BORON NI TRI DE AND BORON- NI TRI DE DERI VED MATERI ALS
DEPCSI TI ON METHOD BACKGROUND OF THE | NVENTI ON Fi el d of

wao b@omisment i on [ 0001] Enbodi nents of the presePCT/US2009/039356
i nvention generally relate to a nmethod for producing
si dewal | spacers for gate stacks on sem conduct or
substrates. Description of the Related Art [0002]

BORUON NITRIDE AND 8GRON-MTRIDE DERIVED MATERIALS DERGSITION
i nclude nore than one nmllion transistors that are

formed on a seni conduct METH®Bt r at e and whi ch
cooperate to performvarious functions within an

Hew! transi stors may include
BACKA ReroF 1 pﬁtléln e-sem conductor (CMOS) field

Field otitheJhvémteni stors. [0003] A CMOS transistor includes
a gate structure that is disposed between a source

[0001] I edirabodintbrits tfathe prRgenn igedrtibadgemeralig rekié aonalunéthiod for
substrate. The gate structure (st cgnlg generallé

p"OdUCWFjP‘Q’éﬁ SHaeRHE opgaler staeks i SRENC U&‘g’a’iﬂ@sﬁﬁ Sectric
material. The gate el ectrode controls a flow of charge

D ibRioh & ﬁ st he gate dielectric, in a channel
escnP glhon t @l% ormsd between the drain regi on and the

[0002] SOoWliea- Ié@ Qﬂale #egfaté® (ULBN éll’iﬁntbft?p"iéaw Piclie ®lor®@than one
pical ly di sposed proximate the gate stack is a

Ty
million sbae@stqr&y’é\at arg darmhed nena asisgevgdnductyrd erlsiratep st swhich

cooperag T’o Pélﬁ r?rﬁ %énémi{%ﬂ §ﬁ§ rvgg@l] %r oér’lng%tg%g eR/|c%ald$%ch transistors

may nﬁomudact@r@plemwwormetmmld@@émmbhdlcﬁolﬂe(GM(BS)stﬁeliﬂ effect
from physi cal degradation during subsequent processing

transistreps, and providing an oxygen and noisture barrier to
protect the gate net aI [0004] A conventional gat e

[0003] St alcmos ﬂ?ﬂﬁgtofrriﬁ LEBs & Q*ﬂessl?‘@é{h;lg 65 &fidgdded ﬁ)f]atween a

constants of [ess t I's typlca
source pegioacared abjramn sidiore defined iin thee spmrmndulétartdmstrate The gate

redyction in transistor si | |iKkel equi re, gat ,
struotufe (Ackn dendight RBmatisre S s it ttods: Iimeed 874 GaKF BigTeotri
materidlK>10a -gakd élétﬁro‘ijedé&ﬂ%lssé’ﬂéw of ehARRNcAmidrd, C@érﬁéﬂitiﬁ [tREgate

a relatlvel hi gh (k>7) material, "such as silicon
dielecttig, tim iagghanae eegcpn/ﬁwat is formed between the drain region and the source
region, so as to turn the transistor on or off. Typically disposed proximate the gate
stack is a spacer layer, which forms a sidewall. Sidewall spacers serve several
functions, including, electrically isolating the gate electrode from source and drain
contacts or interconnects, protecting the gate stack from physical degradation during
subsequent processing steps, and providing an oxygen and moisture barrier to

protect the gate metal.

[0004] A conventional gate stack is formed from materials having dielectric
constants of less than about 5 (k<5) and is typically protected by a silicon nitride
spacer. Further reduction in transistor sizes will likely require gate layers having
dielectric constants of greater than 10 (k>10). If the sidewall spacer is then
fabricated from a relatively high k (k>7) material, such as silicon nitride, excessive

signal crosstalk between adjacent interconnection lines can occur during use of the
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signal crosstal k between adjacent interconnection
lines can occur during use of thedevice containing the
weewphgtierd gate el ectrode. Wiile ultra-1ow k nBCEUSRDS039356
(k<3) may be enployed as a spacer |ayer, these
materials often | ack the necessary structural
. integrity to survive subsequent processjng steps, such
device LONRIPH) H‘%P%'E’)‘Q?let%ﬁinﬂaé? %‘E}[ﬂ‘iﬁ-t W@aléw-@mﬁrma@rm (k<3)
| RIS BES Ob&St el
may b R B S8 ot h gl e RRerRt Rnct] Bk, ihe, necessary
structucdiantegpity Y@ sorvide sobsedquent(@vesgng cieps ssusheds tedching steps,

prepare silicon nitride.spacers require high
and/or BRGRENE oxhoed ARgaplshas iPRRRRstera lontate! thpte matal from
corrosiBht ri de spacers deposited at high tenperatures have
very good conformality (for exanple > 95%, while the
hi gh deposition tenperatures result in |arge thernal
[0005] cygr‘e adgrthnhecg@v@t@@@l cihesmal i eheraicat ovareri islegogition (CVD)
a Vi nyf ur i. fQ 1.£FaN . -
proces g%hﬁgggggga gg%%gong&%rodgg%%h%agp g‘(:rgefgcﬂ']erehlpg éieposmon
temperated, fgrealedtha@npe0eC.ur eVhikndhé avitrides ispavarlsl depesiesd at high
for low k gate stacks,, wherein the sidewal |l s)oace,r )
), While the high

temperghyesshay vRE @ood: eanioRyaliyalfop expamle ez ¥~

_ Lt gl ¥ _
doposif RBHERI B0 7R i ‘ARESBRITEL b fon Tt BOrcuacigd nd is not
compatielehwithf advdrmedi dgvise deaalfactyraaefer 00% ngaton $tchrioldny and
epositing one or nore |layers of boron containing
beyonqat erial s and/ or silicon-containing materials on a
gate stack to produce a spacer. [0008] In one
[0006] ©TORHEERME, thardTR! & edetFoPIoW teh@skrafiire PARE RSP kNidéwall spacers
substrate including placing a substrate having a_ )
for lowskigete stackst mhereinethgdsidewall spasebpossassesdheadasited physical

LLion r L] a spacer |ayer on the
[“Ope”%% §¢$Q¥gugﬁgﬁgﬁﬁ¥gngﬁgﬁiﬁ%é@gate surface, and etching
the spacer |ayer to expose the substrate structure and

a portion of the substrate surface, wherein a portion

SUMMARY OF EHEHBVENBION | ayer remai n adj acent the
substrate structure. [0009] In another enbodinment, a
[0007] netlhsdpriesent ipvaniien pravidesvaimetbpd der formingssigawall spacers on a

gate spf iy, APGosifa die 9, PadtBL B¥aR. 3t BRI kB iMh G pReRls ancror
silicon-ggftgﬁggg% tngeihﬁ%lgg;raa Ppaes 88k i@ peRfuceBpacdrngd

[0008] In one embodiment, a method is provided for processing a substrate
including placing a substrate having a substrate structure adjacent a substrate
surface in a deposition chamber, depositing a spacer layer on the substrate structure
and substrate surface, and etching the spacer layer to expose the substrate structure
and a portion of the substrate surface, wherein a portion of the etched spacer layer

remain adjacent the substrate structure.

[0009] In another embodiment, a method for forming a sidewall spacer for a gate
electrode including placing a substrate having a gate structure adjacent a substrate
surface in a deposition chamber, flowing a processing gas comprising boron-

containing precursor and a nitrogen-containing precursor into the deposition
2



precursor and a nitrogen-containing precursor into the
deposi ti onchanber, generating a plasma in the
waele@osstipon chanber, depositing a boron nitri deCT/US2009/039356
material |ayer on the substrate surface and gate
structure, and etching the boron nitride materi al
| ayer to expose the gate structure and the substrate
chambgmgmatwmgr@asﬁmg ipdihe denosition iphapiesndepesiting: a boron nitride

matori 5 B S LR A5 B S 48t o orr

nitride maml@ladyér% @b ant igage streéttive anduhé eubshate surface wherein
i ncl udi ng providing a sem conductor stack havi ng

a portianyet the keran nitsgR rﬂ@@ﬁ@b'@é(eﬁﬁﬁrﬁ%'éﬁtadﬂmmﬁ s%@ets;rﬁgture
‘ a conformal boron nitride material |ayer on the
saqgpi f ainskentc or Stp"i’&h t
[0010] oﬁgn drﬂt?%rde@?é?erl rfi rgygﬁ%gapr%w de getgpg%}‘e:‘@bht?%mg a
semlcdmaluctmg; mpak: encltudlngspraduda@atsetmlcbhdustodstde kawhg teheacrificial

acr ci,a expose the to surface o
mask qided EoipenberSan dopastits rocanemiabedin fiemeletal layer
on the %bEECIQEﬁ%%kPJMJé'eQ: co%cwﬁkﬂ%lhesﬁohh%ltﬂd@matenal
manner in which the above recited features of
layer tppeadde ai spaneriroasichaving spager @ne@@duace@étt@uthe swawle of the
e ul ar, descrlg on of thel entio qr
sacnﬁcﬁaﬁrm%? 9@8 tgk%@gs ajg t%% ngac%y gggr:l}‘éc‘éa rBask Yand removing
the sactifieRd iRt s, sone of which are |IIustrated in the
appended drawings. It is to be noted, however, that

t he aEEended dravvi ngs illustrate only typical
BF“EF NQF T and are therefore not to

onS|d red limtin

100111 o S dt oo M Bdaeny e PEENS veotsRh it of the Bresent

mventncBrQQ&ﬁ]beF UBgéRtobd inl desthn ah 8Sore ;Sérﬂ&?ﬂ'a?ﬁ@&cr"kﬁ}ﬁm&f ﬁhegiﬁbéntlon
structure fornmed according to one enbodi ment of

briefly $mmmﬂrized at{qyem]ayFbeg bad byxafaence ta emhadipeats, a9ma efgwhich

are iBIERET To. e pSomidtt SEARFGR, “ICH foohy udinawesss dhat the

appenddd dsawinge muﬁl‘ﬁéiesﬁﬁlyl @?ﬂial \drapSdifrRpite o Nthishéhvention and are
exgggl ary enbodi nents_of spacer mask fabrication

therefops hokde & consideneddimitisarefpts espp@oiosthateventiosemay admit to

' formng dielectric materi al
otheregg?%éﬁ?&w{}é}ﬂ ?l eatures such as form ng spacer

mat erials for double patterning processesand for gate
[0012] st &Ggureby illapiraidsrgtranbistarhdvargea gate structurd fortrieel according to

ubstrate str.uctures.
one emi) dS ent of the invention;

[0013] Figures 2A-2E illustrates a layering process for forming spacers according

to one embodiment of the invention; and

[0014] Figures 3A-3H Iillustrate cross-sectional views representing exemplary

embodiments of spacer mask fabrication processes.

DETAILED DESCRIPTION

[0015] The present invention encompasses forming dielectric material adjacent

substrate features, such as forming spacer materials for double patterning processes
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In one enbodi nent, a spacer material is formed by
depositing and etching a boron nitride material, which
woredoensabo may optional ly include hydrogen, carBPORpS2009/039356
oxygen, silicon, chlorine, and conbi nati ons thereof.
I n anot her enbodi nent, a spacer nmaterial may be forned
by depositing a boron-nitride |ayer, depositing a
and for galer stagke byapplyied koberpmbased matgv@lrto teecgubsgyaten structures.

r I
i onelaGT YT PR G044 5l B b} A B, poron
nitride smaitenaurmnf:nrmatbrmaﬁaydldwohallpnﬁclem@o@ur@gﬁn odarbbe, oxygen,
i nvention. Referring to Figure 1, plurality of field

silicon, §Bi0§ﬂ?orﬁf\degpm@nqwsaﬂéefﬁef mel |6H103h%fu€§ih0&i"@emboa Spacer
matenelflgfl) g’b@nﬁlrr‘ﬁed% Hé&ggﬂn S&ronTﬁi?nﬁ %&@L'&%’Po%ggf lifher tayer

tiron regi ate a one

on the bymm-citnabulatyey, igtghing dine hnaml}ayel;, qmdteytplemgfthelbn&m admm layer.
wel l's (not shown) of other type conduct ivity, for

[0016] ad%n&érﬁﬂ qlusﬁ'gﬁasfebp ﬁls&{%%{vﬁkgdge {thtuk%ﬁ)erg}?dp %qf:ordlng to

one emis&imehPBf ﬂfé}lr%ﬁném RJémrg;a d v.gugélhe adbig gty of ﬁeld isolation
| ayer 104 may be forned epositing or grow ng

regiong 42 areforaedkine swstweﬁogsfquenameo& silieorn E?adlﬁ') The plurality

of fild38tefbp Heblof Gt P 1B et FyalbiRelch, PO DI SHEL e, Eehlifiy, for

examp@d\/@fyp%@ fromgadjacente et rinot tsboig | SlgwtHerdiypat €oridirtivity, for

hi gher dielectric constant materials (K>10{ are
examplge &rtyRe| cThest @ gpiR Aipledttc dayer Hidiseadiarent, dperfomad on, the

substrﬁ'%%a\%lfr‘?d 8h |C<?|5{é3rplr§%?ﬁ% qbbal'f‘ypflé’algle {@H%Y&erc ; [ayer 104 may

erefore in
be formed dpslepb&ifing or Hréwihg atldy¥sr oTla()TﬁIeriéfl@Ech aisdsnwmjlde (SiOp)

rroel ectrics (l.ead zirconate titanat PZT) and
and/or ﬁﬁwpun%tfvt&ﬁ?. M\Sh"feh ?gmtl@yegrggmmg eﬂ%‘%ﬁéﬁﬂ% ‘gfélséﬁ‘”t less than
about 8id.1 Cﬁéﬁé_?t( ‘é'ﬁ%n ﬁ%tér §i'el é te 18 Qﬁdﬁb d GRAE higher

oxi d par al ect
dlelectr(CBemﬁi’tanb(ma@rﬁllaﬂﬁbFQ)ZanereBlmw forlﬂmgtmng tha;gat& dielectric layer

104, EGERRRT o B cmeu Ay Go br] SbpRDRer MORHlo MRS At re not

limited GONEHEGAI Mﬂd@&(ﬁlg@s?%rog Hfb@}’ﬁ—’fogloﬁgogs dNRDESD,), ferroelectrics
deposHed over %{[ lectric l'ayer 104. Generally,

(lead zingenagter dtanaset(Pdde aagiebarm wggntt;mﬁrta@,@tea (B&TBr iagnorphous

metal SSII%%E fpég@%lgﬁb C%Hg? ?I ?r&]g)ﬁplg&%ogwg&ley $xnhé§ ?plfog, and ZrOy),
and pa$albbtm§ (B, 80Ty ceith PHTAT ', JyeVHIigh koRlyerpdkaheihing these

enbodi ments nmay enconpass a gate el ectrode |ayer 106
materialyAiayi be iRmedhy ‘éﬂ"'oqﬁe‘i’%\fPosé‘l'bepmcﬁéﬁ%ﬁ oxi de, single
crystalline silicon, anorphous silicon, suicide,

[0017] Further, an electrically conductive gate electrode layer 106 is blanket
deposited over gate dielectric layer 104. Generally, the gate electrode layer 106
may comprise a material such as, but not limited to, doped polysilicon, undoped
polysilicon, silicon carbide, or silicon-germanium compounds. However,
contemplated embodiments may encompass a gate electrode layer 106 containing a
metal, metal alloy, metal oxide, single crystalline silicon, amorphous silicon, silicide,

or other material well known in the art for forming gate electrodes.



