RESI DUE FREE HARDMASK TRI M BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to the formati on of sem conductor devices. 5More
particularly, the invention relates etching features into a polysilicon

| ayer during the formation of sem conductor devices. [0002] During

sem conductor wafer processing, features of the sem conductor device are
defined in the wafer using mell-knomn patternlng and etching processes. In
t hese processes, a phOtorﬁﬁﬁi geposited on the wafer and
then is 10 exposed to lig &—The reticle is generally
a glass plate that is patterned mnth exenplaly feature geonetries that

bl ock I'ight from propagati ng through the reticle. [0003] After passing
through the reticle, theIEéﬁﬁﬁggﬂggﬂgg—ﬁﬁéﬂgﬁﬁﬂggg of the phot oresi st
material . Tglﬁ) 1] O0trn E@g&?ﬁﬁvm%n FRE G 3le GOMRASLE LhikoRuddiacnnal or esi st
15mat eri al t hat evel oper can renove a portion of the photoresist
materials | Mdmpamaéeeiyoﬂle porsnttqnveiatph@tlonmatstes et @ poladilicontldyer éxipgsed
regions are P Jgthe case of negative photoresist materials, the
unexposed rgﬁ‘ lngngW% %& ?ﬁ fafter, the wafer is etched to renove

t he under| y[oup2mat entiad sdoiedndbdier W@qﬁodenmg, fa@rdl of lhebgeicoquabect ed by the
phot oresi st material, and thereby defjine the deS|r(ﬂ%%$features in the

waf er. SUMVERScea daffoed WE‘F\ITP@\PS“{W]4IIHPB’“£€W‘%‘\‘}%3T R RYEEHG Bnd i n

accordance ytdy, IB&@SCQ Lg[@@&)?esgt (PR GraRAiEEiS H&po‘u@ﬂ%ﬁtth@sﬂaf@i fmtdnads for form ng
features in a po ysilicon layer is provided. A 25hardmask |ayer is forned
over théOpobys%ﬂﬂe@ﬁmﬁaVQMbyAfﬁhﬁI6H@$ﬂ§kﬂhﬁﬁkum§ag@wwﬁﬁeSWé% t he hardmask
| ayer. The h sk h . Jmask to forma
patterned hgélat nﬁ% lmfﬁlnla ﬁgﬁﬁg gqm;]ngﬁggképﬁgﬁﬁﬁgﬁﬂﬁ%%%%3V|d|ng a

non- car bon dﬁﬂk@uﬂamgdérln1gas conpri sing oxygen and a fluorine containing

Featur os 30MWRTP cA FpRe PREThUR i B ar sy BRoe HHUON Oh har dmask.

photoresist material. The light changes the chemical composition of the photoresist

15  material such that a developer can remove a portion of the photoresist material. In
the case of positive photoresist materials, the exposed regions are removed, and in the
case of negative photoresist materials, the unexposed regions are removed.
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

20  features in the wafer.

SUMMARY OF THE INVENTION

[0004]  To achieve the foregoing and in accordance with the purpose of the present
invention a method for forming features in a polysilicon layer is provided. A
25  hardmask layer is formed over the polysilicon layer. A photoresist mask is formed
over the hardmask layer. The hardmask layer is etched through the photoresist mask
to form a patterned hardmask. The patterned hardmask is trimmed by providing a
non-carbon containing trim gas comprising oxygen and a fluorine containing
compound, forming a plasma from the trim gas, and trimming the hardmask. Features
30  are etched into the polysilicon layer through the hardmask,
[0005] In another manifestation of the invention, a method for trimming a

hardmask over a polysilicon layer is provided. A carbon free trim gas comprising




[ 0005] I n another manifestation of the invention, a nethod for trimmng a
har dmask over a polysilicon layer is provided. A carbon free trimgas
conprising oxygen and a fluorine containing conpound is provided. A plasna
is formed fromthe trimgas. The hardmask is trimed. [0006]In anot her
mani f estati on of the invention an apparatus for formng features in an etch
| ayer di sposed under a hardmask |ayer disposed under a photoresist mask is

5 provided. A plas pcessi.ng chamber nr. n formng a
pl asna procés eﬁémgagﬁﬁ © W@P%§ﬁ?@pmﬁd§U%§F@%f @ﬁﬁﬁlFﬁﬂg%éﬂsuﬁ%%rtlng a
substrate muﬁ@@@;tn@}@h@ﬁ@@mm@ﬁ@a§5|ng chanber encl osure, a pressure

regul ator for regulating the pressure in the plasma processing chanber

encl osure, 49006 astin appshcs mapifesigtian pighe PrveRficaiah gPRIse Lot grpipg fat s ma
processing 9@3{*&9{1@%&&%&%&95hﬁﬁamelgyepelsaospd BRIPy phbRRe@@matinket for

provi ding gas I nto asma processi ng chanber encl osure and a gas
outlet fér exdvalst Ar}@asgaspldcmsmgtChmlpﬂl amiqmgac@s@bmgva@ﬁambwa pathosure is

provided. A a2 SOU eti) CI,’ISEIGC%SI{ 5| GE@ sué)port Wl 316}3[%)81@11158 Sbshﬁe%}lthﬁ mprising an

