METHOD AND APPARATUS FOR PROVI DI NG MASK | N SEM CONDUCTOR PROCESSI NG
BACKGROUND OF THE | NVENTI ON [0001] This invention relates generally to the
processi ng of sem conductor substrates and material |ayers on sem conductor
substrates in the fabrication of integrated circuit and other sem conductor
devices, and nore particularly the invention relates to nmasks for masking
such substrates and | ayers for selective chem cal processing. [0002]
Phot or esi st maski ng has | ong been enployed in the fabrication of integrated
circuits prior to chem cal etching and dopant diffusion steps. Typically, a
| ayer of energy 10 sensitive resist is coated onto a substrate or another
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[0003] With increasing densities of components in integrated circuits and the reduction of
circuit dimensions into the sub-micron range, the thickness of the photoresist layer has
been reduced to control pattern resolution. However, with deep sub-micron dimensions,
the photoresist has become insufficient to mask underlying materials against chemical
20  etchant.
[0004] In order to minimize the erosion of the thin resist during an etching process of
underlying material layers, an intermediate layer (typically an oxide layer) is needed
between the resist and the underlying material stack. Deep ultraviolet (DUV) imaging
has also complicated the stack further by requiring incorporation of an anti-reflective
25  coating (ARC). For deep and narrow features such as high aspect ratio contact (HARC)
holes, a several thousand angstrom thick amorphous carbon layer is now routinely used in
order to provide the selectivity required during the long (several minutes) etch process.
Therefore, conventional multi-layer-resist {MLR) consists of a resist, an ARC layer, an
intermediate layer (termed a hard mask) such as silicon oxynitride (SiON), and an
30 amorphous carbon hard mask in the case of a HARC application on top of an underlying

material layer.




[ 0005] More recently, it has becone possible to elimnate the internediate
| ayer as well as the anti-reflective coating. The incorporation of silicon
in the resist (SiPR) provides a neans to generate silicon oxide on the
outer surface of the resist, which then acts as a hard mask. The anor phous
carbon layer (ACL) hard mask which is currently deposited 5 via a chem cal
vapor deposition (CVD) process is also being replaced by a spin-on carbon
(SOC) containing hard mask, which has superior optical properties and is
nore cost-effective than the ACL hard mask. Spin-on carbon is avail able
from JSR Corporation of Japan. [0006] Sone drawbacks exi st for the above
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pattern through the photo resist layer, the structure is placed in a plasma processing

25  chamber, and an oxygen plasma is employed to eich the underlying carbon layer. The
oxygen plasma reacts with silicon in the photoresist to form a hard silicon oxide layer on
the outer surface of the photoresist. A hydrogen plasma is then employed to complete the
etch through the carbon layer. ‘

[0009] The use of the oxygen plasma forms a hard and protective silicon oxide layer on

30 the photoresist surface, as recognized in the prior art. However, use of the oxygen plasma
limits the critical dimension realizable when etching the carbon layer. The use of the
hydrogen plasma provides reduced critical dimension, but causes micro-pitting of the

photoresist layer. Termination of the oxygen plasma as a first step and use of a hydrogen




[ 0011] The invention and object and features thereof will be nore readily
apparent fromthe followi ng detail ed description and appended cl ai ns when
taken with the drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 10[ 0012] Fig. 1
is a partially schematic diagram of one enbodi nent of a vacuum pl asma

processor for carrying out the invention. [0013] Figs. 2A- 2B illustrate a
conputer systemwhich is suitable for inplenenting the controller in the
pl asma processor of Fig. I. [0014] Figs. 3A - 3C are section views

illustrating a two | ayer mask before, during, and 15after processing in
accordance wth one enbodi nent of the invention. [0015] Figs. 4A, 4B are
section views illustrating the result of a spin-on _carbon etch usjng a
hydr ogen Hlasmextelpfor spme on al 1€ thestarBpnpyas redepy e eplBrble cpUR Aimy686] Fi gs.
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BRIEF DESCRIPTION OF THE DRAWINGS

10 [0012] Fig. 1 is a partially schematic diagram of one embodiment of a vacuum plasma
processor for carrying out the invention.
[0013] Figs. 2A- 2B illustrate a computer system which is suitable for implementing the
controller in the plasma processor of Fig. 1.
[0014] Figs. 3A - 3C are section views illustrating a two layer mask before, during, and

15  after processing in accordance with one embodiment of the invention.
[0015] Figs. 4A, 4B are section views illustrating the result of a spin-on carbon etch using
a hydrogen (H2/N2) plasma chemistry with no plasma bias power. 7
[0016] Figs. 5A, 5B are section views illustrating the result of a spin-on carbon etch using
an oxygen (02/N2) Plasma chemistry with plasma bias power.

20  [0017] Figs. 6A, 6B are section views illustrating the result of a spin-on carbon etch using
an oxygen (02/N2) plasma chemistry without plasma bias power.
[0018] Figs. 7A, 7B are section views illustrating the result of a spin-on carbon etch using
a two step process in accordance with one embodiment of the invention without bias
power.

25  [0019] Fig 8 is a flow diagram of a mask fabrication process in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0020] The present invention relates to an etchant mask including a carbon hard mask for
use in fabricating semiconductor devices, and particularly to the process of etching the
30 carbon mask whereby critical dimensions in fabricated semiconductor devices are
reduced. The mask processing is carried out in a plasma processor such as illustrated in

Fig. 1.




use in fabricating sem conductor devices, and particularly to the process
of etching the 30 carbon mask whereby critical dinensions in fabricated
sem conduct or devices are reduced. The mask processing is carried out in a

pl asma processor such as illustrated in Fig. 1. [0021] Reference is now
made to Figure | of the drawi ng wherein plasma processor vacuum chanber 10,
havi ng |l ongitudinal axis (i.e., centerline) 11 is illustrated as including

el ectrically conductive netal wall 12, bottom el ectrode assenbly 13 and top
el ectrode assenbly 14. Wall 12 has a circul ar inner periphery, coaxial with
axis 11. V\all 5 12 is grounded, i.e., at DC and RF reference potentials.
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ring 28. the inner periphery of ring 28. The portion of the top face of ring 17 outside ring 28 and
30 the side wall of ring 17 are covered by insulator ring 33 and grounded metal ring 32,
respectively. Insulating ring 33 is overlaid by metal electrode ring 34 that can be covered

or coated with a layer (not shown) of diclectric or conductive material. Electrically

conductive ring 34 and the layer that covers or coats it are made of a material that does

not contaminate the chemistry of the plasma in region 8. Such a material is a suitable
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[ 0024] Top el ectrode assenbly 14 includes central electrode 36, coaxi al
with axis 11 and having a bottom face 36a nade of electrically conductive
intrinsic silicon that does not contami nate the chem stry of the plasma in
region 8. Electrode 36 includes internal 10 passages (not shown) and

nuner ous shower head openi ngs (not shown), both connected in fluid flow
relation to a suitable source 37 of process gases that flow through the
shower head openings into region 8 where the gases are converted into a

pl asma t hat processes workpi ece 18. El ectrode 36 includes a heating and/or
cooling arrangenent 45 responsive to an electric signal that controller 24

