REMOVABLE SPACER BACKGROUND OF THE | NVENTI ON [ 0001] The invention rel ates
to the formati on of sem conductor devices. 5 [0002]In the formation of CMOS
devices, a gate stack is formed over a channel. Spacers may be formed on
the sides of the gate stacks, so that the spacers nay be used as inpl ant
masks and di nensi onal spaci ng | ayREMOVABVAESPAEERIE | NVENTI ON [ 0003] To
achi eve the foregoing and in accordance with the purpose of the present 10 -
i nvention, a nethod for form ng sem conductor devices is provided. A gate
stack is forned over a surfag §@G$§E@bﬁ%@[§ﬁ@iﬂ'ty of cycles for
form ng pol yner spacers on SI ate stack 1 s provided, where each
cycl e conpri 46604 ovTHe imyentiateptsest to dire fmhas@ﬂtbfabmtt&mdmtbsdme.rl al on the
sides of the acer and surface of . th strate, and

ot ovi d nga. DB ot Raderian of EMIOSSEHER, hame ek siBrirpow Aty | e
substrate ancsgataeefﬁd ybelbRhdd éh @E sfd@@oﬂﬁ@ 8t sRIK4IBS ok Ble sphRARhy b used

i nplanted into the sdbstrate using the pol'ymer spacers as a dopant nask.

The pol yner @pamplastmaécsraamﬂqlﬁbﬂmﬂmglm her mani festation of the

I nvention, a sem conductor |sS b f ;’g{mat hod. A gate stack

Is formed over.a surface of a y of cycles for

._!_...
form ng pol yr[msqpacwbaclﬁevesmsﬁ&egémg Bﬁdﬁﬁdc@oﬁhﬂﬁkvzﬁﬁth@r p@ipoesf theprssenteach
cycle conprises providing a deposition phase that dep05| ts material on the

si des of 10he ipesnginpra mptied forfammiog semicapdunieridgyisenis provdedy bl eatastack ind

Cubstrate andoGRaser BV HHEriofd sub iR 5 oRBuV Bhe RURpt Bfmbi R, "

“i.nplanted i ntspaderseoxsﬁa@tofan@gmsm isIpeovided) dlhyreriacts pRtesdnm e plboftug a nask.
The pol ymer spacers are renpved, 000#] These, and ot her features of the

present i nvedepesition Phaseagidenosityyaaterial ondhe sides of the pelymar PREcern AR eaeRtiF ed
description Qf.¢ ReAAYSIBEGRP, AAProang Rl c%ﬁﬁfg%aé’c‘—é thi} b RS vdsPol e W ef | QUT €S-

15  the surface of the substrate and shapes a profile of the deposited material. Dopant is

implanted into the substrate using the polymer spacers as a dopant mask. The
polymer spacers are removed. '
[0004] In another manifestation of the invention, a semiconductor is formed by
the following method. A gate stack is formed over a surface of a substrate. A

20  plurality of cycles for fdnning polymer spacers on sides of the gate stack is provided,
where each cycle comprises providing a deposition phase that depo'sits material on the
sides of the polymer spacer and over the surface of the substrate, and providing a
cleaning phase that removes polymer over the surface of the substrate and shapes a
profile of the deposited material. Dopant is implanted into the substrate using the

25  polymer spacers as a dopant mask. The polymer spacers are removed.
[0005] These and other features of the present invention will be descﬁbed in more
detail below in the detailed description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
30 [0006]  The present invention is illustrated by way of example, and not by way of
~ limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:




BRI EF DESCRI PTI ON OF THE DRAW NGS 30 [0006] The present invention is
illustrated by way of exanple, and not by way of limtation, in the figures
of the acconpanying drawi ngs and in which Iike reference nunerals refer to
simlar elements and in which: [0007]FIG 1 is a high |evel flow chart of
the formati or{0607]devFi@sl issiddglh levelflanbindi ofghe fayfmatibreof deveses uegl in an

[ 0008] FI GS. 2A-1 are schematic. views of the formation of devices according
to the enbodi‘i‘f‘él?ﬂd]@?m\ﬁﬁ 1B 5 [0009]FIG 3 is a schematic view of a
pl asma proc ejmmq_ chaher2 A-Date sbRemAIR Visesof thé f@haALMBT ddVices abddRding %o

[0010] FIGS. 4A-B'illustrate a conputer system which is suitable for

i npl emrent i ng the emhedivientshowwdn HG. krbodi ments of the present invention.