oxygen gas $bl %Q@C ni f surce, 'and a

pol ysi |'i con et fin@aSoceGilpGRambtr eMNbSuR, h@fessﬁlfméglﬂdltbﬂb} podaimgehd ed to the gas
source and the at_|east one el ectrode. The 15contro|| rises at | east
one process@Fﬁ%ﬁﬁmégﬁﬁﬁwﬁﬂnW@&ﬂéﬁﬁﬁmﬁ@dWQD“@bﬁb?#é?ﬁ@”%ﬁﬁ%ﬁg readabl e

code for et (j)mv'ﬁgn%( ebaftﬂéra%éﬁnd ﬁlxé'efssméw}ﬁﬁﬂa dnPBsROR) QFaSlin aﬁlﬁéﬂﬁa to forma
patterned hardma nput er readabl e code for trlnnln? t he patterned
A

har dmask0 caergpy inki ﬁigptm#bmﬁ@ﬁlfl’f‘éﬁﬁ@hls@ad?@d%ﬁ‘méﬁhamkﬁwfﬁ 'gea?nﬁ@rgﬂ%ar bon
containi ng t[jngas h%gﬁ%#ﬁlﬁ %tﬁ.ﬁ%@ ﬁg&g&lg dYABL ﬁc18 fg" Riviigaconpound

fromthe gas "sour ce rnfetinto t proceSS|ng
chanber, conpgnemnaaadmhhﬁnm&da1Wuhqumnmhgmamphagmaoknwngmh@umpﬂn1gas and

conputer readabl e code for tri r eadabl e
coded for ?@ﬂ’i‘??gcofl@é{]ﬂl?ﬁ@?pf’?ﬂ% F‘fg’ ‘EOHFQ O?%glﬁo? 5'fllégastsﬂ]fr U t he har dmask.
[ 0007] These camebiet htrolSaL dbhte@fto tHi@aPsoasenhd ihevelBist o1t dMclibdderhdescri bed

in nore 25detail belowin the detailed description of the invention and in
conj unctlPon CAREPRCE HEFISHS A IRHGIT PIHEFSEY anBrammtnreadehlpmediy CORPHIRS DRAW NGS

[ 0008] The presgnt: LMMERLAYo! Scilihd M8 hhakEsk 1806r WadheRTineSBRIsB: madkd not by
nay of to form a patterned hardmask, computer readable code for trimming the patterned

hardmask, comprising computer readable code for providing a non-carbon containing

trim gas comprising oxygen and a fluorine containing compound from the gas source

20  through the gas inlet into the plasma processing chamber, computer readable code for

forming a plasma from the trim gas, and computer readable code for trimming the

hardmask, and computer readable coded for etching features into the polysilicon layer

through the hardmask.

[0007] These and other features of the present invention will be described in more

25  detail below in the detaited description of the invention and in conjunction with the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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:

[0009]  FIG. 1 is a high level flow chart of a process that may be used in an

embodiment of the invention.




30limtation, in the figures of the acconpanying draw ngs and in which |ike
reference nunerals refer to simlar elenents and in which: [OO09]FIG 1 is
a high level flow chart of a process that may be used in an enbodi nent of
the invention. [O0010]FIGs. 2A-G are schenmatic cross-sectional views of a
stack processed according to an enbodi nent of the invention. [0011]FIG 3
is a schematic view of a plasma processing chanber that may be used in

practicing t i O 00 FIG's 4A-B.i| a _conmput er system
Phich s sulbig e’ 6 P coheRbehg oSt ton v Sbh ek S ment s of ¢ he
present i nvega&dla)lﬂg to an embobimbAt dfidhe iRREGRE.PTI ON OF THE PREFERRED EMBODI MENTS
[ 0013] The present invention will now be described in detail wth reference

to a 10 few[POEf er r8Y: ditoaharatic ¥icwrd p@bFma grocesring ehamhstthpemahs

acconpanyi ”g;sgc{ff}‘fﬁﬁeléﬂéin 1R ikResd0!l | ow ng description, numerous specific
details are set forth Fn order to provi de a thorough understandi ng of the
present iSnvdf@i2pn. HIEG. sdA- [Bibesﬁappa;pmputel dystomyehich tseui@)ab@ fekilled in the art,
that the present |nvent| ('ﬁier or all of these

i 1 ReiRpmeh e o BT R B B A RO 808 O 2L 00 b

structures 15have not been descrl bed in det ail in order to not

under st andi ng, FE& that may be

used in an qpp@{i Meff PJseﬁtfﬂrﬁ;eht'iBﬁeoﬂh'nQ& be%esf&ﬁﬁéiﬂﬁﬁé’talh @«Ytﬁ&ef&énd%&@!' ded over a
pol ysilicon | ayer (step 04). 2A is a schematic cross-sectional view

of an 200polf§ piefarsd eméy@me@e sdewéas iHustrated o Gie eccogpanygigeawihgscHn a har dmask

5aet 2121 3 GO0, By, HELA g B, BhshgLES o ok

patt er ned maskough yphotendisy stthd @yent ineyitie 1 vilbte afppmamdhtmeem, tochmeet ch

layer. skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures

15  have not been described in detail in order to not unnecessarily obscure the present
invention,

[0014]  To facilitate understanding, FIG. 1 is a high level flow chart of a process
that may be used in an embodiment of the invention. A hardmask layer is provided
over a polysilicon layer (step 104). FIG. 2A is a schematic cross-sectional view of an

20 polysilicon layer 208 over a substrate 204, over which a hardmask layer 212 is formed
forming a stack 200.

[0015] A patterned photoresist mask 216 is formed over the hardmask layer 212
(step 108). To provide the patterned mask, a photoresist layer may be first formed
over the etch layer.