supplies to arrangement 45 via |ead 35 15 in. re ns a nt
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si gnal i ngliaCaetay @o@dred e 4 Gﬂwaahbhﬁ-eom:imﬁhﬁfg rackeiaB Ring S3adisr c}e@dcaﬂgy

t enperat ure e 39 edde jn ge al so

i ncl udes ! Pﬂ’%%?‘g?’é’fn ?’izoﬁﬁg%B ?g nr‘?ﬁt :a%é% 'I?Qll"'?(il g g'& s§%§g§<¥a W t h axis
11, pref ef&binﬁmmd@nméleqﬁaﬂlﬂcmd:tabmglﬂm& ellng 3alung¢recdhwq1ﬂqumstmy:ea8 Ri ng
38 2 er | L Vaah f I

ol ect Poddtas S BREH FF Fa s L U bHEnh by @ bAREEYu lulefBAeR

peri pher|cﬁ‘$ottasph:«:trodeeds$m&mt13|amyrmmé8 out er periphery of insulator ring 38

and the lo[taglf’l){]l a%ré]e%ﬁgﬁ%' asgémﬁl&qq ﬁQ@lh{jechgn ?e? efeb@&der 36"'90:5{9‘1} B ﬁﬂid DC

ground p i'nner face ring is covered by
el ect ri cehavingsubestomface |3ﬁg mﬂetoﬁatec@aphlx E@da?ﬁ“@l ‘é@t“ﬁicc%ﬁ!q"? thypsE PPl e

el ect r 0de. i ffndte the a@nﬂtﬁpbf’ eglephihg 1142e§1(§1 ]| tltleén'da@ai@ﬁlcﬁfdeﬁw&hﬁld wth a
| ayer (not shown) of conductive or insulating terial thzﬂil does

cont df naraesaEpnehdAE) Fd BFmgreRs shpyetkgad opepllgs (et shovey ‘i‘“ﬁ“g‘“e
gl ect {j i caﬂn}ly?r fidve l%klﬁﬁ(?-ﬂ 1d raosmfajbregsdwcazd waiéﬂocélsa gmtyesr ihiag fmv ﬂﬁtdu@ dm/vnwgr dly
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top face aosf"ﬂls‘l 5%: ro e ring contro e spacing between the

top and bitﬂ.emm@bdndaswe@mﬂ region 8 by noving the bottomface of top
el ect ro“'g[ 2233 %%Mb]%“m%’so%&u&@’mmﬁﬁ&ﬁmgvﬁ dn@ iR r&n%p;of 3GRg 9% iRkkiam

el ectrod tor 43 responds to a Si fromcontroller 24 to
set the s‘p&bmglbdmté@hlﬁm@def#c%‘%@‘bﬁpé’&xﬁlﬁﬁély @E?%W"éE‘“&é afda® at an

experjoTentRlah meé?f;&rﬁﬁbﬂ%u&mgltw&nt&adeﬁghé@ of Ed?h&aﬁel@cﬂfoﬁb 66l Metdlring uenm es
that excite the asma_processi ng of gl!ﬁglgs derived froms

poi nt somoéé‘abﬁmh[ B2 71> e Insey aad HPeE 5P |5F§§’§‘Fﬂi’e}ye§ti“5ﬂng8 the 8“‘8ounded
by spacedperipBérdyicE MshtcitrigkdBthnd the inner periphery of side wall 12 so that ring 40 is at

RF and DC ground potential. The lower, inner face of metal ring 40 is covered by

electrical insulating ring 41 that carries an electrically conductive electrode ring 42.

25  Electrode ring 42 is either coated or covered with a layer (not shown) of conductive or
insulating material that does not contaminate the chemistry of the plasma in region 8.
Ring 42 is electrically insulated from ring 40 and wall 12 by ring 41 and a downwardly
depending flange (not shown) of ring 41 under certain circumstances and is electrically
connected to ring 40 and wall 12 under other circumstances.

30  [6026] From the foregoing, confined plasma region 8 has a top boundary determined by
(1) the bottom face 36a of electrode 36, (2) the bottom face of insulator ring 38 and (3)
the bottom face of electrode ring 42, and a bottom boundary determined (1) by the top
face of workpiece 18 (when the workpiece is in place), (2) the top face of insulator ring

28 and (3) the top face of electrode ring 34. Motor 43 controls the spacing between the
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| ouvers 44, made of a material that does not contam nate the chem stry of
the plasnma in region 8 The |louvers 44 are nade of a material that is
either electrically insulating 10 (preferably a dielectric, such as quartz)
or sonmewhat electrically conductive (e.g. silicon carbide) so that the

| ouvers are electrically powered, or float electrically or are electrically
grounded. Louvers 44 are such that no substantial anmount of plasna flows

t hrough the slots between | ouvers 44. However, un-ionized gas in region 8
escapes through the slots between |ouvers 44 to region 46 in chanber 10
between wall 12 and ring 32 and is 15 punped fromthe interior of chanber
10 by punp 9 through suitable openings in base 19. [0?28] Louvers 44 are
fixedly swaced batom daumagenef rogion feb), Bovgaine diotar; fa55 of fon elgsieds) e

spaci Ng agskahel9 T8 Wp-ndQlowhFe1MNe 18 ik t8p ace lif BEMom Pleatidiedisssmblye! AtNister t 0 each
7 t0 controg) t he sure.in

other and to bottom assenply 13 by notor 4 re
confined P Zshendselsi driignal f‘%ﬁ‘ b‘?’ﬂé&lﬁ’r égitﬂ $66 §% APagTTE DR @’Iel %83509fa
pressure gedtrod®iab¥endbliad 15 ahd poianhn 2kpesinithedly 2atesminpd iopmtm bt foolther 24

and an_out put signal of pressur uge 48 in region.8. nt ol ler 24

res po%ds P%‘“E‘Wg fgﬁﬂag‘%‘?ﬁéﬁ%&ﬁ“‘ﬁoﬁﬁgﬁa‘ﬁa p?%gssbnﬁt(’g&msrf ’%cr?allg?% 565?"5‘23 g r?"e gauge
48 t 0 conget pbint®uate 47, and thereby vary the spaci ng between the bottom
face of t st. .l oyv 4 t p I oge,: loy 13.
Consequen{b‘laﬂ}{”of%es’ Fes scﬁﬁgnelﬁnpq ‘%egal J(%% og%i a}srL %glslﬁc@gibﬁesggg?’ fﬁé&g?gss% ure set
poi nt . Lolowesrs 44/madecofss mategeldhstodoeh aot tontantioaly dhreschgmise® afdee plasraa i

response Eegioﬂ%.i i18gve9$ ém}é)gxaég of %q}q;t@ﬁaz heisPEi@esS Uity CRBhhmgH Pl asm
ed I ndependently o

region 8 1S controll 1 t he spaci ng between el ect.rode
assenif) i epreferablick diglectigoRoh acanartzy ior sgmenhat eissiivally sepdughivedgentlli€fur ce 50

to contr ol Gashbithg R 1o Qlé%xeeﬁfamy;ﬁéwa&ﬁ oP Hos@YRERhilfbf fre eRbkickly
frequencies fromsource arrangenent 51 to, go el ectrodes 16, 40%36 and 42.