rvent  on>ai 100, bR 083t Vi Bf PrRo Pispat crdible APl BFCT o
p

enbodi nent s tiRed fRfetching dnldwEigpaiged i n the acconpanying drawings. In the
foll owi ng description, numerous specific details are set forth in order to
provi de a thdﬂ%ﬁh uFH2S- dhaRdllniratsta ¢omapyierayetam, whiskds sutgblefor wi | | be
apparent, ho [ .Q ' | : , . t invention
may be pract\ié%é%mvﬁ“. %ggggﬁkgggébgmtgpgﬁheoge S rg%ilﬁ?lugfreg%%gi | s. In other
i nstances, well| kDBE¥AIREDCBESCRIBHONIOF THE PREFERRETS ENMBOGDIMENTSeN
described in detail in order to not ynnecessari]y. obscure the present

i nventi o0 [ 48410 T%Pmﬁ%v@emwﬁpmgﬁéém@ inflefadl wityelerenesfep 11 ow

chart of a PEQ% Preferred embodiments thereof as illustrated in the accompanying drawings. In

the following description, numerous specific details are set forth in order to provide a
thbrough 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
15  these specific details. In other instances, well known process steps and/or structures
have not beén described in detail in order to not unnecessarily obscure the present |
invention.
[0012] To facilitate understanding, FIG. 1 is a high level flow chart of a process
used in an embodiment of the invention. Gate stacks are formed over a substrate (step
20  104). FIG. 2A is a cross-sectional view of an intermediate structure 200 with a
substrate 204 over which gate stacks 208 have been formed. The substrate 204 has
isolation regions 206. In addition, an ion dopant has been used to form lightly doped
source and drain regions 205.
[0013] Polymer spacers are formed on the sides of the gate stack 208 (step 108).
25  The polymer spacers are formed using a plurality of cycles where each cycle
comprises a deposition phase (step 112) and a profile shaping phase (step 116). FIG.
2B is a cross-sectional view of the intermediate structure 200 after a first depositional
phase (step 112) has provided a depositional layer 212. In this example, the
deposition phase deposits material over the surface of the substrate. In addition, the
30 deposition phase forms sidewalls that are not vertical. In this example, the sidewalls
on the side of the gate stack are bread loafed forming thicker deposits at the very top
of the gate stack. In addition, the sidewalls have a curved bottom.




used in an enbodi rent of the invention. Gate stacks are fornmed over a
substrate (step 20104). FIG 2A is a cross-sectional view of an
internediate structure 200 with a substrate 204 over which gate stacks 208
have been fornmed. The substrate 204 has isolation regions 206. In addition,
an ion dopant[0034] be@IGURE ds 4 crobsesartibnad vidwoftbp eldck alteradiarprofilesshapinggi ons

205. [0013] Pol t I f.th t tack 208
(step[ 108)1 gl@‘%é‘tsp § gs %gé&égﬁgg%ﬁ%rﬂied@ﬁ es&gﬁmﬁlpﬁ? ﬁ?ﬁvaégccycl es
where each cyg QQWI%%?%@}%&P%% Sdsed BRaHRe dubkeRe dddiorms theprofiidfliee

shapi ng phase (step 1 IS a cross-sectional view of the
i nt er nedi at e sidewrdisuPecfblyafhesideavalls arstforragsbtei vertinabsidpallse Vestiead 112) has

i ded a d it 12. 10 thi le. t i
enosi s dat chdorals ais deind &f siigwats ol ek ERHSNRS Fop hitfe SERBRI KO IRSE
deposi ti on phasge hthe sivdgRRlshFadehad showa iRTIGVRC Theprofild'sHaping phagnpl e,

the sidewalls on the side of the gate stack are bread | oafed formng
t hi cker deposnayremovetibe lageroftdsposited mppseréph fromsevee Kie tpp ofithgigatedtnck: ofe

id Il's h ' d b 00 I ' : - ' [ f
The ot nck ar (BRI IPEE By S o (h el shkelS penReg Rmoags bl IRt of) 2 ©

si dewal I s. Ther ¢ edik k@clsbadi ng phase is used to renove the |ayer of
mat eri al deposited over the substrate and forms the profile

, ( of the
si deval 40 Prigftelabl FIGt Ha isst eresatactonal aiempph e stagk i esqndegeriiona )
vertical 5 s eueldd AT HL LAIGH BhotliBR Mrdehab DR mE 13E) SiPtieQlichvan{ Ry Make

an angl e bet e su te surface, "as shown in FIG 2C
The profile sdippbog e asestiokyanddonyendvnyemyeer thé sahspotsi (Thd semndri al from
over the top of the gate stack,  or partially etch away sone of the
material, or 43@8%01@%0%6??@*1‘1@@5%&‘? 18ver the top of the gate stack

208. 10 [001 2By : - SEEL 00 i d
] igggéje (ggcg;z%%&és%_s%e&&iamw ofiRRSk Aefae 2 Sbmll pifrlier @ secon

deposi ti onal The second deposition phase adds to the
| ayer on IShe shiapiepphhse (step 106). t¥he seforklipeofjleshapngplhesa rmindves fhe lagewof ayer s

over the substrate. The second depositjon SO kes bread.l.oaf.features
216. [0016] Hapatopaljqyer Spatiatend gy (g Paciie pf (i Siewally SHALIEAD cocond
profile 15 shapinpIPRASE véﬁfclﬁlpsiéejv@ﬂls. The veieanenats iag be haRk agttose

renoves the |"ayer of material over the substrate and fornms the profile of

t he si dewal | she writicsl sideaialls pftesfthe St profide shepingrnbasea binee ereydgpositionjaave
vertical sidewalls .may be twice as thick as the vertical sidewalls after
the first prdreFnges g phase, since two depositions have been perforned.