or other material well known in the art for formng

gate el ectrodes.[0018] A hard mask |ayer 108, such as
wa@200t8i710e | ayer, is deposited, such as by a QMDI/US2009/039356

process, over gate el ectrode |ayer 106. A

phot ol i t hography process is then carried out including

t he st E@S of nmaskin exposi ng, . and devel oping a
[0018] phcﬁ« HREL mas |lay%rr1@ ﬁl&hn@%aﬂﬂﬁldﬁrléﬁﬁ?%t's ﬁﬁBRS'g%tSUCh as by a
&%@g) tar :
CVD p $r anst é)rvrgggla?%te?%t daty]a?sh@%?a%eﬁﬁ%ﬂﬂ %‘?@’Sf)ﬁ%c;eﬁgrla then
carriednastkintlagerg the stepst @‘pmaékmge egposangJ ancﬂ rdeveldpinyea glidoresist

iayer o faiiie PRGSRF avisaol Byewn ofhe faoihe hedinooresist mask is
transfe?ﬂe@ctbrtﬁ@%érayrﬁésﬂ?%ger%tﬁ@él%hm@ﬁlesﬁér‘dﬁﬁfé‘sﬁ Ié?erfﬂérthgetbg of the

fied by renov phot™or esi st nmask et chin
gate ejeptragier diaymsROBawngLGBeaon@aesssfelm@k ddeallgaydheleti:h thus
down, to,the top o tr| V. 104,
producli R aft ARk e eraoe D d Gts Bsctipth it iZe:  eat  ng a
conductive structure incl ud| ng the rerml ning materi al

[0019] of TOR! etratiged o derthay Rlodifid BRdereaid tﬁ@q)rmsnésiﬁasifask and
| ayer 108. Continuing the processing seguence

etChmgg'é‘ﬁé"QfF’éT‘é%K layer 18fnd| gate; eleciredr yes 1 ﬁéjQVﬂthbi‘hQW@ of the
gate d%ggﬁhér%efeg;?&a Qm[ﬂ ghﬁ?guogfas%%& ghﬁﬂb%tcﬁ”tﬁtﬁg cRiiting a

conduoﬂwelanwttul@ Ir&j&m‘mgﬁﬁetr@g&ilhmg chateried of gatepekectrode layer 106

ture, some s known as . a gate stack 124, or
undemsa{het edrargmasit f@g/ﬁﬁﬂ@é deQntiwing e pracessingseauenee, the gate

dlelectﬁi la%)é?"’frdm' i dibasy I‘fo the [t9;9%@]th<1r\ By bYrhieey (5’%1%%%@%85 of the

transi stor, ow source/ dr
isolatioaxtegionisori2. '[Izlé)gatﬁ ela‘ctmn‘edayryr 106 amd rthrrg gatet dlpleclmi yer 104

e e TE S

gate, of ARTAtBEHAED WBPIcBNEGsh ¥ bhrdr¥istor, /'ésrs?ﬁvﬂ"n H‘ﬁp
process (RTP) anneal may then be perforned to drlve

the source/drain extensions 140 partially underneath
[0020] t hdn glurthedi @rczs@tssnng Ichythe t@ansiston2tips,opt i gheliowy source/drain

extens@)ﬁgf Qa4 Lreofgrﬁm %rtlllﬁlﬂ ty SI.’IBO}ﬁﬂ:)I%ﬁt o@(l%%%?%'atﬁ géﬁ%r egtrode

e en Ire su e surrace yer

layer 106 mbtﬁcﬁstthé Iwbstrhta: eayion tfemeait tiwngate dislectrigriayeono4 from
as nitrogen materials fromthe spacer Iayer 126.

being 'W{éa%‘ﬁﬂd\é“th 4988 nAyrapid deeeaak BEpckse HRTEDSAaReARlcRayathen be
I
perfom?ﬁli fo o?Wepfh%séHur%F?d}gE? %gen\é%r 11?63%?*%! Qgpnﬁg@&% tAE gate

h tenperature oxI
dielectri{dlalym 04l |y be used to relax the stress between
silicon substrate and the spacer |ayer 126 while

[0021] Optionally, a conformal oxide layer (not shown) is deposited over the
entire substrate surface. This oxide layer is used to protect the silicon surface from
atomic migration, such as nitrogen materials from the spacer layer 126. The oxide
layer may be deposited with TEOS source gas in a low pressure chemical vapor
deposition chamber at high temperature (> 600°C). The oxide layer may additionally
be used to relax the stress between silicon substrate and the spacer layer 126 while
protecting the gate corners from the space layer 126. If low k and non-silicon-nitride

materials are used for the spacer layer 126, such as boron nitride and derivatives



protecting the gate corners fromthe space |ayer 126.
If low k and non-silicon-nitride naterials are used

wo eotibm9spacer | ayer 126, such as boron nitri BEr/asm09/039356
derivativesdescri bed herein, the oxide |layer may not

be used or may be replaced by other Iow k naterial.

[0022]  Afterwards, in one enbodi nent of the invention,
descnbcgedsrbq@g}, ”F%\?é'tdell%er WAY Mot Reaesker May hige eP!?rﬁ?é‘ by other low k
maten%?t"‘een about 200 A to about 1000 A, preferably

et ween about 400 A to about 800 A, is blanket

deposited over the top of the gate stack 124 and al ong
[0022] t heAfearivards, Iiertgtmemboﬁheelsﬁ dfemeomvehﬁsorgaa spatarckyep426, with

e B AT A o BN e
about 460 A aBJLR @@nﬁ fs! BBnkétedaRearoVeR YiISs tép"f@f th°e gate stack 124

deposited on top of any exposed portion o
and aleng the entirel moth of sl sidesnot B gate saek ‘ra«ﬂe l@@tadl@g the entire

length SFFE stellFEL0r B S FadRe BRI B d VEE gt Blefectric taver

104. Amerr@ Samehtira6, tﬁiysb@céielﬁ i t12d iYepreited dn ¥RPOf any exposed
osition, such as asma- enhanced chem cal vapor
pomond@tp E

the subsirate ot pr w@a pacegiongyy2. 1 Jde spaghinlayecHag may
compn&g? cﬁ{ﬁo\f)‘? B ﬁ'ﬁﬁﬂgrl sers&gﬁs 4sr %tttberoﬁoﬁtlﬂ:{ trﬂgtenal layer
gate e

ectro ayer as fromth
describsud ierem, whmﬂnmaysbda aibposntedagy @herril@a’i vaipor ﬂeposmostswh as by

the to ace, of the supstrate 100 except
plasma-gnkay Lh?r%'ﬂ?b\f?é?ﬂr depestigne stack 124. In one

enbodi ment of the etch process, the spacer |ayer is

et
oy 4 B! PSP B\ 904 e BTy 12 o

the topscrfdbwglates elettrode hayerel O@aasewell ectfrarddhé dgresurface ahthe iselation

rogion 34, A S5 5sRS 130 Sopl HiReb8L L e i L0 except
immediitsly Qlﬁi?écérit nIeé Zda@é/%[ack2724myn edemdodingshtvbft thet &8h process,

spacer | ayer and a nultiple etching process as
the spagasdayereis ﬁ'@h@ﬂrp)frﬁy Fuseisepic qtonla)leawse, perien of the spacer

layer 156' Bl% rﬁaﬁfé rftite 'Iér%géH?% (rﬁ‘fé gfgieh%llg o‘#%%ﬂ'\ ﬂ@ g&c ggq%&rode layer 106

process eep junctron Sso

and theﬁ wrt@lmléét&cllayémeodt\ﬁﬂiusrfeghmg é,%de\imle spaegr laypl am6. In an
cl udes i nplanting ions th the sanme conductivit

alternatiye, gmAgiPPRY, 48 QRIBAAL MardRyaT: 177 B8uRaAgRasid with the spacer
layer 156“%&25 MPipidBich f\g g}? H&8&ibdd hdBfh ﬁlla?con &?th y

tive gate e e corrprl ses polysi
deep i npl ant process can be used to dope the
[0024] polNesit] thecsubistratend 09 as subjestad tade deape highOdosd implant process
to formt’ Bge\a/;') ?llj'gcl:t}/ondg&?r%e/d?‘gmapetg|(¥r?st 128 in the well region 103. The deep
implant includes implanting ions with the same conductivity type impurities used to
form the source/drain extensions 140. At the same time, if the electrically conductive
gate electrode comprises polysilicon, the deep implant process can be used to dope
the polysilicon in the gate electrode layer 106 if not previously doped. An activation
anneal may be performed to activate the source/drain extensions 140 and deep
junction source/drain regions 148. The anneal may be performed with a rapid

thermal process (RTP).



anneal may be perfornmed to activate the source/drain

ext ensi ons 140 and deep junction source/drain regions
waa@9/1Thed anneal may be performed with a rapi dPeTES2009/039356

process (RTP).[0025] Figures 2A-2E illustrate an

i nt egrati on schene that includes a boroncontaining

terial Fi gure 2A shows a tranS| st or
fou2s] 3} jghigse M&Hug@eb@m%@r@m sohemy thahdncludes a boron-
contalﬁlﬁg"égaéépfaly%g [{H%t% 4 5F Jéoﬂ?rs'hﬁﬁé é‘t%%%gstt(?lf gﬁ'ﬁ‘fota?élQOO on a

ate s I nc es a gate di
substrate4(rah shawgdt eTlre drenssder sayelur@ @HO doMnaride sres gateagztzrck 224.

The ogjeatad 224 T59HIRs et Uit Lve SqHoRta f0sieec Biupde laver
206. A%r@ﬁné’ék‘llayﬁl' ebg |55f©hﬁédj(dh ﬂ@gé’t@selgeﬁfoﬁérﬁ%jr 206.t Mhe gate
structure isolate a wel one type of

stack 224nig lpetween youm@rregm@ﬂ%andmramtryg@n(a\]ms‘;‘leld isoefation regions

202 fo?%’rggci}n v‘?t #U%F%nofg)?gqq‘% wgl t@j&o o?er té? eAcg %%réquctlwty, for

example Y& rﬁ%ea(fmﬂ{)@)efrohﬁ)a@jao%ﬁ VSR dﬁﬂ dvash @ﬂdn@tﬂéﬁ@pe of

to contact the sidewalls of the gate stack 224.
conduciyiy fer pxgmplea PetyRgt eri al , such as the boronnltrl de
mat eri al and derivatives thereof descri bed herein, is

[0026] dep@%h&@%ﬁ%ﬁ@r’r %éé‘ﬁg\@ %Sr ggg?f%‘}e aaﬁogllﬂfd grg«'; rélfcg{eq{ @ Wntact

I'ner ayer
the suddwpﬂs of 4w gatetdiacls BaéerA ’spey(mfr |2y 226 mm«mali aud,:h' g8 itiee boron-

nitride mtgai-glgq\rh ge}lﬁg gsst% q.ﬁcp é@sé?%ﬁd |sng9p%ted over the gate

stack ﬁ@@%ﬁt% gsu@erd?amkwénwmeem 42b o oﬁﬁ/%ﬁé]dllr?é?olﬁg?r 227 is

9% for exanple, between about 10% and about 20%
depOSltemeom thelspaberclayes 826fast Seowpai Eiguray2is. J1® el ldyien@27 may

Jayer .227. \Mi t he, f ol tion is dire
compris8 ¥ ini Pk AT, SPCh 1 iRl aft | Sy, BeSlrceied to a
thlcknés@.\tféﬂvb@ﬁ 460t 87D hat ebhJuh ©99%4! bé?@sasmbwrtféméén k@jol® 10% and
erformed without the presence of a liner |ayer.

about 2@ff] theretal thieknessy el theospasey layesrPdfeaadilisst laysr @217+ yWhile
the fol AR RRRLE By iy 10 e Rl Rior? SRR dher L gyer 227. the

inventiby esnta@fplates s thwwsubsetuenr prd€essihiseingi petforned without the
et ching process may conprise a plasma or non-pl asma
presenge Ohalieplay€Ess using a chenical etchant gas, such as

a hydrogen free fluorocarbon including for exanple,

[oo27; CF4% hé‘rlﬁéprl?)%rhﬁﬂf Cﬁaﬁy tﬁ@ﬁt@é Uit Iglcéfctﬁ%ﬂ to_expose the
i ncludin or exanple, and a i onal
horlzorgalspomouh aighhealndearlying spacer layer materlal 228 of the spacer layer
226 as shown in Figure 2C. The anisotropic etching process may comprise a
plasma or non-plasma etching process using a chemical etchant gas, such as a
hydrogen free fluorocarbon including for example, CF,4, and/or a hydrogen containing
fluorocarbon, including, for example, CHF3, and an optional inert gas, such as helium

(He).

[0028] The exposed underlying spacer layer 226 material may then be
isotropically etched to expose the top portion of the gate stack 224 and source/drain
regions 212, 214, to form spacers of spacer layer 226 and line layer 227 as shown in

Figure 2D. Alternatively, the liner layer 227 may be completely or substantially
7



(He). [0028] The exposed underlying spacer |ayer 226
material may then be isotropically etched to expose

W b@ongpoporti on of the gate stack 224 and sourPCEUS2089/089356
regions 212, 214, to form spacers of spacer |ayer 226
and |ine layer 227 as shown in Figure 2D.
Alternatively, the liner layer 227 may be cogﬁl etely

removegl frohtessracar Igyes ARPeduring et%%é@:\@* 228 R :pzecess orby a
subse«ﬂt&{rﬂt @905&%1@?%%@8;" ngl%tr%éﬁ: %%ﬁmggﬁr%%sc‘nﬁf t%%rlnﬁgse a plasma

sequent ste otropic
or nongplaseasetohiygomopess esmgpa ateiocal estohanptl gasreswethcas rghydrogen
rocess usin em cal et such

ch a -
free ThGRcaaRRN £ PELOIG b CBRIe: rCHl AGUICD: S okddioden containing
quorocQ?cFo?ﬁ iRE1d4R %r%ﬂ@@nomgt Qh%%@znﬁg“g%[so%%lggﬂg for example,

i ncl uding, for exanple an oxl I Ng gas

oxygen ({24)uaiheh gnfaptiosabinpttegasosygens @mon (AnNd an opti onal
inert gas, such as argon (Ar). [0029] Figure 2E

[0029] 'f lolr {eagﬁsiglgﬁfq%gg ZE' [}%@%fgﬁé’ 2 eigto'ls |ﬁgrla¥§r aﬁg via fgrmatlon for

the dedie@ @1t ed Miert 280 & ﬂugésufe@ 8A Qhe astElicEire 20D, ldﬁb\l@!ram -inducing
| ayer 232, which ma boron-containing materia

layer 232, whishs Maycbe A W@nrqqmmmomaler@é,plsz@pqsgetﬂm@nthe liner 230.

A cap S8 1680 o B9, BARUBBN U220 g e

layer (ﬂMID)‘I@S(ESaps A3en ambdsl‘tedt@rd thet tape 39 camld n’eatmhlvnad chemlcal
BO|IS é%g) pre-nmetal dielectric |ayer

mechapicah pﬁ%ﬁhl@ P) anarh?r%ep’ﬂétar’rﬁ'%ﬁcwpe'%%& ?3@ is 39@? pattemed

and th%gﬁe rh&¥a B%ﬁ’e&ﬁé'la%ﬁ nz]%ené r%la@ 'ef;@% B%Va% -irfdifein Iggi“‘;}%raz‘:!&? such

ron-contal ni ng are etc
as a béronreantaioimgaiiim, vnd IRE8 230 znrieaeetgiaede te farok a2Zhtadt0e8@B8 to the
The E ron nitride |ayers provided herein may al so be
gate stgek g gs straini nduci ng | ayers. For exanple, a boron
nitride layer may be deposited over a gate structure

[0030] t 0 THEWRorPtritAtE laefpréidedeerbRIntlY @fsc?be used as strain-
transi stor. The strain-induci nﬁ boron nitride | a
v

mducmaklya@s u§@a expmpley a beeen mitdde faarhmay teméﬁ@os@% ageloa gate
structul’eo Pc% c{ C st;raﬁﬁ |J1 & hgﬂﬂelc%g;éér?%? S rr%ﬁs‘f%gﬁ.t ;l%‘ng?%tég R[IRHUCIHQ

han 't he s ra n-i

boron lhlmtb” lay&hendyobe rusedrwith @di’ﬁe@ﬂlnd@fméehﬁ it angfor ancks an top of it.
yers extends the use of the strain-inducing boron
The "nﬁr P layers bgveradorer bgrajeceatent fan Mg pgain-inducing boron

contalnﬁé’t&ﬁf ]'qle’gthee fdvgé} BSronCEMREAt B}eﬂ@ﬁﬁel‘:gﬁé A ’Iggglréﬁé’)r(tgﬂds the

oron content, strailninducin
use of the strais-ihdyeimg boron nitride Iayer by providing better insulating properties,

such as reduced leakage current, compared to the higher boron content, strain-

inducing boron nitride layers.