0

The di f f eg"erRdefrLowess ahareedich i rg gubsiantipb appa sl piagmadlew B can

hane_ di L fﬁB@!&EngM\Wlhﬁzeﬁhnﬁ. qwnb dver, uﬂjicﬁrﬁfﬂd’dle:gﬁs i@wl %alfkfsltllhrbﬁglpihasmlis in |

confined yregion 8. In the enbodi ment qure 1, nLroll er sel.ectively

appl i es ué)e‘%ﬁe“t jopxers (iR e ﬂ%}?f@ghﬂhg)e W?egn‘ﬁé?ré%tang T Dlgogglalé‘gtl? odes

16, 3rs 3puragd fdn diSdneder @lchanbe ey pbinpi Sthidugh stitzbleageaings mdlasmdihg t hree

separal e REMECEIneA 4 4P Rleatd LIBN HAN A olok 38l ihd FEAUENCYRQM $55 DUt
a! abt ely

are prefe O+ power-, var e frequency oscillators. terna
sour ce ar suitablerspading arranpeingdie@ot stwiwny laad lacdiyowmerp ydhddves rdadivetthgackan

derive ! Noge: 2816 ShAln MRS 67 moldiey7l @WoRUIRhe SRMAER AniNe: AasAei at ed

vari abl e power gain power” anplifiers having varia freguency pass
bands t hategiane3.vaht exesawretingegion rieqortrrlipd dty 2 REESHBH FEPOHYSBRY Bt B Wi th a
par tiggil ag,,apls sfubﬁ'ies' 18 c¥RFdIRA24 dQ4 .'Lh('uﬁpﬁ&_@bna??gﬂ'}e.@gre?guémmag%iog%. and 56

has an associ ated frequency and power setting an Typi ca t he
f r equencyCemtrallsu?4 esspands o {hg Peestust 58t PORF 974 BROHBHGUEREPLRIERUEGIUREES and 10

MHz, t hg {o[]&ﬂ?&nﬁmoeﬁ7,s@ifdrtﬁae@4v&§ thespacifig dm&lge tlﬁeﬁo\lﬂﬁﬁnhl’fa&daoﬂ\ﬂﬁ l(aﬁdibt 150 :
MHz, and the frequenc sqQurce 56 is.in elativ i range .bet ween
27 Mz an@ussd4end the %p % og%g"téoélfﬁéﬁewi’i }s:gt é‘ﬁf‘sﬁ?"reﬁﬁbg%‘r‘fgs,sufeﬁggﬁl%’buenci es
of sour ces isSrAainkdhedndl tiECpremne eepgatc tiongbny Mealre atrariged/siz thap theNblzveasndo 60 MHz.
Vari o conbi nat.i ons of the.frequencies,an f rgy
ool (25 (LR BheRle it AST MG AR A ERUELR B cohilfedblaBRE Y,
i on ener geg@nd tlven®lddi iadependentig of tfe sphanp betswren Placteasiafasseatblieed? and 8, and
the chem giry of the plasma in region 8. 15[0030] The frequencies of

sources 54 ‘and 56 control the chem stry of the plasma because )
[0029] Controller 24 responds to set point source 50 to control coupling of various

combinations of several different RF frequencies from source arrangement 51 to
30 electrodes 16, 34, 36 and 42. The different RF frequencies applied to electrodes 16, 34,
36 and 42 can have different powers and control different phenomena of the plasma in
confined region 8. In the embodiment of Figure 1, controller 24 selectively applies up to
three frequencies from source arrangement 51 to electrodes 16, 34, 36 and 42. Source

arrangement 51 is illustrated as including three separate sources 52, 54 and 56 that can be
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greater dissociation of the plasma occurs as the plasma excitation
frequency increases, if all other significant plasna excitation paraneters
remain constant. In particular, there is an increase in the percentage of

| ighter etchant nolecules in the plasnma as frequency increases. The high
frequencies applied to the plasma result in greater nolecul ar
20fragnmentati on. [0031] Driving electrodes 16, 34,36 and 42 wth various
conbi nati ons of frequencies and powers from sources 52, 54 and 56 enabl es
the plasma to be tailored for various purposes, e.g., to provide uniformor
non-uni form pl asma density, ion energy and nol ecul ar fragnentation.

25[ 0032] Controller 24 responds to output signals fromset point source 50
and t he Hixedufigayercyosoumsessy byt e pasfgablynlovsnows. vainbleofrequeacyapprillatersi on of

several fARGHABG &orde’ SMNZOMEMES RENCARES T hg® JowOpdled Cyh@dAser 10at 3 36 and
42 in various conbinations and E?G}r mutations. In_a partjcul ar, enbodi nent,

set poi ntdesiyetheee ssdecipdifraquensiesc Jhe IOy peiyersaurees qrive associatsdorighls pawvet he
frequencigsn RFUSowHp dnsplifiels RVirevdriaBRUBARIERS), pdst GRAGOHACSAS vaded 24 uand 30
56 drive Iectroqe 16 while el ectrodes _Bé, BG,Q%gd 42 ‘Sri rounded; (2) at

| east t woTSstueRfPithesEssAsEcatqdowttly  prrgigulanamplifisy (S verigd An Pisgd A

el ectrodas sor@nd2,364 whail 35 Bisewd aadeiated Aranencd2andr povgr cienidgdss ax) 56nl y one
of sourc 54 or.56 drives.either .electrad 6 or 36 Oor O our 52

i ves. o Diveabfuns ety 8 Spicdop siecs iRy Tohs Hape by PR IO 021 oae
34 is driMelz, the fequersce o 2oame Sdnis soanmidragge imtween IdoMikizcindd S0MHmpadd via a
falter hayl f, t : f r rce 54
(et ¢t BlataBPS0s ARG 6 o i AR tendBH 56 SriaZ o8 SlriCW ©7 09,
have Mar i ags adurilye tastednarangementy dbe BRueBEs ahdoBees JAd S¢5andelSécwerde 42 s
driven by.§auiqfy €280 25 WIS D iz gaﬁ&‘ JQ%S&Bﬁxgti&%dc?Eﬁ%u\éﬁ&esa filter

havi ng a pass band for the frequency of _ 5 source 52 and/or source 54
(i.e., frasgibmeeweass pbthgRF mmyexanplied tarseion Feaffertige distttion eStheglensly,  and 36
have var i iptasaa/WRe $d QR AIIRUIDC BhasIBita@Fof B Elaes inkBABR Ehiea 8, A and 2B

illustrate a conputer system 800, which is suitable for inplenenting a
cont r ol | dhe Shemigthrfithe RRAHBHINTEHPR 80f the present invention. Fig. 2A shows

one AGssi[bb30] Py Fieqaénclies lofMs@ircdsiBa maHELbREoIINS EiRMistHf ofAReIplasma b&iaugonput er
10 syste man %iscal forns i f.rom an i nt eig ated circuit,