20 [0017h4f t qooprInuNidgter @humbel Soyclehahs sidewals reachepdilired hicknessd Diophmk ness.
Dopant is then inplanted into the substrate 204 using the vertical

si dewal | s 21ds ghenamptasted intei thersubsirats 206 aving thegispisal sidevalls 23@s amask r egi ons

220, ooy SPE R PRI o, T L e |
pol ymer spacqpgigir e fAcde@shiffioans 4Ad9 ifyother implant is required (step 124). If an
additional implant is required, additional polymer spacers are formed (step 108) by
25  performing a plurality of cycles where each cycle comprises a deposition phase (step
112) and a profile shaping stage (step 116). FIG. 2G is a cross-sectional view of the
intermediate structure 200 after additional sidewalls 224 are formed by a plurality of
cycles where each cycle comprises a deposition phase (step 112) and a profile shaping
phase (step 116). Another ion implant is formed creating more heavily doped source
30 and drain regions 228 (step 124).
[0019]  The spacers are removed (step 128), as shown in FIG. 2H. Because the

spacers are of a polymer material, a polymer strip, such as an ashing, may be used to




25 performing a plurality of cycles where each cycle conprises a deposition
phase (step 112) and a profile shaping stage (step 116). FIG 2Gis a
cross-sectional view of the internediate structure 200 after additional
sidewal I s 224 are forned by _a plurality of cycles where each cyc

|
conprises a dEpE thegmagsinstor(agtleghapadipagefeths nolvmer tep kyemihaif ﬁg@eé-st ep
116). Anoth ' ' . 1 ] : | 30
and drain r eciis iTRVELYich B phiyh Bl B T SRE Al 0BG, BOVL0E g

as shown in HOGR012H Betawsene dnessslpgare32 isfoemed ogerfid substratoand pitektacla
pol ymer stri such as an ashing, nma e the spacers. For

p : y be used to re

an L shaped s@%eds2).enshqye prilG: gb&?‘%&%?ﬁﬁﬁf‘yaﬁ?bﬁé edn dhe SEES I8ET r enoved
with a polgy ' i} ' b8 quirdetd i ' 20] At
east one ot razanfs b BRI Gkl B ERNIOS deREElS Mtihed B A0S a0 St
(step 132), asmshowmaynbd-a Gmprkssieositeschgerddta FMOSencdie inddesd theThe st ress
| ayer 5 232 W@%ﬁ a tensile stress layer for a NMOS device to increase the
NVOS drive cuf dIB’FCH_Eﬁntbe a conpressive stress layer for a PMOS device
to increase t[b@ZﬂNDSFQx‘dﬂ}igmﬂféHp%@é?é frohB0EAREY ARG ah R8s e RARR A ofthOdPader,
polymer allows.an easy renoval of the spacer, which al'lows the deposition
of a nore ef fwelith elkovst theslepdsitiomrof 2l morgdliectivsratresslayarulln addifors il multr ocess

provi des re vertical sidewalls i.ch, i mproves . nplantation.. Th

i 11 oyt preatBato SR RHoRY Resbtertih e R, PSS aRe R BhlBhur. Foe
substrate, sqnifigfcl@poeeRabotniniRBki b DitihattSddpositioe odadhe itetrar] soithatc! e
process al so provides better deposition when gates are placed cl ose

t oget her for avegtiate bieskdhroyghsismotneeded . Tioaamlsicecle prqcesadqo provdesehesiepl e of -
"the invention L. es e f r n 104). In this
exanpl e, the dﬁggsgtl%r’[ g@é@ﬁaﬁ%gﬁ% §1r=ftﬁ% gggeég%egﬁvgﬂs#ﬁggér{d%}r}gl%é%%%f&éi l'icide
over an oxi deEdagiphs . The substrate 204 nay be a sem conductor |ayer, such
as a silicon wafer or polysilicon |ayer. The isqolation regions 206 nay be a

silicon dRi dd092]i onlir 3y sRamplsefihc BYRLEN: BYputtacksarg towmed averd spR¥IasR i on
processes. T kgt | dop rain tegi : kg Jormed
using ion ingﬁg#?a iolﬂngﬁgﬁxthlgtgigir%ﬁg@&%)g CQE’%P%QP@S}%%%%%SO th(gt one of
t he gate. st aillcide208r arsoxidethyen Ther swbstrad/fiE mapbs b s¢nicoadidtaigichencings t he

