M NI M ZATI ON OF MASK UNDERCUT ON DEEP SI LI CON ETCH BACKGROUND COF THE

| NVENTI ON [ 0001] The present invention relates to the fornmation of

sem conduct or devices. [0002] During seni conductor wafer processing,

features of the sem conductor 5 device are defined in the wafer using
wel | - known patterning and etching processes. In these processes, a
photoresist (PR) material is deposited on the wafer and then is exposed to
light filtered by a reticle. The reticle is generally a glass plate that is
patterned with exBINIMIZATEONOEMASKUNDERCUTON DERKSILICUN ET0RN
propagating through the reticle. 10[ 0003]After passing through the reticle,
the light contacts the surface B¥cktbReunpbotor BeEstionmat erial . The |1 ght
changes the chen cal conposition of the photoresist material such that a
devel oper can ve Bhegysenidgavestion riatgsioths fagatien plgsemiqoaguctqrideyipes. case of
posi tive phot qpge)st m&kﬁk&nd&t@wﬁwgﬁﬁ&sfngﬂe%ﬁs Bf fe SRy ReropNd 10 the
case of negative photoresist materials, the unexposed regions are renoved.
15 Ther eaf tler ,devise amaipBpediis thetvefierdising wel rhoven piteerningled egching mredesses.dh f r om
t he areas that 0 r.pr.qt e .t he t oresi st eri.al, and

t her eby defi neth%ﬁgmggsss%sf ggﬁcftoelg?%r@g rin%e'?%és C\El]e\gf’ EEe%rg’.g ofgﬁowsf aanlgqu? “gener ati ons
of phot or esi stexpssed torliipghnfiltddedby alteticla. Thotedtle (SRMIraPpholassgddtsthaiis exposed by
248 nmlight. To facil.itate understandi ng, FI Ais a 20 schematic
cross-sect i oné’latt‘?}?%ﬁ\)’”gf exgmpiny 5pu @Pmﬁ@g%thiﬁ@’@égm éoné‘iPF‘?Pé%arﬁmét ch | ayer
108. The phot @iBedhsthe PiskK. 112 has mask openings 122. The silicon etch |ayer
108 may be over a substrate 104 with one or nore |ayers di sposed between,
or the sil0cok0BLn |Afirepassing thaughiibe weticle dhnlightsentecst e syrfags ofitBej s a
schematic crosgs 1 VirEW: [ S L:LJ con etch
| ayer 108, af ? g?t&?glget[g{@ial'hg%\h%ggﬁ\aqgetsgﬂé;%}%@g&? ?\c%mo%?ﬁlén é%l{ﬁle ?Q%O%%I(L: | ayer
108. The et chnptesigbsish tausdsyclopsican ragerve atpordios of thieipbdtoraisisesetidie Inesul ti ng
silicon |i nes 4t Sbeoft hiipneer Ehantt hp '()l%itﬁi nal sk. 1t has been found that
the deeper t h&CSPERT PPHESRIPE &I BAEriphy e, Fepeed JESIOns RRARRY Vs e twENTI ON

case of negative photoresist materials, the unexposed regions are removed.

15 Thereafter, the wafer is etched to remove the underlying material from the areas that
are no longer protected by the photoresist material, and thereby define the desired
features in the wafer.

[0004] Various generations of photoresist are known. Deep ultra violet (DUV)
photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A is a

20  schematic cross-sectional view of a photoresist mask 112 over a silicon etch layer
108. The photoresist mask 112 has mask openings 122. The silicon etch layer 108
may be over a substrate 104 with one or more layers disposed between, or the silicon
etch layer may be the silicon substrate. FIG. 1B is a schematic cross-sectional view of
the photoresist mask 112 and silicon etch layer 108, after features have been etched

25  into the silicon etch layer 108. The etch process causes mask undercut 116, which
causes the resulting silicon lines to be thinner than the original mask. It has been
found that the deeper the etch, the more severe the undercut,

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and in accordance with the purpose of the present
30 invention, a method for forming features in a silicon layer is provided. A mask is

formed with a plurality of mask openings over the silicon layer. A polymer layer is



[ 0005] To achieve the foregoing and in accordance with the purpose of the
present 30 invention, a nethod for formng features in a silicon layer is
provided. A mask is forned with a plurality of nask openi ngs over the
silicon layer. A polyner |layer is deposited over the nmask by flow ng a
hydr ogen free deposition gas conprising CAF8, formng a plasma fromthe
deposition gas, depositing a polynmer fromthe plasma for at |east 20

seconds, and stoppi t depqsiting the pol yner after the at .| east 20
seconds. The déﬁ%‘%&ef%‘f S’}‘f‘r@‘r yl@é‘?g?@%‘%éﬁéae ‘E)?o?lflmﬂﬁﬁo’é}ﬁn%% iy gas,
formng a 5 pl asifgfarptEnk B@mOREe BépoditieRSas\bp6dtised RdjhatGldm the PRMES férhe
deposited pol yner on bottons of the plurality of nask openings wth respect

he p |
to deposited pHISATEIY ssePnds-dad stappingde genppising thy pelymenafier disaatieagf20 and

Stoppi ng L he_oRediRoThAEBodid BRTE Qendd 1S R A 4 B fal ur es
are opened. The silicon gyer lplglgﬁ%{c e @Jﬁ?ou h thegaz{rrasaléma%g depositted

pol ymer | ay®er . plasny {000 8 loperdmpgas evhidhealieftestyatmores de dehesitedpelpteiom a et hoﬂ
for formng f ) ilicon,|layer is.provided. A nmask is faormed wt
2B ural ity of PdESs b pelly TR o le fif R fEfero il i gn ey or U <
pl aced in a pl@sheplpabyesmadharbiags, afd poppiphe byl vidﬁ:ndﬁ]lambé@ﬁqﬂlfﬁler tpe
mask by flow n .hygro en free de osi%jBon_ as consisting essentially o
CAF8 into the 'I’rglé%g W%ﬁ%@tgreﬁfifﬁr?ﬂg?’,d' "r?ﬂl%g‘ I%Yefﬂszﬁci?ﬁd fhrcssh theamask