[0031] The liner 230 and cap 234 may be silicon nitride, boron nitride, or boron
oxide layers, for example. The liner 230 may have a thickness of between about 2 A
and about 500 A. The boron nitride and boron oxide layers may be deposited
according to any of the methods provided herein for forming the boron nitride layers
with the exception that the boron nitride and boron oxide layers are deposited under
conditions sufficient to provide a lower boron concentration in the boron nitride or

oxide layer relative to the boron nitride layer.
8



[0031] The liner 230 and cap 234 may be silicon
nitride, boron nitride, or boron oxide |ayers, for
wex@opsa9 The |iner 230 may have a thickness oPCHESAWeE089356
about 2 A and about 500 A. The boron nitride and boron
oxi de layers may be deposited according to any of the
nmet hods provi ded herein for forn1n9 the boron nitride )
[0032] | qyEhe fofagring embedipentnot RatrapsistosoTiBictwier AndemaHtpd of its

formatfo ?Ps ?ﬁ%rgﬁl IB¥ELTRT B cﬂ?dlt%fqbb'tﬁ\ﬂ%rnt§ %@dq Oéléctrodes and
sufficien provide a T ower boron concent in
alterndtilre rbeﬂ'rmlsrflot' rth@Ief@maMndmaJyaxe empbpdd ve pmcttdeetHeomoentnon

[ eIa ,[0032] The foregoin errbodlrrents of a
Furthef r‘f(?l‘@flssf’@r‘ %’PF\QC%‘? piaty Tetesd id iarParduags ifen fepming gate

stacks ”Ffeeldfsd b &Pl aldvkho ddstsi%@h éﬁ?ﬁﬂ&t@?ﬂéﬁpﬁ%at% %erial No.

ectro es and alternative ormation
10/612;614,2 biledngulyy ¢d 2003prwitich celaine priorinttook).S Fypreovisional patent

sopic gy 1865 S5 BB LY B oYt SRR ESporatec

hereln@gsrbiﬁ?éﬁcéjtosthe@&@rﬁﬂn&ﬁrﬁédr%i’étéﬁﬁheﬁéﬁﬁtﬁ! No. o
/612,642, filed July 1, 2003, which clainms priority

to U S. provisional patent application serial No.
[0033] 0/Ipgmater, embpdimnent| ¢ methoddopfabiisaingf s¢nicaneduetor mask is

ol 0 BB RS S Be Rl BLER SRR REIC B AE g sopee o

lines ametdepater nfashrofcgidory lineseadjscaivotibe sidskalls of the series of
provi ded. A sem_conductor stack havi n% a sacrificial
lines rﬁﬁ%kb%d?FBVHd§ﬂng Thesspager dinepi ¢RIBPHSRY thesparsy nifHdr graterial

descrlbo%]?ﬁﬁéfelﬁ.' e géeiérﬂﬁ:%ﬁtrgé% fsl_?_ ef r‘é‘?ﬁ@\}éqstooforﬁhﬁnesgéﬂn%nductor

I nes nay provi e spacer lines conprise
mask. t h©plionally, rthe rspieemahask aha)dﬁmrr bbeckoppedito. prilviele a cropped
sacrificial mask is then renoved to formthe
spacerdBaskonduct or mask. Optional |y, the spacer mask may
then be cropped to provide a cropped spacer nmask.

[o034) [ 00fAY sﬂ'&?érsrﬁéﬂ@hawiﬁg iomyed By Rt @shbdattid & Xpacer layer above

depositing a spacer |ayer above the sem conduct or
the semicopidugion stasmis andrapniginnal wilb tba@@pﬂfl@ahmaﬁhsthhétg:mengoacer

ovor 4 RO h 4, B b AR AEc A 2 Yo o e

series of lihenebtef sadrifickacenadkd ghalko @RE&S@MB top supaseof i tagtificial
surface of the sacrificial and renovi ng the

mask, 3ad remoying theesacrificiab ”é%ﬁ!fc eThQr#j@RC@aWék rﬁ’aift@m is subsequently
ed to a sem conduct or st ack.
transfef%@?@%u%[] 1(%522‘:'@9? fs,faarci(

prior to renoval of the sacrificial

mask a photoresist layer is
[0035] Optionally, prior to removal of the sacrificial mask a photoresist layer is

deposited and patterned above the spacer mask to expose a portion of the spacer
mask and exposed portions of the spacer mask are etched to crop the spacer mask.
In a further option, the spacer mark is cropped following removal of the sacrificial
mask. As each pair of spacer regions of the spacer mask associated with each line
of the sacrificial mask may be connected with the preference that the lines in the
spacer mask that are discontinuous with one another, portions of the spacer mask
that wrap around the ends of the lines in the sacrificial mask may be cropped in a

patterning/etch process.



deposited and patterned above the spacer mask to

expose a portion of the spacer nmask and exposed
w@erbilamg of the spacer nmask are etched to cr opCT/ii82009/039356

spacer mask. In a further option, the spacer mark is

cropped foll ow ng renoval of the sacrifici aI rrask As

each pair of spacer regions of the spacer
[0036] 55sHee deserikad Prosgss ajlows fer thedeequgncyaf & lahoa@ﬂblqwa@/ﬁem to

be dodsbg%cg gy RE %Egc%\‘ firfedt #6‘?5998 A &0 ot c{ﬁsb\%llg 'di %Sllthepfalb%cally

t are disco t| nuous wth one anot
patternmat tsacriciaf mdsk fpafoem raaséermlbamdMGlp patieamdgt masdxn@soviding

el B WGP 0t 548y P Bl o
havungadd% tHHehdify I IRRY9R @Yp éﬁlcé‘laF \'éé’!@rg.r #Bhieka é,?lg %{:Egrdance

be doubl ed by "t he spacer |ines med adj acent _
with agi efebadimentfofathiei presgntimiandiony thatpitehneldtreasaciificalamask is

setoo R 8. 808 %o TSR Pl R B0 aRs EV oPLA o2
line, or the sane feature wi dth, but having double the

[0037] derBhd Yiabfichtisiesofi & 8paééit Irﬁ&&l&mé?@in@mde':@f R¥PPAG eprocess
in accordance with an enbodi ment of the present
sequengg, dRkugh, Whisk paerificial rmagk ssa@*ameeutamrﬁwg@ steictural integrity

to the Snga%SF ‘?‘ﬁlaélﬁ t?-{?% 4re"s nSR rl-ij e?IthsttI%Tté’ é:trb{%%ééﬁ()n%?] %de?()padown views

accompahyingatoi an @femplagamthodsd&s rapyplied ab ual esemicongypitog stack, in

roces seq ce, through which a sacrificial mask is
accordlagp% an 8”&0901"%@ cgtttf‘%é’f%ﬁ% tinvendigRi ty to the spacer

mask. Figures 3A-Hillustrate cross-sectional and

t ogpd | a y N |fEe NBHAN
oo L OO WIS RS KARERY pRACK AN 56 T RN o o

semicandustarostiank N30 f Inhen@remabodlmememe semi¢oudgiton stack 300 is

. er.ne toresist |layer 302 .i
comprigpf]. b2 il $25k “BFK BREARNEE Tpoplt Fhesk b o6 above a
semicoiidvetrn@ydr.3dghe sem conduct or stack 300 is conprised
of a first mask stack 304 and a second mask stack 306
above a sem conductor, | ayer 308. [0039] The patterned

[0039] phoths @@ﬁgfnqdapbpt%wstnﬁyeb@%mw Be FasRPhsRA ehesyi Eaterial
suﬂabl% gbf oL ¢ ':'aolfth%@g{) ohé% 2 cﬂp{g BOQ iP& %?ﬁqeg%'tﬂ?? gﬂ%tod'e&sts

| ve or Si's pre
of whipbsptefawe@hMQnmlrﬂ”totmesmt| mlaterizie ael seteeted rfaomt e group

c i stin 248nm.r esi a 193nmresist, a .
consistiigy gy é‘@ﬁsrgf‘ i aﬁénm (4513t 1570 1TPRISWADH & phenofic resin
matrix S/lmg'? %pgfsé:}ghﬁﬂh'ﬂhﬁaﬂﬁoﬁgn§éﬁélt¥z%rr aRBYpiRESHEd TRYaBF8 PHMSresist
material selected from the group consisting of poly-cis-isoprene and poly-vinyl-

cinnamate.

[0040] The patterned photoresist layer 302 may have any dimensions suitable for
a spacer mask fabrication process. For example, a width, X, of each feature 303 of
the patterned photoresist layer 302 may substantially correlate with the desired
critical dimension of a semiconductor device feature, such as the width of a gate
electrode, and may be between about 10 nanometers and about 100 nanometers.
The widths of the spacer lines of the spacer mask may be substantially the same

width of the features 303 of the patterned photoresist layer 302. The spacing, Y,
10



material selected fromthe group consisting of

pol y-ci s-i soprene and pol y-vinyl ci nnamate. [0040] The
w@aivasmed photoresi st [ayer 302 may have any PCT/US2009/039356

di mensi ons suitable for a spacer mask fabrication

process. For exanple, a wdth, X, of each feature 303

of the patterned photoresist Ia er 302 rm%
betweay), b@,@%m%beys%qt?@|tat@tw"?-ﬂ a fréaHeasy ggubling sehgme, and the

spacnnghﬂg%égﬂrhdgfseguéﬁm ?@rﬂﬁjé’cwsgécéjre %seléc ?ﬂg@fegléttoag%nrblﬁﬁtanﬁally

th o ate electr
equal talibetwidib asfaaramhm;mcser seglonb ot e&ﬁﬂupimmkﬂnetfmrmenm of features is

to be diybleth ¢ spAGNBRE belmesaar featlie 403 A ihe Batiafdgphotorosist
layer SUQGIS %p?&[vﬁﬁ@el?%hﬁ[ ﬁﬁBﬂmé@W vaillé -widihex s B8 depibted in Figure

tween |ines nay be selected to optimze a
3A. Infa emmimgmquibheng 198Humdithegraphhis wsestiongenmratethe patterned

photorGYREHE Bl B BTeR75 Rlioti B FprrPxBifiS FhpponBrers and a

spacm? e@tWEen FoatupBPABproxim4iee | 85 mapBmetels. f AadivbRally, ?the pitch
o be doubl ed, the spacing Y between each feature 3

of the pattqaqﬁ'@dpmqt@qu;&j layRit 30245 selertageio Beappsoximately 4 in order to

et e i SR ALHE 1 e 2.

nm | ithography is used to generate the patterned
[0041] phokhay e&ppsbxuh&yerSHO%pbarnlgngo awidtiat ratie ¥erdthe ofieatures of the

st 2B EFTES R Yo BPRoN 2 30 A SHUERD o posve

photordd&ll idyRipaki Yhe tefi@o@h? rbgéggﬁcgg 6):?3)5(}9 ethﬁﬁﬁlnehgt h&RkSdist layer

ayer 302 1s selecte y~ 4 | or der
subsequsnt:ltbu aditbbgraph/ieleieprapat processk \liorhexpaple; the neatterned

photorgiit Btef a6 Yon iRl RS Bhdicesiet Birabpd i, using a plasma
etch cﬁ@ﬁrswesmmoddwsfd@ad t@qnsﬁcwhewﬁr@ss@ﬁemaxﬁé 392 wikh B each

achi eved y over - exposli n% OSI Ive p hot or esi st ayer
featureain tthe @&ttﬁfaadepb@@r%ﬁla;to yer 332 tis i ¥mihey pitchhet dhespatterned

onoror g8 335 WE P ol GBI PSS HBIBRIET spayy ke

to com@@ﬂsaté far tha3etoMpPesdds e dioQi1ePh itisd fikst iaskdstayk Be4NThus in
pl asma etch chem str%% Al t hough for a frequel

accordae%wﬂh@rs@rwéﬁémw qf dfae pregemt mwtieﬁcﬁ'eﬂ@'ﬁﬁh‘ﬂ/@"f}‘/ §f eaeh line
f
n e BEHEGERChOBRIANTR 8 b2)ETadied Sp 4 LB Pzl o re

times th ghitbth.may be required to be slightly thicker to
conpensate for the etch process used to pattern the

first, mask s ack 4, Thus in anc

100421 o peTpTFRI ooy OLFR S6r thseogh LG BHSDRE FglaTeaRt lavar AO2 is

: transfe%dQBQHemrQethk shekPai4 Bg%detﬁh%r%@s% & fdnY&'sadfifciaPmask
targeted to be between 0.281 and

310. The etch process used to transfer the image may be any process suitable to
transfer substantially the same image from the patterned photoresist layer 302 to the

first mask stack 304.

[0043] The first mask stack 304 (sacrificial mask 310) may comprise any material
or combination of materials suitable to act as a sacrificial mask in a spacer mask
fabrication process and may comprise a single material as indicated by the single

shading depicted in Figure 3A or two or more materials, of which a two layer material
11



times the pitch. [0042] Referring to Figure 3B, the
i mge of the patterned photoresist |layer 302 is
wao e@pssasred to the first mask stack 304 by anP@r/vkz009/039356
process to forma sacrificial mask 310. The etch
process used to transfer the image nmay be any process
uitable to transfer substantially the sane image fro
304A, ?Wﬂ;é

ImalserhaWRJTIGHIR A, The,camBdsitien apAdhicknass pidirkt mask
stack 304 %( ra |9 l U‘ 'S ndiBS. Siitdfe Qf@rdfetchlnagr W|th an etch

sacrl |C|a y conprise any mater
processaﬂMngawhmln tﬁe rpatternmi phetmresisll Byeo 3¢t isasetained substannally
r.ocess

e, SESF BB e B 4 8 BB S Raron-

based Pdtetis &{tﬁmeﬁﬁrs@ %’é&(t Sdck Bok! MLy %oﬁﬁar% & YWatQﬁal'@&l@cted from
materi al s, h a two |ayer” material 304A, 304

the groaipseonsinsing ¢frsﬂmogum¢an®A silivien @N@@Bﬂtﬂmpﬁndsmmdw@wmlme

sifoon i) P PRERERRISEY gAogk oRIeRL FERF e SR el B crir.
and CHEJ ity MéiugBdtiieerP#id ﬁfs{ﬂeﬂaﬂhgta@kemmothﬁﬁés gféon Hitride, an
retai ned substantially intact. For example

etch prggeseHRBY gafrescoYlested frtwéhwe YOUMBIN i 9%6453 and CHF3 may

be useﬁ%ﬁ&?ﬁ%sﬁgt sﬁé&?& ec:"nﬁ“ Ise%sstll SA&I&& aeﬁhi g’rq %t ébocess

nprise a na rom groUp consit s

using gﬁseSI delectedrframitte, greublmels(tmgdﬁ CalgdinalmHBplnmySberused when
ol ycrystalline silicon. An etch process using gases

the firsbayask st k 3hpmeEPhews ey RIMevsElling YHcadpF2 and CHF3

may be used when the first mask stack 304 conprises

[0044] s. lth Ca%omatrfcbolﬁ.m an &hﬁ@dl%&ﬁ%?ih@?k%&é@%héﬁ' et mﬂzkness

om the group consisting of CHF3 may be used
of the f\mtamaskstmk 804 wanipriseda @Bsingteompterid is sellectemirtoooptnimze the

etch RLOCEesS usin ases . sel ect ed fr
subseciBfy IBrBalh, B f SRes snasi i fiaayehey el Opesrrome.  The
thicknelsk I ¥t theRfifst ThasiK stk 30PTRAP W ShffiBRNYG 'SrealRkd | ';ﬂé’\/ent spacer
silicon. [0044] In accordance with an enbodi nent

mask lingecqllapsernf a subaequantivt ﬂ%mteﬁu snaces snagk and wffmnt%blzge to

enablesctr‘?igjél 31%%}1% {:65! cﬂseque ﬁ?ép ﬁgg&glﬁg%alT 'estaggbggéégyw first

mask staibla304 e;@anrtssedd@fti@lsirme sedtena. which rhay ‘blenﬁsthecréngélﬂbetween
st mask stac be sufficjent sma
about "p%@eﬁtal&%ée&mﬁs |th¢1gareale|ddw§ew@ﬁh af é@b%a@@tleﬁi mask 310.