ate stacks 208.is used to forma P transi stor. - .
g a s?licon wafer or polysa{con ?ayer. ¢ isolation reglrons 206 may be a silicon oxide

region formed using conventional shallow trench isolation processes. The lightly
20  doped source and drain regions 205 are formed using ion implantation. In this
example, the doping is done so that one of the gate stacks 208 is used to form a
NMOS transistor and another of the gate stacks 208 is used to form a PMOS
;ransistor.
[0023]  Polymer spacers are formed on the sidewalls of the gate stacks 208 (step
25  108). In this example, to form the polymer spacers as sidewalls to the gate stack 208,
the substrate 204 is placed in a plasma processing chamber.
[0024] FIG. 3 is a schematic view of a plasma processing chamber 30{ that may
be used for etching and stripping. The plasma processing chamber 300 comprises
confinement rings 302, an upper electrode 304, a lower electrode 308, a gas source
30 310, and an exhaust pump 320. The gas source 310 may comprise a deposition gas
source and a profile shaping phase gas source. Within plasma processing chamber
300, the substrate 204 is positioned upon the lower electrode 308, The lower
electrode 308 incorporates a suitable substrate chucking mcchahism {e.g.,
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[ 0023] Pol ynmer spacers are forned on the sidewalls of the gate stacks 208
(step 25108). In this exanple, to formthe polymer spacers as sidewalls to
the gate stack 208, the substrate 204 is placed in a plasm processing
chanber. [0024]FIG 3 is a schematic view of a plasma processi ng chanber
300 that may diectwsiticfmechanichli agnping, artthd i) digr. holdieg theasrstrate 2646 sTheng

chanber 300 conprise onfinement rings.302 pper .el ectrode 304, a
oner el oot r GaRBS 328 Gitormestirt e ape rircnntie 304 HRRREd SRl N orosthe gas
source 310 MRye NP EletRode STH ORlelipPBr dadrode 804 SoRereldctRide30R8 andihapi ng phase
gas source. Wthin plasnma giocesm ng chanber 300, the substrate 204 is

posi ti oned uponfinémertgings 362 defineghe cadiied plasmiacwbmme34Hk; tGasde sgfdied to the

i ncorporates a suijable substrate chuckin chanism (e, g.

ol oot Fost i conhted At Tl by ok SR PSR S TRRL R YB Mt Shon 5 sontioesh st ar o
204. The r ea@l@hmtmtﬁaaubﬁgma@%ﬁ@mehhﬁngkmmranalaﬁ@khmwﬂy diesRAaRe

i mredi ately opposite the | ower el ectrode 308. The uEper el ectrode 304,

| over el ect r eaest). /nficst Rdrronrredéfds eleeijealbop therappeo alertmede H4asm
vol ume 340. Gag, |34 ﬁ%psgh%c§§4? %S él@cﬁ;ﬁcgaﬁérgcﬁﬂl%g%i Bltﬁéﬁ%eilq%&ln%det Ist he gas

source 310 and.is exhaus rom pl-asma vo ough the

confinenent KIhagheBRAEBE Qitrotxd hieSdonfinérher Yingh 80K thewisier flecioddZI04, sad | r St
RF source 344 is electrically connected to the upper. el ectrode 304. A

second RE)sodhelowsnglertsods 8 Boghythefirstdi squres344nndibe sesopd RE|seerce 86@  308.
Chamb N i ' h d

S04, and 10 PR euiist 847t GoRBEARETR B0 MILP BSyct Vo S PERI GG OLC
econd RF TS inatias of cafnebtilz wuthe elec@odsur '

power to the . ’

i nvention, tRgeds ik uble Mnd &véwﬁaureewc&%é@@&)ﬁ@k@wé}@%&ﬂsdéecond

RF power source 348 connected to the | ower electrode, 15 and the upper
el ect rod&5 i s agd thenppek eléctmdn tis grolpded3 3pcomrollen’ISak caftrollablywwen¢atetl toah¢ he RF

344, 348 t 20 t 310., Sych a devi
o Capabl 6 oREHEE e heayd ot 2l Antiind Bh Bt 3Tga Ston afviedls ' ©°
conbi nat i ons cagabld$TiRGdul AR the PRshed 8f the Bhdriber 26 ToR) ?ﬁ@eeﬁﬁ%&'@ 'S 4A

and 4B illustrate a conputer system 400, which is suitable for 20
i mpl enent i ngpaweh ARG Bimegiuraties ferseagh phasenbodi nent s of the present invention.