deposi ti on gasanddepiédjolgnaddyed. yner fromthe plasma for at least 20
seconds to forma layer at |east 200 nmthick, and stopping the depositing
t he pol ymel0 aflP@6]t hdn grothes smpnifonation 06 the snvertian amprbed fos forpang faasnrek ;iyer. i's
opened by fl owk i ag . a5, . ormng a
o s 17 om ¢ e aoiyaReplotAel™R rdk R iR B PuRIA R FRE HAREL uti® 0l yrrer
on bottons of thdnﬁéliqwhllﬁfyat.illfhp stli.‘comhsafimﬂectﬁlc(irigs plabrhinpiRGess ghqm?mt. A@oljﬂ?ﬂm ted
pol ymer on sides. of th ural it nmas ni ngs, .and. stoppin e

openi ng when g%yef g58 osg%dg%'% ePﬁkg’fﬂ?‘%‘PWg?‘g‘%eﬁﬁ?ﬁ d?%oéit’l?f“@g %ﬂngis%‘l%ned. )
The silicon | ayentially oeColyasto tHerptasgia prdvessoasibadrfiapapldsad roal gieer | ayer by
flow ng an_etching gas different fromthe %@gni ng gas and formng a plasma
fromthe gg chl‘iﬁ@”g'ﬁg a5\ ATROPIIRE & ARlymeHigoms thejplasma ey f‘e,aS‘\ZﬁéPCé’inﬁ; ‘Pﬁémg%posi t ed
pol yner | ayer 14360x @te208 ANERK Gl ki fheldBSossink 1RO RS Bfte RSN D E

phot or esi st rraés?k. The silicon | ayeﬁp?ﬁggr_eerml\gl\oesd n_%r om t}_hgéfpl %sma p? ocess
chanber. [ 00029 sasondsoilhe depesitrdipebeer layer io ppanhd by flowing jap npendnrg gappue at us 1; o(r]I
etching featu | Ldd I . i enj.ngs. .| rovi ded.
A plasma pr ocEehgzjlldrﬁgla ?ﬁogh%ggﬁﬁ%er’gf%%@flgggﬁ%%%%zﬁen%&%%ﬁ%%e‘? lﬁafﬁleci%‘gﬁi ng a
pl asma pr ocessmgecthaddperitedPobmet os boteymseof sheljtimbdy @f siagpaehingOwits uppor ti ng
a substrate wthin the plas r ocessi chanber_ encl osyre, a pressure
regul at or£¢orref%e§htpélf’?‘?‘f8“ﬁ?g&b$‘é’§§ %Oﬁp'ﬂe Plyalify %fé‘i‘?éﬁﬁi’ﬁ’é‘égésfinﬁég’é’ﬁléﬁber .
encl osure, anthdpp&fingohRalal RER sbRE omegiueﬂli&gomﬂaéﬁeahﬁestd?@o;wn@&rﬁe processing

chanber enclosure, a |ower electrode for providi nIg power, a first RF
B silicon layer is etched through the mask and deposited polymer layer by flowing an

etching gas different from the opening gas and forming a plasma from the etching gas,
which etches the silicon layer, wherein the deposited polymer layer prevents
25  undercutting of the silicon layer under the photoresist mask. The silicon layer is
removed from the plasma process chamber.
[0007] In another manifestation of the invention, an apparatus for etching features
in a silicon layer under a mask with openings is provided. A plasma processing
chamber is provided comprising chamber wall forming a plasma processing chamber
30  enclosure, a substrate support for supporting a substrate within the plasma processing
chamber enclosure, a pressure regulator for regulating the pressure in the plasma

processing chamber enclosure, an upper electrode for providing power to the plasma

2



power source electrically connected to the upper electrode, a second RF
power source electrically connected to the |ower electrode, a gas inlet for
provi ding gas into the plasnma processi ng chanber enclosure, and a gas

outl et for exhausting gas fromthe 5 plasma processi ng chanber enclosure. A
gas source is in fluid connection with the gas inlet and conprises a

hydr ogen free CAF8 deposition gas source, an opening gas source, and an

etchin as so tro is, contr nect ed t gas

sour ceg ?he fi Eot%gsﬁf—lg gv@’r g’b‘% e a]é’WSr?lﬁcmg%Eoéﬁ ﬂ%ﬁf e and
conprises at | ﬁmérsamee fEALEHS 0snnbred mm)ta;spefe1éc¢@dalalsecoﬁ&wpqgow€hﬁm§&rrput er
readabl e nedi a,, 10 conprlses conput er. readabl e code for depositing a

pol ymer |ayer o§gfcalygornssted t%%%egvlﬁgr%mﬁ ylet frpaeiidiag gvdetofsr f | owi ng
a hydrogen fr eﬁlaﬂﬁ?ﬂ@ééshﬁé‘c}glﬁﬁmc&l%gﬁr@'a'ﬂgagé &ﬂta,{femhaﬁmhggas%ﬂ e €6 CAF8
deposition gas source into the plasma procéessing ch onputer readabl e
code for fotm Plgsten prpeessiee ¢hambet dnelosiepodigas mnrogasmfhmmn@nonwualtd e codes

for depositin I 0 east 20 seconds, and
conput gr fea dg érﬂgtoaém?t?m{)ﬁs%% L%ﬁ r%k\?%n%élz’ ({eg& ?&10% &a§ %ourcebim orpg{,ung]g?er t he at
| east 20 secongsicecmripueehing gadabice, Aaﬂﬁmﬂmrm@pﬁnﬂngwkbmwd@pﬂsmbg& pol ymer
| ayer, conpr|5|ng Engytﬁf r eadabl e c e for omﬁn an o nlng gas from
the opening gaS S6uUPe BOWWEOBF%§ seroad ﬁ@“@ Hﬁ@ﬁ CURBEEA
readabl e code [t8¢f ofeqfr6del@r anddoaHkRr fera@iﬂlé HEdi® PR ddehpB@s relibl m&gd, ect i vel y
removes 20 the deposited polyner on bottons of the p Iuralltéqof mask
openi ngs wi% h Crog@fiéeétco%“‘a’érﬁi‘%‘ﬂeéﬂdep@r Jenopitinga golymer layer pyrs thy maskl i ty of
nmask openi ngs woﬁ‘@ﬁmﬁ@@@hﬁtﬁ& réa%@ﬂ@p&ﬁ Ot ih 5hf({r9é39 'ﬁ%g ;Q)@lt gf? EEL" ng when at
| east sone of the plurality of nask feature e opene onput er
readabl e code cPEPrigng Qilidronhide bydrpmrfreb&fy&rdepbﬁlmm]ggas E]mecermts»khfapielsnmhepom ted
ol ymer | ayer S n at.ur.es .of the i nvention
\I?vi I ?/ be degcr |ptr)&g£39% ﬂr_’m% amfp EjeIrg)et‘%“qGijtl)f\:/vcol%n R ] %Plflé’aaof G ption of the
i nventi on and depositionjgus) cbmpmenmeztdablb leedefs 6brl d@pbsﬁtglgfal Pumes froBRhERaddRS6RI PTI ON