mOmy, paye gany phy Lapaing fig
a print e FATLOREA of PARESH? SRR TR ARG HEANCR TERvTSY X Ree> Luper
conput er .aliGahgruigificaysplesmBefritatiod pudarsetarsremein@ongdaliz, Ia paktispibgyhdBOE a
housi ng 806, I%a&i. k[ gri §g8 ﬁt 8 nd se 8 i sk 814 is
n h8 PercEnidod of Aotiey SRR %%rﬁ”‘?%%@e?‘
a conput ér-rea ablﬁe rréjalculrln ‘?se_d £0 {r ans e"r“‘;1 é’gea To %r?cfg}fnr om coquT'pIt’J er
syst em 8(Geredsgs.[ 0084 highi ffequeBrips appliagx tmpliee plofma rbjubickn dieater aneleerarconput er
syst e 8Q{l  Rll.gshed to systembus 820 is a wide variety of subsystens.
Processor(s) 822 (also referred to as central processing units or CPUs) are
coupl ed t[80% diriies elestiodes 16, 3Actqrnd (@ weharipugcombinations pf Boguepeies ades
random agreRss MENBsutcdsBAM4 atsd Gadted Rl FRIARS e tIOMI foPPuriods Pbbseknown in
the art, ROM acts to transfer data and instructions uni-directionally to
e.g., to provide uniform or non-umform plasma density, ion energy and molecular
fragmentation.
25 [0032] Controller 24 responds to output signals from set point source 50 and the RF
outputs of source arrangement 51 to control the application of several frequencies from
source arrangement 51 to electrodes 16, 34, 36 and 42 in various combinations and
permutations, In a particular embodiment, set point source 50 activates controller 24 so
(1) at least one of the frequencies, but up to all three frequencies, from sources 52, 54 and
30 56 drive electrode 16 while electrodes 34, 36, and 42 are grounded; {2) at least two of the
frequencies from sources 52, source 54 and 56 drive electrodes 16 and 36 while
electrodes 34 and 42 are grounded; (3) only one of sources 54 or 56 drives either
electrode 16 or 36 or only source 52 drives clectrode 16, while electrodes 34 and 42 are

grounded; (4) electrode 34 is driven by source 52 and/or source 54 or is connected to
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20 the CPU and RAMis used typically to transfer data and instructions in a
bi -di rectional manner. Both of these types of nenories may include any

sui tabl e of the conputer-readabl e nedia described below. A fixed disk 826
is also coupled bi-directionally to CPU 822; it provides additional data
storage capacity and may al so include any of the conputer-readable nedia
descri bed bel ow. Fi xed di sk 826 nay be used to store 25 prograns, data, and
the like and is typically a secondary storage nmedium (such as a hard di sk)
that is slower than primary storage. It will be appreciated that the
information retained within fixed disk 826 may, in appropriate cases, be

i ncorporated in standard fashion as virtual nmemory in nmenory 824. Rennvable

di sk 814 giespdraxa flive hpypeacrsabgnddier theelreRpft ¥r %d%b?@%ﬁ?“&e déscri bed
bel ow. 3Qf.008&Juchditd B23nd B3WER: MO uithafin}: @letruddsi 16} 36, oa‘ndumpuw oarfiqust

devi ces, such as di sp I%%/ 804, @_éeyboa%é lrl? %420 se 812 nd S er 0r830 In
general , SRRPCHPP SBIH 52edi 9 Hasnb@ sl (515'56'6 LYol i) ?nr ack balls,
mice, keyb@asds or i ﬁfrﬂ%&ﬂ&ﬁgmhﬁmxb-asﬁim ihbving acbas$bm¢§pr theafrmdem:arrofc ard
reader_s i c,or pe e. reader t S uses.

handwei t.sﬂb'gF Sééﬂ‘?{f’i &3y g‘rf&?‘i"&‘%““ﬁ%é"&e?“?bﬁﬁ whi) 'Sé'¥ reranin é"%&&g U 822
opt i onal I, 34yayd b@hmmheﬁls ctcmnamohh'arsommeq:ﬁﬁ én, amdStSeI econmuni cati ons

net wor k ' ; [ rf 840. aphet n c it is
cont enpl ﬁ@(}?trn &%ﬁ na recg?%&m %%ngt F‘?)tﬁ ‘\er}%h ithgelﬁ{r?félt%v\%rk or

m ght out:p:ptcnienﬁmg mmoiidrcﬁ%imdnetempﬁlmemﬂ tfethe qaessnt wivergionf drigi A t he

above- deshubefl, TELNAH 80 808 foFToEE! TR Guol BIAYH DiHRG] TRNLcinfirt D

present ivVent! o cute solely 822 or execute over a
net w0k sstethm azaythaue mame physical forms rqnawgtﬁoghwwnﬁqsméedr @f?ﬂtteﬂ rped fEpitshar es a

portion Q'Ioaltdh fmdd %Q? ﬁbﬂﬁheldw%@ Lpld aadgd LipeP coBphiadi (ffﬁﬁﬁxﬁer%fjstérhaop resent

invention further reiate to computer stora prod Gts
conput er -ipddraBI oA B0t 7 figklan %%‘?ﬂ‘l‘ﬁ‘ﬂgég g@h afrli?abTﬁd BL¥f or ni ng

vari ous %Hﬁuh&rse gnpl @mnsleldsapﬁhﬁmeﬁfadabmmeﬂﬁﬂi aseartd namsfaulaes tocmde may be
t hose speci al I(%{ es%% ggand constructed for the purposes of the present
i nvent i orfTOMbFORBHLSY § 005f the kind well known and available to those

havi ng sl<{0034] iFig. tznexs&ﬁrqaampre cﬁ"@f&chﬁa@mﬁsfor Eovappdresysted 800 MALtaghedrtieadabl e

dia incl , di sk
T oppy dike™ band Ras et "rk ToubPasfndibbs ey oty WEP g bt 5
hol ogr ap hiestrad Pricessig m@mwwbmecahpln@m slorsmﬂma@sa‘ inoipding atendirg B34. and
har dwar & ;ﬂ.%ry%%}m Qnﬁdﬁaea%h L SR e%rat eg,sﬂdc{egd amr&(my ges@suwg program

code, such as’app O o speci |c I nt ircult
pr ogr amrapmell kogwo inl¢he arb ROM_DE) totregsiROnpta med WM%@S““@?‘&W%@ of

conpuiper Loy 4! R‘ﬂﬁi pezieel l&aw% 1 HGE @Ra Hﬁ@ﬂﬂﬁeamhay n?-a ®RERERAal and
files containing higher |evel code that are executed 20 ytea conmput er usi ng

an i nt er pramer . Bodnpluthese pasabremese; mandycuisgmpariey F cepguter-
transm t tregiab eds® ABIHBE] @alba; shoRadd @RbeDYs efalsh caupled bi-gifectanlyand

representi a sequence of uctions that are exe utabl b rocessor.
100371 Ré?’é? Befrgt RERVIES *‘ﬁf”é’g“ 3%“‘3%0‘35%8?3“8#? \‘;‘P‘g a?ﬁsé’ ‘é‘ﬁb‘aﬁm “%f Pﬁg} iating a
two | ayercompster-reabiabie rgaﬁercnlsdijeatbcﬁﬁﬁ Betdrdisk d06imgy banasedftbestore
pr OC%SI npgoglrgms?' Cd%tqa[ gr?‘cp ﬁle 1%3 and 1s typ;cally a secondary storage medium (such as a hard

disk) that is slower than primary storage. It will be appreciated that the information

retained within fixed disk 826 may, in appropriate cases, be incorporated in standard
fashion as virtual memory in memory 824. Removable disk 814 may take the form of
any of the eomputer-readable media described below.