25 [0016] The patterned photoresist mask 216 is trimmed (step 112), as shown in
FIG. 2B. The trim is a partial trim in that the trim only partially reduces the mask to a
desired CD. A soft BARC layer may be placed between the photoresist and the
hardmask, which become the level at which the PR/BARC is trimmed before the
hardmask open.

30 [0017] The hardmask layer 212 is opened forming a patterned hardmask (step
116), as shown in FIG. 2C. The photoresist mask 216 is stripped (step 120), as shown
in FIG. 2D.




25[ 0016] The patterned photoresist mask 216 is trimed (step 112), as shown
in FIG 2B. The trimis a partial trimin that the trimonly partially
reduces the mask to a desired CD. A soft BARC | ayer may be pl aced between
t he photoresist and the hardnmask, which becone the |evel at which the
PR/BARC is trimmed before the hardmask open. 30 [0017] The hardmask | ayer
212 is opened formng a patterned hardmask (step 116), as shown in FIG 2C.

[0016] The. paPUBI nod " aF GREQESEBRACE T ORTEHE WAPHIREE Py BAI9SE < 11 i mred

(step 124), (asp 89wl sidvnfh GG 2E. T]ilaﬁalhﬁngkrrﬁﬁﬂ@l@mlemammmasiemagdaar dmask trim
gas, which is carbon free and conprises oxygen and a_fluorine containing
conpound. Prdfdriaplon fragangd Feprisgt eXYa By ﬁ“’ilesc"@?a@é.‘ige“romcpﬁ‘éw the flow rate
of the fluo pléfsaaé qe&ﬁa» mt@&o&wmqyg&@m% tﬂ@ﬁm&fttﬁém&m is formed into
a plasma. The p alma trims the h k and preferably provides an infinite
sel ectividty cmmmlnmgegxpg@mdt th@hﬂl@rsas‘ll(ltm@rgas iAfiamed kate hplotiosh Bredps(ngét ep 128)

may be provided 99 for tion ar dmask

| ayers 212. %Ehﬁg‘ g]ng(raélglkne%ﬁﬁ 1381?”%?5 anmﬁtute S%%Etgfltg%vl{hr}dgsp&grﬁgt he chenistry
of the subsequeinitorpd ysid theash a&p:h;tepJlQ{KIlﬁa]yQ:]e'ﬁn@ucﬂwlwsodlplﬁethel ayer 208 is

et ched through the hardmask (step 132) to 4, h
FIG 2F. ThéOIPifé‘Flefh%fsza%ﬁﬁlmttFFelﬂ?f%a%t“’rYF‘ﬁ6&%1 %an@f)‘ 33‘@%3“ tﬁagg%bﬁ%%%ﬁ T HG ! °G

Wet her a h%éﬁ%@%eﬁ&gdn&m Sehfe9ed tHeSuslenRAGNsilepPack he specific gate
application. Exanple 15[0020] To provide an exanple, a hardnmask was fornmed

over a pél yd9¢1dton Tﬂﬁayelwsﬂlqtméama Qfria siehafethropeh @ie buAvaTFenaI2 4l | i con based
har dmask nater | ref SR
Sift, TEGCS, andfal gmd%’%{/gr @"S"P e']t; gfraal))érg/% %Mlﬂgkéﬂng%%n?gtg glrp P&% (rseeﬁet §1i sN)

exanpl e was 1a6)usadho8h GNFIGRAG havrtatthens kardfu@B 24 ipAs plededis dspestientapdn thas f or med
over the hardnafs | a er éstep 108). In this 20 exanple, a bottom
antirefl ect iSEERISMGIEBARC) was pl aced between the photoresist mask and
t he har dnmask Iaygkamlbp@ this exanple, the photoresist was a 193 nm PR
[ 0022] The phot oresist mask was then trimmed %ste 112). A _conventi onal
phot or esi’st (8§20 mma@ewxap% Hargnask ploteres Pt aP?lﬂ’?ﬂlﬁjésla)Gf any one or
more of 02, fg’]@ I eaq:ﬂvenﬁgﬁal il &Dﬁ&’lﬁﬁiﬂta@ﬁ Hﬁf\i;uhlmivﬁlcﬁ pl asma, was
used. 25[00 ﬁe s strate may then be placed in an etch chanber. FIG 3
is a schematidergblew BN, SilipinainmNpride@EN) NGOy BRABOYON. Idpigdi ng a pl asma
processing t?e elal%% he hau?mapsl(asrt]é?‘lapm%%s e%nppge w:? ajduépédf\?gm hhiﬂ%ﬁ' vely
coupl ed pl asha 8t enhi'h

[0021] A photoresist mask was formed over the hardmask layer (step 108). In this

20 example, a bottom antireflective coating (BARC) was placed between the photoresist
mask and the hardmask layer. In this example, the photoresist was a 193 nm PR.
[0022] The photoresist mask was then trimmed (step 112). A conventional
photoresist trim, surch as by providing a photoresist trim gas of any one or more of O,
HBr, Cl,, He, CF., etc., which was formed into a plasma, was used.

