TUNABLE SPACERS FOR | MPROVED GAPFI LL BACKGROUND [ 0001] Integrated circuits
(ICs) typically conprise nunerous circuit conponents interconnected to
performthe desired functions. Such circuit components include, for
exanpl e, transistors such as field effect transistors (FETS).

| nt erconnection are T&IYRELESRACERSFQBANIRRE VAR GGobldlldt i ve lines in a
dielectric layer using, for exanple, damascene techniques. A damascene
structure, for exanple, includes BAUKGROUNIMt act hole in a | ower portion
and a trench which is generally wi der than the contact hole in an upper

por ti ongooine VinfegSREY &SRS (RUs§ M@ty cbRipRisdpvh&Buybirdigt dgohE/BCh contai ns
the conductive line for connecting the device to, for exanple, other
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gates of transisto reases. Vvarious problens 0 crea3|%g’gap
si zes For .exanpl.e l,i able gap, fi becone a chal | en as well as

shor ¢ 1 HgRBEPRegH? i ehe esRr TEIGh SO @regéﬁ@giby Jorhi es t o
sem conduct or devices. lin one enbodinent, a nmethod for formng a device is
pr esentegactyped eandueldve lines inle dighacsg ayergisings s sxampls, dirndscens tadmiigussr Agi on.
The substrate is prepared with a gate. Sidewall spacers arc forned on the

si dewaldhmadcethgrugatre, fol reanmee,Hodudasra hieor cotdan el ipeddwermontdoraartduntrergh
process on the spacers to produce a profile wherein width of the spacers in
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anot her enbodi mrent, a nethod for formng a tunable sidewal k spacers is

di scl 05edyicd UiIERIAAGch REAHARTPLAVLGNILiR BLRRRLANS NENENG. @, fEkihsle

thereon. A dielectric layer Is fornmed on e su rat € covering e
and t he diﬁlectric | ayer is patterned to formtunable sidewall spacers. A

wi dt h 8?wf %ngﬁacers in an upper portion is reduced at a greater rate than

a | ower grtion in.a tuning process.. ) )
[0002] As critical dimensions (CD) continue to shrink, gaps between gates of transistors

decreases. Various problems occur with decreasing gap sizes. For example, reliable gap fill can
become a challenge as well as shorting between contacts.

SUMMARY
[0003] Embodiments generally relates to semiconductor devices. In one embodiment, a
method for forming a device is presented. The method includes providing a substrate with an
active region. The substrate is prepared with a gate. Sidewall spacers are formed on the sidewall
of the gate. The method further includes performing a tuning process on the spacers to produce a
profile wherein width of the spacers in an upper portion is reduced at a greater rate than a lower
portion.
[0004] In another embodiment, a method for forming a tunable sidewalls spacers is
disclosed. The method includes providing a substrate having a feature thereon. A dielectric
layer is formed on the substrate covering the feature and the dielectric layer is patterned to form
tunable sidewall spacers. A width of the spacers in an upper portion is reduced at a greater rate

than a lower portion in a tuning process.



[ 0005] A device that includes a substrate with an active region is disclosed
i n anot her enbodi nent The device includes a gate disposed. in the active
regi on. Tunabl e sidewall spacers are di sposed on sidewalls of the gate,
wherein a profile of the tunable sidewall spacers includes upper and | ower
porti o905k wit devigs deningiudespsubsirete math an ackEe (rgaYis gctoperhin &otheguced at a
greater rate than the | ower portion. [00061These and ot her objects, along
W t h advbeitiages Ewdelzatuledest gatealisprisetiimtbatgivieeegpn dinsablosdevall spacérs
beconme apparent through reference to the follow ng description and the

acconpayligpgsddr @avdi dealls bl tHeh@kdYdhRrein b prilt of e tuadRy sdevadl dphedrs inbRides
features of the various enbodi nents descri bed herein are not nmutually

excl usj e, andGan ES?Ho%E id B WHQHS FERaBAL LPMS uBhd JRBHIRAL 3EduRRS at BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0007]In the draw ngs, l|'ike reference

char act er nerally refer..to the sane parts throughout the different
Vi ews. érﬁﬁté{)?d??%ggg}%&wﬁb Orgélg‘ not necessarily to scal e, enphasis instead

gener al | f)ei | aced upon illustrati t he principl es_of the.invention.
e heloofs owi TSR taPaes. P RN APt thvent i on
are described with reference to the foll owi ng draw ngs, in which:
[ 0008i Firgin dischiredsvidl heeorms aprasentdrroogh eefprened tomhefollawinedsrseriptontandfthen | C;
[ 0909] Fi gs. 2a-g shows an enbodi ment of a process for thrming an I C, and
100101&dcgmpanmhgdmvengsh Huathernadreat isundbluadap@oédthat tedeatwies of fHeomrivet e of
ERC dopant source using a wet etch chem stry. DETAI LED DESCRI PTI ON

embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the drawings, like reference characters generally refer to the same parts throughout

the different views. Also, the drawings are not necessarily to scale, emphasis instead generally

being placed upon illustrating the principles of the invention. In the following description,

various embodiments of the present invention are described with reference to the following

drawings, in which:

[0008] Fig. 1 shows a cross-section of a portion of an embodiment of an IC;

[0009] Figs. 2a-g shows an embodiment of a process for forming an IC; and

[0010] Fig. 3 shows etch rate of a tunable spacer layer vs. flow rate of ERC dopant source

using a wet etch chemistry.

DETAILED DESCRIPTION
[0011] Embodiments generally relates to semiconductor devices or ICs. The ICs, for
example, can be various types of ICs, such as memory devices including dynamic random access

memories (DRAMS), static random access memories (SRAMs), non-volatile memories including

programmable read-only memories (PROMSs) and flash memories, optoelectronic devices, logic

i~



[ 0011] Enbodi nents generally relates to sem conductor devices or W. The

| Cs, for exanple, can be various types of ICs, such as nenory devices

i ncl udi ng dynam ¢ random access nmenories (DRAMs), static random access
menories (SRAMs), non-volatile nmenpries including programmbl e read-only
nenor i $aVigeRONENUR YN deyicenghgital élgpaldﬁwéw%@%‘?ﬁ)dnwﬁoe@@, e GYHEM-Qhi p,
as well as other types of devices, such as mcro-el ectronechani cal systens
( MEMO. clifheas ¥@d] asanthdyéypes ob dparest sthian miamordesronygebanicd] spsterdsMEMsBUE
products may include cell phones, personal digital assistants, conputers or
ot her Elsaghmbeihd@rpura@dded sarickQ@lped b grodlicts h@ush prodi@s fras eedludenall phbew, of an
enbodi nent of a portion of an I1C 100. The IC includes a substrate 110. The

subst r gt e, LOHREhSRSisBARRI GAMIHES OF offef 8ELRInic Sdahictds Other types of
sem coﬁééuct olrﬂgsubstrsat es are al soousel ad. nl’lz%l?ﬂéexanpl e. the substrate can be

a sili n ijasul at or 01 rate. i . I
acti veﬁ)ﬁg%;fon i%gl.s e aac? Slsglsggtroglélf Y)l%‘t”i058?‘335{&’@8‘2“3‘281&%8%‘2@%5&@igfl bg' ?ﬁ? st
charge carrier type. T | rst. charge earner type may be p-type charge
o1 DeERchiet o iRt 11Pnd baapetro st rertt bR et s thds
boron (B), alumnum (A) or a conbination thereof Al ternatively, ihe first
char geO#ur kipes of sgoeiconliclos sybstrpise arstpdsogesctBr Fpesxampie die absisresphet dus (P),
arsenic (As), antinmony (Sb) or a conbination thereof [00131lsol ation

r egi onslid@Doraineulptod ($ OB dubgirates ddefiredtonehaathistrate iegi anive regioot ¢fer Tidaactice
regions. The isolation regions, for exanple, are shallow trench isol ations