FI G 4A sho p i Rl hyshcal . formof the co er,.syste Of. _course,
t he conput eﬁ@@?ﬁ emqﬁ%/ Ag’%/gn&rlr%??uﬁﬁ?%’laccgp B, %eir ﬁ%s%?rgﬂéf) ’n‘ﬁhﬁdygrﬁ bl? Hfl?regrat ed
circuit,2@ pirplefentig £toritroneas3h used th émbothmentd ap tHegirehefEMi&ifiodp FIG. 2 huge

super conputer. Conputer system 400 includes a nonitor 402, a display 404,
a housi ng 406A sHowr epe pessiple physicabforn of Biaroamptes spsteran P gowpeidke 412, Di sk

414 is a co -readabl i . fer I
comuter oybunpuhSRRRNaEy R i HSRichirohh e el Ay hc b Ol
conput er syspsiwed dcuitbdaad, ed atstall HahdirelddsriceA) @rachuge viyste compitet.y of
subsyst ens. Processorsés) 422 (also referred to as central _processing units,
or CPUs) ar eceﬁlli’ﬁ?eéﬁw e 409 ing 3@ Ppomuer 402, a display 404, a housing 406, a disk

25  drive 408, a keyboard 410, and a mouse 412. Disk 414 is a computer-readable
medium used to transfer data to and from computer system 400.

[0026] FIG. 4B is an example of a block diagram for computer system 40{).
Attached to system bus 420 are a wide variety of subsystems. Processor(s) 422 (also
referred to as central processing units, or CPUs) are coupled to storage devices,

30  including memory 424. Memory 424 includes random access memory (RAM) and
read-only memory (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 and instructions in a bi-directional manner. Both of these types of memories may
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30 including nenory 424. Menory 424 includes random access nenory (RAM and
read-only nmenory (ROM. As is well known in the art, ROMacts to transfer
data and instructions uni-directionally to the CPU and RAM i s used
typically to transfer data and instructions in a bi-directional manner.

Bot h of t heseintipde gnypfuitablemfitscamputerinaadabttemediy dewgribabbaowf A fixed disk

ter-readahi.e pedia described hel i xed disk 426 is.al | ed
b0 o6t 1 onafds Ao cpplis Bdracigpaf GLPUdeh i Entetad il edh omkRaci 1y
and may al so dpgdiddmdanyy Abo bRide ApPLE mtacr)&@d@gke%dmé RdfeReEARAGRR). OW.

Fi xed disk 426" nay be used to store prograns, data, and the like and is
typi cal |y a SFiseddink42¢ maybeaged tostire progsameh das, andithe dkelamgkis typiedllyias sl ower

than prinmary storage., It will b reci ate hat the i.nformation retained
w thi n 11 se SRRl Meppry SR RY 58 Bt P sloVes Bk Sbrde!
standard fashi @l B& appredibi@l i rRriMforMati@iREdnedadithilReixy aikk @26 nily, 114 nmay
take the form of t_helylz:orrputer-readab_l e nmedi a described bel ow. 10 [0027] CPU
422 is al so cpppipeiatercsses. haincerpraed insandard feshion aedited snens in BSMEIS pl ay
devi co. imy. be AnReaPER i 3ol GRERERT, S0 chilpHEERARlpc Blglall M 011 LY
m cr ophones, destiitled®ense.tive di spl ay,s, transducer card ,readers, maigneti c or
paper tape reg&g}s, tablets, styluse tO@YOi ce or. handwiting recognizers,

S

bi onetri d§ rd 6P Ustddp apg cp arietypef input/oyft gerafasy suchys pe

coupled to a OH%EJU I i 1 | Kk
interface 448{.? gI{%{ﬂﬁéu gfdn@to\’/\g{r%}(lgél:ﬁ ér#aﬁ%&??é?dgq%ﬁﬁé%%@él%@?{t he
CPU m ght r edlevice mayfberamytof:ondda displaysetrackt badls kmiceskeybgdrts, atit pphonesf or mat i on
to the network in the Cﬁigr e of d?'lréf‘or n%lfrég t he above-descri bed t hod
steps. Furt héPHErEnsIHEg B'Sa FRerOEAL4Te PAEBEUTPT PAPCT ADGIRMYR nay

execut e sol elyhip iRl #Ace ﬁhaﬁ&%ﬁﬁﬁ@%& ti:%f@,'biéln&ﬁ&é"ﬁﬁdferﬁ‘bffﬁﬂﬁ? the

Internet in conjunction with a renote hat'. shares a portion of the
processi A§. [c00P8lers (XEH#22 eptionalihmdy hre ntuplest totahethpr eggntteriarvent i on further

relate to conputer st.orage products w.th _.a coppu - dahbl e _nedi.um t hat

have comput o RO PHERRER TPSTh by e P UL LB AL NEGORr FEPeHent ed
operations. TherraRditas dntensiaee dn HRICIRO daptifaycebR ihtPSatisPesmahd Y desi gned
and constructed for the purposes of the present invention, or they nay be