formed spacer mask and sufficiently large to enable

oo 5115 P BNy S e St SATGE ekl Rigpugn. o
first mask&stagk 80#4s epirgirisedi afa fiesy haedmask Feyer 30gA aim“meamrst mask
layer 304B, as indicated by the two layers depicted in Figure 3A to form the
sacrificial mask 310 of a sacrificial hardmask portion 310A above a sacrificial mask
portion 310B, as depicted in Figure 3B. The first hardmask layer 304A and the first
mask layer 304B may be patterned with the image of the patterned photoresist layer
302 in two distinct etch operations with the first hardmask layer 304A comprising any
material suitable for etching with an etch process that is substantially non-impactful
to the patterned photoresist layer 302 and the first mask layer 304B) comprising a
material with etch characteristics similar to the etch characteristics of the patterned

photoresist layer 302. Under such a regime, it is believed that the first hardmask

12



about 4.06 and about 5.625 tines the targeted |ine
wi dth of the sacrificial mask 310. [0045] In
waewonsasre with an alternative enbodi ment of PEEUS2009/039356
present invention, the first mask stack 304 is
conprised of a first hardmask | ayer 304A above a first
mask | ayer 304B, as indicated by the two |ayers
layer 3945\ ist e%ed 10 Prefanee e irpage fran Hae natierned péptqm@ﬁt Byer 302

during e §ut§‘saé(;t{déaln't %ﬁofqﬂéqﬂ&%g%%yeggogéOA above a

sacri ortion epicted in Figure
3B. The first hardmask | ayer 304A and the first mask

[0046] | ayEre PpattBrrany phetopedisitayed 302t And hbeifirsgmazk ther 304B may
distipct etch

compr BB A YRt S ) s
mateneﬂOE@lbb%d”%oﬁ?%h@%n%rdpaboﬁéibﬁﬁ?acﬁ EMEorsURtHARY 652|de and

etch process that subst ant |y non-inpactfu
amorphéus papolycnstialfimeisticosi sthe eyar paa@sarfdr th’&éflfst mlrdmask layer

| 04B i ) | th etc .
304A e, (18] Plasic V&t DR Maf BebeCiarie laff hidtssses assdeseribed
for flrslt M%sﬁ%‘té@( 864 debelissehbdin! AR thidkAesof dhe ﬁlﬂgi rlha@dmask layer

gime, it is believed that the first hardmaskl ayer

304A wxsbe sufiicientlyo spradls tr weablee highhg seleadivet elehingt relatival to the

paterBRCIRBE . S 2o (HBEECTRY, FOFDY et mey

undesiww @m@é@thd it madkllaged 304B. finraie mbdlrﬁefmr tiD#ckness of
onpri se carbon-based materjals and the first

the flfﬁﬁ ah@dﬁﬂ‘@b?kl layesr 3864 As niaytheotandesketwasn: aboull 2@ dlasomeiers and

oup consisting of silicon nitride, silicon
about éd Hg;é&g%a&%nor phous or polycrystalline silicon. The

etch process for the first hardmask | ayer 304A and the
[0047] fi rBie hestkmhaly day0384Bayapchavee skaiter efchhcharaciesistiss to the

S TR, O T Y

layer 30BYam® the!fikdtCin@Bk | 1XySBOAB the etdbtied Huh! %a@%ﬁlleﬁémﬁﬁs of the
etching relative to the patterned photoresist layer

pattemngd2 phatpresist ilayenB0Y remgising swbsequesitntmitbs eteht ofrehe first

e A0DX R85 Subeabell ol HE T RRkPoBthe. For

examp@:O‘iA aécdriahde Withhe® eAibWRIMeAbolthd Gpre@BrMrivdintioANboth the
about 50 nanometers. [0047] The first nmask | ayer 304B

patternggly Phalpeesistilayar 802 harthathgcfiesti wskslayer 134 aAree co@grised

substafh 256 Shtel s O o8 LRGBS TREARR, Bl Tier 3048 i
comprlhayejf 3M&tmeos@lpéo(umnemhk¢)haep%1l braphiitic) ormdop Y(pgrolitic)-

terned photaresist |ayer 302 remai ni ng subsequent
hybndlfeds p%ébqgt atorps | pﬁé(‘;é framp a chemical vapor degposmon grocess using

hydrocarbon precursor molecules. Such a film may be known in the art as an
amorphous carbon film or Advanced Patterning Film™ (APF). An etching process by
using gases selected from the group consisting of the combination of O, and N, or
the combination of CH, and N2 and O2 may be used to etch a first mask layer 304B
comprising amorphous carbon. In a particular embodiment, substantiaily all of the
patterned photoresist layer 302 is removed in the same etch operation as that used
to pattern the first mask layer 304B. The thickness of the first mask layer 304B may

be sufficiently small to prevent spacer mask line-collapse of a subsequently formed
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har dmask | ayer 304A are renoved during the etch of the
first mask | ayer 304B. For exanple, in accordance with
wa@pooeirgmglh ment of the present invention, both PEEUS2009/039356
patterned photoresist |ayer 302 and the first nmask
| ayer 304B are conprised substantially of carbon
atons. In one enbodi nent, the first mask |layer 304B is
spacergvagh agddsuliciently large ¢éo ehablsacrititiah dimensipr epntros pbthe spacer

mask yftscP o (orfe ottt BAL P total lckrBRCafOHEC s THASK stack 304

compnyéd 1 thy dirsiCiadrapiashr I@9eF SOSATNEHE fifst nRiiagef |3loaBnr§yin the
be known in the art as an _anorphous carbon filmo

range Rglverie @bpdt Yedtiang rbPHY B2 Am%s then targetach @ngr\wé'&- of the

ases selected fromthe group consisting of
sacnflc?% nlﬂéél{r:‘%l(%atl on of 2 and N2 or the conbination of CH4

and N2 and Q2 nay be used to etch a first nask | ayer
[0048]) 304BR:=feaiy iagamgtcarﬁngmboﬂls tae Isenond maslpatadkcB0@rcomprises a

second, Rar sk JaySagbbRaghOre s SrseB ek HBVEEAWER: cihe second
hardmé’éi@fa?bf QOGA%SE%VEW %)Fbg@?(:iéseétﬁ‘itémé té ik é&cﬂﬁ%‘sé&%ﬁﬁf mask

The thickness of rst mask | ayer
layer 3ﬂéBsinom theeetchyprogas$ usedgodoent thgpmmflc@mask 310. The first

apse of a subsequently.f.ornedspa mask an
mask gaBf; SPL R SolinyBer 8 SRt Blatriai bl AR, IR, Wy sucn
materid] 3 efdHedoSelbiifveSioaBermaRS# I bf fiRSseddhdPR&rapiExkdaBN806A. For
the total thickness of the first mask stack 304

examplep righers dbe dirst mask stackn304nasiompiisss Silagn gnddenhdhe second

e B0 7oA et SpAIAP B MR 5Pt of

silicon bhldew arfan:brajusrm’srb'ol)'t‘drg)stallﬁn@@ﬂcoﬂef lﬁréncﬁnera%rﬁplbowhen the
gure 3B, the second mask stack 306 conprises

first m%ﬂt stagkna04imsRMPAIper SIROR QXiEee the §@6@ﬂ@| haa@waﬁh;)eyer 306A
may cooig@ﬁ’se ?%é@ﬁéﬁ%g&%gnﬁéﬁ {h%ygfoﬁoé&éﬁty af%\’%f(lﬁﬁ}ﬁ nitride and
pr ta mask | ayer

perties sul e to protec e secon
amorpiafleBorf paﬂymnyhmlletecﬁhq:nmcbss furttestr exanhplenwhbe the first mask stack
sacrifici al sk 310. The first sk stack 304
304 is grprises AnQiRGUs raPebPRstaling sUERN oty Aerad harpask layer
306A rﬁé‘)‘? RoFHrRE! &Imaterisf EQégte%eirSﬁfAih\ég%Fo%pt &?ns‘?&ﬂr@r bekili®dn nitride

he second hardmask |ayer r exanpl e, “when the
and Slllt:OIn@txldm% stack 304 is conprises silicon nitride, the
second hardmask | ayer 306A nmay conprise a nmateri al

sel ect NSi St | i i .
oss] 34 BB kEE Wl a8 e e o lne HRRebiREpton. e
first m@kaﬁﬂabﬁ 30m%ncdjrhﬁnédad of gk Heir@dlkiskMdydrs3EaNRIndsg Jirst mask
si licon oxide e second hardmask | ayer 306A
layer 304B. In one embodiment, the first mask layef 304B is comprised of an
amorphous carbon film etched by gases selected from the group consisting of the
combination of O, and N, or the combination of CH4 and N> and O, and the second
hardmask layer 306A is comprised of a material selected from the group consisting
of silicon nitride, silicon oxide and amorphous or polycrystalline silicon. The
thickness of the second hardmask layer 306A may be sufficiently small to enable
subsequent highly selective etching relative to the second mask layer 306B and
sufficiently large to avoid pinholes that may undesirably expose the second mask

layer 306B to the etch process applied to the first mask stack 304. In one
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may conprise a material selected fromthe group
consisting of silicon nitride and anor phous or
w@eiogasmst al i ne silicon. In a further exanpl ePCTHIB2009/039356
the first mask stack 304 is conprises anorphous or
pol ycrystalline silicon, the second hardmask |ayer
306A may conprise a material selected fromthe roug
embodipagt, sthentidmess| ofcthe secendchaidmask| layeh 39BAdés in the range

betwe% WSkt 1'§aﬁ&8869?{@ﬁa% ~alternative enbodi ment of

present 1 nven irst mask stack 304 is
corrprl sed of a first hardrmsk | ayer 304A and a first
[0050] rrasFReflea}'rq ti3PigBre B, anspameb tajiem3n R, is tdepobited tonf@sial over the

sacrlflc&a} gﬂ( 8?8 e co r I sed o gm)r gi%r g@é@og‘g{elnlﬁon%ﬂer layer
312is fH@s&RH@ 'o'F‘ ?ﬂdt@ﬁ'al%r %afiﬂfﬂl l’}fﬁnfértelg 'B%c@ﬁ'l@zh @ d:éWnQ&k fd#use in

and O2 and the second hardmask aye 306A
a frequemwdoslbtin@fsclaemat efieas pacsrdayardB 12 maytdomprissuthe boron nitride

materig] 83Tkt Refbino e Bbdess ob g Shaisk Hydts Emalihe selgpted to
determirke tﬁ@%ﬁﬁh areeath ey e ﬁo%smﬁﬂehﬁy Sf@frﬁéﬁ'ﬁﬂide)‘ mask, for

smal | to enabl e subsequent 2 selective etching
examplesthe thieknesstaidhe spaner ianek31ajesulzgmiallydhe same as the width

[ | . .
of e GHRLES 3% %ali88 bRsRiElt o JARLED IR, g pickness
of the a&jpabep! 8312|0ﬁhy€b’é igpedtee than she akith séfaible Bduresn303 the
oneenbodi nent, the thickness of the second hardmask

sacrlflqladmslg@ggpmgenspatpﬁgr F%@@htﬂff)ﬁ@% useBdie pPaterninessrager layer
f r r r
or2. T ABRGES! Bl g G030k g A 65 oS0 of e
featuresasktﬁbl@amfublabmaektsm setoa didsaednfeakure ayieith 3Dahe Hes in a
r 312 is the source of material for what

spacer. | a
subseq;fqnﬁy&q)rm BRAGPTIRRYe a spacer mask for use in a

frequency doubling schene. The spacer |ayer 312 may

[0051] Corﬁiéfbﬁﬁlgt e g 3D, tthb%pé’t%treléyéll 3qesr biRpddhey 9'rc5\nde the
he thi ckness of the spacer |ayer 312 nmay be sel ected

spacertma@leﬁéﬂ anddotexpoaedhe top sureces af theesagrriicial mask 310 and the

socond R Y SRS RRFR ool rBEATSLE e Py wi

the sideddils af thddeatuddd opthd Raciifdalumesk &10. hei r30 iilkistates that
mask 310, as depicted in Fi %ure 3C. The thickness of

there arpdwepines: fromyibe spacerayasie 33t dar evephbne pﬁéhwsa@ﬂflcaal mask
a10. THRSSIERNERT o ntoq 20didd b, Sy BREed£oGRIE S Pifge wol

controll&BZdlm'lafrrmdrh;i danpstarale, thenaiptaiera Widthrof3diRicabdinbension of the
sacnhcna? mask 31% Ll'ggss;;apc%rvra%rhs% rtnay be etched until the lines of the
spacer mask 314 are substantially the same height as the features of the sacrificial
mask 310, as depicted in Figure 3D. The lines of the spacer mask 314 may be
recessed slightly below the top surface of the features of the sacrificial mask 310 in
order to ensure that the continuity of the spacer layer 312 is broken above and
between the lines of the spacer mask 314. The width of the top surface of each line
of the spacer mask 314 may be substantially the same as the width at the interface
of the spacer mask 314 and the second hardmask layer 306A, as depicted in Figure

3D.
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features of the sacrificial mask 310 or the desired
feature wwdth of the lines in a subsequently forned
waepaeas7igask. [ 0051] Referring to Figure 3D, tPET/ERAOL039356
| ayer 312 is etched to provide the spacer nmask 314 and
to expose the top surfaces of the sacrificial mask 310
and the second hardnask | ayer 306A. The lines of the
[0052] spalwe spacsk Iayer Jemay@isy beletehaditotfhenghe epatesmatk 314 (for

he_.f eatures. of .t,he sacr,iflicial k 310, Fiqguyr. .
example g P AREH R o R EGp o RS Ecrfoinl mdk digder a singre
layer, ARGKo3tHE fiRt HRrE@M4sk i 1BFe0BORACTOS af IstddkedalayBRsknd kRe second

The spacer |ayer 312 nay be etched by any process

hardmagk tayer 8064 piro@i sheciiis embadinoenteef Wienpieseohinventien, the etch
procesF NREANE%o fr]h thas'p%ggt H?%g’g %}E é’r{d-géfrnh%cg ;%PH ?@B%&n%fg{he top

he~sacriticial € Spa

surfacesd oheite Walcrificithendskn8$0 aind tie: speced hawdivask 4apere306A. In a
substantially the same height as the features of the

particulay ambodiment.ra slighs Ryer-gich Bparrlisd foHowinguthe &s-peing detection
|, tyd : I ght

o ensfyeh s o s AP o RSF ide BBY 8 SECTRIRS!H otur 1

features for idxampEle liresto-id) oh the d=crificiabmsasle 31Pat Arhexample of a

. .continuity of the spacer Ia§§é 312 i.s broli)%rﬁl abqve, and . .
suitable &G HOERRS oM asSRACES Qy_%rp rCOMRYSIRg 42 baien \pilide piaterial
includdshg %Qé‘mﬁuéf ﬂ%ﬁ_—ﬂé?rﬁécélchingﬁgﬂfcekg%ér%?%bh%l Ftéhant gas,

may be substantially the sane as the dth at the
such asitarhydrogeh free Spawmarhers kingludinghdot hexamaplendCaF., CFs, or

combiiptE et Sl 2, Ry Sobtbor bbb, Pofang, for
examp R aCBIF ; MRk oﬁfh‘ﬂzilﬁ? ggﬁaée,xﬁh&ﬂbih% ﬁigggx@nﬁ%, \@xgg?ﬂg:r@%), and an

etch selectivity the sacri mask 31

optionaiingyt gas.asuoh asa@ondArher heliuse. har dmask | ayer 304A for
a stacked layer, and the second hardmask | ayer 306A.

o L1 3PSHebcCHRRELETE (9050 SR HRAETA1 s i i

Figure=8G-3D] adead| spewer tayeo sudiebefutitined.t op surfaces of the
sacrificial nmask 310 and the second hardmask | ayer

BOEi:A. In a part,icul enmbodi nent , ? sl i ght over-etch
[0054] | ¢ UL G0 oRFg R né GHl-SHchE 18 SEMRSIFInG adhase: spacer
layer 3gbaénd BEiddrN&yeros15 hee URSSHedRBKfo?HAIRRer the sacrificial mask

I scontinuous” fromfeature to feature (for exanple
310 arnd above ihé¢ serond hardmaskriayer BabAnnike IBGe gpacerdapee313 is

nitially iR POE Bro BT T ecs ARl R AP UL ABKF dafsecond
hardmda¥k MgferPBOSABaRdH CAUmMBrisdsO&es SootdhHitridleC hfiieRall afl Chériatives
thereofgggs’cribed herein. The liner layer 315 is deposited on the base spacer layer
313’ as shown in Figure 3C. The line layer 315 may comprise a nitride material,
such as silicon nitride, and may be deposited to a thickness between 1% and 90% of
the total thickness of the spacer layer 312, i.e., the base spacer layer 313 and the

liner layer 315.