( STI's) regrohl ificl @88 dsiRd W BNCREST af REIBREArdetabrt® tFpeb Sthedre cARkefchirlee thpainidy a
dielectric material. The isolation regions are used to isolate active
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(PET). The transistor may al so he other types of transistors. The .

t r ansi BtYie dargsragess, sudbtsampspinseus (PAisscatcls). antigeay éMcyidReRbInatine
second type transistor conprises a n-type transistor. Alternatively, the
secondtheygé transi stor can be a p-type transistor. The transistor includes
a gate stack 132. The gate stack can be gate conductor which fornms a

pl ur al jooy3pf tlscRsdSieplons &Y hfitgpravidéaMuasolgRttes actildegibi froinhehierelebiedi nent s,
the gate stack can be provided wth other types of gate stack |aye The gate

el ect r Qde,nsf Phe R6RIBL SegifRY f(ﬁ%x%pbaég hREAR WM i&ﬁcﬁia&aea&;se(fsqﬁss.l 8¢ty dogniBY be

siliconoxide. Providing a gate stack wth other types of gate el ectrode

and ga%rgnc L§ o%%tea i threr%{lgsrtrla?el z'isndaﬁliaedavlvf?ﬁ) a Hise?efcltlrlic material. The isolation regions are

used to isolate active device regions on the substrate. The depth of the STIs is generally about
1500 — 4500 A. Other depths are also useful. The doped well typically overlaps the bottom of
the STIs.

[0014] A transistor 130 is disposed in the active region. The transistor, for example, is a
field effect transistor (FET). The transistor may also be other types of transistors. The transistor
comprises a second type transistor. In one embodiment, the second type transistor comprises a
n-type transistor. Alternatively, the second type transistor can be a p-type transistor. The
transistor includes a gate stack 132. The gate stack can be gate conductor which forms a

plurality of transistors having a common gate.



[0016] O f set pacers 156 nmay be provided on sidewal k of the gate stack. The
of fset spacers are enployed, for exanple, in applications with of fset
lightly doped diffusion (1.,DD) extensions, The offset spacers facilitate
creati n% an offset to | ocate the LDD extensions away fromthe gate or poly
cor ner [00E5k| edr pneempedineat. she gatetadsiacluded 4 gain clostrere 168 oyetd AR dealectnic
thereof, can he used to formthe offset spacers. O her types of dielectric
mat er i B33 loathalenbobdienanse thef gate dtindk @hfbs erowpaceits otheDGDHEL S gheaethdk lspaser s
150 are disposed on the ids of the gate stack. As shown the sid. ewall

spacershagfe eiesaRe threikhmphemal bs ?blysm@@@waﬂe Titesatd dlenBiric re3AsEiBeaal €
firtned froma dielectric material. In one enbodi nent,, the dielectric

mat eri al: 4. f bl b i tri i . cers
corpr  adey oy REATPERe SADE Wi e ik bF B b oROR, IR BEbic iRl RS
doped hexaehl.orosilane (HCD) silicon nitride. O her types of dielectric

mat eri AFS"H'E al so useful. in ne embodi ment, the material of the offset
spacers is selected to have etch selectivity with the sidewall spacers.
[ 0018! B84ehat h Qfﬁset Pacers dpaalayibs piodAethoridedefisa thagateflaghh e g offist sragers

First and second diffusion regions 135a-b are provided adjacent to the gate
st ack, ars epwitaeddfobyxanhe.ch anpledatipegivoh offsétdighitlf dagédoti finebo MisD Dy extenorsecond
type charge carriers. This produces a second type transistor on the first

type dopesffswebpacerbigciBacosiehtingpd offsar igeodd the @It ektensiencdlyefronTaye dee
n-type &pants, such as P. As, Sb or a conbination thereof, to timma n-type

transi §tQjly corner. Dible¥@lYmatBridlyPach hOBER Afrideaf1ibsh §:208B0: mbigid type
welt The dopam concentration of the difasion regions is about E13-E15, with

a dept - ensi.ons i ) r_ex | er the
spacer@fﬂ%%t% gﬁ%é H%egth ig%glq}eé)c%%t ﬂ%ﬁéﬂqgaﬁﬁﬁg%§g§f%§1§°§% I{l‘ﬁg oﬁ&o?ly(?ﬁee gate
and diff %i Oﬂ r&gi ons to reduce sheet resistance. The silicide contacts,
for ex'r‘;ﬁ"rﬁ the, PESHSRAESFS- or ni ckel all de contacts. Other types of netal

silicide contacts, such as Co and Ti or al]loys thereof, can also be used.
[0017] Sidewall spacers 150 are disposed on the sidewalls of the gate stack. As shown, the

sidewall spacers are disposed on the offset spacers. The sidewall spacers are formed from a
dielectric material. In one embodiment, the dielectric material, for example, can be silicon
nitride. In one embodiment, the sidewall spacers comprise doped silicon nitride. In one
embodiment, the spacer comprises doped hexachlorosilane (HCD) silicon nitride. Other types of
dielectric materials are also useful. In one embodiment, the material of the offset spacers is
selected to have etch selectivity with the sidewall spacers.

[0018] Beneath the gate stack is a channel region 144 of the transistor. First and second
diffusion regions 135a-b are provided adjacent to the gate stack, separated by the channel region.
The diffusion regions include second type charge carriers. This produces a second type
transistor on the first type doped well. The second type charge carriers, for example, may be n-
type dopants, such as P, As, Sb or a combination thereof, to form a n-type transistor.
Alternatively, a p-type transistor can be formed on the n-type well. The dopant concentration of

the diffusion regions is about E13-E15, with a depth of about 100-400A..