of the ki nd wetworkrywpightentprt apfioppitiontte theupsworkdy itheroskse|of periorntag thenput er

f . - I La. 1 ncl b
i ted to RO g O RN, A AERRTR. felBf Abdiilh aheRhC 0o

t ape; oppocalinveadomumayekedte ORI GPU 420100 glag RGN a@BtwotR G- 30
optical nedia such as flaqptical .disks; and hardware devices that are

speci al |y cofe jtemsd 1 eongungtion yith asemotn Y thagsharecapration gE the processing.
appl i cati on- b ficp 2 i ﬁ;i}fﬁé SLAPRR ogi c
dg\ei ces (PLDQ a:’l1d Mgﬁ%%@?@ggf arr% esve(r)lpwgorrput erétg(t)ddegi ncl ude

machi ne code computar storage pridaed with scongmerireadableandlifim ltles havedomputsrg hi gher
| evel code thg&eﬁgre executed by a.conputer uysi an interpreter. Conputer
readabl e medF (FeaR LY RGHOEBINE TREPUSCOTP ST e @&089”&0% aediagat o

si gnal egbodifflcdiioiteCUUE Rl DEANSsR idif‘yﬂie 8 AL oAsPRIUERE thePurpo
instructlﬁ%ns th%tIH%re execu?abl e byﬁ% p ocggsﬁor. ® © 58
of the present invention, or they may be of the kind well known and available to those

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 media such as CD-ROMs and holographic devices; magneto-
30 optical media such as floptical disks; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
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5 [0029] The pol ymer spacers are fornmed in the process chanber 300. An
exanpl e reci pe for the deposition phase (step 112) provides a pressure of
140 niforr. The second RF power source provides 800 Watts at 27 MHz. A
deposition gas of 360 sccm CH3F and 180 sccm N2 is provided. The power
transforns thmmpmwmmimggﬁ@eir htvel @odplthntm exthwted bp asbmpater geng a5 t hen

st opped after er|o of tine. Ie 10.recipe for, the profile
shapi ng phase'™ l@f?r 1%85“%@6\9?‘@@@ ?JS%P%E%[BE‘éte’E)‘deEf@“W by the

second RF povwmﬁﬁw&%g@gme&sémwﬂpa%haswﬁe ol ftesent g;.@%cgﬁeﬁ S§fapi ng gas

of 472 sccm CF4 i s provided. The power transforns the pr ap| ng gas
into a pl asnamsmomdlfatdlreeshathhgbgapmcsssbhen stopped after a period of

| eas 5 oyl ORI b ppl3 e Sl bt Foutapd i e phodos e O Bk eragnple
conpri ses 1- 2/06ipE kdrsthe ﬁ%ﬁﬂo@%ﬁé@(ﬂ!ﬁﬁ 1!1@115:@&&1@% fu%%ﬁi?e &f2ﬂ00 MHPbRIThEE

sidewal | spacers as nmasks. Conventional ion inplants my be used where
pol ymer spaceesonsk RF pewer spyraeqsaaidestdd Wattniati27dviHaf Apddppsition garaefed6® and i on

i mpl ant may be ne_ ok, nore 124 032 The pol yner
spacers are rsg?%gleéé%g J%T’t%qgafﬁg?mllﬁp’ioﬁfdgge 3'5%?8 Qr }OF'@&&IS’[‘PPP% o} &Hovi ng
the spacers pne slesna meadépegmaﬁ e&siv fienGlo aﬁmlfenolb?nﬁﬁcﬁﬂ@xﬂﬁ}%
source provides 300 Watts at 27 and 200 Watts at 2 MHz. A stripping gas

of 1500 d8&cmregiprs forghepioieghamng pbaseg{@tgp il 56)qunvides @dian@eaplr@sm b?so t he

power fromt
spacers. The (Bg\r,\?jé%gés%uf@ﬁ H;Bn g?%‘%%é;%ojv?%gi%ﬁk sté gs@]\&ﬁ e?"ﬁ’? Ss forrred
over the subshaginggR0ef 470dc@AIGE, 3¢ prokid2@8Thépowértean Mk the PISKilS bdping

tensile nitride filmmay be praovided which inproves perforance by
i mprovi ng ch&r"-‘@@t‘éé&)}aﬁ@ﬁ %BPFQ&I?S%W&@F&WF?SWRPW%MWOfr‘t!gq‘ -on. For

the PMOS trangyfy o  pRi& rtﬁé?dﬁfﬁn\gbfttﬁégﬁlgﬁi tgga@@%ycelﬁl HE&%%%Q%%}% scauses

30 conpression stress, h T nproves pe rOV|ng ¢
carrier ibbi [Maorg pwfdrabkyL ﬂXEIbe;tmlllg thdol pharspeders eghpises THdkgciss.r ess | ayers