25 [0023] The substrate may then be placed in an etch chamber. FIG. 3is a
schematic view of a plasma processing system 300, including a plasma processing
tool 301, The plasma processing tool 301 is an inductively coupled plasma etching
tool and includes a plasma reactor 302 having a plasma processing chamber 304
therein. A transformer coupled power {TCP) controller 350 and a bias power

30  controller 355, respectively, control a TCP power supply 351 and a bias power supply
356 influencing the plasma 324 created within plasma chamber 304,

[0024]  The TCP power controfler 350 sets a set point for TCP power supply 351
configured to supply a radio frequency signal at 13.56MHz, tuned by a TCP match

4




tool and includes a plasma reactor 302 having a plasma processi ng chanber
304 therein. A transforner coupled power (TCP) controller 350 and a bias
power 30controller 355, respectively, control a TCP power supply 351 and a
bi as power supply 356 influencing the plasma 324 created within plasm
chanber 304. [0024] The TCP power controller 350 sets a set point for TCP
power supply 351 configured to supply a radio frequency signal at 13.56Mz,

tuned by a TCP match r. 2, to a TCP caoi 53.) ocat near the

pl asma charrﬁ@'iwoélf)glf’.cz RﬁW?ﬁ%?ﬁi%ﬁ@ﬂP%‘W&W@ a'%?‘ Bé‘g\/lgfhgg to separate
TCP coill 3531'aﬁ§1ﬁféhpxlvi@§(5m391‘@85%[(163%6}:94}11&&“C@'doﬂ%’ﬁﬂoxﬁﬁbﬁ"s@ycIﬁa(ihH@aSS from TCP
coil 353 to plasma chanber 304. An optically transparent w ndow 365 is

provi ded by 384 sihfle gloyinginetsy topass EpmHiGReoHav Hyplamedhamar éP4-ofn

appr oxi mMat eloy 219 Gl dod Vi $RGREEHidbdbPICRRER bidtLorishbghlie nf¥md 4 anspar ent
wi ndow 354. Soﬁngﬁ%Ib?as power cght}oII€€m355 ets gagﬁt poﬁ% for bias
power suppl yidE6robnfprgimady 26 cuiiphgh) axatREFinsingperture indhedt bynspagst mat ch

net wor k 357, ﬁé§ehﬁ$uck el ectrode 308 | ocated within the plasma chanber 304
creating a di'PE¢t"Current (DC) 10bi as above el ectrode 308 which is adapt ed

to receive Foe3pst riat 0iasPSversufthblias3 s 6@ Aiset polin i 6120 pow@fseppleik pi ece,
bei ng processed. [0026] A gas supEIy mechani sm or gas source 310 includes a
source or s&OREREdde syRly PRIGugak weg bubiasEpeh e aka S48 2fB¥*f ol d 317 to

supply the RiLR&L :PRELEE WinherUlige hahnd: R84 ammg%%n%ac A& ipterior of the
pl asma chanber 304. A gas exhaust 15 mechani sm 318 includes a pressure

cont r ol pal \bins Bh@regivdtradel 38 sthich imgslapRdtoanetivearmphagteap tsuel B eibm wi t hi n
t he plasnma cha r 304 and.nmint ai ns articular pressure within plasm
chanber 304F°Tﬁ%§?fﬁg%g%%é?%%&?ggggﬁ:%%'Ier 380 controls the tenperature of
heat er s 382 [00267 oviAded supphineckadien oh psko3683 yindodes nebdreang seurthesatfer power

supply 384. The pla 20pr ogcessi ng syst 300 al.so includes electronic
control cir & ?lrgﬂseé%g.? atﬁaﬁgedﬁma%g?ﬁ ﬂ%ﬂpﬁ@éﬁnf?d’ugg}gf@rﬂl?;ﬁbcwt% so have an
end point dedatofor #QrockAA2 BkMkiérior S A phiRfla dRinitlet SBL r/aEHR eRhLOPUt er syst em
1300, which is suitable for inplenmenting controller for control circuitry

370 usedSi n mesbmdinehitiscles f Reespyewanel ahgeh? petexhpseuandZheds one
possi bl e ph){é—h&%L pzfrg&gg f?gm (mﬂﬁm%&ﬁﬁ&k&&%h%%e&m afd maintains a particular
pressure within plasma chamber 304,
[0027] A temperature controller 380 controls the temperature of heaters 332
provided within the chuck 308 by controlling a heater power supply 384. The plasma
20  processing system 300 also includes electronic control circuitry 370, The plasma
processing system 300 may also have an end point detector 360.
[00628] FIG.’S 4A and 4B illustrate a computer system 1300, which is suitable for
implementing controller for control circuitry 370 used in embodiments of the present
invention. FIG. 4A shows one possible physical form of the computer system. Of
25  course, the computer system may have many physical forms ranging from an
integrated circuit, a printed circuit board, and a small handheld device up to a huge
super computer, Computer system 1300 includes a monitor 1302, a display 1304, a
housing 1306, a disk drive 1308, a keyboard 1310, and a mouse 1312. Disk 1314 1s a
computer-readable medium used to transfer data to and from computer system 1300.
30 [0029] FIG. 4B is an example of a block diagram for computer system 1300.
Attached to system bus 1320 is a wide variety of subsystems. Processor(s} 1322 (also
referred to as central processing units, or CPUs) are coupled to storage devices,

including memory 1324, Memory 1324 includes random access memory (RAM) and

5




25 course, the conputer system may have many physical fornms ranging from an
integrated circuit, a printed circuit board, and a snall handhel d device up
to a huge super conputer. Conputer system 1300 includes a nonitor 1302, a
di splay 1304, a housing 1306, a disk drive 1308, a keyboard 1310, and a
nouse 1312. Disk 1314 is a conputer-readabl e nediumused to transfer data
to and from conputer system 1300. 30 [0029]FIG 4B is an exanple of a bl ock

ver ety o <ooR: S I3 B0 350 RSB o VR Bt

processi ng URitksiionRhiniCikehioml £1oGROPEUnd RAM RiupgiGysleNly¢egansfengdudi Ng menory
1324. Menory 1324 includes random access nmenory (RAM and read-only menory