[0055] The liner layer 315 may then be anisotropically etched to expose the
horizontal portions of the underlying base spacer layer 313 of the spacer layer 312
as shown in Figure 3C”. The anisotropic etching process may comprise a plasma or

non-plasma etching process using a chemical etchant gas, such as a hydrogen free
16



such as a hydrogen free fluorocarbon including for
exanpl e, C2F2, CF4, or conbinations thereof, and/or a
wh@posmEm cont ai ni ng fl uorocarbon, including, POF/US2009/039356
exanpl e, CHF3, an oxidizing gas, including for
exanpl e, oxygen (O2) , and an optional inert gas, such
as argon éjAr) or helium %0053] In an alternate
fluorocprante #xclyding ffor eixamprle.e Cabacel 4.nes kopbinationshthaieofy and/or a

Fi.g . 3C- | . ro| ( tilized,. .
nydrogpygtapt ier Bt B GHas B Bhalile. Ephecrh [jtizing gas,
including Mg éxErmglefoRpgeh EDACand|aryeptichis itstt gas) s ab aygsn (Ar) or

. 315 are deposited conformally over the sacrificial
heliumpask 310 and above the second hardnask | ayer 306A. The
base spacer layer 313 is initially deposited

foose] COMFHY '&héé’%g‘r’rﬁ%taetr%? ot ARE! g%@%ﬂ%@%é%‘}a@é}d Ieﬁ%?vf?l(s and a

t he seco sk layer conprises t
portionbof tre finér iayer tSenial theamd bdeisotrapicalbs etdterdtd expose the top

portion; (1o L S ciPeiorm Soaces et Ariilh UGG Ryer S#igormed

! e P .
thereonh a8&hbAsh Hdard By . R%gﬁﬁg% %Cétrﬂ%%lb Aéh Bgicfeggghay BEDhe of the

as silicon nitride, an posite

etch prophessascdesaibeddm@ieindfonapacddaydr 3tz etabing. Ahemiabivsly, thie liner

e spacer layer, 312, j.e... the base ac | ayer 313
layer 122 Gmaass cquiPirighap subsBnyigheismarad T ne gphEes Tadsk 14
during {RRYbASE Sp e raay &y B ISk Frodet Mefa sabsX s prbessing step.
hori zontal portions of the underlying base spacer
| ayer 313 of the spacer |ayer 312 as shown in Figure )
[0057] 3CReferingaie Bigbiraspdle andcHi nthepsRreas nasl 3td may Bave materials

from '(h%lt %}?ﬁ{:ﬁf Rk $ (ﬁm EinGiH Egntﬂ{lﬁgj:%:a;‘rpﬁﬁb e %n@%ﬁdﬂe‘é@h of the

gas, such as a hydrogen or ocar
lines of thel sadrifigial orask3p e depidted bffehd-portionsidiiBadfithaspacer mask

314 iCfTElFh IS DB e OF S Sk Gk ATl gy ponneen pairs o
i \ngef | ) Pt

spacen{REL b oS E81D e BEYAE B g of AL Bl rat ar

exposesk py s dvindowr iegiornf330hepandeatierning thes phetmiesist staokr 320, as

.. 313 and i f the |i 15 h
copit, R4, "Rl ek Ak LT cRSOT A Bocepacer
mask FBF NG He2lbxpBsdd o riidHsbf MRE YachBEK! AldkWBEO drid@e second
| ayer 315 forned thereon as shown in Figure 3D. A

hardmagl layen 306A.0t r opi ¢ et ch process may be one of the etch
processes described herein for spacer |ayer 312

[0058] et %tﬂ?ﬁin@“té eﬁi&lﬂlei gg] X’pﬁ&grésjié?egtack 320 may have a photoresist
layer 324 comprised of any material described in association with the patterned
photoresist layer 302 from Figure 3A. Additionally, the photoresist stack 320 may
comprise a bottom-anti-reflective-coating (BARC) layer 322 in between the
photoresist layer 324 and the spacer mask 314 in order to provide a flat surface for
the photoresist layer 324, as depicted in Figure 3E. The BARC layer may be a spin-
on glass material having an organic group. Alternatively, the photoresist stack 320 is
comprised entirely of a photoresist layer. The photoresist stack 320 may be
deposited by any process that provides a flat top surface for the photoresist stack
320. For example, in accordance with an embodiment of the present invention, the

photoresist stack 320 comprises the photoresist layer 324 above the BARC layer
17



| ayer 127 may be conpletely or substantially renoved

fromthe spacer mask 314 during the base spacer |ayer
W@1B9a8Tbo process or by a subsequent processi NBCHUS®N9/039356

[0057] Referring to Figures 3E and 3E , the spacer

mask 314 may have materials fromthe sacrificial mask

310 that remai n continuous around the ends of each of

322 aﬂdHEOThithégJWOfﬁﬁ@tMi&%cam thea BIAR(] dayes S32%@epiecdepgiied by a

sin o o088 48 i, RS RARE LB i S S o

photor@eﬁét\/\m@r PeHe @h@for@@@ﬂﬁéyérl mey bayddpositedoned l@}mn’slon process.
sel ective etching of the end- ?ortl ons 316 that are
i

whie Eigsisedoand Fndosireisyin raisolancr e eeaici ek 310, the
mvenh@ﬁ%%ﬂfé?ﬁblﬁtess{i%‘fEh%%@acé‘rs %R'ﬂfgrdc%sg'rﬂ I Scihr aftgp?emoval

hotoresis eposite ove e spac

of the mhci&lMa&kcBﬂdmatermhsed portions of the sacrifici aI
mask 310 and the second har dmask Iayer 306A. [0058]

0s0) o the PRy SriEt SEER (32 may e eBHRISh BY GPYSOMARE Rrocess

descritdRS i h8&stidtbrAdRACHR! pafeirigof ﬂﬁe géﬁéﬂe@eﬂhotoremst layer 302
hotoresist layer 302 from Figure 3A. Additionally,

from Figuwse @fotofers at wisidewk regpon 330 tbahpxpegsesithe end-portions 316 of

bot t I t {. BARC '
the spenBaNK 14 phOE chES LT JyBrowgRoI: o8t drap Becphirdipension
suitablé 14 crdp Hel§padet raask Bd8. arHd Aindow t&fien 330 ﬂ'nbg expose at least
photoresi st |ayer 324, as depicted in Figure 3E. The

the entgaRd-pYRiONAR 6hef thesrassh masksd! 4t be.cbnneﬁa@nﬁg)fahe window
| t
region 33814 tf SMBetcl f°0iR, oxpos¥ o bR 6L BleCBaciicRl Hidst 310 to

accomipodbty s iaply stighraffsitin tree/p@wem\e@amd,atém, arppiiPprRESSS.
that provides a flat top surface for the photoresi st

stack 320. For e in. ac rdance
100601 &1 ShATET BRATSAT RS BRDOR H0 T & FroRAR Ssesreasied4o. The
spacerfﬂné&k 3340ma 0By eHhSy RRYLAER Hrobed U EH ré%v@@%@ xposed

BARC | ager 322 "and both the photoresist |ayer
portionard thhespBARCnh%}@BVRZ%sarlblSttemb ithe ¢nlypartiops 13-16n selectlve to

oce. d n th hot o t, stack 32
the phBBEEER < H200ARM! ek SaoRiE i baieR oyt d0gs are removed.
AlternalibélyoftRSefeh hay @lot 'ﬂ%ysé!éct%pl@sﬂhbe&ﬂ%\éea FHiGn Bf the sacrificial
process. Wiile Figures 3E and 3E illustrate the

mask 3r1@t direfeyably theheropping etchbipipceassii selastive fie thegspesashportions

of the sca%giﬁglggh E%ﬂghm%\% (f qé@ 35 B d??%lff:l %ISB %ﬂéq@?ﬁnal and etch

procesﬁ&bmbn?étlor{ @éléiﬂibeﬂiffer ﬂh;)éi@hﬁfg &th%tﬁijeB%Q/eﬂW 2hie association
patt erned it hographi c process

with Figures 3C and 3}5 may be usedto form the cropped spacer mask 340.

[0061] Referring to Figures 3G and 3G’, the photoresist stack 320 and the
sacrificial mask 310 are removed. Thus, in accordance with an embodiment of the
present invention, the sacrificial mask 310 is retained to provide structural support
through the cropping of the spacer mask 314 to form the cropped spacer mask 340.
However, once the cropped spacer mask is formed, the sacrificial mask 310 may be

removed to complete the frequency doubling mask fabrication process.
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described in association with the patterning of the
patterned photoresist |ayer 302 fromFigure 3Ato form
w@2mpnsiaw regi on 330 that exposes the end- port PORESBAB039356
of the spacer mask 314. The size of the w ndow region
330 may be any dinension suitable to crop the spacer
mask 314. The wi ndow regi on 330 may expose at | east
[0062] t helhenphoteresist-giack 330 nay be semolved dp Hirsamegiogess operation

as the [efhofe CH s RReriond ffatk 318%r A% Becitind Bla apegption. o

one enbBodim®HY, tHe phowmBIstatrRickas comiprddddbl cafddretontainiite species
patterning and, hence, cropping process. [0060] The

and is smeued iR skPreceding webep sty eshfeparation uiiied tep gases O and
No. Tﬁ?%ﬁcﬁ'ﬁ&al lﬂég SPRF6F SHBfi élﬁalﬁa%agﬁ rﬁ@rﬁ’se%e)i/?f% may be

process hat renoves OSG ortirons o

removexp by emynesknigiué. thas is hightyt salbenlve tmmeend)%dhs;mr%gsk 340
sel ective to the photoresi stack 320 and the con .
and thR ciaroagi A RASKS BBRY AU o Ay CERTAP e tha Saviligial PSR 310 s

remov&L‘B'Q 5‘9§in gt ell%ﬁ 8L RGbh V&IE& Phﬁoﬁxﬁ%sgﬁ)lﬂp'bbhglgﬁné’fof a hot

sacri |C|a sk 310. er abl y, e croppl ng
HaPO, eweh @icbcews awemelsehydméluodct heidewypats etchpoot i anSiGHNi  etch.

Aemaliygly* e saniclel Hask, 4 18; RV Pe bistusieshynal soRetive dy eteh
proces§ eRe ék@ﬁ‘@lé Qi’sfh?% StchpagaRin s88cRRARSH thaXPéu dﬁé@nén@tmg of a

association with Figures 3C and 3D may be use form
Cl> plagma ei¢loppd @ ShdCeamlagea eddn. [0061] Referring to
Figures 3G and 3G, the photoresist stack 320 and the

[0063] \?M.aﬁéfgh gﬁto & lﬁ'ﬁséﬂ %% an%:g;%VSfjthér W(zprﬁélcpo ﬁ’%?%:gpr?ans?(eMO is

t “of sent 1 nv

transfeAadribfthei scondskiasi Gtack (B(m & heth tie ptobvindek S70USE Btohl mask
ort through t he cropping of the spacer mask 314 to

portions G (Y #7208 rahgie dhepseiBIcoRgLktos deyer Biiey dine Baeend fask stack
306 m@lg&lﬁ’g@gls%%%ﬁ"{ ehisl Q4 '?ée%tcﬁ%‘étosﬂﬁﬁf {Hecéi% oﬁ%ﬁ!ﬁ r(]3970 in a

e re ved to conplete frequency
single ethk opatationat |A¢berrmt0&ed§ssmp06m] MEsE poidibos €37GA/380BCInay be

formed, i TR AIGP S PRRESSI DI RYE) A1ONIRR WEbSHP A fVer 3708 in a

secondXtggedi ng process operation. In one enbodlnent t he
photoresi st stack is conprised of carbon- contalnlng
species and is renoved in a preceding wet or dry ash

[0064] opdi RN @MRadimenhgthensegerdanask dayprN306BHe comprised of an

amor 5454l 49095 ARCHER 1, Pl Rl B debebea

associdtioghwith aﬁ|e€ml§<bd4mefn0 ot tie €drapeSiton PALRY fn’@ﬁﬁiﬁs%@yeﬂ@MB ina
t he second hardmask | ayer 306A. For exanp t he
particulag embadimeant, the khigkessof the second mask Iayer 3(568 and, hence, the

mask portion 370B of the etch mask 370 is in the range between about 3.125 and
about 6.875 times the width of each of the lines of the etch mask 370. The second
mask layer 306B may be etched to form the mask portion 370B by any etch process
that maintains a substantially vertical profile for each of the lines of the etch mask
370, as depicted in Figure 3H. In one embodiment, the second mask layer 306B is
comprised of amorphous carbon and is removed with a dry etch process using a
plasma comprised of gases selected from the group consisting of the combination of
O, and N, or the combination of CH4, No and Os.
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renmoved by a single etch operation selected fromthe
group consisting of a hot H3PO4 wet etch, an aqueous
whyaposiioori c acid wet etch, or a Si CoNi et ch.PCT/US2009/039356
Alternatively the sacrificial mask 310 may be renoved
by a selective dry etch process, for exanple, a single
etch operation selected fromthe group consisting of a
[0065] O Tiiraugim veriots ambedioeat aneppamee enethods dodaricate an etch

rrin =i qu 3 e of t ro d -
mask . E8hbhgkd 85 b Bt ol e fBHGe ity LB gehidn @ sacriial
mask KAWL kedRtddseribeim The &tk masis18787/Magr thehChe TREY to gattern a
portions 370A/ 370B above the seniconductor |ayer 30

semiconguctos dayal Iafsiorstolaxagude deyiceoiaprication fayj aryindegrated circuit.
In acchBé&}é Wl paﬂgoper ?@rﬁgﬁpome %gphﬁﬁvshﬁ%gﬁeﬁ@ Qné% 870 has

a maslodeIOMQBHNOW&em;ubﬁaﬁMWEdf bam amowhsue aebeh material.
? ocess to layer 370A in a first step and | ayer 370B
Alternafiyely, 4 dR@st eha PRRPEP PRAGTeMaRbJai ifhiransiairask & i layer

comprigngéeaha%fﬁ\'b éﬁlﬁﬁac%r il A2H I‘Hrlo?ntoaﬂ]%%?hﬁ%) Ctr\ébf?ﬁ‘age to a

ra nor phous carbon nat er
semicoddsctor teyerj s desatient inarssoaciationwitnBigdresedG afd BHe
conposition of the first mask layer 304B. In a

o DS e SRR A POUCHRR, Sord BBy oo
fabncaﬁé‘rﬁe &t @hy”@ﬁi@r%&nio@n’cﬂﬂcwﬂesth?d'tgfé b&ﬂ)ﬂ!@i@)nab@(&{hnﬁg 125double

and abouf 6.875 tines the width of each of the |inhes
frequensty fasket Eor axamplzon auserdansenwitheark embasimeobpf thg present

mvonidf, ShCThol 5 TI4 Sl RBELAE e P B8 Ee sty

pattern@dofnlté earf Arr8AAh Aiktinétly ldefingd oderhivenalictor ngtalctdréd. da one
depicted in %ure 3H. I n one enbodi nent, the second

embod m@vé theysamizop ucf@r&%{%ﬁ@éa cgmmw@dmfcmgrwarlk{oba%matenal
or a III"§' mafEnsgd 2hbifoRafl ytf'l %é}g%ﬁggn&t%ﬁg V&9368 %Q\Z%mpnse any

nprised of gases roup consistin

morphajtbgy heat azdpi rsmﬁtably be @E2attenmbd\dntor anhearayniof nd!tsiumﬂyofdefmed
one