[0034] vii e TG} /BRI PPNt 0) FRts P BRhSPGF B BEPRY r of erred
Conventional ion implants may be used where polymer spacers are used as masks.
The formation of polymer spacers and ion implant may be performed one or more
times (step 124),

20 [0032] The polymer spacers are removed (step 128). In this example, the recipe
for removing the spacers provides a chamber pressure of 280 mTorr. The second
power source provides 300 Watts at 27 MHz and 200 Watts at 2 MHz. A stripping
gas of 1500 sccm O: is provided. The O, gas is converted to a plasma by the power
from the power source. The plasma is used to remove the polymer spacers. The

25  process is then stopped. |
f0033] A stress layer 132 is formed over the substrate 204 and gate stack 208. For
the NMOS transistor, a tensile nitride film may be provided which improves
performance by improving charge carrier mobility and velocity in the channel region.
For the PMOS transistor, a compressive nitride film may be provided that causes

30  compression stress, which impreves performance by improving charge carrier
mobility and velocity in the channel region. These stress layers may be used as etch

stops for additional layers over the CMOS devices,




enbodi nents, there are alterations, pernutations, and various substitute
equi val ents, which fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenmenting the nethods
and apparatuses of the present 5 invention. It is therefore intended that
the fol | ow ndoédendehilel this ilvetion hisepn dewtibedin taghsich segeral prefermel
alterations, pernutations, and various substitute equivalents as fal

wi thin the tcgbodpngnts, these ars alpratigns, prranyations,And; vapept substituteggupglentgaat | s

claimed is: |fcEhingthih te sch{Jﬂ;ﬂﬂis% .nﬁgﬂ.dg%hgﬁld%ﬁlg%%tedgﬁm&é'a.fkg

formng a gate stack over a s ace of a substrate; 5providing a plurality

of cycl es fomdnyraitengtipotvapest inpiasinting thesmethadsodndtdppargatses cithe resantrer ei n
each cycl e conpri.se i

S, . . rovidi ng.a depositjaon phase. that deposits
material on tREIEPRCK lwe{qﬁ@em@fﬁém Owing appendetcidims b intepetted ho

substrate; and includin% all such alteraHbf/ b&iﬂﬁﬁatﬁmﬁ,l ﬁﬁmaﬂgum%&%hﬁaﬁg&\éﬁst he

pol ymer over the surtace of 10 the substrate and shapes a pro

deposi t ed natfal within thephe spiringnddscppnef the peseiténentien.r at e usi ng t he pol ymer
spacers as a dopant mask; and renoving the pol yner spacers. 2. The

met hod, as recited in claim11, further conprising placing at |east one 15
stress | ayer over the sem conductor devices after the polyner spacers are
renoved. 3. The nethod, as recited in any of clains 1-2, further
conprising form ng additional spacers after inplanting dopant into the
substrate and inplanting additional dopant into the substrate after form ng
the additional spacers. 4. The nmethod, as recited in any of clains
1-3, wherein the providing the 20 plurality of cycles for form ng pol yner
spacers provides at |least 3 cycles. 5. The nethod, as recited in any of
clainms 1-4, further conprising: providing an additional plurality of cycles
for formng pol ymer spacers on sides of the gate stack after inplanting the
dopant into the substrate, wherein each




cycle conprises: 25providing a deposition phase that deposits material on
the sides of the polyner spacer and over the surface of the substrate; and
provi ding a cl eani ng phase that renoves pol yner over the surface of the
substrate and shapes a profile of the deposited material; and inplanting
addi tional dopant into the substrate afdesmgovi ding the additional 30
plurality of cycles for formng polynmer spacers. 6. The nethod, as recited
}n any of flamMEtﬁcﬁmmmm?reln the providing the plurality of cycles for
ormn ol ymer spacer ' '
ar ounplgt IEle )g;alt-e sltoi‘ééke.ﬂ?‘)d %Eﬁ%@%ﬁg@&g@?ﬁg@%@@%ﬁ@%eg | g?;i fr%di\-,\gl 'S
wherein the rem)v'ﬁ;%n%l@%a@wéf%ov%ﬁﬂ@ﬁ'f&eﬂmﬁbﬁﬁ&;prOVi ding an oxygen
ashing. 8. The nethod, recited in any of clains 1-6, wherein the
r enovi ng tshe - pgl y nEovidirceplarationefrdystes ferrformning pglysmer spaserspn sides of the
sem conductor device formed by the nethod of any of claims 1-8. 10. A
sem conduct or83esi? “@8FW%ﬁwngﬂﬁé°W@Pﬁ§q, conprising: formng a gate stack
over a surface of a subshi{lfa depositibh PHAseithg dspdsits frteriay owthecidel of theor
form ng polymer spacers on sides of the gate stack, wherein each cycle
g?gprls$5éthpﬂ?mﬁdmngnandepﬁﬁh@NuﬁmpﬁéﬂﬁﬂPHﬁFmﬁéﬂﬁsits material on the

es o e pol yner spacer,. and ove RN Y d

1P DS Bt MR eCholbife SHE e Bifce 80

provi ding a cl eani ng pr%f%‘ S pol ymer e surface of the

;s trJrBis ; :\ ?It ﬁ‘é’a gdt_hé @Eﬁfkﬁﬁgeaantﬂﬁﬁiﬂeh g padbfile be thdalepssited chatataby i al ;
opant into e substrate using the I
15 mask; and implanting dopant into the substratg using ﬂ{?:opo¥y¢1?ér s;sjgt%(r:see{ssa (ﬁ)spar?t dopant