1002011 n alternative enbodi nents, offset spacers can be elimnated. For

exanpl e, offset spacers may not be needed for applications which do not
enpl oy of fset LDD extensions. Qther con figurations of spacers and

di ffusion egions are also useful. [0021] I n one enbodi nent, the sidewall

spacer W 8hpr ils@ne embpiimest, ddNR ektesgiarsetre proxédedonie diffiesianieaisne Thelewal |

spacers conprise a foot at the |ower portion |I. M, producing a sidewall
prof i | extedmiats ars dispesepelior atantie wdpethe peactiso M dislddiliditkacomdctd e daawer
portion. This produces an average sl ope at the upper portion of the spacer

whi ch pfvideaepahe topaTthd fite haP@ffusibn k&8orfsad redice KOWE FesRBINté. OThe §iR8d€] The
tunabl e sidewal | spacers have an initial profile with an upper width W in

the UPPSH 5%9%:?&@1@&6'&9 ik |o¥ fﬁ‘éﬁﬂe gtsﬂc}@elcoh h%)thé}"{gﬂ gh{e'té?@ﬂfcld\@ The

| ower W r exanpl e ot prlnt of the si spacers. The

footprint, for ete mnst e th he extension regions of the
di ffusF(Bﬁa‘iI%S}l 'gxﬁ 03?&? CBMEs 5’8??? n of the spacers, for
exanpl e, |is about 100400A. Qther widths are al so useful . Wth the tunabl e
si dewal(028pac eIFI§1t°@H%VWTH‘?9¢1@Fm§mffﬁﬁbfi@ﬁefé6?1% poplimttedy FoF ermele

greater amount than the |ower portion. For exanple, the final wdth |n t he
upper goceisomyWor be agedsd fotipphieationk awvii¢hhd not emplejt difseh LDhextawamsp dithdron
VL. The profile of the spacers can be tuned by a tuning process, such as

an i sotdérfyueatdhe bf sphbé&rs asdtifARion regichs arfkalsoaxafipl e, can he a wet etch.
[0023]in one enbodi ment., the tunable sidewall spacers conprise a profile

wi th Ao 1M dtff.onk bW, \M(,Lﬂ@éwéﬁ &8 chPpaieahie daPall Bpaedsi D@l wi dth
ratio rit/WFL or In one “exanple, creasmg less and less fromthe top

tot hesl%% %n &Bab&%ﬁ&%&lﬁ&&%k %ﬁgg Th)?}t e %v‘vérepo?tflox{ f@lat Hr%ﬁ@&ﬁg g' dewal |

spacers, 1n one e

sidewall profile which is steeper at the upper portion 154b than at the lower portion. This
produces an average slope at the upper portion of the spacer which is steeper than the slope at the
foot or lower portion.

[0022] The tunable sidewall spacers have an initial profile with an upper width Wy in the
upper portion and an initial lower width Wy in the lower portion 154a. The lower width forms,
for example, the footprint of the sidewall spacers. The footprint, for example, determines the
width of the extension regions of the diffusion regions. The width of the lower portion of the
spacers, for example, is about 100-400A. Other widths are also useful. With the tunable
sidewall spacers, the width at the upper portion can be reduced by a greater amount than the
lower portion. For example, the final width in the upper portion Wgy can be thinner than the
final width in the lower portion WgL. The profile of the spacers can be tuned by a tuning
process, such as an isotropic etch. The isotropic etch, for example, can be a wet etch.

[0023] In one embodiment, the tunable sidewall spacers comprise a profile with an initial
width ratio Wy/Wy, or Wir which is greater than the final width ratio Wgy/WgL or Wggr. In one

embodiment, Wg is greater than Wgg by at least about 0.1 - 0.9. Other values by which Wi is



providing the spacer layer with different etch or renoval rates in upper
and | ower parts of the |layer by the tuning process, such as wet etching. In
one enbodi nent, the etch rate profile of the spacer |ayer has a higher etch
rate at an upper part of the layer than the |ower part in one enbodi nent,

t he spaisater fhaypdV rriasy asgbadsrdtle d hetredictian & wiltle pEtisispeset eombe gradugbpler t o
the tower part of the law . 100251The etch rate profile, for exanple, can
be contxaipledebseadoplengaridiesssipaaelic @ypes the Hottoanofehe pate statle control |i ng
(ERG dopara. In one enbodinent, the ERG dopants decrease the etch rate of

t he sppwea) | ayBie pré@E o€ ¥RRh&le silewhiiRpdaRantiche ¢aSHinEnt, RepoRAERIby ayer to
decrease its etch rate. in one enbodi nent, the ERC dopant 1 ncludes carbon.

O her i 1 with a
ot e i e PR AENY iy Al SRR ol SHRERL GaIBGE ar DiRe
exanpl an,be i.ncorporated into the spacer n in,si terpati.vely,
el A A e S S R R R A A
dopants into the spacers, 100261The spacer, inent, conprises a graded
dopant SisFelaYe hepa prebaneteh min pigwetppet pat piihe laver thre thsdower paike 89acer t han
at the bottom For exanple, the spacer conprises a graded dopant profile
whi ch embédigiest, thetspadee ldyet hom giadudied eplacate, debrmnsiag fromghe oppar ¢o theddwer t he
desired sidewall profile. The graded dopant profile can be gradual or

st eppegart pOBEThien al ternative enbodi nents, the ERG dopants increase the
etch rate of the spacer material. For such application, the graded dopant

profil gobsgy hi Mot it f £1.S r ce
Phe de Pah s vt iy PEr e Pl AR R BT by A PR PI B B2

over the I 11N el ectric layer, .for ,..Serves as.an

"t er conE PALF i ERORERN 16 ep8hRboqiiRhy BERCRopRL IR AR (Roehe,
For exam % the dj el eci:tri C separates éhe SlrfPSt_l’a e and ]éransi stor fromthe
first FRst e &Raser laxsry Forpeample) g ERCcdanapisidepsity the spaces @yl te depreassiifs con
oxide. Other types of dielectric materials are also useful, For xxanple,

t he di eiclerate.i i engyearbodimentnibe RS dapatinsiudeseaiboxi Béhes tivres @6 ERICdsmanist ed
silicon oxide (FSG, undoped or doped silicate glasses such as boron
phosphatelssidseinait Bogihg sise (pBESEyea mdthphasypiaitensifldiffate KR @dspdnRSEsE alsundoped
or doped thermally grown silicon oxide, andoped or doped TECS deposited

si | i comepXti d@e dapshtd, Forkex@impld, Lhidbé Mbkpotited BES theGpaRt BY halBsifHsldcas.
organo-silicate glass (05(i) and porous |lowk nmaterials. Preferably, at

I t | i . , : : Cal
| Gopon i EAE Brase peS TER e R o bE PrbRief ERFhREH] BTBhHL "
ower 08 b Qacers.

[0026] The spacer, in one embodiment, comprises a graded dopant profile to produce a

higher etch rate at the top of the spacer than at the bottom. For example, the spacer comprises a
graded dopant profile which is higher at the bottom of the spacer than at the top to produce the
desired sidewall profile. The graded dopant profile can be gradual or stepped.

[0027] In alternative embodiments, the ERC dopants increase the etch rate of the spacer
material. For such application, the graded dopant profile is higher at the top of the spacer than at
the bottom to produce the desired sidewall profile.