N2 and O2. 6 Through, vari ous odi nt S
Sem'COBF’”?FBF SUREIUSRIS -'t%? ‘F‘]é’B?hQ!% OBFhee{S%W'%& er 308 may be
o] u fr h .
seloctefio B e, Srod KeheletRly q’?ia%k‘%ﬂ%“&’?sbe@ﬂ’“?ﬁs@[;"b SpdPoly
crystallimech Trlaeks@ﬁ@ondycbhelaybe aﬁﬁednap fpstheerqmmpnse charge carrler

dopant ARUAEAGHIHET oH SeripersaeralodPr GOF ey {beb erife bove a

substra\rf}ééts h‘k%g%t%r?gg% Ry b8fcdnhsridtdesraty mMitenal Siliabld'® Rfithbtand a
fabrication process, for example, the substrate is comprised of a flexible plastic
sheet. The substrate may further be comprised of a material suitable to withstand a
manufacturing process and upon which semiconductor layers may suitably reside.
In an embodiment, the substrate is comprised of group IV-based materials such as
crystalline silicon, germanium or silicon/germanium, or alternatively, the substrate is
comprised of a 1l-V material. The substrate may also comprise an insulating layer.
In one embodiment, the insulating layer is comprised of a material selected from the
group consisting of silicon oxide, silicon nitride, silicon oxy-nitride and a high-k

dielectric layer.
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a mask portion 370B conprised substantially of an
anor phous carbon material. Alternatively, the imge of
w@2@popped spacer mask is first transferred torP@Er/Usz0e9/039356
conpri sing an anorphous carbon material prior to
transferring the imge to a sem conductor |ayer, as
described in association with Figures 3G and 3H.
[0067] [ 0dBERIIPHE esRbREBRALR Pihel RiPEENBIDREREGN, KPagAY layayel 26 or 312

may béj?ocﬂ'r{é%bé?b rg{n rql Ydec%vﬁléﬁ{ﬁ%a Cg{bp%rd &nl}‘ucﬁﬁtdg Q/dro%e cfhéorine,

sem con structure ron requirin

silicon,foxygeanoycarbek. Irthestxampodiméntsatheocgalting sgackr Biyers have a
resent inventi

od t of the th d
k valug Bteagopbedhbr | AEaBAY o Bicvohs BRtETRA hand & d-aihy boron
nitride ér@rrﬂgg 4186 HeABirass EﬁftrBE aystd Hﬁg_bg dgesftiéégdb%tween 10 GPa

m condlUctor structures. In one e
comprmnecand uét GPal tayswe 3ﬂ$h| as adapsnlesstnies:a‘ theat gg gtqzater than about

2.0 GP%\h{gb%gﬁg%Eg?ﬁti;ﬁ\@ S eslzsak,hglt |53l@§s t er :@g%ﬁr@/ Pn adé{mon boron

nitride EYePDRI3Pe HBﬁbSlf&I‘b? lPE@VDVpr’@@e@sahf ﬁirﬁﬁ&aw}b%é‘é‘than 500°C.
array of distinctly defined sem conductor structures.

In oneTembmdrrpam dbe procehs tempetatbiords dwetwayeralama #@9°(bdo about

1000°Cﬁ§ E:qe%gf? e?r%qtqgg%lﬂd&g(g@gor éé ltét: %"g f%ﬂgxgmspe between about

400°C aﬁdia%[]tiﬂls(b‘@ | ayer 308 may further conprise
charge-carrier dopant inpurity atonms. The

sem conductor 308 may further reside above a
[0068] sypyefested baton %g!ﬁﬁ mater 'QH?YQfé hayepr highystep gaygrage and low

pattern LA ACM! AP ferihBd MR RYerd diftPhfigh sBb BEIGRES: have
lower pémehtageslméelayeﬂ' hieicknidss robﬂfaerrag betwicear differenimsurfaees of a
of. a terjal suitable to and a nuf acturin
featurep 6 SGO KA 198N A BB rIRASh RGO I fRY Stafhgoverdge. The
patternS ll’éécﬁf% Yeff&! #BLE) Ns 2AeMBPUITRAL, p é%nﬁé{ﬁ?tdfaid%/e'r Sthickness

onprised of group |V-based materials
d:ffererqutsetaAelenreelas'er thidtnesgermpoitiom sucls ab |tla©bbgewmmp wmsidewall,
ate i s

of a fefiyEn & SbRaTe by Y A5 h By s BPTEUAER Mo antf 2 layer
thicknes8SaH at Ed@edfRiing IPdrfste of P esHtORNIN at bebdtrad| ragiordwith high
| ayer is conmprised of a nmaterial selected fromthe

dens"‘)’g@éuﬁﬁea@ﬁ%l & i drnser area), cand ohiuge, a slowies opatignr ileRding effect

perceniic SRR BKF IAPr B Riab ety 36754 Sypacatn
i nvention, spacer |layers 126 or 312 nmay be forned of
[0069] bonwrond brribd:ei;mehi ahe nepacee lalygre carer formeduiilemhipdiropgeitride by
. chlorine, sili or carbon. In these

reacting fngef FIKUES Malkig & PSIoRaaig PriRMFEoT, yatragen-containing

precursor, and, optionally, an inert gas under plasma conditions in a PECVD
chamber. A suitable PECVD chamber is a DxZ™ chamber commercially available

from Applied Materials Inc., located in Santa Clara, California.

[0070] The boron-containing precursors include diborane (B:Hg), B2Hs, borazine
(BsNsHeg), an alkyl-substituted derivative of borazine, tri-methyl borine, (B(CHs)s),
BCl;, and combinations thereof. The nitrogen-containing precursor may include
ammonia, hydrazine (N2H4), and combinations thereof. Suitable inert gases include

helium (He), argon (Ar), nitrogen (N.), xenon (Xe) or combinations thereof, among
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k val ue between about 1. 1 and about 10, such as
between 3.0 and 6.0. The boron nitride |ayers may al so
wheoosti3ass nitride | ayers having a stress bet weenudmo9/0393se6
GPa conpressive and 10 GPa tensile, such as a tensile
stress that is greater than about 2.0 GPa or a
ressive stress that is |ess than about -3.5 GPa.
others.| ﬁ\r@dmrﬁllnnthebdtregemcpntad@ngay@wsmmaa/eb@ gijutsick with lsydilution

t ess than 5000C. In one
gas sugﬁ%gr tcr?eﬁjﬁﬁel hﬁ%%%gﬁggbature i s between about
1000C to about 10000C, such as between about 3000C to

[0071] abduotddp@Oisrohoitrizicalayees, ietener marb mompdlifis seldcigdoiidm the
Preferred boron nitride paterial | ayers

450QC, 68
group ﬁ%"v%StQ Pg %'ﬂ(@é‘ %Wél“&'@gs CSHHPQ“B\% ﬂa‘ﬁr@Pﬂ qo&?cﬁ“ﬁ'@ Compound
a, and®ddriGihatiéifs ‘i’ﬁéﬂe%?%vé? bRdd be! ﬁ’Wr%Hﬁc%W lifto2thl ﬁ @B@P during the

coverage have a percentage of layer t ness
deposmbrﬁ béthmb@rohetlmagderf fAttematlwhyf ﬁxeeeompomcﬂ eeyube jntroduced

tt th th I
into the,¢iEamhBy SRR o 3116 Bie FGsHasLel Thg Her Pesftfidpraer ¢ | O

defined as the percentage of Iayer t hi ckness

[oo72) di T\ @B @oRPONRES tRal ﬁté@rr bé teddiRes @MhROBSIPNRitFIE haterial
as the bottom top, or sidewall, of a feature in a

layer inglde.r betearegpb limiledntos siligenreentaining peecurseisatseigh as silane,

tnsuylaﬁ?r?@) ea'g)urterlrﬁé(tﬂ Is IQJB krﬁ\?g)?ggé‘%%r%sr eﬁgg ﬁﬁgléc&%f(it}i&%zane

(HMCT(Zf) BiatRy.Qswith 1dBsmg an edikyl godp! hafogen H@Mtwl@@tm@réof and
| oadi ng effect Bercent age reflects a higher |ayer

combnaFfpeﬁn efefmqed oROpNiIRBgS PEEGiBaTE, RAMING tiodenarab fermula
f
C"'—Iz’”z’f)oron Ai tr| éﬁé}%%r@ggli CHRLE"Sudl s Q{Hﬁéﬁ%é?nﬁ“)h Haxz, and

't 1Ay ’%1 gas m xtu
combinadions- thendi| ranh gxygemcvotainiagn ptecuysorse auchi asngxygen (0y),

ozone Bt ot seomio TND) phRsoBs itk ATEDIACa o 8P uePEERST. water (H:O),
and cS%ﬁTﬁ?bantﬁer@SZ(% Wﬁbr&%’ﬁ&hﬂ*d ycéﬁ‘iébd:ﬁ&l esuch as

from Applied Mteri al | ocated I n Santa
phosphiie i(Pblshi may[ 99 10fodired ortortheopitoseasing qzhaembels tnrsthe boron-

di b bo
nitrde gRRoR G HABERRT e HAPT( JFITIE o UBOraSTRGS F | danaiipg Boron-
nitride Rayére antBtidi3pB)sical Bitoperidy tﬁ@F@Ufnaﬁé afSclbsed edf commonly

The ni trogen-cont ai ni ng Erecursor i ncl ude anmoni a,
rig

aSS'ganﬁi/&IJrﬁz Patent I’Q@M‘Fatlomﬁ@ Moi. A4{765n25%, Hiled on Jung 1902@07 and
u.s. PH&%‘ ibndi2B &Rt ?@&H'QSP&?'S B 056 a0/8hE 06 ﬁf idd of SUPIES 2007,

|na s Ereo

which e&ﬁﬁlﬁ@ﬂbbﬂﬁéd hagsih tbyqeédrerice t@mmieitengmmomasmhnﬂerewuth.
precursor may be diluted with a dilution

[0073] The boron nitride layer may be deposited on the substrate in the chamber
from the boron-containing precursor in the presence or absence of plasma in the
chamber. Suitable deposition chambers that may be used include the PRODUCER®
SE and PRODUCER® GT PECVD chambers, both of which are available from
Applied Materials, Inc. of Santa Clara, California. The processing conditions
provided herein are provided for a 300 mm PRODUCER® SE chamber with two
isolated processing regions, with one substrate per processing region. Thus, the
flow rates experienced per each substrate processing region and substrate are half

of the flow rates into the chamber.
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gas such as argon, helium hydrogen, or xenon. [0071]
I n doped boron nitride | ayers, one or nore conpounds
w@edtoeasae from the group consisting of a PCT/US2009/039356
silicon-containing conpound, a carbon-contai ni ng
conpound, a, and conbi nations thereof may al so be
i ntroduced into the chanber during the deposition of
[0074] t helHsosubstriater onlewhighethe Borosr niitide dayer ishdeposifexlimiay be a

silion, SR GqripngIS: oh 05t P HELE 1 GBS FupSFaty BV S ShafapyiEstrate
or havé WU dsorehRyerRYf PeatbAAI aélly&ﬁtéd theréén wd%r fiialtliredSormed

material |ayef include, but are not limted to,
thereinsj | i con- cont ai ni ng precursors, such as sil ane,
trisilylamne (TSA), trinethylsilane (TM5), silazanes,

oursy PENATEREVAANGHRAGHS Y 4808 AT Ryor S EBEASEL W) 1 Trmal

being an a gr oup, Xt 1% ESPPREF &0
decomposmla)nﬂqirooa;ss titeey aohon-pierdnean proaéss an?uJ ¢epusiticoioé the boron

ng the gener al for | a Cx ch as met hane
itride dw M the, Abgencacl a<PIBPRR h joer, dheptemperaie of a
| t n o
substra%’@?ﬂp?ﬁh ANhet B34RBE @Reﬁgﬁe '9‘%%3%2 %t&@;t 1’091 iCt Iralng about

sors, such as o :
1000°C‘oxfodexem©)e, betiveen satmut BO0CR2@)d abaubSA0UT oand éh¢ EOR3sure in

o gt S 8 e SRR DA 0% ARG A o o oxamoe,

betweehp'é%but eForPeand tASHCEd THHO duthgP ﬁl@éeé%bd&n&ha‘?‘ﬁsrboron-
for the boronnitride deposition process rther

containifig, anitrogen- qdméalnmghmbmrcoamsgt ioxygemcontainingdand silicon-
rs. and the rties thereof are
containif BiefuBibte ey Ry Galieel BBR hBRORH 35 <Al trog, pegh at a
respecth®y flow rbies béMJ&ﬁaBEJt 5fdckatland abote 50%Im? @lichady bbtween 10
Provi si onal Patent Application Serial No. 60/949, 796,

scem and|akpwdd sim-y The, iney@ps MAY &k iairedverdinietbe shambesiat a flow
ato beeb Gk’ L badln sBSACE Beflo B0Y o ane

about 1usiet. r dhe spacmge)et\heefmarsrfdvmrhéh@ obmaamatmbelaam tee substrate
[ resence or absence of plasma in the

recursor. in the
SUPPOFE'H@N‘@&PG"%‘?P?Q%%P t @884 andRbeHERBEY BViShat nay be used
i ncl ude the PRODUCER (r) SE and PRODUCER (r) GI' PECVD

[0076] Ch@ﬁ@@ean@&éhof’fa YHEARaP DR réY- ﬂﬁthé@' 8e;5<55‘?l"6rﬁﬁ)gﬁbb§§s includes

terials, ITnc. of Santa d ar a, fornia
mtrodugngchl@@ﬁng at entliow iratesofp2 400 elwnh@kr@ducmg@rpn‘@mnadetjaﬁbw rate

300. P R |
of 800 e o BHICPagNESH B & HoBATE o2l Setiemriiaf Shayernead
spaced' 280 @lls fiWisa sUbStrate surface, at a chamber pressure of 20 Torr for 15

seconds.