{ mask; and
removing the polymer spacers.
2. The method, as recited in claim 1, further comprising placing at least one
15  stress layer over the semiconductor devices after the polymer spacers are removed.
3. The method, as recited in any of claims 1-2, further comprising forming
additional spacers after implanting dopant into the substrate and implanting additional
dopant into the substrate after forming the additional spacers.
4. The method, as recited in any of claims 1-3, wherein the providing the
20  plurality of cycles for forming polymer spacers provides at least 3 cycles.
5. The method, as recited in any of claims 1-4, further comprising:
providing an additional plurality of cycles for forming polymer spacers on
sides of the gate stack after implanting the dopant into the subsirate, wherein each
cycle comprises:
25 providing a deposition phase that deposits material on the sides of the
polymer spacer and over the surface of the substrate; and
providing a cleaning phase that removes polymer over the surface of
the substrate and shapes a profile of the deposited material; and
implanting additional dopant into the substrate after providing the additional
30  plurality of cycles for forming polymer spacers. '
6. The method, as recited in any of claims 1-5, wherein the providing the
plurality of cycles for forming polymer spacers forms polymer spacers that form

vertical sidewalls around the gate stack.




renoving the pol ymer spacers. 11. The sem conductor device, as recited in
claim 10, further conprising placing at | east one stress |ayer over the
sem conductor devices after the polyner spacers are renoved. 2012. The

sem conductor device, as recited in any of clains 10-11, further conprising
form ng addi ti. onal’[‘tmpncthocs aafdcted imqiyaoftclanms dlﬁﬁ)a,ﬂubrdimﬂm remevinglet r at e and

I npl anting additional dopa into th substrat after formng the

addi tional s Spi@rﬁ‘ﬁ%“%ﬁﬁré’ﬁ ‘Eﬂmﬁ@ﬁ‘ﬁ iNgs recited in any of
claims 10-12, furt'ﬁ-f%rmé‘tﬁéﬂ)%b fdcited u?éi%rdi\élﬁhlw-@%hé% %Q%bvﬁk%@' ity of
cycles for form ng pol yner spacers on sides of the gate stack after

I mpl anti ng tt}@lymtpaspaccrmqmpmes piowistingaancgshipiger ei n each cycl e conpri ses:

provi di ng eposi |on t.hat deposit ria he si.des of the
pol ymer saacg;r an BQCﬁ’@EE&F‘Fﬁ% rﬁ‘@k’ﬁ@’%‘ﬂ% ?crig%%nygf r}d§w ding a
cl eani ng phasg, thaAsélﬁe&y@%to@ebﬁa@for@wbyu{banéméa,a,@ﬁap@fsm he substrate and
shapes a profile of the deposited material; and I nplanting additional

dopant into the sdbmnmata@a@fsta@komrommaﬁgofm@lba@@m ional plurality of
cycles for form n% g aplusr c}';r%rf%yclgfs for forming polymer spacers on sides of the

gafe stack, wherein each cycle comprises:

10 providing a deposition phase that deposits material on the sides of the

polymer spacer and over the surface of the substrate; and
providing a cleaning phase that removes polymer over the surface of

the substraté and shapes a profile of the deposited material;

implanting dopant into the substrate using the polymer spacers as a dopant

15 mask; and

removing the polymer spacers.
11.  The semiconductor device, as recited in claim 10, further comprising placing
at least one stress layer over the semiconductor devices after the polymer spacers are
removed.

20 12.  The semiconductor device, as recited in any of claims 10-11, further
comprising forming additional spacers after implanting dopant into the substrate and
implanting additional dopant into the substrate after forming the additional spacers.
13. The semiconductor device, as recited in any of claims 10-12, further
comprising: '

25 providing an additional plurality of cycles for forming polymer spacers on
sides of the gate stack after implanting the dopant into the substrate, wherein each
cycle comprises:

providing a deposition phase that deposits material on the sides of the
polymer spacér and over the surface of the substrate; and

30 providing a cleaning phase that removes polymer over the snrface of
the substrate and shapes a profile of the deposited material; and

implanting additional dopant into the substrate after providing the additional
plurality of cycles for forming polymer spacers.
10