(ROV) . As i sioghdiishugtionsi & ri-dirprions! mmanmenvBagyf tege bpeds Memogat Band

| nStructl Onsdie Al GRGbI QR Rlel¥mb Ao Af1HRMANRMA Bitlp e dyPlcR! LY 1 O
transfer data ancfl nstructions In a irectional manner. Both of these
types of smendeé s&lmyuplabwitdﬂectmmgdlm|CtPab13é20t pmmeaﬁddmsmérdatlaémm e nedia
descri bed bel o e onal ly to CPU
oo Dr0 or Gy e S e SEe Pafe QR SR e R BEERARRT LY G0 oo

of the conmputigid-digadadhey tekca (Rss pidgehsbednvhd eﬁbnwamlsiyp&m may be used
to store prograns, data, and the like and is typically a secondar}/ st or age

medi um (suc Hegeadary Hgage gledmy (ﬂ?éltabFéaléld%k@a%lh%{ﬂwﬁrtPWW%X grEge Lt will
be appreci ated pkhalredidi&l i (RE MBI AFor 1BkALAREnWIHBL 85k 130%ngdl #k 1326 may, in
10 appropriate cases, be incorporated in standard fashion as virtual nenory
in nenork) 13121110Pfhéﬂwaﬁbb@mdmykla@Q1mﬁf¢l’alyldtfailh@ﬂtahéﬂ”@élrfﬁ¢r@?1?We@@}’t he
conputer-re I 320 . S0 coupled to
a variety ofal %?%pg?l?ovalﬂa C‘%S%f}g” taf%? hg#m[soqgﬁg%ofﬁ%%iu i l%g%oard 1310,
nouse 1312, mih &peikeébdod330. In general , an 15i nput/out put device may be

any of: vi d 'spl track bal]g, mce boar ds,. m crophones,

t ouch- sensi ﬁﬁ(’r’g i s(g%l[z;/%z ig ?Ié%%odlﬂic?gfo %&?’&tyr%é%’élvgutp THIGHES BCBP° paper tape
readers, tabjigias. 13@4 xekyb%@@,13‘1@Inﬁﬁs@r3maﬁﬁ%¢aka@q;swmgéﬁezﬁﬂaraa, bi onetrics
readers, or other corrput ers. CPU 1322 optional I%/ may_ be coupl ed to anot her

conput erlsor 1@1@1“@@*@Hﬁﬁﬁﬁicémﬁvb?\%ﬂmé{‘(ﬁéﬁoléh%}’ﬁdlaﬁ]‘é riRicpediorEée 1340, Wth
such a net wgpk, 200 de0t&Ih RCKidvk bish By RMAIRE BL:& fhalidt@imdoN&ic P YhyT Gt recei ve
i nformation “%1 Or!he net worktl is’bn?/ght Sout put | rall for mag{gl olr(f t?ﬁebnetv\ork in
t he course ofadper fbletsi susguaehefoszbovlwndwsumg igetgnivetshiomsttiepsadeFypt her nor e,

nmet hod enbodi ment s nven Lon C ely upon CPU
1322 or may e]9<é IPpeu%\S/edr.i:%a%nzgt 11?1 Beco H%){? )%ghreﬁé?mﬁ%lconj unction with
a renot e CPUkhaimShaties mtpak hsl@n@&zo;khlﬁmﬁerceammm sba@OBDj# n addi ti on,
enbodi ments .of the present inventiagn f%{ﬁthher reI te to conputer sktorage

pr oduct $£%i tlﬁte‘éact?olﬁﬁd’f)’ét?ml’]é‘%élﬁ’it the (& THhE KT VHR émt'ﬁtbq’?pﬁﬁ‘% 1 aEger

or might output information to the network in the course of performing the above-

described method steps., Furthermore, method embodiments of the present invention
may execute solely upon CPU 1322 or may execute over a network such as the
Internet in conjunction with a remote CPU that shares a portion of the processing.

25 [0031] In addition, embodiments of the present invention further relate to
computer storage products with a computer-readable medium that have computer code
thereon for performing various computer-implemented operations. The media and
computer code may be those specially designed and constructed for the purposes of
the present invention, or they may be of the kind well known and available to those

30 having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
magnetic tape; optical rﬁedia such as CD-ROMs and holographic devices; magneto-

optical media such as floptical disks; and hardware devices that are specially

6




thereon for perform ng various conputer-inplenmented operations. The nedia
and conputer code may be those specially designed and constructed for the
pur poses of the present invention, or they may be of the kind well known
and avail able to those 30 having skill in the conputer software arts.
Exanpl es of conputer-readable nedia include, but are not limted to:
magneti c nedia such as hard di sks, floppy di sks and magneti c tape; optical
medi a such as ROVE and hol o ra hi ¢ devic gnet o- OPE“ .cal di a such
as floptical “af'8ked L0 ‘H“é‘reéx?%? P ees- ty f‘s "’é‘BBéPf‘e’f 153K gured to
store and exgukeANIOCY! RBraaMeble HifdHedBeAPPDE)GAN ROM SRERAM &eviced. egr at ed
circuits (ASIGCs), programrabl e logic devices (PLDs) and ROM and RAM