[0028] A dielectric layer 170 is disposed over the substrate. The dielectric layer, for

example, serves as an interconnect dielectric (ICD) layer in which interconnects are formed. For



serves as an Mtt-level dielectric (LLD) |ayer while the upper portion

serves as an intranetal dielectric (US4D) |layer. The dielectric |ayer can
be a single layer or nmulti-layered stack. For exanple, a single |ayer can
he used to serve as both the LLD arid MD or separate |layers arc used for
t he LLExamgle[tMDdielestriomeparates éie sahstette ndstrapistayferm dwrfilendakiovd ¥ hefleen
the LLD and | MD. [00301An interconnect is fbrnmed in the ICD |layer. In one

enbodi gRMctric Ihid@ dafil fof EMKRE beislltdoH dRRled ArBATYSds ofdidlddhee ndttrials akhigissipper
portion or INID Wile a contact 172 is disposed in the | ower portion or

1. D [hgy %‘?'éféﬁﬁﬂ@,cthe af ecgﬁela rcﬁﬁﬁncfhid%rﬂo?e& omduebiive simtL HidkinateiCh as a
metal or all oy. one enbodi nent, the 1 nterconnect can he copper,

[ um n t t hei I - nbi nat i th foolt
Cnder St be" CRAE Ueng befiee s oG RS iRe o Bleh 16 St b s

different materials. The contact connects the cqnductjve line to contact
r egi onSBHEP LY PRt licahglagohBAt UloRFb et Jonel gl ST HS RO o
diffusion region or gate of a. transistor. Depending on the ICD |evel, the
cont actindagil ondered BeODB tbpnsited plcaf oxdntaad low-dgiroisa logirk Hickestrimaetsaalsnet al
line. The I C can include nunerous interconnects. [0031] By providing tunable
spacer suchtd@rimotdiidand glads (OIS€) 3pa perosis bankhratomalnt Biefieably oat st the éMDhe
desired extension wi dths while increasing the gap between, for exanple,

transi ﬁy@fé‘omﬁr‘?seé RS XS S rdMow-108iehdedb mhieAabl e spacers inprove performance
and relrability of devices. Furthernore, the inprovenents can easily be

i ntegr in e r ss. f j Ll ired.
100331 FIBY ' 2o L RRET B BRI ATENBE AR Gl BV B ToRE ol B
Referring to Fi.g. .2a, a.subs 210.i.s ,provi ded,. The substrate, in one
enbod AERE, carifierisad At HE By et i€ tBaibbst Borien Ay gadnppet
substrates, such as a germani um based, gallium arsenide, insulator_ (SOD, or
sapphi fielestrinstiMa)dayear &harisﬁdﬁowehamr. cap he 33TEhelayeirytpgtidaysgedstedarkd th an
active reg.: 208 isolated by isolatio regions 280. The isolation regions,

f or exaxphele, xongle lser SirfliesuseSTd seriaad hodle therl@hrarelsIMI0 onegharate talyerssbsterdat e
usi ng patterning techni ques, such as |ithography and etching. The forned

trenches tRé BLID bhd BADWITh Rome dhgk a6t e{t&lﬁst?la@éf &dn. beldigpode®b@wbéd telBDemidal can
i nclude silicon oxide or silicon nitride, Oher types of dielectric

materi glsp can al so be used to fill the trenches. Various techniques, such
as chem cal vapor deposition (CVD), can be used to formthe dielectric

LT R R T

techniques to le rt the STis. Various planarizi t echni ques can be .
enpl oy &ludes @ gorductiie hne 474 wehm appeE Fortios rd g/ gle:wmaeiqw 1s tispaseddp th;
atizing techniques are al so useful.

lower portion or ILD. The interconnect can be formed from a conductive material, such as a

metal or alloy. In one embodiment, the interconnect can be copper, aluminum, tungsten, their
alloys, or a combination thereof. It is understood that the contacts and conductive line can be the
same or different materials. The contact connects the conductive line to contact regions below.
As shown, the contact connects the conductive line to a diffusion region or gate of a transistor.
Depending on the ICD level, the contact region can be other type of contact regions, such as
another metal line. The IC can include numerous interconnects.

[0031] By providing tunable spacers, the footprint of the spacers can be maintained to

achieve the desired extension widths while increasing the gap between, for example, transistors



[ 00341A doped215 is forned. The doped well includes first type dopants. In
one enbodi nent, the first type dopants are p-type dopants which forns a
p-type doped well. The p-type dopants can include, for exanple, B. The
dopant concentration of the doped well, for exanple, is about 1E10 1E14
lenR. b HEHOXOEPER: et sushdupgbic snasers tspiove perfpmrancapndreliabiiibrofidsyivss.ques,
such as inplantation with a mask, can he used mformthe doped well. O her
t echni Guekeranoee, dicsiopusedmdnts canreasibt reeintegratatiinentest, probes dopedinaehd nmay be
formed prior to formng the STls, stack conprises a gate el ectrode 238
over aaditiendinekiecirt k&uirdyer 33. Providing gate stacks with other types of
| ayers is also useful. The gate dielectric,for exanple, conprises silicon

oxi de mgghp t 6o 984& BbRG dﬁH@ERroif§‘§§od%9§ B3 | éﬁlﬁﬂ%a% fc@540. "WefBrfRlS 17 ack

with o r types of gate dielectric and gate electr materials I's also

useful ,_ To [.m . gate.s k ri,ous gate. st.ack |ayers are formed on the
aubst r be i e [ AR O bR o e p SRR sBEPi S TS S BB K can
he a gate conductor which is a conmon gate fir a plurality of transistors.
The gat@sfralye Uhirpesof pehstrates(Fngs § 8rTaap-bathd; gUbum asgare Shiemi-efres,
for exanple, can include thermal oxidation and/or chem cal vapor depon

( CVO) . ingulatar ($@bher goplireasubstattemreisled usefull 0036] i n one enbodi nent, LDD

regi ons 234a4b are fornmed in the active region of the substrate adjacent to
t he gaf(®33} acKlhelsnbarse Epidpabaidwiveah actlvePegiog 0B ssotaeddly iS6latiepasaichs aR0.
second carrier type. For exanple, the LDD regions conprise n-type dopants,

such aghfisoRSion RYids, for RFRPRALIIikRETE S TIsiRI AR tRdched hRBePinlthe! Sl ate
regions. Alternatively, the LDD regions conprise p-type dopants to form

Cout ooy pARLONe LERhAE, olcte AR e TR Bt R B8 5%, egi ons

a1 2o uRBha el BTt c! Moo ReieaRaCs GAN R A AeCe IR AL Ban Do

used. hOOB?lTo offset the LOD regions, an offset spacer is first forned. To
f or m t REepnsepf diglketsic mejerdpls cacalpe be Bspdrto Fitlghe senchepelanusrtechnelusalsseh at e,
covering the gate stack and difiusion regions. The dielectric |ayer,for
exanpl &, cheongal ivees dspésittan(@XDyean bé bieddn fovint thedkelestriamatenial toafili e t her eof
O her types of dielectric materials are also useful. Various techni ques,

such ageredts., Og@Ntypes eNrbedsess daf afsomisbe Bi®kedikldetic msteial isTheoded| Bt ri C
| ayer is patterned by, for exanple, RIE, to renpove horizontal portions

t her eoéxarﬂﬁé‘ﬂyﬂﬂaﬂaﬁzfngrf@éhm S Wfohﬂ?%éeé'ﬁ%\gv%us ﬁﬂﬁg r 4 fe@ﬂ{igﬁkgfc@ﬁ%ef or med

after formng 'the offsSet spacers. regi ons or e ter

gﬁg\t/veir élrhﬂlgyénd; gu%lﬁgsf é}ni%gwkgag&ga}l h&aﬁlzneg {61(5199' 8&1%}* typ%gl of Iglgrpansz}n%pteclzharlxc%{es( not
are also useful.
[0034] A doped well 215 is formed. The doped well includes first type dopants. In one
embodiment, the first type dopants are p-type dopants which forms a p-type doped well. The p-
type dopants can include, for example, B. The dopant concentration of the doped well, for
example, is about 1E10 — 1E14 /cm®. Other concentrations are also useful. Ion implantation
techniques, such as implantation with a mask, can be used to form the doped well. Other

techniques are also useful. In other embodiments, the doped well may be formed prior to

forming the STIs.



