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ABSTRACT: Daainved Lke casbos (DLC) couting |5 wned as o miodd-die malenisl to impring ihe designed micea-paniems ool epdca

plastic amd dvade-plas prodods.

Ttoe plema ciching fatem v developed 1o make mice=paticrng onlo DL obatmg only by aaypon

gt withoml oy efchastn,  Inesitn platima Jispnosis By spoctroscoogy 18 perlormeed 1o deicnbe the plasma clicmisbry during plism

eiching process

differerst widibie ancd psches s aln soopmmdated 1o seilyee the predeist etching behayeos

Pa, 1the clching rade nesclsed b 5 pmiHL

The chromipme-maszked DLE coating iz prepared as o rm-:.'rn;imm for plasma ciching; micregowve patiems with

Wher D bid i =500V, and progoee, 40

by wirdas Mlesnes oygen etehing, Metollic making, Micro-paierning, In-sim plaans deagrans

1. Introduction

Micoepatierieng has batume one of the mo@ essensial
techeidnghs frd mass-prodoction of opiical elements [1].  Sheee
mold-stamplng proces tnkey plase nbove the glass trangibon
tempersture, both subdtraic neserfald and comings must have
sufficheni sirenpth nnd digjilnein ol the clevated lempeesiurg even
in inen pas pmesphere,  Diamond-like carbon (DLC) coating
amd glasiy cashon maleeials aee cubtable io By micro-pabigming,
With respect to plzsma ashing and esching, the high dense RF-THC
plasma bechnology s found in be effective o fesnove DO
coatinp for ashing =nd exching | 2),

In ihe presend paper, this BF-DC plasensy icchaigue is
optimired b0 contred the oaygen plosma speciss for efficen
ciching of amoiphowt carben ¢oating,  Fiml, two dimeikisnal
miir-graoving pallem s dirsctly eliats] onto the surface of
DLC coating by chromigim making. This spmple is used Eor
plamia etcling only with uie of oxypen g supply.  Elching
proceia coidition in oplimiaed by il plamn deaghons
vatfatios of cubon moso-mdds peak [n the mesured spectrs B
wihul lof real tieme monaosig of clcking process,  Mesty
oudiatiin etching rute is attnined Inespective of the metallic msk
widsh and prich: e 0 bevoiees 5 e wisen the DO bass i 440
V and peessors, 40 Pa. Unifeem eiching takes plee imespestive
af geometeics 8 pabiermang,

1, Eypieriment Proocdure
L1 Plassna Enching

RE-IH plaamay cicling syafom wis developod o investipaty
the aptimum coadision fur etching of amambous corbon contings,
e slaoven in Figere | AR preliminoey expeiments, DC bim
o prevrmre vos selocted to L350 W and 400 Pa respectivedy.

2.2 Plowma I¥ingnostic

The specirmcapic meensarement sysicm with nplil.'.l.'l detector
wes psed o analyre onypen plasma speckes in this experiment.
Fid, oxvgen plasma sinle waa dewcribied by 1hit aposctno woopic
meEuramenl 10 analves the plasma chemical resctions bawemn
eacypen andd chectrons withoud tamples: cp. s 4o =F 20D+ 2 [n

geooml, ibs mesinrod spocirs dusing plnsma eichisg e
DLC-eoated waiipled, were analyssd 10 delof the peak of
eesihiing species from the direct reanibon between carbon in DLC
cumting nnd oxypen-boved species, In this plasma daasgnosk, NIST
reficeenve dain were ised together with reporbed diia in pepers,

RF-plagma generalar, 3: Continl-pancl, 4: Blecisie soneoe, 5
Esaguption svsem, &: Gos sapply.

1.3 Sample Spodimen

Un=binlencod mapgntran sputicrang wan used fo foem L
comting with amorphass 55C asd metallic cheomiom intebyyer @
Ellusteated bn Flguee 2, Chemical masking technology was used 1
foarmms VIFeES. micTo= groose [eaterns chiromiem masks. l'.rl.l.'in;
to ile bBatsorm lsyer by amorphous SiIC and chromiven, (B
subtmte moferial i fee fom plamn siching.
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5 DL
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[Fipere, 1. Sample of plazma aiching
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L Experimental Reaule

Fipme 3 (8} depicts the oripinal chiomiom mazking pat=m
Before plasmmn cicheng.  Bioth Dise wadehs snd [ i siasies, wiere
pummetrcally  vanied 1o investigate ke effect of musking
goometry on the plasma eiching bebavior. The plauma
gizfiinp process with D iz af =450 V. nnd pressum
ol 4D Pa, wam atlotied o mmiove the DLC layer below this
prking Az dhowa is Flpare 3 (b). onpmal msigking palism
me Il damaged during olehing  Aler laser prafiling

getsraer] by MIH-35P (Mitaka), the averape eiched depth
ws d pm for the dusatian tiene of H30 & That B, the average

eiching rfe hotame 5 pmiH.

i2) (k)

Figure. }, Cheominmemashea] DLC-costad SED 1 mold-dic
before giching (2) end sfer esching (b,
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Frgure A Specirum af chemical species m=silu memuned during
plaimn ciching proocie

Fipmu 4 deplets the fesliu measured spocinam of glemical
segics during plisma dching. Newsdss oxygen malooule relped
ek b the wavelengih 159 mni, 1BS ons, 234 sm pod 103 e,
ihe main emissaon lmes of crbon monbide ae deiccoed i 1he
warelength of 210 nim, 240 mm, 3%6 nm, 266 mre, and 274 p=m
tepeclivily. Furthermore, the substrate surface remnins sctive by

km Posbardiment under high WS bim.  Hende, o deries of

cheemicnl resctiong s expectod 10 ke pluce by O 4 O =% OO o C
£ 0 = C-0), simee axcvipen plasmon state is govemed By eoovpea
Bl (O el potivated axypen atama (0%),

Dharinp this etching process, oxygen o flux i reacted with
eprlsia in the DU conting by the abine reaction Lo dig [he eteled
region.  Hence, the etching behaviour is analymed by moaitoring
the mensured C0e-peeal with stcking fime,  Figure 4 depics tbne
variation of OC=-peak nt the wave lempth of 256 nem. Afler the
early abow reduction of C-peak inlemaity, the reduction mie of
Clkpenk becomes nearty constant fill t = 2000 g then, this ratz
decays in the expanemis] manser,
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Frgured. Vartatioa of OO peak inlenssty wiith toine daring plicima
etching prooew

Bt the etzly stuge, fresdy ememaiked D0 costing susfhee s frech
rencied by oxygen plom flus From plisma sheath; clemicsl
repoison b COb 8 deiven by oxvgen som o, resalting = nearly
consant. concenration of COin emission.  In the intermedime
seape, contont of ofecisd CEy pas {4 mived with inlet oxyeon alom
flux, resultimg in apparent redection of CD-intersity peak is
Figuse, 4. In the femal stspe, B expomentid reduction
oomeipemids o reduction of carbon parce in DHLEC coatimgr with
tiee.  In osder s fariber undersnnd the ciching proces, the
theardisal ciching model &5 developed with experimental studies
s deigribe the clohing depih prafilo chamge sdth thime,

4, Conclusinns

Fine medcno-prooving pasics e ancessfully etsched oalo the
BLE postisg by plasma oxspen ciching withms uso of ans
harardeas eichanis.  This carly swcoess leads o twe dimensimnal
mich=patierming eabo nny mold-dic malterials for mald-gamping
of optical pelymer and oxhde-plass clements.
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