OF THE DRA N Th resent in ion is illustrated by way of
exanpl e, Gﬁfl‘sgggééﬁﬁ ‘gf OPHict @?‘?a(?  cofie far jiopping the depQsiting e
aCCO”panyl ng PoiMicNFer eHRGt lehst WD s&ddndd, lf&nﬁtﬁér%a%ﬁ'ﬁ@ CMW&H&%H& gleer to sinmlar

el ements and 1 n which:
deposited polymer layer, comprising computer readable code for flowing an opening

gas from the opening gas source into the plasma processing chamber, computer
readable code for forming a plasma from the opening gas which selectively removes

20  the deposited polymer on bottoms of the plurality of mask openings with respect to
deposited polymer on sides of the plurality of mask openings, and computer readable
code for stopping the opening when at least some of the plurality of mask features are
opened, and computer readable code for etching the silicon layer through the mask
and deposited polymer layer.

25  [0008] These and other features of the present invention will be described in more
detail below in the detailed description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is illustrated by way of example, and not by way of
30  limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:



[ 0010] FIGS. 1A-B are schematic cross-sectional views of features forned
according to the prior art. [O011]FIG 2 is a high level flow chart of a
process that may be used in an enbodi ment of the invention. 5 [0012]FIG 3
is a schematic view of a plasma processing chanber that may be used in
practicing the invention. [0013]FIGS. 4A-B illustrate a conputer system
which is suitable for inplenenting a controller used in enbodi nents of the

resent inventj [ 41 FI GS. 5A-D are. schenat | ross-secti onal
5i ews of a st a@ﬁmﬂr oc%lgsgegggl%lrs&%%?%ﬂOﬁsbse‘éﬂ?né%%’m ‘?’F&?ﬁ‘?“r%sff%flﬁeéici nventi on.
[0015] FI G 6 iscadimpkethdptiaidred flow chart of the hydrogen free deposition.
[0016]FIG 7 is a nore detailed flow chart of the OFeni ng of the deposition
| ayer. [0017] HPM11g HIG,2 i Tdelyleveliflodrhart gfn praggst thet mapke wedhialg of the

silicon |ayer . edAldER RESCRIBL! ON OF THE PREFERRED EMBODI MENTS 15
[ 0018] The present invention wll now be described in detail with reference

to a few prief dMRA enflEdB isrschentdtie viawt ofagplishiapsicessingcthambdr izt awg bapanyi ng

drawings. Int f ol i ng _description, numerous specific details are set
forth in or derﬁfdolng’rr%g%%%ael?wg{l%lﬁgh under st andi ng of the present

i nvention. |t [0013] berappas-Britlustfaeweistiputet §senewhlchlid ®dtablafdrhe art, that
the present invention may be practiced w thout sonme or al] of 20these
speci fic det ai'PE MRS Ptr‘i)lﬁgf‘%ﬁ‘id’é?}‘bﬂ’/ﬁwn@ﬂ%mﬁ?%@é@t@?eps and/ or
structures [0014] FIGS. 5A-D are schematic cross-sectional views of a stack processed
10 according to an embodiment of the invention.
[0015] FIG. 6 is a more detailed flow chart of the hydrogen free deposition.
[0016] FIG. 7 is a more detailed flow chart of the opening of the deposition layer.
[06017] FIG. 8 is a more detailed flow chart of the etching of the silicon layer.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 [0018] The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
20  these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention.
[0019] To facilitate understanding, FIG. 2 is a high level flow chart of a process
that may be used in an embodiment of the invention. A mask is formed over a silicon
25  layer to be etched (step 204). The silicon layer may be polysilicon, crystalline silicon,
such as a silicon wafer, or amorphous silicon. The silicon layer is generally a pure
silicon, which may have a dopant. The silicon layer is not silicon oxide or silicon
nitride, although the silicon layer may have a thin silicon oxide layer that may
naturally form over the top surface of the silicon layer. A polymer is deposited over
30  the mask using a hydrogen free deposition gas (step 208). In such a hydrogen free

deposition gas, none of the molecules making up the hydrogen free deposition gas



have not been described in detail in order to not unnecessarily obscure the
present invention. [0019] To facilitate understanding, FIG 2 is a high

| evel flow chart of a process that nay be used in an enbodi nent of the
invention. A mask is formed over a silicon 25l ayer to be etched (step 204).
The silicon |ayer may be polysilicon, crystalline silicon, such as a
silicon wafer, or anorphous silicon. The silicon |ayer is generally a pure

silicon, which d . il i i\S 281 1. con oxide or
silicon nitridgggff ﬁ%ﬁg%nt%@g%%P?ggﬁhﬁgfgﬁgﬁ%bﬁﬁgggbaTF%%H?%?%*%5% oxi de
| ayer that mayetabad(step 216)f orm over the top surface of the silicon layer. A

polymer is deposited oyer 30 the mask using a hydrogen free deposition gas
(step 208). In sué%@gmﬁydrogen free deposition gas, none of the nol ecul es

Ki th free deppsition gas hayve any. hydrogen. The
(rzlrgplog ?t iugn I Sy@w‘?]ggg %eeéart‘gf gga@ e.me%f‘i‘éw%i”ia‘?\é‘égﬁ’fe’?té’?eﬂq- g iBtsEpete (st ep
216) . Exanp$ e po@R8hd oPtRaedHRluEeddh aannﬁemé&mt&meqmeaﬁoﬁ. haGl gyent i on,

FIG 3 illustrates a 5 processing tool that may be used in an

i npl ement at i on*BFMAN T HAARIIBI. Prepeingsystem 408 arrdyrting Tplosreaprotessing| asnma
r0Cessi g SYSHEMO308e hiRhHslhakif: BbARITA: Bl AERHSHILod il pAh-eclg P asTa