enbodi ment, the etch stop |ayer serves as an etch stop bel ow the
subsequently fornmed space The etch stop |ayer, in one enbodi nent, conprises
silicon oxide. The etch stop | ayer can he fo&ned by, for exanple, thernal
oxi de. Oxher processes for, formng the etch 1;20 | ayer, sych as PEGVD,
LPGVD, [08BBI or RP@EGIVe etondp BEPASEfiih 2 5436 36§ 3£ cic H’é‘?enéﬁt}e g€ pacer

| ayer 252 is formed over the offset dielectric |ayer. The spacer |ayer, for
exanpl gackcommrisses galelelastadn?2 1§ oke 2 gatehleslegtyipdayen?3 i Bowiding gatawiedksivdtls are
al so usetid. In one enbodinent, the spacer |ayer conprises LIMsilicon

ni tri detheFgpesxtdaydreis aldoausEfuGDThayee dedsetrie féramxapgplatomptiespiican uxiee of

about 500-600' G, pressure of about 0.2-03 Ton; HCD fl ow of about 20-80

' 3COM @nde atd QUtRlic 3BRRE s&sTrolysittdvh. FBRnfnBiacleneasckokittt b@eﬁtﬁ@@s&if agyer may
9C for exaﬁrﬂpléfge, about 100?400 ,O%IOL her pr ocegscééar aneters d t |ckneésses are
al so u&i%%:ﬂ{ric allﬁ%%@ d1&bAE gﬁ?&%ﬁy e ’uséfﬂf ’F(p?o%%rthk gXt%rstaQQ,mﬁbﬁse at@gtaa%](:h
rate gradient om a tunable process, such as an 1Sotropic or t etch. The
etch rate gradient is higher at.the upper portio t he.spacer | ayer than
ot 1 helg tbnioeg) ob hmPaie i eEmeRasweRtiad et haTiEBa: Thoutt ack o
than at the lower portion. Oher etch rate differentials are al so useful.
The et @7 heat gatge ior whigh pe cgmarpragatotor pplupliyof tiapsigiorse The gBGdrYRENt s,

the |l ayer can have different etch rate gradients. The etch rate gradient is
sel ect enh Heofoantd esieg vireoudesihnepies phiwbrtegimafuick,dpr GOOARG, Ican orvbideiadiahent

the gate sidewal |l spacer |ayer conprises ERG dorrnt- [none enbodi nent, the
ERG dopdhtSorCaiiiricheémial Rodr d&3diriont(YVED. Tth&R&dRQaRthee Aseusefief ul . Dopi ng
the spacer layer with a conbination of different ERG depants are al so

ful [ t - : t th
usef ul rgghp) O”Qn%ﬁpgﬂx'o%f}{ee?t,tl_gg) E%)%%% HEFSHRAG U AL CRAT ud  the

spacer |l ayer. For exanp ants density the spacer layer to
decrease jts etch rate. rocess, For,exa ~rduri-ng fbhromati.on of & he
spacer ayer Buguid il SRREEI e BrbGiaRR: Ty R BTV EBR B Rl pan
source, such as C2H4_or CH4 can be provided. Ot her types of oq%g)nt og
car bonSBHARITIELPE eSO MRIG NS BPHFSIOTheP R T+ P dgpPangs $490 dtdy Be: dbout
0.5-1 SIMwhile CH4 can be about 1-2 SLM Oher flow rates are also useful.
| n ot hera earhidatmsnthereof, e fatopartitos difdysidreregivosr pdteatagiviellyythe URE) rqgiarsesses,
such as inplantation. [0044]1In. aitcrnative enbodi nents, the ERC d. opants
I ncr eas@sprided-8ipe dopattetodbrrh petyppaicisioh aygons. ViNeReDPrregings, tar dxamiple2serve he
spacer layer is patterned to formprelimnary sidewall spacers

as source/drain extension regions. The dopant concentration of the LDD regions may be about

E13-E15. Providing other dopant concentrations for the LDD regions is also useful. To form

the LDD regions, ion implantation techniques can be used.

[0037] To offset the LDD regions, an offset spacer is first formed. To form the offset spacer,

a dielectric layer 254 is formed over the substrate, covering the gate stack and diffusion regions.

The dielectric layer, for example, comprises silicon oxide, silicon nitride or a combination

thereof. Other types of dielectric materials are also useful. Various techniques, such as CVD,

can be employed to form the dielectric layer. The dielectric layer is patterned by, for example,

RIE, to remove horizontal portions thereof, leaving it remaining on the sidewalls. The LDD

regions are formed after forming the offset spacers.



251. The spacer |ayer patterned by an anisotropie etch, such as a reactive
ion etch (ME). The etch renoves horizontal portions of the |layers,|eaving
prelimnary sidewail spacers. in one enbodinment, the etch is selective to
the offset dielectric layer. This | eaves the offset dielectric |ayer

coveri H§38he darbersaticacrabrdimanis: ¢fscesracgnasmon npgdgd. Far sush epbedimantimi ng
process is perfornmed. In one enboant, the tuning process forns spacers 250
Wi t h t the [d¥3reg@ohsprofdrined afthepdtieniing thergategsk. f br exanpl e, conprises an
isotropic etch, such as a wet etch. The tuning process can be performnmed at
room t pURe at Uhene bibodigheaiyadidi®sidp laydr (hetshognplsdbas&l GOMP Eulkasted [Whe et Ch
in DHF chem stry. The DHF can be about 300:1 DI water to ITIF solution.

QO her Lyp&antht, %ecéacm@ma?&{aewrms% %feh%)gtb%wkhe squ%]_ZéTﬁﬁ/ SRR JalerEi 9-

2e, the etch stop layer i§ patterned to expose the active regi on adj acent

t he tunabl ers .and STls.. For exanpl e,.the_efch,st |l ayer is patterned
by an Siorch SRBISLE 8 Dhe ShbBameRl 5 BR StisoR Sutiet TR B st Ber B B £ o
in the_ex ed.active region. The djffusion regjons conprise second _tvne do
pant s. fo_naﬁg?’aén%&a* &t ?ngEﬂ axidey Ity PrsGEsSH L1 eﬁwpsé@wg{daﬁaafﬁyer, such as

concentration of about E13-El 5 and have a depth. of about 100-400A. O her
dopant PEENEE AMPCMD,aklsD an R TdepP hare alse ua¢tsb useful . 1on inplantation

t echni ques can be enployed to formthe diffusion regions. [0048] As shown
in Fi gj0o02d] neAsdhosmiiniFie 2opntmactslag4 5e anfdpaed overate offsdt el @aiclagére Cilieode
and diffusion regions. The :netal silicide contacts, for exanple, conprise

ni ckel spér 161106 SRUANE SconfPr8S siliYReSitRie. TRh& tysay (ﬁ}(ﬁ@e&ﬁ@ hRAEkR1s3 £ ajdb SO

useful. To formthe netal silicide contacts, a netal |ayer is formed on the
substr a j 1 . i.hicC rate.