[0077] Optionally, a plasma may be generated for the above boron nitride
deposition process by applying a RF power to a showerhead electrode and/or a
substrate support electrode of the chamber. The RF power may be provided at a
power level between about 2 W and about 5000 W, such as between about 30 W
and about 1000 W, at a single low frequency of between about 100 kHz up to about
1 MHz, for example, about 300 kHz to about 400 kHz, or at a power level between
about 2 W and about 5000 W, such as between about 30 W and about 1000 W, at a

single high frequency of greater than about 1 MHz, such as greater than about 1
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flow rates experienced per each substrate processing
region and substrate are half of the flowrates into
wao b@asmnber . [ 0074] The substrate on whi ch t hep@DUS2909/039356
nitride layer is deposited may be a silicon,
silicon-containing, or glass substrate. The substrate
may be a bare substrate or have one or nore |ayers of
MHz updo exbioait 66dyibgzi fardexampleoh3.&nidHar Alkkernatieslyf thenBE power may
t.herein. [0075] In one enbodi pen a boron nitrigde
be proyifet 3t Rmy@adtauschy el e trealipBss PRMirerh bR oo kHz
up to dbotit 1 MH¥ORoPERETBleP aBeaE 800 KMz #eBBsIt 40M kPlz 4t power level
boron nitride layer in the absence of a plasma in the

betwearhahbel 2 Whand abosit H00PeWofsughsad beiwieen apopbs0 Y\h apdeabout

1000V 3RE"sfBha 6 Bhe) B BTRAEP B 0B A ReUspter nar
about DEIHA0M tb ok 69HE, for dxaenpiban®erMrRy abe guaterdevel between
10 mrorr and about 760 Torr, for exanpple,

bout
about %M\?aee @beHbaP0d Wistuchardbeiteen awut oW anit ahgut OO W.

deposition. The boroncontaini ng, nitrogen-containing,

[007s] CarBY-&GABSGhHNY: inowm'%nt@raﬁ-%gnﬁ?ﬂng prepursor and the
siliconcontal ning precursors nmay be I ntrotuced In the
nitrogeokenmbaningt preberseamee readed dathite ptesance opagplasmafprowide boron

.., rate between about 5 seem and about 5Q sl such as . .
nitride W8yqiachal (o RISHRITSD GO 218 I9RIARI ToferarREshegpRigations.
Boron idrid@duegd beni8elings CAaRRRIMatk applieidtsr pRly&Ribn, silicon,
about 5 seem and about 50 sl m such as between about 1
tungsteyl, mrghdielgaiic elch progesthe. sipercexample; wekinetghsiataveaties 1 00:1

HF) of Lo A0 Rl e Qo AP ELORITab BRI BEGHRY. by been

obtained®XanRigdnOag béeidtidd kPnee-pretiiseée rMixpasi {d Wwer Gee Helectric
i ncl udes introduci ng di borane at a flow rate of 2400

constagleefitheilayers gl ingreasedhe dragkdown yaltaga.e The teoon-dade layers
. 4 \ T 240 _
et i BEHLSE L PR, Py o B0 SR opg, on oo

copperdarfiaclayedl a chanber pressure of 20 Torr for 15
seconds. [0077] Optionally, a plasna may be generated

for the above boron nitr. deposi tion process b .
100791 oI A RREARENGERBPITRET. Slosran diuregah Rocarnbrmgonia
are introHOeEd #i6 SLRRAbEr hEEAQE] iRfthé PFesdiRBS a pHIhdprovided by

power may be provided at a power | evel between about 2
RF powennd depmsit 80a00KV nityiteh layer bt we snbsivatet in3thenchamber.  The
diborane was introduced into the chamber at a flow rate of about 3000 sccm, 5% in
N,, and the ammonia was introduced into the chamber at a flow rate of about 150
sccm. The RF power was provided at about 300 W at a frequency of 13.6 MHz. The
chamber pressure was about 6 Torr, and the spacing was about 480 mils. Boron
nitride layers with low wet etch rates, high deposition rates, and desirable, low

dielectric constants were obtained.

[0080] In a further embodiment in which the boron-containing precursor and the
nitrogen-containing precursor are introduced simultaneously, a silicon-containing
precursor may also be introduced into the chamber with the boron-containing
precursor and the nitrogen-containing precursor to form a SiBN layer for spacer

applications. The SiBN layer may have a dielectric constant of less than 5.5, a
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and about 1000 W at a single |ow frequency of between
about 100 kHz up to about 1 MHz, for exanple, about
W@2®9IkBa9e 0 about 400 kHz, or at a power | evel POBEUSI®EN039356
about 2 Wand about 5000 W such as between about 30 W
and about 1000 W at a single high frequency of
greater than about 1 MHz, such as greater than about
breakdpmﬂzvqjiageoofagyeaterebamﬂezMWazm em@@ﬁeekag@carrmof less than 1e”

amps/dint @ enhy' T msentiay wrERranorTniord) R aing gup N tayer
includel Qﬂrdddélrig‘ﬁtﬁeoﬁm%or]at%@ ScER SBXAIBO0Escomd N5, 3ﬂﬁ)d< E&cm No,

to about 400 kHz at a power | evel between about

100-108Qdscand iR-Hs0genexatisg ¢hplasmse et 80 V&HBEtpomr\maWdGaMblat while
mamtairﬁﬁg? c}%nﬁ) o c%naﬁ%ﬁgdatf Sﬂéﬂr‘?@%}’ 99%3% o %’ Tbng%nabé)gba&ng of

as greater than a

480 mildzOpfiomalyx tepSiBN kb3eb mdyzbe 8V eurpdvier 1d) envialtdsedtwiC.
about 2 Wand about 5000 W such as between about 30 W

out 1000 W [007 The .e od| men in which t
[0081) o IR SPRORLOT oo AVGOR IR JeNsH. W b ldged to
modifyRh& qa‘yeﬁ'o%ro?éﬁlerseéﬁéﬁ A tﬂ'etclﬁ@o\ﬁﬁ Edie l@f:oﬁstﬁhﬁ%?‘%omposmon

provid on nitride layers that have properties that
Post- dap@smmsutr@ajmnmrmdaddnasplaama ipracéssysan Baltramiotett (WWE cure

may , be ed as, a hardnma application f.or silicon,
proces§ ¥ 14 BAGaL BGOSR andure AP Bridi tBteottor

exanple, wet etch rate ratios (100:1 HF) of 0.03 and

[0082] 0. Anf@hbodiriame iMwhith ardirbheneml cathpriddtea plasma process, the
respectlvel)él)Ie have been obtai ned. Argon may be added

plasma prqgesspgnay: smﬁmmtmosam@@hwrdnémr@@h rthe boron nitride
layer v{f/%q?éégé_ltaﬁwg}; Eedlhgye(?ﬁsbh gﬁjoélrncfﬁg%f?érng rﬁéz gperqed by RF

oron-nitri ayers

power deliveratieote showbleadoslcbrode @Imdldlfa lsubetratppéummn @I@S;trode of
such as COFE)IP barrier layers. [0079] In an exenpl a
the charnbgi hBatRF erwEr My HPIRE%'QGWQ"@ HPW?b&‘é’ﬁ Qﬁtﬂf"%@ﬁ@h?‘dt 2W

and ab®UE5bH6 W,dw % BERN&&Q@G@:%P by%ﬂé%ﬁqobﬁ \Acfhgt a. sm%e low

presence o pl asma provi power to deposit
frequemay afrbetiveenddouby 80 kbiz @p tubistutat MHz) fdnfm(arhplebabouﬂm kHz

e vvas i nt r oduced 0 t
to aboii $85 BRE, B0 5t Bsoweidans) avReh Tesut il na alfyb,a000,We such
as bet\WBéﬁ Ubde B0 W QnH hebdiharvey Watatea félr@lé rtﬁ% qsuéhezvof greater
seem The RF power was provi ded at about
than ahoﬂtr égMétze ysush a_s gBealery tharheahﬂnﬁnbMHprLesmw@qm&O MHz, for
about, 480

oxampfR P15 6 M o TR DaeERy RS P mRBTor R pé RVldeiypt @ mied
frequet@Pipsiudira findtefequishdy drsiiveaRl la®out @00 kHz up to about 1 MHz, for
example, about 300 kHz to about 400 kHz at a power level between about 2 W and
about 5000 W, such as between about 30 W and about 1000 W, and a second
frequency of greater than about 1 MHz, such as greater than about 1 MHz up to
about 60 MHz, for example, 13.6 MHz, at a power level between about 2 W and

about 5000 W, such as between about 30 W and about 1000 W.

[0083] The plasma treatment may use a plasma treatment gas comprising a
nitrogen-containing precursor and/or one or more dilution or inert gases with the
nitrogen-containing precursors including No, NH3, NoH4, or combinations thereof, and

dilution gases that may include Ar, He, Hs, Xe, or combinations thereof. The plasma
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di el ectric constants were obtained. [0080] In a
further enbodi nent in which the boron-containing
wEe@ensder and the nitrogen-containing precur SPCT/HSM09/039356
i ntroduced sinultaneously, a silicon-containing
precursor may al so be introduced into the chanber wth
t he boron-containing precursor and the
treatment gasyeaydenindioduagd prtedbe sbamber fabarfiow BitBNf|epeeenh @bout 5

cer li,cations. The SiBN.layer,..may have, a
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| 3%

chambgf rRayr e behwgen alosdi 2 orndsabeay _ igHiRg he drgatment.
lncrea%&%@g}ﬁﬁ%ﬁ%nﬁgﬁ 8%&,%58%458?#@%@?\@”%%% %ﬁgégﬂ&r treatment
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times ofdhe pleaimd pyeessmantie tsexhtoeldweo the diffactivhéndeyef the resulting
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that nﬁé{ya%@ QS EBP » thidh bﬂaérhﬁVip%@éss(% e ePROIMGSER™ SE  and
t Hermal anneal process, e-beam cure and conbi nations

PRODUREROET PBECYD) chambetsodi ments i n whi ch the treat ment
conprises a plasma process, the plasma process may be

oosa) 1 h B0 B RARD B R neE chterieb A LS fiBrocess, the
UV curEhfopégsimay iy p&fopia ind@e smdchamber agehé depesitive chamber
shower head el ectrode and/or a substrate suPport

or in g |chaphsdevicht isePai Lfvan integeated eshdhatringlugdespthg, dgegsition
) | d
charvSh i wARHhe 53Eh FHOBeCRL ot and spb dfbriOdntiuy cure

processi nglye Bowdrfameshdy af NANGERREDOUthakfBek Hhaligst part of a

1 , for exanple, t 300 kHz tq.gbout 400 .
PRODOREAS, pialforty hRtarciiaier RECULLANABBAT 1 WHah e boin nitide
| idLbfegsuch as between about 30 Wand about 1000 W
aye”at assi ngl e high frequency of greater than about 1

MHz, such as greater than about 1 MHz up to about 60
[0085] MHAXemoplagkdy| eyrel pracagsz copditiensdhat gngy béreused include a

r.nma rovid a mxed fr i ncl udi_ng .a
chambBf BigssTY of BeBli AReuh adaTbr Hi REASY Tollpatf Subbtrate
supporhBmpkastufX dNBerweaR 0abod0804CG zaridd aBbatt1 040€C KHahat sgbstrate

ower |evel between about 2 Wand
support temperature for the UV cure process may be greater than, less than, or

equal to the substrate support temperature during the deposition process.

[0086] The UV cure process may use a processing gas comprising an inert gas, a
nitrogen-containing gas, an oxygen-containing gas, or combinations thereof, which
may be introduced into the chamber at a flow rate of between about 5 sccm and
about 50 sccm during the treatment. The processing gas may be flowed into the
chamber for a period of time such as between about 1 second and about 2 hours,
such as between about 1 second and about 10 minutes. The UV radiation may be

provided by any UV source, such as mercury microwave arc lamps, pulsed xenon
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about 5000 W such as between about 30 Wand about
1000 W and a second frequency of greater than about 1
worm9/1zueh as greater than about 1 MHz up to apOUUSHN9/039356
MHz, for exanple, 13.6 MHz, at a power |evel between
about 2 Wand about 5000 W such as between about 30 W
and about 1000 W b0083 The plasma treatnent may use
flash lamps, @rhighresigiereit yalggl'tt@m;ymrg digde arrays. The UV radiation may

nave era{ ORHE R A RERRAE i, A7 aBoy A Ao, TBE Expmgle. The
uv ramamvhwﬁavmalsucgl@gvd\%leﬁgrﬁ siét#s 1P mraMAIREhadRsly, the UV
thereof, and dilution gases that may include Ar, He,

radiatiqp M3y be fprovisiesi Py @i bresd han@ sV sphEcepthal rﬁpv@sﬁmwlengths

et 200 B THESALRSod ) (P BR553 1 L BA e

to betMmaboutabwmn/mé aekabeutd aﬂmoWatﬁmn%efeamadmtngdtamen and

eat ment ... The Ias gas, ma dlnto
the “'tﬁ‘( radf%'ronamﬁgrﬂrBW g Pf‘ﬂ@){’ %”Lﬁf Hy &(@ egrenelts) g%‘meem about
0.5 evscﬁﬁpﬁlgo@rﬁ) é‘bogﬁcr?ag%‘é'i\ﬁe? %\BBHP$ eQﬁéH@%BoﬁpﬁlétV 1An example

second about 60 secon e chanber pressure may
of a chlimanbett thet may bet useal mTperfoanoa dbgure7 pOCcEssrpositkathent is a

NANOGERIEIELERARE. S SHBR0! 45, SRR el RS v

Califorhigeat nent . | ncr eased h| gh frequency RF power,
increased NH3 flow rates, and |longer treatnent tines
of the plasma process can be used to | ower the
[0087] r ef NiRigallyethenti¥xCe RrRECSEERMPEYERghYdpeers feam the davesswhich is

deswal%lggclﬁ%ﬁﬁgg§% aF&rﬁgﬁJR%gtHrcﬁngif{he l?ﬁe Ao sm&?&tlﬂé regions

use plasma process ar

of the $usstiaROBNIRRgdde Fiabilily BROIJIJVITS fbrme%r%@@lbstrate The UV
chanbers. [0084] I|In_enbodi nents in which the treatnent

cure ProGRBS @Jos@stYB'OQ{W @@Pé'f'ﬁﬁ deedayerand incresses the nsile sigps of the
layer t(pﬁ G%Délftﬂéﬂ%o'u'i‘zt(EGP%ane chanber as the deposition

er or 1n a anber which is part of an integrated
tool that includes the deposition chanber in which the
[0088] borlprembodimduts Iayuhiammajupatfmem&onﬁmisesxammrmaltmecm the

thermaf HESadBs Ak e BT in fiosseppGHRmAS PR e fosgn niride
layer waRCdeitfed o‘?w@eﬁéﬁq\fmahbe‘ﬂ itteCdegdiRe8 Ph BRI kldrfRaled at a

| ayer is deposited. [0085] Exenplary UV cure process

temper@tﬂr@u thainés tahavemilye bdepesition tempeeatdre hAnipsecessing gas, as
descnb% gs&yg ol ﬁ%oﬂ\/ &QarWTglErre ?Né{/ BQC}Hfrog@coedT%é tﬁ‘gdch%mber at a

flow rate of between about 5 sccm and about 50 slm, such as between about 10
sccm and about 1 slm, during the treatment. The processing gas may be flowed into
the chamber for a period of time such as between about 1 second and about 10
hours, such as between 10 seconds and about 20 minutes. The chamber pressure
may be between about 10 mTorr and about 760 Torr, and the temperature of a
substrate support in the chamber may be between about 20°C and about 1000°C
during the treatment. Examples of chambers that may be used for the thermal
anneal process are the PRODUCER® SE and PRODUCER® GT PECVD chambers.

