement ===

a2 = length -ngth(fhiﬁ)+length(fhm2)
acl = acl+1l;

fhmd aﬂl = fhm2 (a&l) ;

AR ‘ﬂﬁiﬂmﬂ 17173

end

PTd max(a2,1) = PTZ max(acl

“W’tﬂﬁﬁl URIINYINY

fhmdS = sort (fhmd

for

end

===

for

as = 1: length(fhmd
for as2 = l:length (fhmd)
if fhmdS(as) == fhmd(as2)
A index(as,1l) = as2;
end
end

Define all necessary input parameters ==
Is = l:1length (fhmd)

PT(Is,1) = PTd(A index(Is));

PT min(Is,1) = PTd min(A index(Is))

PT max(Is,1) PTd max (A index(Is))



(m) =PT min(m))/(PT max (m)-PT min(m)))*2;

end
fhm = fhmdS+SHF;
MTXT = 'ALL';
end
for m = 1l:length(fhm)
IP(m) = ((PT
if IP(m) < O
IP(m) = 0;
end
end
if FT ON == 0

break, end

o

o

FITTING LOOP

o

Fit N&K which its 1ntenw

CT = 0;
ctf = 0;
for u = FT_S:E:
CT = CT+
mI = 200;
for v = Q
Cf = C
fERE
i
end
FHC (CT)

nearest to measured

size( fh E‘f?r

end

Sfhm

SFHC
if S

end
ERR
if L

= size (FHC) ;
fhm(1,1)
FHC ="FHC

= sum (A

IPB =

t FH to measurement data

each intensity which

e“ﬁmﬂ ¥ EJVI?W BN

_n,
IPG = IP;

ammmmum'mmaﬂ

end

end

SERR = ERR1+ERR2+ERR3;

if

nr = n;
IPR = IP;

SERR< mERR

mERR = SERR;
Tindex = T;
dindex = d;

Tindex2 = T2;
dindex2 = d2;

FHC2 = FHC;

168



169

end
end
end
end
end
if FT ON == 1
% FOR PLOT
F====== DEFINE 1lst composite layer ========
%$—-—-—--DLC—-—-————- 3
$———-Alr----—-——- 4
%----AlTiC----- 5
for LC = 1l:length(WL)
L = WL(LC);
if LC == 1
n = nb;
elseif LC ==
n = ng;
elseif LC ==
n = nr;
end
for u =
for v
end
end
G====== DEFINE 1StF ========
%-—---DLC2—-————-
%$—-—-—--Air----—-——-
%$----AlTiC--—---
for u = . 0 i
Rdm = r (5,6, r g mlddle layer
Rdb = r (6, % f om bottom layer
B = (2*pi*fh(u) *n (6 . 5 BLTA, Be yW r of composite 1

rcl (u,1) (Rdm+Rdb*(exp( *B))) (1+Rdm*Rdb* (exp (2*1*B)) ) ;

g“ifﬁﬂg 4]

%--Add layer2@} 4

-
1:22 I
-3
ot
i

%-—---DLC2--——-—- o/
T rmm ﬁﬂJ URIINYIRY......
= r(4,5); % Beam which reflect from middle layer
Rdb = rcl(u,l); % Beam which reflect from bottom layer
rc2(u,l) = (Rdm+Rdb*(exp(2*i*A)))/(1+Rdm*Rdb*(exp(2*i*A)));
F====== DEFINE 3rd composite layer ========
G———== DLCl----- 3
%$--Add layer2-- 4
$———-—-COMP2-—-—--- rc2
G = (2*pi*Tindex2*n(4))/L; % ALPHA, Below r of material
Rdm = r(3,4); % Beam which reflect from middle layer
Rdb = rc2(u,l); % Beam which reflect from bottom layer

rc3(u,1l) = (Rdm+Rdb* (exp (2*1i*G)))/ (1+Rdm*Rdb* (exp (2*1*G))) ;



F====== DEFINE 4th composite layer ========

%$--Add layerl--2
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————- DLCl-=---- 3

%$——-—--COMP2-—-—--- rc3
O = (2*pi*dindex*n(3))/L; % ALPHA, Below r of material
Rdm = r(2,3); % Beam which reflect from middle layer
Rdb = rc3(u,l); % Beam which reflect from bottom layer
rcd (u,1) = (Rdm+Rdb* (exp (2*1*0)) )/ (1+Rdm*Rdb* (exp (2*1*0))) ;

F====== DEFINE 5th composite layer ========

G————- Glass----1

%$--Add layerl--2

%——-—-—-COMP2————-— rcd | j ‘
Q = (2*pi*Tindex* GilT Below r of material
Rdm = r(1,2);.. ct from middle layer
Rdb = rcd (u, L) t from bottom layer
rch Rdm*Rdb* (exp (2*1*Q))) ;

o
|

oo

o

AmpN =
mN = 2/max (AmpN)
AmpP N2 = AmpN.
if L == 450e-9

Cb = 'b';

Cb2 = 'b*';

AMPP NB = AmpP
elseif L == 550e-9

Cg= vgv,.

Cg2 = 'g*
AMPP NG =
elseif L == ¢
Cr = 'r';

Cr2 = 'v*'; |
AMPP NR = AmpP N2;
end
if SC == 20
S arrl ,10,20];
S arr? [2 12,2271;

elsezammmm lliﬂ']’)ﬂﬁl']ﬂ&l

= [1,10,20,30,40

S arr2 = [2,12,22,32, 42 52],

GSEN = 0.6013;
end
SB = sum(abs (AMPP_NB (S arr2)-AMPP NB(S arrl)));
SG sum (abs (AMPP_NG (S_arr2)-AMPP NG(S arrl)));
SR sum (abs (AMPP_NR (S arr2)-AMPP NR(S arrl)));
SEN = SB+SG+SR;
SENP = ((SEN-GSEN) /GSEN)*100;
fh = fh.*1079;

plot (fh(1:PLD),AMPP NB(1:PLD),Cb, fhm, IPB,Cb2, fh (1:PLD), AMPP_ NG (1:PLD)

,Cg, thm, IPG, Cg2, fh (1:PLD) ,AMPP NR(1:PLD),Cr, fhm, IPR,Cr2)
if Mode ==
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legend (['DLC = ',num2str (dindex*1079),"' nm ' ,'Si =
',num2str (Tindex*1079), " nm'])
elseif Mode ==

legend (['DLC1 = ',num2str(dindex*1079),"' nm, ' ,'Sil =
', num2str (Tindex*1079), ' nm, DLC2 = ', num2str (dindex2*1079),"' nm, Si2
= ',num2str (Tindex2*1079),"' nm'])

end
ylabel ('Normalized intensity')
xlabel ("FH (nm) ")

00 00000000000000000000000000 00 0000000000000000000000000
355355355355 55%%3%5%53%%3%%%% END PROGRAM $%%3%%5%3%%5%%%%%%%3%%3%%53%%5%%%
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