30 [0035] CPU 822 is also coupled to a variety of input/output devices, such as display 304,
keyboard 810, mouse 812 and speakers 830. In general, an input/output device may be
any of: video displays, track balls, mice, keyboards, microphones, touch-sensitive
displays, transducer card readers, magnetic or paper tape readers, tablets, styluses, voice

or handwriting recognizers, biometrics readers, or other computers. CPU 822 optionally
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25 enbodi nent of the invention. The mask conprises a top photoresist |ayer
302 which is inpregnated with silicon (SiPR) and which is fornmed over a
carbon | ayer 304 on the surface of a dielectric layer 306 such as silicon
oxide, and silicon nitride or on a polycrystalline silicon which will be
etched using the two | ayer photoresist 302 and carbon 304 |ayers as a

pr oceswi rigg mmgﬂaiﬁhandhmunbm@ﬁmsbtHdeanmmumhakmhcmbmnkisingaw@WHBO 302

typi cal [ he_r.ange. bet wee 3096 atom bon | ayer 304
2P or Brartian yn WitndEn A BOn: BPEe & Repr By Loyt Plrare b pcesat no:
hovevRleivk 3¥8imaaih £&A tRen@wdap s lnhgl@l t RhYBHBatAtH A ndr@bi®ii @8 of the

Si PR and the carbon |ayer is conS|dered conventional and taken al one is not

part ofurtchefppeseming nthentabove-despiig@s method rﬁ!@@ of Farthsamensr nmgdodor med i n
phot or.esi irradiation of the n_optical .mask or

Lo POBbOERNG ot B kSR Py Eeul Tk el CEE Rt BB SRuTan omeni ng

of 158vam naR@rit ReEh E@%doﬁ{térﬁétnﬁdcdmdn@ﬁ eritHaskmaR0CPY gubkieséed to an

oxygen pl asma etch which etches through the patterned wi ndow 308 as shown

i n Fipertign gBthePrecessiygen i ons in the plasna react with silicon in the

POt O3l 3T ThRodefls PORECENS VR0 bl &R, QX1 gipBhg 2 shown

in Fi asim € Into the car ut cannot

r educ@otage pﬁd’du't:ts&ﬂlﬂl ) lcﬂﬁpﬁleﬁﬁeaba)lé mekditie ﬂﬁmshkvejbdmmemd(a plaarem fordi mensi on)
of 150 nm [0039] Accordlngl¥ as shown . in Fig C, the mask structure is

]é}’m?/@ﬂ FPHHE AROUSX SRy TR %%edaﬁﬂerﬁql%eéth rfnghfﬁ )@Hfi GBS R lt 5 h
Foop li%tafer gﬁsg %}%{}I gd%% gl&]é}farﬁacrog Pk QVERF t}fég)%gpogém ¢ Besdhy fiiveggsh, Pl asma has

| ess does t e oxy e critical di'mension in
Iayermﬂﬁaynmybb@fﬂ&dum@@eﬂ&nawmunda@ﬁMbhnoﬂkﬁ@h@@ngdﬂﬁamﬂwumgmm&t t he

nvention, the |ow frequency bias tage (i.e. |less than .60 n the
Ipl as n%’lfb’?%%é’%oﬁ?‘;v@l’lﬁ & %e'f-f %ﬂé@{&dmgﬁmf%g@d% haH %dl%lt"e@”@ '
elim ﬁé@%‘i‘m rﬂ'éfﬁé shhr és'l?a&d Gﬁﬂiycf?ogj Srflﬁsk@ezﬁrﬁlrﬂn%@hb(ﬂébeaﬂﬁucm tlddRgsueh t he

phot oresi st mask, as illustrat in the section views of Figs. 4A 4B
tHr ouzgshCDi-B)@Mwmd ﬁ@ogﬁplm deyies;ABagictaroptial enadiresuc sl ﬁiomlfcalad@bfi,n on

The. oK b s S B P BREM e b Sl il iRe & ork B RS T Roee

of t heich eaRbpplRGtiSI- Efi%clfﬁ:)/ﬁfteﬁ@t@d|c§rc&14@'(ﬁlﬂl@d)dp§3g@aﬁﬁmﬁlﬁéllegll-% #dv@¢ee- pi tting.
20 [ 0041 FWgBﬁ)SA 5B are section views illustrating the effects of using

an oxGP Mpad §R dpyreqi EWWSM/@MU@HéM%@PVdW%WﬂFGP%
prot egf h‘é@ %ddllcgd)ﬂkgxdogag)ﬂe?%ﬁ? f@% S @gg&@@%& ot Qe RRR LA %cﬁ{eda“d whi ch

acts as e Si rom erosion. Here, plasna
kicas Inoaz\ecﬁmpmeﬁmdug)@aeﬁhtdpuretaﬂg Cohpufe a@ﬂabletnmldmgay ai&dbsomrnpmtemcmlem ni ng
remai ns wi.th Enall hol es _creat ed |g é E open area Whmﬂr travel. down to the
25 calrBERiied By aepmpytgodaip SEERPREPHISH 1BF tHB T EYOLH TTHRGIGHE fhe

phot og, ﬁﬁén%’é of ThsBOc¥ ISR aﬁ@&euﬁﬁblglb?%gﬁo&@%?‘ stry is possible when no | ow

frequenc power 1s used Int ma, but the 02/ N2 chem stry does not
have [@ﬂBT]l Refeningpass ity digsod Ae3C t Shae’msn cewal dre shown dtstretitghe tepilayeal

SO NENTIAL FORE NN XN e

MCT OerPbdcinBak of the invention. The mask comprises a top photoresist layer 302 which is
impregnated with silicon (SiPR) and which is formed over a carbon layer 304 on the
surface of a dielectric layer 306 such as silicon oxide, and silicon nitride or on a
polycrystalline silicon which will be etched using the two layer photoresist 302 and
carbon 304 layers as a processing mask. The amount of silicon in the photoresist layer

30 302 typically in the range between 3 - 30% by atomic weight. Carbon layer 304 is
preferably a spin-on carbon which is applied by conventional processing; however, layer
304 can be a deposited amorphous carbon. Formation of the SiPR and the carbon layer is
considered conventional and taken alone is not part of the present invention.