Unr eac ggﬂhemgﬁ@%}g%rcg%gétggﬁaﬁ%g‘ge&?aﬁéﬁ? %éb @%is\géd[g Slé%ﬁ gcf?éé.' @%Sgéﬁﬁfﬁ %‘tfc\e
enbodi a contact etch sto ayer .260_is med on t substr.ate,

Covor i HEH touh R e A of BBty ™ StapSposlpe0 Py Psae bRt (210 £56ir,
dielectric material such as silicon nitride, O her types of dielectric

mat er | HCP Bew odpaeyt 4eas0tscrm and Nihefl@tiobalaub AtS-2 BhM. etléR thelgigsy elyibe spaggr

conprise a first stress for enhancing carrier nobility in the channel of

t he t rlaysimepbe, fforxaspimpbeyt 180eBP: d3thevpoetss pasteters aydkthidksesser aredlsover a
p-typc transistor while a tensile etch stop layer is forned over a ri-type
transigdeil. Ot her configurations of etch stop layer- arc al so useful.

[ 00501As shown in Fig. 29, a dielectric layer 270 is deposited over the

substr gjog1] COMELh&8mbodiment, the spacer layer comprises an etch rate gradient from a tunable
process, such as an isotropic or wet etch. The etch rate gradient is higher at the upper portion of
the spacer layer than at the bottom. For example, the etch rate at the top is about 50% greater
than at the lower portion. Other etch rate differentials are also useful. The etch rate gradient can
be gradual or in steps. In other embodiments, the layer can have different etch rate gradients.
The etch rate gradient is selected to achieve the desired spacer profile.
[0042] In one embodiment, the gate sidewall spacer layer comprises ERC dopants. In one
embodiment, the ERC dopants comprise carbon. Other types of ERC dopants are useful.
Doping the spacer layer with a combination of different ERC dopants are also useful. In one
embodiment, the ERC dopants decrease the etch rate of the spacer layer. For example, the ERC

dopants densify the spacer layer to decrease its etch rate.
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the transistor. The dielectric layer, for exanple, conprises a |owk (LK)
or ultralowk (UL,K) dielectric material. Various types of LK or ULK

mat erials, such as organo-sibcate glass (0OSG and fluorine-doped silicate
gl ass fFSGi can be enployed. O her types of dielectric materials are also
usef ul [0 exEW;ﬂogantﬁ Her %ﬁaémréétqan e nr&ya?or%%mcteﬁb@ praserdpyer dynasiste, doped
silicon oxide such as fluorinated silicon oxide (FSG, undoped or doped

si | i capwcedsadioesxampé dasinp dormmtioh o$ feaspaces ilayienaibparglsawe c8P8Groaiddd. For
phosphate silicate glass (PSG, undoped or doped thermally grown silicon
oxi de, exsngipedrion depedodice)Sudepociieet Gl taame wavided. OMRbEpEhef dipahest ri c

| ayer serves as an ICD layer in which interconnects are forned. The

di el ectdrbén HEHHAF sdTROR GrealSd MRS %@Ifﬁ,watecoﬂ@m&n beraﬂou ®58 d@M&lisie

depending CM'interconnect integration schene enpl dyed. The dielectric |ayer

or | AYELS ¢ %I?Be ug ?Qoﬁl{/le (btﬂgxl t?clg% Xeﬁfsd;%?ﬂsg YR&TL, OI o%e?%%{btglgp nein S ﬁgndoﬂﬁ ﬁ c For

exanpl €, em cal vapor deposi rocesses suc ed
(FECVD) , g h densi ég gHDCVD at nospheri ressure (APCVD), or a

conbi nHEY 8F RIEBHEI B ASE PRFSEITeS, GRHES 1@ U§lles such as spin-on processes
are al so uschtl. The specific process, for exanple, can depend on the type
of mat El0#4) uslé@ltaﬁatlmﬂlb%iamp@ﬁ, the R dnpians mrpreasnatiesteigaicar she paperf i | | of
the dielectric layer is inproved, [0521The process continues to conplete
fabri cayemg the 1C. For exanple, the process continues to form

i nterconnects and additional interconnect |evels. passivation |ayer,

di ci ngjooasp eMmt aferding tPBGK g thspa Bk SattethdNOWSmp i@hﬁ{mﬁ%@ld@%a%ﬁ&e&at es
in 300:1 0171F versus Cr114 flow used to form carbon doped HCD dielectric

I b
sopen HEE T B0 S ARSI SRR ROPR SR L T
Spacer &f BV PBHATIH SO o Sh FHEY I e ol t&ﬁ’ﬁ e oter
specific forns w thout departl ng fromthe spirit _or essential

char actBpeditents therrithaig seletie tp dhegféichdiclesisisdpygenidus lepess shanisset diekectis he

considered in all respects illustrative rather than limting the invention
descr i bed dweengnthe gotspeackfand kebstmteent i on i s thus indicated by the appended
clainms, rather than by the foregoing description, and all changes that cone

wi t hi n[oiohe] Meani Fig. Ahd spaseg undiig @audsy  gRfymed. IhencCdnabamhaitemdeching 0 be

enbraced therein. Wat is clained is;
process forms spacers 250 with the desired profile. The tuning process, for example, comprises
an 1sotropic etch, such as a wet etch. The tuning process can be performed at room temperature.
In one embodiment, the tuning process comprises a wet etch in DHF chemistry. The DHF can
be about 300:1 DI water to HF solution. Other types of etch chemistry may also be useful.
[0047] As shown in Fig. 2e, the etch stop layer is patterned to expose the active region
adjacent the tunable spacers and STIs. For example, the etch stop layer is patterned by an etch,
such as anisotropic dry etch. Diffusion regions 235a-b are formed in the exposed active region.
The diffusion regions comprise second type dopants. In one embodiment, the diffusion regions
comprise a dopant concentration of about E13-E15 and have a depth of about 100-400A. Other

dopant concentrations and depths are also useful. Ion implantation techniques can be employed

to form the diffusion regions.
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A nethod for formng a device conp providing a substrate with an active
region, the subs. ate is prepared with a gate; form ng sidesvall
spacers on sidewall N le Rare, wherein a portion of the spacers is
processed to produce an_etch rat differential between the E}r@ocessed portion

and anlQgl ocessBY IR Eis R lapctalligde sentacts dhycan be formedyy fhe gatersdecsrode

tuni ngprocess on the spacers to produce a desired profile based on the etch
rate dafd diflasionatgiofs. tThe metacebsdd cantects fpr ovepds dompasd niokd sdicidenmntacts.
spacers. The nmethod of claim 1l wherein formng the d,ewall spacers

conpr i e tyjeposinkiah giliaids pag@tts hayfto tRAd0Te fofnl theSHESL dilddi€e bdnitdcts, daial and
patterning the spacer |ayer to renove horizontal conponents, |eaving s dew.