Brocessing t ool 301_isegn fﬁ%uct?@%@y cou%@%@ plasgaoé%%m%ng fng%and

i ncl udes a pl depknd éghidey a Panarasdter$02 hptissaplagrowessiingclmnbabis 304

th in. Atr Qar ower controller 350 and a bias power
1oe£§hPro||erq§§%3'55%%%@#%%3&?&3d%ﬁ?%gﬁﬁﬁCﬁ%ﬂﬁ%%ﬁﬁvmgﬂgﬁﬁy°§%i and a bi as
power supplly 3%6trollef Bk nspeeg véleopta aMECESRAveE 5upplye3d 1 \whd Bbias pbwsiapgihanber

304. [0021] Th CP. power _control|er 350 sets a set point for TCP power
supplg/ 351] co%?gé’ﬁ’r"g‘&“%thgﬂlﬂi% %“F%?éﬁdd"lfl}l%ala%%i}lag’i%@fr%% at 13.56 Mz,

2, to a_TCP coil 353 |l ocated near the plasm
Eﬁgﬁg e:,)y 38 4TC}I§ ch T%gtf%rp%w%? controller 350 sets a set point for TCP power supply 351 P

configured to supply a radio frequency signal at 13.56 MHz, tuned by a TCP match
network 352, to a TCP coil 353 located near the plasma chamber 304. An RF
15 transparent window 354 is provided to separate TCP coil 353 from plasma chamber
304 while allowing energy to pass from TCP coil 353 to plasma chamber 304,
[0022]  The bias power controller 355 sets a set point for bias power supply 356
configured to supply an RF signal, tuned by bias match network 357, to a chuck
electrode 308 located within the plasma chamber 304 creating a direct current (DOC)
20  bias above electrode 308 which is adapted to receive a substrate 306, such as a semi-
conductor wafer work piece, being processed.
[0023] A gas supply mechanism or gas source 310 includes a source or sources of
gas or gases 316 attached via a gas manifold 317 to supply the proper chemistry
required for the process to the interior of the plasma chamber 304. A gas exhaust
25  mechanism 318 includes a pressure control valve 319 and exhaust pump 320 and
removes particles from within the plasma chamber 304 and maintains a particular
pressure within plasma chamber 304.
[0024] A temperature controller 380 controls the temperature of a cooling
recirculation system provided within the chuck electrode 308 by controlling a cooling
30  power supply 384. The plasma processing system also includes electronic control

circuitry 370. The plasma processing system may also have an end point detector.



15 transparent w ndow 354 is provided to separate TCP coil 353 from pl asna
chanber 304 while allow ng energy to pass fromTCP coil 353 to plasma
chanber 304. [0022] The bias power controller 355 sets a set point for bias
power supply 356 configured to supply an RF signal, tuned by bias natch
network 357, to a chuck electrode 308 |ocated within the plasma chanber 304
creating a direct current (DC) 20 bias above el ectrode 308 which is adapted

to receive a s r at sem conduct or fer. wor i ece, being
processed. [00 ?ﬁ gagKggg%?gMﬁQ%ﬁ%ﬁﬁg%%%#mﬁggS%%%ﬁ@@?§ hﬁﬁ?ﬁﬁﬁ%&”a sour ce
or sources of ingAenantingasesroBiGontdnacheduinyd7@ugdsn emividindéts Flile t 0 suppl y

the proper chem stry requi for the progess to the interior of the plasm
changerp304. AP@%?I%%ﬂﬁﬁgtE§g4ﬁ€ AuHPERos e pinsicalfeun of the euBRHE sEder o

val ve 319 and exdvatie! the bshpudaQyadifl ma® ARG Sanh Phi<iGl Bsmi faABh¥bRI A the pl asma
chanber 304_and maintains a particular pressure within plasma chamber 304.
[0024] A t enperigtegrsdcgrtit g|pripted SBeitchontds ¥ds sl haedhslsrdsyige vp t9fa hugeool i ng

: : . R _ ' Crolli
recirculation §¥§Q§ﬁbg%?ygg§ﬂw%%%§&%ﬁ&ﬁﬁdﬁmggﬁm§h£p£¢pgg?égggPyacpn rolling

a cooling 30 power su asma processing $ S0 i ncludes

el ectroni ¢ cortoughg é06; e disk dyive4@®, a Fepbopt ddOrmng p coesstidg Diskstlds amay al so
Q025| FIG 'S 4 4B illustrate onput er

have an end J [ % and

syst em 400, \?ﬁogﬁuggegg%b?ea%?%g S Rt ﬁ?@ﬁ%arﬁi fé%]ﬁf?rgﬁ’q%‘grsy?t?f? %8 nt r ol

circuitry 370 [0626d i rFI6Nd® ik aneRiEplobS & hl@cl@di@@@rﬁ&oﬂd&?ﬂ&f SBtem0G: 4A shows
he conputer system course, the conputer

i bl hysi cal form of (
gggt g%srsnla Oﬁa\%&ﬁ%‘i‘w" &?ff?fn%‘%il‘w%)bsrarfﬁldre AR PPuMems Brorsseaty 482@sei rcuit, a

printed circuirfeR@pbods camdl ~o§e!§§ih% uhi@nsHeghd) gdevbgiediB sfo?ag_@dgw&%, super
computer. Conputer system 400 includes a nonitor 402, a display 404, a
housi ng 406, aidine Bemens 426 sMemoricA?d draluflesimodora peress masnas (RAND abl sk 414 i s

Systom 400, [ 5097 R TRYREL AL R AERIRn HERA, RONLE LIRS ARG o
syst em 400. instructions uni-directionally to the CPU and RAM is used typically to transfer data
15 and instructions in a bi-directional manner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk
426 is also coupled bi-directionally to CPU 422; it provides additional data storage
capacity and may also include any of the computer-readable media described below.
Fixed disk 426 may be used to store programs, data, and the like and is typically a

20  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 426 may, in
appropriate cases, be incorporated in standard fashion as virtual memory in memory
424. Removable disk 414 may take the form of any of the computer-readable media
described below.