9




[0043] In accordance with the invention, a required CD reduction w thout
damage to the SiPR translated into the carbon | ayer enploys a two step etch
process in which an oxygen (02, 02/ N2) plasma, preferably with | ow or no

| ow frequency RF power, is enployed in the first step to provide oxidation
of the SiPR and-elimnate mcro-pitting to the carbon |layer. The first
step is then followed by a hydrogen (1-12/N2) plasma etch with reduced or
no bias power to provide the required CD reduction. This is illustrated in
Figs. 7A, 7B. The bottom CD 406 is 130nm and the thickness of the
remaining Si PR layer 402 is 240 nmwith no visible mcro-pitting to the
carbon layer 404, 5 [00441 Fig. 8 is .a flow di agram,of one‘iﬁggdrnent of
the pr ocdé 8] ex gnage ff mRattrR s frmed gn the Qh?)‘gtef‘g't inradiadjon H&WH at 900,
a carbon thugx ah Spficd Mk% rét'ibl@tlfsfhg| @)seém@ﬁalaprﬁwrtsasmn&iunghecmmm rate to
be processed typrcal h as silj.con oxide or silicon

a Su
nitride d’}“ﬂ‘aa"p‘iﬂe?’élglcﬂfégh ﬁ'ﬁ? theﬁ‘i‘éte%/‘ﬁ‘ﬁ B?S‘h PERPS 15 SBIEHE 8Pt ed
anor phousxggenbplasiY etoh Whidh €tbhes ahildogh tthqiall’tembd)C@ﬁﬁleﬁr 108 asgshiswavin Fighi t h a

thrckness of _10 about 5, stro as sh at 0, a
i1+ o0 o BB amae (93 A et Epd itk ARl PR 208 Wi h a
t hi cknes protactive@ayenofdliain BOG: H0gsshomsint Kg. ZiHJOUaeacnqgeu pirarma ¢tshasonted above,
the st |1 S0 chpR! B 0L Vpliells, 1ange R g BEIAGRR BioRd AL Gl Nt

The phot expose at I on an opti cal

reticle tdtmekememl(pgwandl&pmtsme}mflﬁmhom at 920 10046] Thereafter as

shown at | koflh DeXvahasma for
1903 ARSafteGl W 1 ﬂ@%t e ,ﬂasﬁ@uemqpret&%e@ ol v

a mninu etches the car and forms a

si | i d&n @®lste and placedbin aquomgqlaseﬁ tp I‘i%‘nﬁlﬁtﬁ’t‘b? glghigg of étg?étarborﬁ@r%?z

pl asma | ifdiee HHRLES plaAfd HaGedt Ibtdfal tétc,emgsmaxraessedtetag@ah;sdrsag,eﬂ:e( H2/ N2)
pl asma at 940 to conpl ete 20 the etched o égg t hrough the carbon |ayer.

I rrportantCW‘:alai"E‘r"’ts’t"I“d’aFaya‘r' G rep br redueyd o 8hi ng or other processing
of the unoesoYh P Sdut ahe thxﬂU@,hthE:hlewOﬂedNeBQy ibast hﬁla@ar(bﬂnlemastkmi S

reduced b e hydroge t 047]. The unde etch | ayer
on a subséhvg'? g‘sﬁte dﬁ%‘i‘fs '§ FY 55%81 t'h lf?tseﬂ'ﬁ‘ [4 cz‘ﬂ di frensi on
in the etecihmlxa'agderTldefuﬂhedrddycetshBe deterioratidn ai:drmtrusg ofi thet dHoesleding ndsk, B5

hydr ogen . 940.. Aft.er etching,at-9 S and

c)a/tr bo% 14 ‘é“? stP? SHhen ‘t‘?“c’)sm"f Eéssu‘%'s%lr?’at gégﬁgfpt}%che ﬁts h'g%/gﬁspecr fic
reci pes uBmsngtetthe raplp @f atspsn-of céEbgs etch usnﬁQ\Hz@ﬂndplZQlaf dremltiter 'embgteriowl asma
and for ;{tag%gr@gg&ﬁaﬁﬁrgbmﬁ BR%idT 86fASoh bPOEs Disthanmetl045d wigCr the

02 etch a pressure was set mrorr, 1200 watts of
thickness of the remaining SiPR layer 402 is 140nm and shows serious mlcro~p1mng

20 [0041] Figs. 5A, 5B are section views illustrating the effects of using an oxidation of the
SiPR 402 with an Q2/N; chemistry which forms a protective silicon oxide layer on the
surface of the photoresist and which acts as a hard mask to protect the silicon PR from
erosion. Here, plasma bias power is employed during the plasma etching, and some
micro-pitting remains with small holes created in the open area which travel down to the

25  carbon layer 404.

[0042] Elimination of the micro-pitting of the photoresist in an oxygen (02/N3z) plasma
chemistry is possible when no low frequency RF power is used in the plasma, but the
02/N; chemistry does not have sufficient passivation of the sidewalls to reduce the critical
dimension. This is illustrated in Figs. 6A, 6B where the bottom CD is 175nm, and the

30 remaining SiPR thickness is 220nm with no visible micro-pitting.

[0043] In accordance with the invention, a required CD reduction without damage to the
SiPR translated into the carbon layer employs a two step eich process in which an oxygen
(O3, Oz/N;) plasma, preferably with low or no low frequency RF power, is employed in

the first step to provide oxidation of the SiPR and eliminate micro-pitting to the carbon
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30 power at 60 MHz, 600 watts of power at 27 MHz, zero watt of power at 2
MHz with | ower electrode tenperature of 10 deg. C, and upper el ectrode
tenperature of 140 deg. C. Etch tine was 15 seconds. [0050] For the H2
etch, the chanber pressure was set to 100 mflorr, 1200 watts of power at 60
MHz, zero watt at 27 MHz, zero watt at 2 MHz with | ower el ectrode
tenperature of 10 deg. C, and upper electrode tenperature of 140 deg. C.
Etch tinme was 60 seconds. [0051] As noted above, the rf voltage during the
1-12/ N2 pl asma processing for frequencies 5 below 60 MHz is bel ow 100 watts
and preferably bel ow 50 watts down to, nost preferably, no power. This
reduces mcro-pitting of the photoresist |ayer during the plasm

processi dgverWiht éirst istepdx thge follpwgd by 2 hydesn D) plasmspigpwith regepadorgas

inert gag, L@k Bﬁw&r%' eledk ﬁ%tréhuﬁ'ké B® refadionSi THi Rlill¥srafeden PiAr RAEB.PI asma
preferably uses H2/ NE gas_but inert gas can be included in th };HFE?ICNZ gas.
10 [0052] ttopoCR49§ 1pA e and e thickpgsh §f et PRAegr 49r dance

Wi th the jweitdoQikiBle dueRididy & he cabberler k. pl asma etching of the
photoresi st |ayer while reducing the critical dinension of the carbon

| ayer 5 Winbettihig § e flowodiagras dfogie astedirmésdfuhd procet én dorodng anspbei fiC
enbodi nents, the description i.s il rati,ve.of t L nvent i IS not to
be const FOEY A& ﬁ"gf‘ﬁag?'ng: irshy 85 $OVR G P‘Z‘% atgeho Jayer ggﬁﬁ’e@ a%ﬁmgneg&n%ggfgoccur to
t hose skid suefice of thésulastrhiewd béprotessaly fypically afdidenttihlygpuel ¢s sliwnoxsize of t he
I nvention_as,.defined by the n ai I ' LS oed i s:

1. A met hdd %*‘coﬁl r Blgré%es i°¥nga 3"%’(5‘?} qu} g“?ageﬁ%!a |ﬁ§e{‘ g%‘%@é%ﬁﬁgc\ég%seehi%%hgtecgfor '

devi ce, tdmmrphask carboh wd rsginsoncertmon bothypeocessss being iknpwm rvithom thagkmiessoe!

phot qesi %“‘{%‘Wd“?ﬁ“;'ng carbon | ayer, the photoresist |ayer having a

pattern deve dpe erein, the nmethod conprising the steps of: a)
partial | yogisjhieg, bdshowdl R0 2Yiikod HRUgiiddhobRési® Ndyet [t foifeddbPtiRr €SI St

| ayer in an oxygen pla , _oxygen ion n the pla reacting with silicon
in the pf?@fttﬁ?F‘ééieéf"'“Bés}E{‘T’E‘é‘ﬁﬂ“%g? Fﬁ“ﬁ@oésdﬂﬁ“?%‘g‘?ﬁ taf%er@o&f‘g%ﬁf’msc&? "9%%e on
t he phot aibeed, she lsBiceh ,is pRderably in thy rarige ifMEy30 percentmby nionde eaighon Tieyer
through tplill%t r%‘i?}t etsr Qx;&o@e perW%Ei%{i(emg IthsrguglhaXne E)ptlicgl had g}’ -t ;Blcfie%gl%p a

15  pattern, as shown at 920.