devi ces. Exawpimeles of comamincede ipders mashing gedenmeh pnodusaeby sermpilss produced
by a conpil efy f@é@%ﬂ?t?’nﬁ% h%%@h@bé“b&% tQJ&%&aJuﬁ‘e\ﬁ%g a%QﬂEutEﬂEIng%e execut ed by
a conputer using an t uter readable nmedia“may al so be
conput er odetetmeters fiotripatir twdzézleammumﬂ alsmltea;ompguaactodenbl@duw byre a carrier
wave and representi i.nstruct are _executable by a
P ocessor | LORTIHE HERTRALRT ap drbRo Ditant BREwelnt o ReleRiar " A
conventi onallnﬁ@bd@mmt@@%@emweb@amessoM| ch provides a har dmask open gas
of one or nore of the 10follow ng; CF4, CH F2, CHF3, SF6, 02, Ar, He, N,,

etc. PreferdBP3R a Fhedgrdmsek B&%é’ﬁ‘s&% opgneg&tap 146)- t‘?‘léo“dF‘ilt’f?éW‘aéjc“&%]ént

[ 0033] The pkt%%ﬁ’ﬁﬁ?béﬁsc%hﬁhﬁ’oﬁ@@sdal{aﬁn%k Eﬁ&)gas @f&l@@i’ﬁgfe'&'ﬂﬁl ashing using
02 as a str as was used in this exanple. [0034] The hardnmask was

tri mred Ost dpllagiay; CFrheH fardifles RF¢, PmipHoW:des Brefeiblvan Sreiic barddm gas,

which is car bgngécpz%tﬂenqpmaqagtb%ntcont ai ni ng) and conprises oxygen and a
fluorine congtalnlng co N referably, the flow rate of oxygen is
greater tharf0638 f|Thy phatossief wisl’l;&‘q:fpbdﬂ@[dp neox ontdaiveritiogal adtippusiry OMDr e
preferably, the fluorine con |ng rrpounds is at | east one of SF6 and

NF3. More priSfalmBIng 223 ¥igs wf “faF’é“ ©02 is greater than the flow rate of

SF6 and NF3 [py349" eatiRhaldddik Rad difRSed éa% mlgel“]iylﬁf&ﬁa@f@h}fnbl‘b%d%é pw rate of 02
greater than the flowrate of SF6 an F, by at |east nine tines.

Pr ef er abldy, hapfenask {rim gﬁswl@h isenthen fite @en-cpuion prngiERSAMPA eomprires f | uor i ne
conponent i i The pl asna
mp S$x g%cgl aEE[ b pr gcgg-lr%g%rf domrpgl?rﬁi IpSerd QLY ? L A Qo p

trins the har ovi des an Inite sele |V|ty with
respect to pgnéaya|tHa|n¢1mrﬂomteeofahqﬂ1®nnemnwlﬁg)¢ormmenmaMdlméfel’ablwﬂl@r ovi des a

pressure of 10 .25 mlon 1000 are a i r the TCR coil 353. A
P oy une of BgnCatingas qipotat bl &l 300k ST B Mo AR e o

enbodi ment, fRvbheak d, v ough einahe (Sh e d28), 1MFWgI¢h$EQ(ﬂ13n|5rtuﬁﬁsher

enbodi rrents a conventional break through etch nmay be used a fluorine based

break t HPoughcig@icterahly the flowapts of ﬁ)a?leﬁtél thawige ﬂSB[l'GBS%?FFWE P& YEM i con | ayer
was et ched (1@53@19%1&1%&5 PRee ARy SRE LRRELs 1Pk léecmh%tegmnﬂguﬁ@ﬂ&lﬁel ysilicon

etch gas of SF6 and CH2F, wa$ provi ded. Such a polysilicon

component is SF;. The hardmask trim gas is formed into a plasma The plasma trims
the hardmask and preferably provides an infinite selectivity ﬁith respect to
polysilicon. An example recipe for the hardmask trim provides a pressure of 10

25 mTorr. 1000 watts are applied through the TCP coil 353, A trim gas of 200 sccm O;
and 15 scem SFg is provided.
[0035] In this embodiment, a break through etch (step 128) was not used. In other
embodiments a conventional break through etch may be used a fluorine based break
through gas, such as CF4, may be used.

30  [0036]  The polysilicon layer was etched {step 132). A conventional polysilicon
etch using a polysilicon etch gas of SF6 and CHyF, was provided. Such a polysilicon
etch may be performed without a break through step. For HBr based polysilicon

etches a break through etch is preferred.




etch may be performed w thout a break through step. For HBr based
polysilicon etches a break through etch is preferred. [0037] Wthout being
limted by theory, it is believed that the inventive process provides a
hardmask trimthat uses the oxygen of the trimgas to provide a thin
protective Si Ol ayer over the polysilicon. The thin protective |ayer
provides infinite selectivity with respect to polysilicon. As a result, the

pol ysilicon i ot d or. 5etched dur.ing.the hardmask tri whi ch
e event st hd oo (VAR e ldrhe Srortnt P e TR e Biows of 1 1 c.
[0038] I n addirbiige,a Hapntakk i Bet dsBehPaty@emskhe RS Saslié pidvideg (ed t he

phot oresi st mask is required. The trinm ng of the photoresist mask al so

vertical ly risefeetes Sigaveravertherdysgfcoph dhp ot mpledive fayermagvigidhiiniéei nmi ng of
t he phot or esj - d i i 0 over
p séef%ku‘gﬁ%vlﬁthq 2& 30 éﬁ{égﬁi&%h 2\ a?ésultt,hﬁe &g%hf%l?ﬁ rL%I da{ﬁﬁaggd &