25 [0027] CPU 422 is also coupled to a variety of input/output devices, such as
display 404, keyboard 410, mouse 412, and speakers 430. 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

30  computers. CPU 422 optionally may be coupled to another computer or

telecommunications network using network interface 440, With such a network

interface, it is contemplated that the CPU might receive information from the network,

6



10 Attached to systembus 420 is a wide variety of subsystens. Processor(s)
422 (also referred to as central processing units, or CPUs) are coupled to
storage devi ces, including nenory 424. Menory 424 includes random access
menory (RAM and read-only nmenory (ROM. As is well known in the art, ROM
acts to transfer data and instructions uni-directionally to the CPU and RAM
is used typically to transfer data 15 and instructions in a bi-directional

manner. Both of these t s of nenpries i ncl ude any suitable of the
conput er-reada%rl%lgﬁ%o tpé‘¥ %Wfl%ﬁqgﬁeéwrm?hﬁgﬂsed?fﬁ& ng eél’%"(?“coupl ed
bi - di recti onal degcrited GRM0AZZps. | Furihe@0ré] fetid @hibb@iRRhts @8tHa pids@tdBRnE@Paci ty
and may al so include any of the conputer-readabl e nedia gescri bed bel ow.
Fi xed di sk 426MPaSxesEe sdy upe %E%f@o riyroxaeite Mgt anctyark uplea thintengd i s
typically a 2 : creth i:sk) that is

sl ower than p?ilnr%ra&ﬁg&gita gyrévétgtg?&?(?gw |1 %gh %%ﬁ%(@ét%&ﬁ%g%eq%lﬁ > i nformation
retai ned wi hil8038]x edindildikion 26:bagiynents of tip prevprt irveaticneseser rdlae kncor por at ed

in standard f o) virtual nory in nmenpry 424. Renovabl e di sk, 414 may
ke et or m SPRy Wpkt BRI R A it B TR S e 25

[ 0027] CPU 422 thaeal foopfouping Fatidus@ompiiteiSimpld@iientsd@pbrafotsPTie deda &RS, such as
di splay 404, ggggoard 410, mpuse 412, and igeakers 430. I n general, an

i nput / out put WiEr ¢ads M be Fipspecighydesienrkimd soastrupted far theyrposesffc e,

keyboar ds, ni GRORBRACIHventioN @R tR§ ﬂfa'[lgtb& ¥ethel kRl Snoivh aRBAARSIe RARSL." eaders,
magneti c or paper tlgﬁe readers, "tabl ets, styluses, voice or handwiting
t

recogni zerld, BrYRetkill #xthe eeraputer sofyvare arie Exa3pples pinemprtsr-ragfablamediapt i onal | y
may be coupl eg,d peafRtR -lgm@ﬁe 16l DUk S AL ing

net wor k i nt erfacee’440. \?\{’O%ﬁ suc 'Igla g%l‘\g/\glf@ﬁlgnt erlg?lgl?ed,w%lp’t%oggwé\%%sgaeﬁr?pl at ed

t hat the CPU miaghttictapcedntisalimddir sweh ho@DfR @S tuEhalegraphiddevices; mrggétd- out put

information tqg the network i.n the. cour 0 erform,ng the ahove-described
net hod st eps. oﬁtﬁcraf W%rl?ns)l%cé,as m%&gdlg‘ﬁb%@ﬁﬁg{’ffage Fhee ?%%pgﬁlﬁﬁl’ nvention nay
execut e sol el yonfigared @Pior22d exectiid YraXee tide, QR Es @phedion skecsuGhtegateine

| nt er net ig) co‘,%un A%#]I%n with a renpte CPU that shares a portion of the
processi ng: ?8? é)dﬂfoﬂaﬁﬁ’}abé#ﬁg)‘ﬂidﬁ’é?ﬁséplo?s)taH%Rﬂ%é Mdeaises-on .
further relat Exsrmma&l?ﬁtmssoaé B3RP HRAEMAL SodWi dubh & FOMRKS ﬁ%a t&Rslap! e medium
that have conputer code thereon for performng various conputer-inplenented
oper ati ons. Thul fegioatadries kighes lavek code thet arayxdseted hp g eompweiwmingyandesi gned and
constructed f nres i tLO r th may be of

t he ki nd wel I&Eerl?%)rmr' glrjlgdg é@%i%?ag%lfl%ni%gﬁt aggagg%fsgﬁlgl ?t%rgc%g g?r}snfltggdtbﬁ’@ conput er
sof t war e art scontpugemdhte sigodl eabogliad &r a daarted alaheaniadprasentieg adguerdRtbf ar e not
limted tg; ma%e?.i C B%di a suc s hard di sks, floppy disks, and magnetic
tape; optfcal™ Wlﬁ?sst ArefEegs 2 RIREFSHBI ogr aphi ¢ devices;

nmagnet o- opt i cah291edi A n$ddk ik fosndd (9Bt 4 GRdondhyekBtep@0d). MAGINREE, dEME&RS t hat

are specially configured to store and execute program code, such as

appl i cati on- spReisFetOntlieryein Bironstchilaver?@s I Ay eaymplepthegilisameioh by¢rogi ¢
devi ces ( PLDS) o Rk fMR0SH FAHY. ARKhG6Rns B0 S0 Blis SQHBIL B 6008 el ude

machi ne code, as pro by a conpiler, and s contal ni hg hi gher
| evel code t hat phateregxtanask ewhitlyis depmiglidndrthangiatigrnedtol fotne openaige 522 iGonput er
readabl e d

ia M s@ be conputer code transmtted by. a conputer data
signal e oditg%mf@rtf %5'(:%? ?tﬁ%rrex 51 Sgﬁg"\agb‘f’@éag%ﬁ otfygr Qa?éaGeWSQB%$ll%
i nstructions dxligf whitleisaxerotfadl £hdiimaskp OIRAEeNist nladP 2] Be 1RA Ko fosmfaor med
over a sili c%n | ayer_(step 204). FIG 5A is a schematic

ardmask. The wafer is placed in the plasma processing system 300.
[0030] A hydrogen free deposition layer is formed over the mask (step 208). FIG.
5B is a view after the deposition layer 516 has been formed over the mask 512. FIG.
30  6is a more detailed flow chart of the formation of the hydrogen free deposition layer.
A hydrogen free deposition gas comprising C4Fs is flowed from the gas source 316

into the plasma processing tool 301 (step 604). In an example recipe, the deposition
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cross-sectional view of a silicon etch |ayer 504. In this exanple, the
silicon etch layer is a crystalline silicon wafer, which forns a substrate.
In this exanple, the mask 512 is a photoresist mask, which is deposited and
then patterned to form openings 522 in 25 the mask 512. In other exanples,
that mask may be of other materials, such as silicon oxide, which is used
to forma hardmask. A photoresist mask may be used to form a hardmask. The

wafer is placedq.l] processin em.300. [ 0030 enfree
deposition Iaygag&gnglggoﬂO g%érfnttﬁlée 13 ?diet%ﬁoséﬁ%‘)gasl[‘—ﬁ%% %%“?élgsa