11 spapgksis intddonthdeiRahte Al ahe1Qab @aused: reJé?r%\r}\EWﬁEmlé ot b@isihute. Wherein

the sidéwall spacers conprise hezochlorosilatie stlicon nitride. 4. A

met hodf.or QQ% | nﬁri I ng: gviding a substrate with an
acti veUr egajllc%g, téﬂgs %L@S’%é’g?aé’%?% pe)rsgbcér ec(flﬁ)IE ‘th a gat e; form ng

. : . . f th

Si devvab&4§\]0?1ﬁ rs on B%xgewall of the gate, whereij goa portion o e spacers

is dop BOER SMBPEMEBhPCBPerTgCll Ereaydbopthts BEWSHACELRTIARL e
differential between the doped portion and an undoped portion of the spa
nirtg fredwasistor.afe gek stop Myey fohexamplé, mgmpristsasd elgeiric meaterjrd seshsastsdicon
produceiired profile based on the etch rate differential of the doped and
undopeuityde:. tQthastypés dffdteleqrc ataserials are also useful. In one embodiment, the etch stop

layer may comprise a first stress for enhancing carrier mobility in the channel of the transistor.

For example, a compressive etch stop layer is formed over a p-type transistor while a tensile etch

stop layer is formed over a n-type transistor. Other configurations of etch stop layers are also

useful.

[0050] As shown in Fig. 2g, a dielectric layer 270 is deposited over the substrate, covering

the transistor. The dielectric layer, for example, comprises a low-k (LK) or ultra low-k (ULK)

dielectric material. Various types of LK or ULK materials, such as organo-silicate glass (OSG)

and fluorine-doped silicate glass (FSG), can be employed. Other types of dielectric materials are

also useful. For example, the dielectric layer can comprise silicon oxide, doped silicon oxide

such as fluorinated silicon oxide (FSG), undoped or doped silicate glasses such as boron

phosphate silicate glass (BPSG) and phosphate silicate glass (PSG), undoped or doped thermally

grown silicon oxide, undoped or doped TEOS deposited silicon oxide.

[0051] The dielectric layer serves as an ICD layer in which interconnects are formed. The

dielectric layer may be a single dielectric layer or multiple layers, depending on interconnect

integration scheme employed. The dielectric layer or layers can be deposited using various types

of deposition techniques. For example, chemical vapor deposition (CVD) processes such as

plasma enhanced (PECVD), high density (HDCVD), atmospheric pressure (APCVD), or a

12



S. The nethod of claim4 wherein: the ERZ. dopants conprise carbon; and the
sidewal | spacers conprise bezochlorosilarie (FW) silicon nitride.

The nethod of claim2 wherein the spacer |ayer conprises an etch rate
differential between the processed portion._ and unprocessed portion |n t he
t uni ngcpbatan therepf care wied h GHhes fechniguss §1ose FRINTPLINECIESHITG dﬁ%use
differential conprises an etch rate in the unprocessed portion WhICh IS

hi gher Thiapecalic poctssy fat exanple,ven depadssigte poetof orateriaBused amdtahplication. Byr mi ng
tunabl e sidewall spacers conprising: providing a substrate having a feature
t her eopiovidingtuigble sghek€ehp fill off dyeadicloctrit e/es isligipk@lted. covering the feature;
patterning the dielectric layer to formsidewall spacers; doping a

por tiofygah) t hergd gdeval koxﬁﬁﬁ@@fosco‘l’ﬁﬂl&e%lﬁf&aﬁﬁé @leqen%%idnﬁme Eﬁ{g:},mq%ant s to
produce an etch rate differential "between the doped portion and an undoped

porti Ogoﬁtﬂlu%s {ouf[‘ahrﬂ%tg{cgﬁges& an%nclgditlon%l infd; o%gé IIQV%I %ssi%' ﬁ Iy{;x%, ﬁH:‘%zer s to

form spacers w esired ased The et erential of
t he do edwgp ?Jgn Fed%é)ortl ons of the spacer s. 9, The met hod of claim8
wher ei TN REEER8E| ayer conpri ses hexochl orosilane (FICD) silicon

nitride.
[0053] Fig. 3 shows a plot 300 of etch rates in 300:1 DHF versus C,Hy4 flow used to form

carbon doped HCD dielectric layer. The flow of C,H,4 corresponds to dopant concentration of
the carbon doped HCD layer. The graded dopant profile can be tailored to achieved the desired
differential etch rates in the spacer layer to produce the desired spacer sidewall profile.

[0054] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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10. The method of claim| wherein form ng sidewall spacers conprises doping
the sidewall spacers with etch rate controlling (ERC) &pants, 11. 'The

nmet hod of claim 10 wherein the ERC dopants conprise carbon. The

met hod of claim8 wherein the dielectric |layer conprises an etch rate
differential between the doped portion and undoped portion in the tuning
process. 13. The nethod of claim 12 Wierein the etch rate differenti al
conprises an etch rate in the undoped portion which is higher than an etch
rate in the doped portion. 14. A nethod for form ng a device conprising:
provi WhagisalaBudds¢ rate wth an active reLnon, the substrate is prepared with
a gate; formng sidewal |l spacers on sidewall of the gate, wherein a
porti dan of Atthehglfademsng sdedopednpaising: et ch rate controlling (ERC) dopants to
produce an etch rate differential between the doped portion and an undoped
portion of prohdingpacstrae ivith an activd mgiop tlsselsstrate is prepareparth Bedteii ng t he t uni ng
process on the spacers to produce a profile wherein a width of the spacers
i n the undé&pethgpoevilbmades opsidencaibidie gate wheesin eportiqutad thelypasers paraiepedo
portion; and wherein the sidewall spacers conprise; an initial width ratio
bef or @rqééqefao eieh rree difier eﬁt@meweb Phe peosessegrportivn ag&ﬂd’@?@'?essed portion of thq sRaAerswi dt h
ratio after performng the maine process on the spacers, where the initial
widthatdtio is greater than the final wdth do; and vvherein t he
width ratio is equaled to the wdth of the ind.o r j on t he spacers

di vi ded by PETHEMEGHITSPICRE oA G5ERCHS FL ATotYCo d@tSﬁ%i Pé‘ﬁﬁé gdont e et e

differential of the processed and unprocessed portions of the spacers.
2. The method of claim 1 wherein forming the sidewall spacers comprises:

depositing a spacer layer to cover the substrate and gate; and

patterning the spacer layer to remove horizontal components, leaving sidewall spacers on the
sidewall of the gate.
3. The method of claim 2 wherein the sidewall spacers comprise hexochlorosilane (HCD) silicon
nitride.
4, A method for forming a device comprising:

providing a substrate with an active region, the substrate is prepared with a gate;