t hi nni ng of the photoresi st , Whi ch causes fects in features

et ched i rft o dithed poingshd hardmask Tion fwiritthpevansdbceintaem gelueivatg orabapdee caused by
t he phot orest'hst tri nh ag. eerrbodi ment may be provided that does not trimthe
phot or esi st . *{ BYSYTRE" S ence of carbon in the inventive process al so
reduces |ingoexkge Uhnedigh) 6§ irthinh GHethawdiSENER Githhing cethgphsbREkEeNni ng. It is
believed that the presence of carbon forns resjdues, which increase
rougheni ng. THOS0EWHIC e TRhiEmipg alfhe BRptoradst easkh AlseetisaBe spdrees tr ns of

several prefigikres SHROHRAS TdNGES tﬁﬁﬁi@é $f€£ﬁ@1§HoRJP§s_ist pRgi LHh&at i ons,
pernutati ons, and various substitute equival ent's, which fall wthin the

scope ofl0t hifacetingsefrthe phretorgsist shgiutodvel thining op e phetewgsisthizgsk tilaele are many
al ternative , j | nt.i t t hods. r. f the
present i nven é%&;ﬁtgtl%et glrege\ggl}egq?tﬁ'{%r'}%’gydﬁ]tcﬁ]gﬁ%%g[ﬂ léﬁuggmgﬁ%a%gppended
cl ai ns be i nhemnpyeét eghsabbsi the phudiragst alith, @waibodinteat sy ensovidmidhdtidoat i ons,
pernut ations, and various substitute equivalents as fall wthin the true
spirit and SEHEE O PRY@eHitesent invention. CLAIMS What is claimed is:

[0039] The absence of carbon in the inventive process also reduces line edge
15 roughness without worsening line edge shortening. It is believed that the presence of
carbon forms residues, which increase roughening.
[0040] While this invention has been described in terms of several preferred
embodiments, there are alterations, modifications, permutations, and various
substitute equivalents, which fall within the scope of this invention. It should also be
20 noted that there are many altemmative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations, modifications,
permutations, and various substitute equivalents as fall within the true spirit and scope

of the present invention.




1. Anethod for formng features in a polysilicon |ayer, conprising:
formng a hardnmask | ayer over the polysilicon layer; form ng a photoresist
mask over the hardmask |ayer; trinmng the photoresist nask; et chi ng
t he hardmask | ayer through the photoresist nask to forma patterned
hardmask after trimmng the photoresist mask; stripping the photoresist
mask before trinm ng the patterne€&lddMénask; trimm ng the patterned
hardnasKNﬁ&gg&iﬁ%akyping t he photoresist mask, conprising: providing a
non- car bon con?alnihg trimgas conprising oxygen and a fluorine containing
conpound; formng a plasma fromthe trimagas; and trinmm ng the hardnmask;
and etching featur inta the polysilicon |layer through the hardmask. 2.
The met Hod, dsMEbef KadOmHnE (AR 3 pHETiarR WHE CFPRIBGS provides an atom ¢
flow rate of femigenhiadbsi syd@beattrd pdifi@oahyat,om ¢ flow rate of fluorine
fromthe fluorine containing conpound. 3. The nmethod, as recited in any of

clains 1-2, Jp@Hes aphdererisimervh skertths bargpekilayss an infinite selectivity with

respect to pq}i%ﬂiﬁétﬁ@?hotor‘ésist%k”et hod, as recited in claim1, further
conprising stripping the hardnask after etching features into the

pol ysi | i con letgheng thhrhaudpimsk Hayeh dhidngts ke pl®torddiee maskhiodorms: pagitedd in claim

1, wherein t | yorine cont al ni. conmpound is SF6, wherein a flow rate of
oxygen i%gl%énragg?géerr&llflﬁglﬁngftﬁgghcﬁ?lﬁ%gq?%g’ flowrate of SF6. 6. The nethod, as
recited in clsaippink, thewteretdist htaek béforeniimemiggoht patterned hamimaekund i s NF3,
wherein a flow rate of ox nis greater than five tinmes the flow rate of
NF3, 7o Tha ETHHS paEed drdaieR AT otipping T hal<Besiv i £PTBT PR

cont ai ni ng conpoumpghvidingh nbeafbordbata@fingirieh gREoMNpEsind\bi8/zeh fdea f1 ow rate of
oxygen is at least nine tines the flowrate of SF6 and NF3. 8. A nmethod of

for tri rﬂﬁ‘PH@e%PnFﬁéﬁl‘éﬁrﬁ@Rpo&V@r a polysilicon layer, after a photoresist nask

has been stri pped fﬁ%ﬂ(aa?ﬁmg F8nMEE trim gas; add’ OVi ding a carbon free trim gas
conpri sing oxygen and a fluorine containi ng compound, wherein no photorsi st

remai ns over the [amnowesstke hardmask; and
etching features into the polysilicon layer through the hardmask.

2. The method, as recited in claim I, wherein the trim gas provides an atomic flow
rate of oxygen that is greater than an atomic flow rate of fluorine from the fluorine

containing compound.

3. The method, as recited in any of claims 1-2, wherein the hardmask trim provides

an infinite selectivity with respect to polysilicon.