after the deposégdosition bayetrasidmba® dRpssid@rpEBehaqyes 603f)emrfais lexdnlple 960 G 30 6
is a nore detalled fhgw chart of the formation of the hy droqen free

deposi ti on | ay &t % 1Rp8 Mideef nowsks geqyied (q @ﬁ“@’aﬁ’é‘”{%‘i‘ﬁﬂms?%b‘) a0 s f1 owed

fromthe gas sgERGEprdWifed Bl BIABmRREDR: B1ARESH RY déﬁ?)@llnog%%f th %&%@04)- I'n
an exanpl e reci the deposition gas consi sts of pure IS
exanpl e, the d@&)‘iﬂpﬁﬁlmﬂ lga@wdgd fgebet ShrTorS. Thhtethdépmﬂmgdrﬂ@aanrs
transforned to S e exanpl e 900 watts at
13.56 Mz of laa%qseﬁ pr 6o cﬁggﬁt‘gﬁi &%}%%9%9’? etmé%dd 65 volts at 400

KHz is provi de[@ﬂﬁﬂ t hBrefeodblyothe éépmihomdq:rcb\@detirfanmﬂeastmOtsla@mdeFMStet| on gas to

a plasma. 5 The ti,on rovi.ded. for t 3Q seconds. Then the
deposi ting the” regf%&e#h fig@;)é’rnoflgs %gf‘;ﬁigfaf ?té"taé‘p%uéf%“?is MLty dhe 9ont or r
i's maintai ned. depBaid iPpelvRIe@ Bryit ehe 30l 8068ds! P%ferhlﬂy,ﬁﬁ@&dpdﬁdorf Ryerdd atl €ast 20
seconds. Me preferably, the deposition is provided for at |east 25
seconds. t Ipsbenap fck qnithe ﬁéf‘dﬁélﬁ t MS#e I?rgfefi‘PBvihﬁ deposision dayer is gkleasso
seconds. Pref ejpabhyihick dg ddenRsifid on |ayer is at 10 | east 200 nm thick on
the sidewalls. More preferably, the deposition layer is at |east 300 nm
thi ck on the J0f2kal | e qemgw}l'gh%ISdélU@gQHM@a@1u® ta proy ille @glepositicae
deposition to POS er. Wt e erties over
deposi ti ons ”% eprﬁtg%n ogeﬁi grﬂg}tg%% era(%pOS}tlon]s: Enlasnp t\ily ogen %e I{lﬁgs
deposition ga$xamplp,uhcedd§éﬁﬁorbmm Cl1g bee@aid the feguldeg)méijohu&ma!yayer 15

provi des |1 roved lef 0033] The deposition |ayer is opened (step
212). FI GP5chYide REeSe deposition |ayer is opened. In this

exanpl e, the wm] ng m&@@@%ﬁoﬁW§§pénQ@(s%ril§) quth@1sdd3\qg§|aftérQﬁ'e | ayer on
hori zontal surfaces, |leaving only sidewalls 520 forned by the deposition

layer. FIG 7 dpRosiiopayer ig epapd.ely this Gwrmﬂ%\ rﬂne qpening @ragpié metneyes thetpatss of
deposi tion the deposition layer on horizontal surfaces, leaving only sidewalls 520 formed by the

deposition layer. FIG. 7 is a more detailed flow chart of the opening of the deposition
20  layer. An opening gas is flowed from the gas source 316 into the plasma processing
tool 301 (step 704). In this example, the opening gas is 30 sccm of SFe. The opening
gas is transformed to a opening plasma (step 708). In this example 600 watts at 13.56
MHz of power is provided to the top electrode and -150 volts at 400 KHz is provided
to the bottom electrode to transform the opening gas to a plasma. The opening is
25  provided for about 15 seconds. The opening process is then stopped (step 712). The
pressure is set for 30 mtorr.
[0034] Other opening gases may comprise CF, and Ar, or O, and Ar, or SFs and
Ar.
[0035]  The silicon layer is etched (step 216). FIG. 5D is a view after the silicon
30  etch has been performed. Features 524 have been etched into the silicon layer 504. In
this example, the deposition layer has been completely etched away. In other

examples, some of the deposition layer may remain. Also in this example, some of
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20 layer. An opening gas is flowed fromthe gas source 316 into the plasm
processing tool 301 (step 704). In this exanple, the opening gas is 30 sccm
of SF6. The opening gas is transfornmed to a opening plasna (step 708). In
this exanple 600 watts at 13.56 MHz of power is provided to the top

el ectrode and -150 volts at 400 KHz is provided to the bottomel ectrode to
transformthe opening gas to a plasnma. The opening is 25 provided for about
15 seconds. The opening process is then stopped élgt ep 712). The pressure is
set for 30 nt oife Phqtorogdmskal? paimsnl Qi sxAmRss. ts RPctPseistamsk may bar . or 02
and Ar, or SF6 T 1] i g HG 5D
is a view aft ecrogg) é&g ftflﬁég%ﬁégoﬂz? g%&#gga%gﬂiﬁ%%;%oéwggggaﬁgﬁ 4@212 have
been et ched i mubseghantlzirdmaved. It hysees Oukxpeatedishiosndethatrthis examileredagesoi t i on

| ayer has beenmgrg Jf&tbg}lr%lieingthed Anay. Ial’sl Sl(l)g“pner exanpl es, sone of the
deposition | ayer y AR S TN R S exanpl e, sone of t he

phot or esi st5 nHBI36312 FISNBisSmork Ae@ilGEllove ARl &i5 exahlpi: ¢fhikd @clesd Socasmsk may

be conpletely etched away. |If not conpletely renoved, the deposifed |ayer
and mask are sHb¥EygEdt fIgVidmsy e 821 %Ouwaé?%é%ﬁaﬁ@%%%ﬁwg?@h that this

exanpl e r e‘dUCE{§te}9304ﬁpﬁﬁhﬂre§£rﬁll51@,t%hé/et§{ LAY AI0RScrk BEEF £ Uthk ieR€l gad® Shown.
5[0036]FIG 8 is a nore detailed flow chart of an exa%PIe of the etching
process. An ettensfgaredite af ptelipgl plasramisten 80gadn Bimxe@pris1@0 watls at heSOMaEna
processing to . ) i gl 4l sccm
of ‘Gra. The otbROngd! PtRebhte op Ukl o BB iig KR, BBTIALEGHE P