[0046) Thereafter, as shown at 930, the structure is placed in an oxygen (O, or O»/Nz)
plasma for a minimum of 10 seconds which partially etches the carbon layer and forms a
silicon oxide layer or hard mask on the photoresist layer. The oxygen plasma is then
removed, and the structure is exposed to a hydrogen (H2/N-) plasma at 940 to complete
20  the etched opening through the carbon layer. Importantly, a critical dimension (CD) in
the etching or other processing of the underlying s'ubstrate through the opening in the

carbon mask is reduced by using the hydrogen plasma etch.

[0047] The underlying etch layer on a substrate is then etched as shown at 950 with the
critical dimension in the etch layer defined by the critical dimension etched by the
25  hydrogen plasma at 940. Afier eiching at 950, the photoresist layer and carbon layer are
stripped from the substrate. 7

[0048] Following are specific recipes using the apparatus of Figs. 1, 2A, and 2B for the

oxygen plasma and for the hydrogen plasma in the process flow of Fig. 8:

[0049] For the Q2 etch at 930, the chamber pressure was set to 20 mTorr, 1200 watts of
30  power at 60 MHz, 600 watts of power at 27 MHz, zero watt of power at 2 MHz with
lower electrode temperature of 10 deg. C, and upper electrode temperature of 140 deg. C.

Etch time was 15 seconds.
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2. The nmethod of claim 1l wherein step b) enhances a critical dinension in
the sem conductor device to be fabricated. 3. The nethod of any of clains
1-2 wherein a critical dinmension is established by the ratio of oxygen

pl asma etching to hydrogen plasma etching. 4. The nethod of any of clains
1-3 wherein RF power below 60MHz in a plasnma etcher is reduced during step
b) below 100 watts. 5. The nethod of any of clainms 1-3 wherein the RF power
bel ow 60 MHz in a plasma etcher is reduced during step b) bel ow 50 watts.

6. The nmethod of any of clains 1-3 wherein RF power below 60 MHz in a plasna
etcher is reduced during step b) to zero watt. 7. The method of any of

clains 1-6 wherein in step a) the oxygen plasma is froma gas selected from

t he gr oug0®¥Wh&esthedly eeh.gbe clambrppressyawss ssbior 1 4948 Tog 208 pyattn ef poyds. 8. The
net hod ofat 80YAI9S, zEdodhdtBat 27 MMBEIR) Ratk Bt SLBEE Kikh Ih@r e QBaEmPpra& Bl S from

A gas sel ol e g e el e onatue of 130 3eg. & Bi2n A wid/dozebonas. 98-

[0051} As noted above, the rf voltage during the Hy/N; plasma processing for frequencies

5  below 60 MHz is below 100 watts and prefembly below 50 watts down‘ to, most
preferably, no power. This reduces micro-pitting of the photoresist layer during the
plasma processing. While the oxygén plasma is preferably from O, or Oy/N; gas, inert
gas can be included with either gas. Similarly, the hydrogen plasma preferably uses
Ha/N, gas but inert gas can be included in the Hy/N; gas. |

160 [0052] The two step proces-s for etching a two layer mask in accordance with the
invention reduces adverse effects of plasma etching of the photoresist layer while
reducing the critical dimension of the carbon layer. While the invention has been
described with reference to specific embodiments, the description is illustrative of the
invention and is not to be construed as limiting the invention. Various applications may

15  occur to those skilled in the art without depariing from the spirit and scope of the

invention as defined by the appended claims.
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9. The nethod of any of clains 1-8 wherein the carbon | ayer conprises

deposi ted anor phous carbon. 10. The nethod of any of clains 1-8 wherein the
carbon | ayer conprises spin on carbon (SOC). 11.A nethod of etching an etch
| ayer on a sem conductor substrate conprising the steps of: a)
formng a | ayer of carbon on the etch layer, b) foimng a | ayer of

phot oldsAB¥dScont ai ning silicon on the |ayer of carbon, c¢) developing a
pattern in the photoresist |ayer, d) etching the layer of carbon in
an oxygen iplaisied,is:oxygen ions in the plasm reacting with silicon in the
photoresi st |layer and form ng a surface |ayer of silicon oxide on the

phot o esi sty L,@¥8f of processing%)m%k%f.’ 0 ih @@oﬁfcgﬁ'@g a %G&fdla%r Hé\fi@e, laydr ogen

pl asma t hereby forn ng an opening through the carbon layer. 0 etching the
et ch hayke mcdthinggarbdrel apgrenid ngilicon chetamanrgydntdresielgyeana thg)carbemovi ng t he

I f d.the | f t i st f t tch | :

ayer la%er, %%:rp %rt]orgsr%st laye? havaﬁ}{ge er1 pgﬁerg ggve cgp%altgerein,r t%(ren me %deco(r:nprisﬁ%%ﬁe

steps of:

a) partially etching the carbon layer through the pattern in the photoresist layer in
an oxygen plasma, oxygen ions in the plasma reacting with silicon in the photoresist layer

and forming a surface layer of silicon oxide on the photoresist layer, and

b) etching the remaining carbon layer through the pattemn in the photoresist layer

in a hydrogen plasma.

2, The method of claim 1 wherein step b) enhances a critical dimension in the

semiconductor device to be fabricated.

3. The method of any of claims 1-2 wherein a critical dimension is established by the

ratio of oxygen plasma etching to hydrogen plasma etching.

4. The method of any of claims 1-3 wherein RF power below 60MHz in a plasma

etcher is reduced during step b) below 100 watts,

5. The method of any of claims 1-3 wherein the RF power below 60 MHz in a

plasma etcher is reduced during step b) below 50 watts.

6. The method of any of claims 1-3 wherein RF power below 60 MHz in a plasma

etcher is reduced during step b) to zero watt.

7. The method of any of claims 1-6 wherein in step a) the oxygen plasma is from a

gas selected from the group consisting of O, O2/Ny, O2/No/inert gas, and O,/inert gas.

8. The method of any of claims 1-7 wherein 1n step b) the hydrogen plasma is from a

gas selected from the group consisting of Hy/N; and H,/No/inert gas.