4. The method, as recited in claim 1, further comprising stripping the hardmask

after etching features into the polysilicon layer through the hardmask.

5. The method, as recited in claim 1, wherein the fluorine containing compound is

SFg, wherein a flow rate of oxygen is greater than five times the flow rate of SF.

6. The method, as recited in claim 1, wherein the fluorine contaiming compound is

NFs, wherein a flow rate of oxygen is greater than five times the flow rate of NF;.




formng a plasma fromthe trimagas; and trinmng the hardmask. 9. The
nmethod, as recited in claim8, wherein the trimgas provides an atomc fl ow
rate of oxygen that is greater than an atomc flowrate of fluorine from
the fluorine contai ning conpound. 10. The nethod, as recited in any of
clainms 8-9, wherein the hardmask trimprovides an infinite selectivity with
respect to polysilicon. 11. The nethod, as recited in claim8, wherein the

fl uori ne, cont.ai ni ompoung. i s, SFG, er ej I s nis
greater than egggﬁﬁﬁggﬁ?ﬁggyﬁ3ﬁﬁ?gtgﬁg%ﬂ%&%ﬂgﬁﬁﬁg%ﬁﬁﬁﬁﬁ%ﬁﬁgﬁﬁ*gg recited

i n cl ai nat8astieo€SH, AMIENF], uwbticihen fontaé of mggeoivpo linst rise MeS; thediewei n a fl ow
rate of oxygen is greater than five tinmes the flowrate of NF3. 13. An
apparatd@wF%§F¢%ﬁﬁ%ﬁg features in an etch |l ayer disposed under a hardnask

| ayer di sposed under a photoresist nask, conprising: a plasnma processing
chanber, conprisina: a chanmber wall form ng a _plasma processi ng chanber

encl osur®; A method of forgrimpmag # bardmaskysy 2 Pelrlicudmstialish2 Bhdosgty at e

Wi t hin HH%*@E@&%Bs?%@&?Q@%Q&) fiker encl osure; a pressure
e

regul ator tor regu I ng yeséhre in the plasma processing chanber
encl osure;  providing a carlain fresagim gae cehpsingooey st and polioding gopewere t o t he

pl asma processjn Cha”b%%ten%g?ﬁ%ﬁ§b&§ﬁw%%%%%% ing a plasnma; a gas inlet

GO CLCIIL 110 OISl C
for prOV|8FW8ng sinto e plasma processing chHanber encl osure; and a gas

outl et for exbmisshphsgasofntberinngasphmisma processi ng chanber encl osure; a
gas source in fluid connection with the gas inlet, conprising: an oxygen
gas source; dUPmEs ihg a@%ﬁﬁ%]ning conpound gas source; and a polysilicon
etch gas source; and

9. The method, as recited in claim 8, wherein the trim gas provides an atomic flow
rate of oxygen that is greater than an atomic flow rate of fluorine from the fluorine

containing compound.

10. The method, as recited in any of claims 8-9, wherein the hardmask trim provides

an infinite selectivity with respect to polysilicon.

11. The method, as recited in claim 8, wherein the fluorine containing compound is

SFg, wherein a flow rate of oxygen is greater than five times the flow rate of SFs.

12. The method, as recited in claim 8, wherein the fluorine containing compound is

NF;, wherein a flow rate of oxygen is greater than five times the flow rate of NFs.

13. An apparatus for forming features in an etch layer disposed under a hardmask
layer disposed under a photoresist mask, comprising:
a plasma processing chamber, comprising:

a chamber wall forming a plasma processing chamber 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;

at least one electrode for providing power to the plasma processing

chamber enclosure for sustaining a plasma;
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a controller controllably connected to the gas source and the at | east one
el ectrode, conprising: at |east one processor; and conputer readable nedia,
conpri sing: conputer readable code for trimm ng the photoresist mask;
conput er readabl e code for etching the hardmask | ayer through the
photoresi st mask to forma patterned hardmask after trinmmng the

phot or esi st nask; aeaputler foreadablies casdnfoothes plasppi meceshies phanbitesi st mask

bef ore tricﬁnlilrn, 'Eihe patt er ned hardmask; conput er readabl e code
for trinmiig tHe patterned hardmask after stripping the photoresist mask,
conpri si ng: a gas outlet for ecivostirgr gasehciabthe ptode frocespngwhainbg a

non-carbon containing trimgas conprising oxygen and a fluorine containing
conpound™FiP8Hft he gas source through the gas inlet into the plasma

processing chagesircLAMREY &hnb&idd aheheod enétodonfeiificng a plasma fromthe
trimgas; and conputer readable code for trimmng the hardmask; and

conput er readabl e WHIEEfEIP 5BEehi ng features into the polysilicon |ayer
t hrough the hardmask,

orine containing compound gas source; and
a polysilicon etch gas source; and
a controller controllably connected to the gas source and the at least one electrode,
comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for trimming the photoresist mask;
computer readable code for ciching the hardmask layer through the
photoresist mask to form a patterned hardmask after trimming the photoresist mask;
computer readable code for stripping the photoresist mask before
trinuming the patterned hardmask;
computer readable code for trimming the patterned hardmask after
stripping the photoresist mask, comprising:
computer readable code for providing a non-carbon containing
trim gas comprising oxygen and a fluorine containing compound from the gas source
through the gas inlet into the plasma processing chamber;
computer readable code for forming a plasma from the trim gas;
and '
computer readable code for trimming the hardmask; and
computer readable coded for etching features into the polysilicon layer

through the hardmask.
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