t hi s exanplle, b6BGmwktiraicat triBfGm thitclogasponplasins Preekhdeds povidaefarop

el ectrode and ;2 vol t 400. KHz i s .provided t 10 bottom el ectrode
to transform tah%qupé‘?foﬂissa[{}%eggﬁﬁgé%ﬁs.s l%gnset?%ﬂ%fikusgqus}%r ovi ded for about 20
seconds. The ¢0037] N9 HbMECSEmbESs, I RmbiHa0RPE G h1s tt€Ring 4 depb§Bavddps ot her
exanpl es, a conbination of short etching and deposition steps may be used.
Such short depb¥ibeugd seehhdosepesitinsees voyld fenost Loriless frag dOseroaddtis| ¢ i s

bel i eved that ppmytd Bhem@itipl <ARAng8HRSHbL PRCREQACEPESAly WiBRRPbMidY W th
depositions 15greater than 10 seconds cause a steppeg profile, instead of a

vertical pbof igleater a0 8Bjeapndscaph atsivepast pdfilgdnstead ofp getigal pegfilpe t he same as
the opening 9?(%3%{‘9%%‘5‘}( b e ?St&l”%s%ﬁé‘d@&g%a%ﬁi‘&e Qé:ﬁ‘é&ﬁlhlf @%mngggs etchi ng gas
is different tTromtheé p nma” fromthe opening gas, due oné-or nore
di ff erences | chepéstiyninkens exaviple, the plaehabiby thd diehigd ghiindiffgast fedmethestry i s
different than the_openi ng gas cgen‘i strg, Si nce .
plasma from the opening gas, due to one Or more differences in parameters. More
preferably, the etching gas chemistry is different than the opening gas chemistry, since
20 the etching gas chemistry is used for etching silicon, whereas the opening gas
chemistry is used for opening the polymer deposition layer.
[0039] Preferably, the silicon features have a depth of at least 500 nm. More
preferably, the silicon features have a depth of at least 1000 nm. Preferably, the
silicon features have a depth to width aspect ratio of at least 5:1. More preferably, the
25  silicon features have an aspect ratio of at least 10:1.
[0040] It has been found that the presence of hydrogen during the deposition
causes an undesirable type of polymer to deposit.
[06041] In addition to eliminating undercutting, it has been unexpectedly found that

this process provides improved control of the etch profile and allows quicker

30  processing.



20 the etching gas chemstry is used for etching silicon, whereas the

openi ng gas chem stry is used for opening the polyner deposition |ayer.

[ 0039] Preferably, the silicon features have a depth of at |east 500 nm

Mor e preferably, the silicon features have a depth of at |east 1000 nm

Preferably, the silicon features have a depth to width aspect ratio of at

| east 5:1. More preferably, the 25silicon features have an aspect ratio of

at | east 10:1. 040]1t has been found that the presence of hydrogen during
0kl of g

t he depositi orl s esThgrinventesalsoblows thefarmgtion of Yerdepopibior yefs Prening®b41] | n
addi tion to elthéﬂéﬂ 1{1&91 r%é;da%ﬁ &Hn ﬁcto Iaéﬁe Hc?rf%r)n WAPK RS Fedﬂlysntaound that
this process provi es | nprove tro[Al ? the etch profile and all ows

qui cker 30 pr gressingghambd042] The invention also allows the fornmation of

t he depositio er e of. the dep Si er. chlng t he
silicon do beq@gﬁi nwglﬁ)et {I}ISI eﬁu%rl B bge"p s”f?ﬁgﬁlrt B |Senvger‘r’lgf?1re b

[0043] Wil g t Qhﬁ)omﬁiéﬁ‘t@tth&@ aRaseR6R, feGafhtisdaidvatieisnmbdaituts eqmaadntqpr eferred
5 enbodi nents, there are alteratlons pernutatlgn , .and %ariﬁys substitute
equi val ents, WHIHaH #ithinghe $eope 9fihis Eveptionoft shpyld alspbepetpd hat thereaftoyl d al so
be noted that ldd§ bRerRdtR e WRAWordnp RiaAk Be H@%@d@ind'aﬁﬁirﬁﬁé%ﬁlbf A6 plcbne et hods
and apparatuses of the preSent |nvent|on is therefore |ntended that the
fol | ow ng appématipne ks therdfere iniensie et @ f@@wn&ﬂpﬂmdﬁ@ Cl&lnlls bedetrpadteder at i ons,
permutat | ans. sE DA HAERUSASHBRbAUEn BRI BV SoRSybORAL kol hddut e true
spirit and sco £ re I'hvent i on. alns S alned is:

10 fall within the true spirit and scope of the present invention.
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1. Anethod for formng features in a silicon |ayer, conprising: formng a
mask with a plurality of mask openings over the silicon |ayer; depositing a
pol ynmer | ayer over the mask, conpri sing: fl ow ng a hydrogen free
deposition gas conprising CAF8, wherein the deposition gas consists
essentially of CAF8; formng a plasma fromthe deposition gas; depositing a
pol ymer fromthe plasma for at |east 20Cmésonds; and stopping the
depositing the polyner after the at | east 20 seconds; opening the deposited
pol ymer |ayer, conprising: flow ng an opening gas; formng a

pl asma fromyvhdies Qpenrting gas which sel ectively renoves the deposited pol yner
on bottons of the plurality of mask openings with respect to deposited

pol ymer on lsr%dé%th@ff for framig feaibies {n filispadiyehsemiPHEae: and st oppi ng

the openi ng vB&en@h ra8@Rith §?m§alﬁ{r of REsKRIpURiALd Sr Bk sTRSK 6@t ures are
opened; and etching the silicon Iaye? t hrough the nask and deposited

pol ymer | ayerdepestiengei polinis laepowir thedngsk) somarisinayer is conpl etely etched
away by etching t il Lot Recies ; regi i | A
wherein the etchi2%“@#%1§$F%%§ﬁ%FgeePn%g a$§%ﬂ§$“¥l6&Tnge%ﬁg%%§ﬂ%ﬁ§mgg%%
and form ngossipd @asemially oiCife et chi ng gas, which etches the silicon |ayer.