9. The method of any of claims 1-8 wherein the carbon layer comprises deposited

amorphous carbon.
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12. The nethod of claim 11 wherein the carbon layer is fornmed by a spin on
carbon process (SOC). 13.The nethod of claim 11l wherein the carbon |ayer is
formed by deposition. 14. The nmethod of any of clains 11-13 wherein the

| ayer of photoresist containing silicon is deposited on the |ayer of
carbon. 15. The nethod of any of clains 11-14 wherein the thickness of the
car boi0l ay @heinsetionl dftvay of deirns0f-8 SyHafen &rgathoarisyer dGndives sghload of any of

cl ai ns §1§ é/nerei n the thickness of the photoresist layer is in the range
of 806%8AEEYPGhs to 2,000 angstroms. 17. The nethod of any of claims 11-16
wherei n RF power below 60MHz in a plasma etcher is reduced during step e)
bel owli00 wameshodid. qthleingrar kisH layer emy senicendiichps sutista® ophwriging ththe RF power
bel ow t60 l\ﬁiz in a plasma etcher is reduced during step e) below 50 watts.
19. Th&Kethod of any of clains 11-16 wherein RF power below 60 MHz in a

| asma
P a) forming a layer of carbon on the etch layer,

b) forming a layer of photoresist containing silicon on the layer of carbon,
¢) developing a pattern in the photoresist layer,

d) etching the layer of carbon in an oxygen plasma, oxygen ions in the plasma
reacting with silicon in the photoresist layer and forming a surface layer of silicon oxide

on the photoresist layer,

e) etching the layer of carbon in a hydrogen plasma thereby forming an opening

through the carbon layer.
1) etching the etch layer through the opening in the carbon layer, and

g) removing the layer of carbon and the layer of photoresist from the etch layer.

12.  The method of claim 11 wherein the carbon layer is formed by a spin on carbon
process (SOC).

13. The method of claim 11 wherein the carbon layer is formed by deposition.

14. The method of any of claims 11-13 wherein the layer of photoresist containing

silicon is deposited on the layer of carbon.

15.  The method of any of claims 11-14 wherein the thickness of the carbon layer is on

the order of 5,000 angstroms.

16.  The method of any of claims 11-15 wherein the thickness of the photoresist layer

15 1n the range of 800 angstroms to 2,000 angstroms.

17.  The method of any of claims 11-16 wherein RF power below 60MHz in a plasma

etcher is reduced during step e) below 100 watts.

18.  The method of any of claims 11-16 wherein the RF power below 60 MHz in a

plasma etcher is reduced during step €) below 50 watts.

19.  The method of any of claims 11-16 wherein RF power below 60 MHz in a plasma

etcher is reduced during step ¢) to zero watts.
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etcher is reduced during step e) to zero watts. 20. The nethod of any of
clainms 11-19 wherein the etch |layer conprises a dielectric material. 21.
The net hod of any of clains 11-19 wherein the etch |ayer conprises
polycrystalline silicon. 22. A vacuum plasma processor for use in etching
a mask for sem conductor fabrication, the mask including a carbon |ayer and
a silkoon Toetmitidng appof daiesildtid ali@tinahe tok layar omprisay #dieldchiz pl asma
processor conpri si ng: a) a plasma processing chanber, b) a substrate
suppofterigl- supporting the seniconductor device and mask, c) at | east
one el ectrode for providing power to the plasma processi ng chanber

i ncl udi.ng Bhamcoder anpof Hensul st whecisuppeich Jayer comprps a gas source for
suppl yi.n t he plasma processing chanmber including gas for an oxygen
pl as Iygyggﬁ@ﬁﬁ §°®he photoresist layer and gas for a hydrogen plasma for
etching the carbon_| ayer underlying the etched photoresist, and e) a
cont r & erAf‘@Pu%MﬂSmalﬁr?@S@é@rqu%W seiBg # sk I SARIGPERELSi ng chanber and

for ComL &}J sk@&é’iﬁcﬁm Hrcéu%gn_ T Yt o?l' Rnthife éﬁbt&%gstdi ng the

hydr ogen one processor conputer

r eadabh ﬁldmﬂjoa lﬁ}fbmlhé §]a§lﬁa processor comprising: COFYDUt er readabl e code for
etching the layer of carbon in an oxygen plasm, oxygen ions in the plasm

reacting wh}$pﬁhhéﬁﬁﬁe%ﬁ@km§ngaotOreSISt | ayer and forming a surface |ayer
of silicon oxide oh the photoresist |ayer; conput er

readabl e ogpie.fioh €L ALDOCH Nl ABTnOlctaLbAR Hexﬂcé‘éﬂ%hxﬁ&%” pl asm t her eby

form ng an opening t ayer ereln ayer of carbon is
etched thr 0)an leasth (?nepe?ectcr%ag fc;r %rcquging %8&/(@1[ t%stfle plasnellX processmg chamber

including bias power to the substrate support,

d) a gas source for supplying gas to the plasma processing chamber including gas
for an oxygen plasma for etching the photoresist layer and gas for a hydrogen plasma for

etching the carbon layer underlying the etched photoresist, and

¢) a controller for controlling gas flow into the plasma processing chamber and for
controlling RF power during the oxygen plasma etch and during the hydrogen plasma

etch, comprising:
at least one processor; and

computer readable media comprising:

computer readable code for etching the layer of carbon in an
oxygen plasma, oxygen ions in the plasma reacting with silicon in the photoresist layer

and forming a surface layer of silicon oxide on the photoresist layer;

computer readable code for etching the layer of carbon in a
hydrogen plasma thereby forming an opening through the carbon layer, wherein the layer

of carbon is etched through the pattern in the photoresist layer;

computer readable code for etching the etch layer through the

opening in the carbon layer; and

computer readable code for removing the layer of carbon and the

layer of photoresist from the etch layer.
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conput er readabl e code for etching the etch [ayer through the opening in

t he carbon | ayer; and conput er readabl e code for renoving
the | ayer of carbon and the | ayer of photoresist fromthe etch | ayer. 23.
The vacuum pl asma processor of claim22 wherein the controller reduces RF

power bel ow 60 MHz to bel ow 100 watts during the hydrogen plasma etch. 24.
The vaguuniTht ssmmnpslecessocessdr oflchiim 22 2viwingn ehecontrell@onduces REr reduces RF

power bel ow, 60 Mtz to bel ow 50 watts during the hydrogen plasma etch. 25.

The VBRI REHYIR? tkedayd 0@ ats &iuﬁv@@emam%p ﬁ@a@%ﬁtrol | er reduces RF

power below 60 MHz to zero watt during the hydrogen plasma etch. 26. The

vacuudt-pl ashhe verwse pkema grocasspr of claimaihwhapinthe pgrdrodlenredieesdgds for an

oxygen pl as i | ected f.romthe grou onsi stin 02, 02/ N2,

057 RoPo e iEgs b0 MG e P s e e SRR sfbs e pr oceasor of any
of clainms 22-26 wherein the gas for a hydrogen plaspa is selected fromthe
gr oupeons 1 8% VHYUBF PIRBMNRrogsTeLTHY CREN 24 dthergh dhe controller reduces RF

power below 60 MHz to zero watt during the hydrogen plasma etch.

26.  The vacuum plasma processor of any of claims 22-25 wherein the gas for an
oxygen plasma is selected from the group consisting of O, O2/Na, Oo/No/inert gas, and
O,/inert gas.

27. The vacuum plasma processor of any of claims 22-26 wherein the gas for a

hydrogen plasma is selected from the group consisting of Ha/N; and Hy/No/inert gas.
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