forming sidewall spacers on sidewall of the gate, wherein a portion of the spacers is doped with etch
rate controlling (ERC) dopants to produce an etch rate differential between the doped portion and an undoped
portion of the spacers in a tuning process; and

performing the tuning process on the spacers to produce a desired profile based on the etch rate
differential of the doped and undoped portions of the spacers.
5. The method of claim 4 wherein:

the ERC dopants comprise carbon; and

the sidewall spacers comprise hexochlorosilane (HCD) silicon nitride.
6. The method of claim 2 wherein the spacer layer comprises an etch rate differential between the

processed portion and unprocessed portion in the tuning process.
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15. The method of claim 14, wherein the initial wdth ratio is greater than
the final wdth ratio by about 0.1 to about 0.9. 16. A nethod for formng
a device conprising: providing a substrate with an active region, the
substrate is prepared with a gate; formng sidewall spacers on sidewall of
the gate; doping a portion of the sidewall spacers with etch rate control (
"ldopants to produce an etch rate differential between the doped portion
and an undoped portion of the spacers in a tuning process. and perform ng
the tuning Qr . C i I ai i dt:h of
the spacerstienerRe bASYRRArE: Bol QuRiRIER Auplulldncln TR AMnfiotk ", [
doped portiany i Y ik BELD oL Jfhe tuning process conprises

r educi nggc%lk@ﬁhgll%ﬁglgrporfﬁ{egén gt_%out %%%Sl{eg}sx%}g? "than the doped portion. 17.
The me{ hod Qfnefh @foﬁo&ng%%l@ﬁi&%ﬁ%a@&c&%ﬁﬂé:S are configured to reduce
the etch rate of the spacers. 18. The method of claim3.6, wherein the
dopi ng a pogbii@Ry Pfubdhaf Halidea AluRRRe&KS conprises doping in situ. 19. A
met hod of 1'i wEning a device which conprises: formng a gate on a substrate:

fo:rnitie Fohifd LGLIEHS 199 bidBie 9dh@ate REMH AR fngRHacer on the sidewall of the
gate;

patterning the dielectric layer to form sidewall spacers;

doping a portion of the sidewall spacers with etch rate controlling (ERC) dopants to produce an etch
rate differential between the doped portion and an undoped portion in a tuning process; and

processing the sidewall spacers to form spacers with a desired profile based on the etch rate
differential of the doped and undoped portions of the spacers.
9. The method of claim 8 wherein the dielectric layer comprises hexochlorosilane (HCD) silicon nitride.
10. The method of claim 1 wherein forming sidewall spacers comprises doping the sidewall spacers with
etch rate controlling (ERC) dopants.
11. The method of claim 10 wherein the ERC dopants comprise carbon.
12. The method of claim 8 wherein the dielectric layer comprises an etch rate differential between the
doped portion and undoped portion in the tuning process.
13. The method of claim 12 wherein the etch rate differential comprises an etch rate in the undoped
portion which is higher than an etch rate in the doped portion.
14. A method for forming a device comprising:

providing a substrate with an active region, the substrate is prepared with a gate;

forming sidewall spacers on sidewall of the gate, wherein a portion of the spacers is doped with etch
rate controlling (ERC) dopants to produce an etch rate differential between the doped portion and an undoped
portion of the spacers in a tuning process;

performing the tuning process on the spacers to produce a profile wherein a width of the spacers in
the undoped portion is reduced at a greater rate than the doped portion; and

wherein the sidewall spacers comprise:
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dopi ng the spacer with dopants, wherein the dopants are configured to
reduce the etch rate of the spacer; and after fanning the spacer,
etching the spacer to produce a spacer profile in which a slope at an upper
portion of the spacer is steeper than at a |lower portion of the spacer,
wherein the upper portion of the spacer is etched at a greater rate than
the lower p of the snace 20. A nethod of form ng a device which conpri ses:
formng a gate on a substrate; formng a dielectric on the gate; formng a
spacer on the sidewall of the gate; dopi ng the spacer wth dopans,
wher ei n t he dopanhsialaviéthcahfbefyuredoting tbauaieg ploessetrcthe spatess; t he spacer; and
after form ng the spacer, etching the spacer. wherei nupper pctrtion of the
p ter is etchedafuaaidi rati@bfer pérénmiag thewerngporceison thefspackre, vdigesirethe inkiger ei n
t he spacer conprises: an initial width ratio before etching the spacer; a
final w dt widtlataiioisafeater thet bhiimd widerabpaser, wherein thel width ratio is
greater than the final wdth ratio; and

wherein the width ratio is equaled to the width of the undoped portion of the spacers divided

by the width of the doped portion of the spacers.
15. The method of claim 14, wherein the initial width ratio is greater than the final width ratio by about
0.1 to about 0.9.
16. A method for forming a device comprising:

providing a substrate with an active region, the substrate is prepared with a gate;

forming sidewall spacers on sidewall of the gate;

doping a portion of the sidewall spacers with etch rate controlling (ERC) dopants to produce an etch
rate differential between the doped portion and an undoped portion of the spacers in a tuning process; and

performing the tuning process on the spacers to produce a profile wherein a width of the spacers in
the undoped portion is reduced at a greater rate than the doped portion;

wherein the performing the tuning process comprises reducing the undoped portion about 50% faster
than the doped portion.

17. The method of claim 10, wherein the ERC dopants are configured to reduce the etch rate of the

spacers.

18. The method of claim 16, wherein the doping a portion of the sidewall spacers comprises doping in-
situ.

19. A method of forming a device which comprises:

forming a gate on a substrate;

forming a dielectric on the gate;

forming a spacer on the sidewall of the gate;

doping the spacer with dopants, wherein the dopants are configured to reduce the etch rate of the

spacer; and
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wherein the wwdth ratio is equal to, the width of the upper portionhe
spacer divided by the wwdth of the | ower portion of the spacer. The nethod
of claiml wherein the tuning process includes an isotropic etch. 22. The
nmet hod of claimS wherein Drocesshag the sidewall spacers includes an
isotropic 23. The nethod of claim 19 wherein the etching the spacer

i ncl udes an isotropic etch.

after forming the spacer, etching the spacer to produce a spacer profile in which a slope at an upper
portion of the spacer is steeper than at a lower portion of the spacer, wherein the upper portion of the spacer
is etched at a greater rate than the lower portion of the spacer.
20. A method of forming a device which comprises:
forming a gate on a substrate;
forming a dielectric on the gate;
forming a spacer on the sidewall of the gate;
doping the spacer with dopants, wherein the dopants are configured to reduce the etch rate of the
spacer; and
after forming the spacer, etching the spacer, wherein an upper portion of the spacer is etched at a
greater rate than a lower portion of the spacer;
wherein the spacer comprises:
an initial width ratio before etching the spacer;
a final width ratio after etching the spacer, wherein the initial width ratio is greater than the
final width ratio; and
wherein the width ratio is equal to, the width of the upper portion of the spacer divided by the

width of the lower portion of the spacer.

21. The method of claim 1 wherein the tuning process includes an isotropic etch.
22. The method of claim 8 wherein processing the sidewall spacers includes an isotropic etch.
23. The method of claim 19 wherein the etching the spacer includes an isotropic etch.
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