3. The nethod, as recitedlin glauﬂ1%§ m@erein the opening gas is different
from the etching (¥&NEgplagha Mo dEPosUON &St oq in claim 3, wherein the

delposi ti Ing t he p0|d§p6%[ting(hﬁﬁ>lf},irﬂi@ fﬁohﬁthd@la@t‘lﬁh rcﬁeldt &t RUBECOndI Encdt cﬂi Png) t he
silicon layer are done in situ .in a single plas processi ng chanber. 5.
The nethod, as recioPRidsithe qopasitiaesthe RRlXMEs et His ag@é% 2Pgecondtiot or esi st mask.

opening the deposited polymer layer, comprising:
flowing an opening gas;
forming a plasma from the opening gas which selectively removes the deposited
polymer on bottoms of the plurality of mask openings with respect to deposited polymer on
sides of the plurality of mask openings; and
stopping the opening when at least some of the plurality of mask features are
opened; and
etching the silicon layer through the mask and deposited polymer layer, wherein the

deposited polymer layer is completely etched away by etching the silicon layer.

2. The method, as recited in claim 1, wherein the etching the silicon layer comprises:
flowing an etching gas; and
forming a plasma from the etching gas, which etches the silicon layer.

3. The method, as recited in claim 2, wherein the opening gas is different from the etching gas.

4. The method, as recited in claim 3, wherein the depositing the polymer, opening the deposited

polymer, and etching the silicon layer are done in situ in a single plasma processing chamber.
5. The method, as recited in claim 4, wherein the mask is a photoresist mask.

6. The method, as recited in claim 5, wherein the deposited polymer layer is at least 200 nm

thick on the sides of the plurality of mask openings.
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6. The nethod, as recited in claimb5, wherein the deposited polyner |ayer
is at least 200 nmthick on the sides of the plurality of nmask openi ngs.

7. The nethod, as recited in claim®6, wherein the at | east 200 nmthick
deposited pol yner on the sides of the plurality of mask openings elim nates
undercutting. 8. The nethod, as recited in claim1, wherein the depositing
t he pol yner7. Topewrihod, 4shecidd prodaited vielemrthe at lead 264 ohitingk tdpesisid dotyomerloay er

are done in,si.tu i.n a.si I | asma. processj n hamber. 9. The net hod, as
Feci ted in B S of e plamle ot pRsk Rerbisteh SR Ric IR ask. 10, The
met hod, as recited in claim1, wherein the deposited polyner |ayer is at

| east 200 nmthick on the sides. of the plurality of mask openings. 11. The
1

met hod, as % ellEtedhqdsatiesitssh it olaimh ey grain theedenpsifingthe PalgHen APEHRELKE deposi t ed

pol ymer on d.p&sigl g@lzm@ﬂ ahd@cMhg fRlsilicyn Ay el RS HorRRR MBS ShJIEPIRRELS ocessing
undercuttln%. 12. met hod for formng features in a silicon |ayer,
conpri si ng:¢h®bei ng a mask with a plurality of mask openings over the
silicon layer; placing the silicon layer in a plasm process chanber;
depositing a polynmer |ayer over the mask, conprising: flow ng a
hydr ogen f rledhemptheiltdsoerilgds danmsi, stherein ths s@sk isal phytoofsisOhRE.i nt o t he pl asma
process chanber; formng a plasnma fromthe deposition gas;

depositing a polymer fromthe plasna for at | east 20 seconds to forma

| ayer at | dasThe@hodnat kiciiéd inaiudmslt appieimghé Beposiedgsiyinien tryehie aplehyt 180 naf t er

the at |east. 20 seconds, openin he depasited polynmer | ayer, conprising:
f1 owi ng ant@ﬁéﬂ?ﬁﬁ36§§°€ﬁ?gmﬁﬂ@?ﬂ%§?ﬁ§p5P3§ESs chanber

11. The method, as recited in claim 10, wherein the at least 200 nm thick deposited polymer on

the sides of the plurality of mask openings eliminates undercutting.

12. A method for forming features in a silicon layer, comprising:
forming a mask with a plurality of mask openings over the silicon layer;
placing the silicon layer in a plasma process chamber;
depositing a polymer layer over the mask, comprising:
flowing a hydrogen free deposition gas consisting essentially of C4F; into the
plasma process chamber;
forming a plasma from the deposition gas;
depositing a polymer from the plasma for at least 20 seconds to form a layer at least
200 nm thick; and
stopping the depositing the polymer after the at least 20 seconds;
opening the deposited polymer layer, comprising:
flowing an opening gas into the plasma process chamber;
forming a plasma from the opening gas which selectively removes the deposited
polymer on bottoms of the plurality of mask openings with respect to deposited polymer on
sides of the plurality of mask openings; and
stopping the opening when at least some of the plurality of mask features is opened;
etching the silicon layer through the mask and deposited polymer layer, comprising:
flowing an etching gas different from the opening gas; and
forming a plasma from the etching gas, which etches the silicon layer, wherein the

deposited polymer layer prevents undercutting of the silicon layer under the photoresist mask,
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formng a plasma fromthe opening gas which selectively renoves the
deposited pol yner on bottons of the plurality of nmask openings wth respect
to deposited pol yner on sides of the plurality of nask openings; and
stoppi ng the opening when at | east sonme of the plurality of mask features

i s opened; etching the silicon layer through the nmask and deposited pol yner
| ayer, co nmmdshmpo§1ied\pblyg1earayatls bormpjetghsctahicd heaeby ctthiogrntchdicopyemgndyas;

and form g} § asima %ron1t e etchlng 8& whi ch etches the
silicon Iayermnﬁﬁ@g rvil{908 Tep R ks ﬁ%ﬁ?ﬁ@?s‘gg “brevents undercutting of
the silicon layer under the photoresist mask, and the deposited pol yner

| ayer is conpleteI% et ched away by etchlnq the silicon |ayer; and renoving
the siliconl dYemetipdms rerdepinaia I poesy bamatkes 2 ph @Qmﬁﬂﬁéfﬁethod, as
recited in claim12, wherein the mask is a photoresist nask. 14. The

met hod, as recited in claim13, further conprising renoving the photore5|st
mask and delpﬂo:{h‘t wdthpd| ap mevited ayézrm 13, fusdeptompmging reeedeg bh a%@élreswt m&sk affle

met hod, (fesg 1&:8 g?lbl{;'lelcfa?érml e pm%a%'r&egsrh%mqg@rom ted polyner |ayer on the

si des of the eni'n I'mnates undercutting.

15. The method, as recited in claim 1, wherein the deposited polymer layer on the sides of the

plurality of mask openings eliminates undercutting.
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