[0089] Further embodiments include treating the deposited material with two or

more of the treatments described above, i.e., UV cure processes, plasma processes,
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support tenperature of between about 200C and about
10000C. The substrate support tenperature for the W
w@e/1pneress may be greater than, |ess than, PCT/Ea$/039356

to the substrate support tenperature during the
deposition process. [0086] The UV cure process nmay use
a processing gas conprising an inert gas, a

and theinalqyenessas: aFar example, the depgsitad owterial ihay) bgadssated with a
omhinations. thereof . which nmay be introduced into the

uv cur%tpgﬁggfs gﬁdim?r] %\B%Szg?%pg?cer?gtv\een about 5 seem and
about 50 seemduring the treatnent. The processing gas

[0090] MBVFdreagplicatchs it whichehigh stdpedovicddigetane &i rathibl pattén loading
such as between about 1 second and about 2 hours, such
effect are RaUNEEn sBlAs WheBdBRPURA Nikiget layer i depesitedTae agpacer

avor BFCARTLADY REPLYIded PN S EES ol roatment
may bepetogheef One enmprélayerg bt materiadlinnay He adpoaitedgequdritally or
. UV radi ati on nay have a.wavel ength of between about

simultaDpgUSiH HRSCRLEIREMA0 FORRIIONGT oxBIRDTE. CRRBNERA r defTRIcRbrvapor

. i | . u (o)
depOSlfAﬁlg%{erreﬁgtt%)ir%ea}ﬁyt,@a*tiﬁeé&%\(lgr%th ?ot% rergyllésgsei{gaﬁqm@i e% tgypg)duce .

compobite sda¢remdy@nhaving en avierll lpraluedd sabaat ¢ etocabiait gOeat er
than 200 nm The treatnent may conpri se exposing the

oosn SEPAHS G, PR bbb 458 MREPuRBLer rEBEL bR R foove are
descriddtewiith tepEcRtEh dirifle Aebobition sté ﬂ)ﬂb@l/éd&agp@ eirifle pOS@¥atment
(el ectronVolts) between about 0.5 eV and about 10 eV,

step, berem nidde daygse prayded accesding o ghnitesbediments of Hipinvention

f e ] e ¢u . e r 1
may b (AafRRENC gk, BRbloS o BB Rng ol Had (R EHLEHAE 1 such
embodanantsabbmrf mitrideMmplerid id\/ﬁeméiwdﬁto d thickneks Saattia obllyaa fraction
li.fornpnig. [Q087] Typically, the UV cure process
of the %ﬁ@gsﬂﬁd%@%r@ﬁ tth%mé%-ﬂce%ﬁ-ch hig 8%%‘?%‘%@5] &ngls post-
d | u ] n i A . .
treatm M EHRhceRhal! b aRToMEA BIIDIE thidkClndld AdHiRd thickness is
achieved! iFabiexamplaflagerdehavireg Aidhickdesmot akowtud ét toadlzout BOO A, for

example, epaEed frEbauntdttA LRy ESampys o 2% talfry My bR 1ormed
in each h@ftl@boThe 2dépddition [391?18§bst|-ﬂ?eﬁmi $Bps Sini Ba&mic‘ilfilet Ren be

treatnment conprises a thermal process, the therma
performed icthe same soapber.dnrdifferent chambarastheh shawera cammrers transfer

chambgf D AR el E458 A ol G5 & Ginflor o 20rRMher.

[0092] In one example of the boron nitride deposition process, a step coverage of
greater than 95% and a pattern loading effect of less than 5% were obtained when a
boron nitride layer was formed under the following conditions: depositing a boron
nitride layer at a deposition rate of 20 A per cycle using 400 sccm of diborane and
2000 scem of nitrogen at a chamber pressure of 6 Torr and a spacing of 480 mils for
5 seconds/cycle; and treating the boron nitride layer with a plasma process to
incorporate nitrogen into the layer and form a boron nitride layer, wherein the plasma
process comprises using 100 sccm of ammonia and 2000 sccm of nitrogen for 10
seconds/cycle with 300 W of RF power at 13.6 MHz. The boron nitride layer had a

dielectric constant of 4.7.
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tenperature that is above the deposition tenperature.
A processing gas, as described above for the UV beam
we@ee/131mey be i ntroduced into the chanmber at aP€T/082009/039356
rate of between about 5 seem and about 50 sl m such as
bet ween about 10 seem and about 1 slm during the
treatnent. The processing gas may be flowed into the
[0093] chdnbanother embnstiingdt,ot linefrdayerc mays beedepasitedbonitthe spacer

ayers. SARCHRRRY B It HRL vertiipsRia LB i BE B spacer
layers. b&heaRRralpsit mb§ el depositstl Aol withOthEOo§pacerndydria the same
tenperature of a substrate support in the chanber nmay

chambgg op samESprogessing20d. ahbe dbeniayenaoay gampiigetsiicon nitride and

t t t
can be, RSB ASHSHIRAF frfioo BRI Rdor e Bl B Hi5haa Yphgneed
CVD prfeepbiGiER theymeall eftidhde dcpiaicbes.s TheGigdh mitriden@sposition process

. .enbodj nents include treati he deposited materi al ]
includig 8 FICRB Srofo 8BS HiEner (STHtom e QLR SHsH\RS ammonia

(NHa), bn€an ih’é,/n%‘éées@érpﬁ§ﬁft§ﬁ_getn%@§g@%pr ocesses, and t her nal

processes.” For exanp deposited material may be
treated with a UV cure process and then a plasm
[0094] pr ddwes bordro0fidfle Foatesipplayess inay also ki esedifgphhardmasks that

oy TR R Sl B PR 9 s oo i
materil @955 trAdy % BorPakiBidd ay Bordly ekide 1896 laf@ke hard masks for

~ multiple cycles of deposition and posSt-deposition )
etching exide neiliidersjlicon, pelysticador metaldayersr o healyesios rjtride material

layers @?ﬁ%@hg%&piﬁh %ﬁﬁlt}a}%li St%%g\ﬂtlﬁ"gl c}‘lelgrﬁtrilgl 'g‘s%’a Boron nitride

ous ns 1

materic# @RS Bdve beehetlechado prédissint a doall Rariroing stheme.
tenperature equaling to or |ess than 5000C to produce

a nposi te spacer | ayer having an overall k val ue, of
(00951 andie OTOR oIk matsnay o@m]s ADYoRigA 3ﬁeua%o£qrt pafk end
i - th oS e '
soptcs s PAR SSSRETR TSP RVRSCH ddaRIRNE 3t esop Korer
and copprylbarpes {ayersatareexarsplep ,bybormingi GuBNe GuBBBiN s or CuBCSIN

o i’ Dt DGR o

damas&ERO Sdthucliredndr PRAIctlire8atHBR Ninclude HHC RyapBLRHtMBAE Sormed by
boron nitride material is deposited to a thickness

depositingand theshigmeving acsacsificial materialesi red final thickness
and then post-treated. This deposition and

oser 223 AT BSBH<2Fort g MBI ik erdfoRefvice
materidl d4@rs, fioH ag refradtivekineies (B) ahdyte cédvéragapoat beO@illored by
introduc':oi\hgfc?t{]er precursors into the chamber during the introduction of the boron-
containing precursor. Layers deposited using BoHg, BaHe+NHs, BoHg+SiH4, and
B;Hs+NH3+SiHs were compared. The BoHg+SiH,4 layers had the highest refractive
index. Layers that were deposited using an additional precursor rather than ByHg
alone had improved uniformity. The ByHg+NH3+SiH, layers had the best step
coverage. For example, a bottom/top step coverage of 91%, a sidewall/top step
coverage of 91%, a top PLE of 0%, a sidewall PLE of 7%, and a bottom PLE of 5%
were obtained using the following conditions: 400 scecm BoHgs (5% in Np), 40 scem

SiH4, 200 sccm NH3, 4000 sccm N for 15 seconds followed by a nitrogen plasma
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exanpl e, about 2 A to about 1000 A, for exanple, about
20 A layers, may be forned in each cycle. The
waele@osstipon and post-treatnment steps in each cRCI/ESWMaN039356
be perforned in the sane chanber, in different
chanbers that share a common transfer chanber, or in
di fferent chanbers that do not share a common transfer
treatmesmiaaseprisipg 609 Wi RF grewenainid. @ Mifzt HO segraNhk, tandd@000 scem
on process, a step coverage of greater than
Ngforﬁgﬁ 6n'{oda pattern | oading effect of [ ess than 5% were
obt ai ned when a boron nitride |ayer was forned under
[0097] t heTdbie |loshavgs Goodiripasissn @fem@sbtdpwn@s lob romromi Hitridedematerial
| ayer. at a deposition rate of 20 A per cycle using 400
layers %%‘iﬁ"@?”@l‘tﬂg?é’ﬂ\%teﬁﬁ@ 2000 seem of nitrogen at a
chanber pressure of 6 Torr and a spacing of 480 mls
[0098] forTgblgqaconds/ cycle; and treating the boron nitride
ayer wth a plasnma process to incorporate nitrogen
|nto the |layer and forma boron nitride |ayer, wherein

Layer Brepertiesr ocess co®lNi ses dsi ng 1BY seem 6f anmBN a

Deparitibr?U6Mpeestoredf ni t #8980 for {10 set@?@s/ cycle w 480°C

DepaéifiorV\Rate Fynfliayer at 8806 MHz | The hyggpn nityide Tpper

r@(ﬂe& mpé)ect re COg.§®_ﬁ@b00T ] UU_%.éﬂ I'n apot H%b to -300

Ste%&gg db ) rﬂ.nl TTTeT gglo{/ellﬂy be UE{'JBO\'d/l ed—omt IIB-‘OOQ/

SEFIJ ens. Mtern ly, [the |ine”l ayer |may be

B4
;ﬂ:
;'ﬁ’i
2

onrllnr Aft ar It ho shacer | _av by S Tha
Wet Eich R

Fore—andlor—atter-t-he-spa -ary
g T’ be deposited ijn situ wth the spacer
Ia(ﬁ@? T lhe sams chanber or gane processingjtool. The
Theenal exide nay|conp®-2@0sili¢on nit2¥de and|can 15€0.3
deposited a deposition tenperature of 10000Cjor |ess
in a plasm enhanced CVD process or a thermal enhanced

WaIRiEle Fate Hagios! 1 con nitride deposition process
HBOY @ s siljcon soyyce, sych as silane (HiH)
e CH Fé.)s 108

nltrogen source] such ‘as amonia (N andjan in
gas. such as nitrogen gas (N2)Y . [0094] The boron

Waiibtch Bater®ativi al | ayers may alfso be used for|hardmasks

SPM tat Hp®OMd,Bacti ficighqor Tefit in sgructures afteyg
patterning. For|exanpl€e, the boron nitride material”
| ayers may be boron nitride of boron oxide |layers that

Siep Gevatagesks for et chi ng oxijde, nitride, stlicon,
pol y§&/Ticon, or|netal80%yers. |The btO@% nitr{de 100%
mat eB/ Al Iayers may a8G¥% be used fotO0%ap-fill" 100%
PatteppLogdihg®Effecti th a difebgctri ¢ |inexsoBoron hitri dgo,
mat gpi B} | ayersjhave been effectively produce in a

dual “patterning scheme. [0095] The boronm nitride
material |ayers may al so be used for back end

[0099] The boron nitride layers provided herein typically have a step coverage of
greater than 80% when they are deposited on patterned substrates. The boron
nitride material layers further seem to have less than 5% pattern loading and
conformality of 95% or greater. Boron nitride has been observed to have desirable
etch properties for spacer layer materials in process flow requiring hydrogen Fluoride
(HF) wet cleaning or no cleaning steps. The boron nitride material layers also have

good gap fill properties, for example, no void or seam formation in the filled gaps.
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appl i cations, such as copper barrier layers or as
adhesi on | ayers between copper and copper barrier
wo 200en37199 or exanpl e, by form ng CuBN, CuPBN, BCT/US2009/039356
CuBCSi N | ayers there between. The copper barrier
| ayers may be used in conventional damascene
structures or structures that include air gaps that
g]Qyﬂo

[0100] ar elTheysitigen pitride poaterinhip hablet hwasr depnsited wing 100 sccm
_ JOS R . | el _
o siarfE P} S T Akl Pl S LR frogen (.

generatibyed prismaasel150 Veagd with d ehamblel peedsudeof 6RIgrr amd a spacing
step coverage, can be tailored by introduci ng, qther

betwegsy 8 Slioyisrleachapdih subsiEMBR 480 MHg- ¢ Hee PriebAldde Hatgrials in

tthe, b hNj _ ited '
Table 1R SR TRPE PR Fls 008, oBRteR, B SRR GC 2460 Nbom of
diboramm (Ba,d800 IseciB26ibaBntdra |(Bifg), 240ids¢dme pgrogdsssof nitrogen (Ny),
ef [ [ . d ited [ .
generalifcie FBRAR Br AL Vit ReharminT mopBiS rid K and 4 spacing
betwedr R SA¥REHEES MdhiibstraR H4Hp-NiI8+Si H 4 |ayers had the
best step coverage. For exanple, a bottonitop step

coverage of 91% a sidewall/top step coverage of 91%
[0101] a tlbpyaplabserveghthad tke etaharate pf Bosgn nigide matarigistin difr, HsPOa,

and Pyrafinf rolfRor 4B SChdhl ik Bhden Sroffie BB spignnof he fim
increase@0 |5 paBdNBobdSNEdsrghbdefrattividingies @ldse botdrom@ttidmaterial

a nitrogen plasmatreatnent conprising 600 WRF power )
layer dgcreases With pressweewhilpethea fiNeH90ds eibnihe deposited material
: e . i f
norea G Bo Y BieSard Bofdf e FREPRLP IR npRFobserved to
increase | witlonchambedeprasisarasal s. AddifidddliyTabhe incre@699]n Time boron

boron nitride |ayers provided herein typically have
concendralign (g5 Wi &Jt&eéa@yrartdﬁw 159 ke INBFeBY, iproving the etch

; W5 t d it AN TN
slecASRESLA0S 2 B8 1 e Sy o 0l o
to oxidpdayerof hetaeiencatzond icd einolr atedutt 1. 100, 95 as beptweermbout 1:3.7
Barpn nitride has, pbeen observed to have desjrable etc
and 1:455, 385 Begh 5P RasL I Do 3 Sirg AERE fepeRisteaeoring to the
proces§&SIHESdrMbdhetepoen Fl uoride (HF) wet cleaning or no

cl eaning steps. The boron nitride material |ayers also

have good %ap fill properties, for exanple, no void or

[0102] sedMhie thaferegoing ishdireqted da qabedifenie of Hhie pseserd davention,
v a1 S0k oL 5 ASHCEL SR AR parin
from the B3ssgemheresie aadahe Btbpe desreON\R) determined by the claims that

follow.
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generating a plasma at 150 Watts with a chanber

pressure of 6 Torr and a spaci ng between a shower head
wanwasaapbstrate of 480 mils. The boron nitri deCT/US2009/039356

materials in Table 1 for either 4000C and 4800C were

deposited by flow ng 2400 seem of di borane (B2H6) |,

800 seem of ammoni a (NH3), 2400 seem process of

nitrogen (N2) , generatindclRiMSasma at 150 Watts with

a.c nber pressure of 20 Torr and a spacing between a
Wh nd a substrate of 480 mls. [0101] It was
ob f itride materials
Aot B s S RS 0 roco)

deplagitgra substrate Ibmmm acwhsérate struchue fadjanant er sshsivate surface
ot nas al Bo bserved that the refractive index of the
'naQSPBﬂ 'R CPAEE St eri al | ayer decreases with pressure

whigbgoditieg Br Bpasstdiayen ohNhedansiitaie dirBfre i fid sOBStPRESsurface;
wi th" decreasi ng preSsure. Boron nitride deposition

andr at es were observed to increase with chanber

0 e R LRPAL 80 R By gorin of o

subgtfette,smfraeéewheremw pyitiog dfltRe @ta’fecs sp&sdri layéryrentainddigcent the
etch stoP | ayer. An etch selectivity of boron nitride

substate strac Hrayer to oxide |ayer of between about 1: 1
and about 1:100, such as between about 1:3.7 and
1: 4.5, has been observed for boron nitride materials

2. dephsimethoacofocldimgdl ,twhérein theospasesiages coirpeidebear boron nitride
%O]IOZ] Wiile the foregoing is directed to enbodi nents

matefalt he present invention, other and further
enbodi nents of the invention nay be devised w t hout
departing fromthe basic scope thereof, and the scope

3. t héheofethodof eciaii"me1d wpeteme tbeaetehingh the fapacew.l@yeri aemprises
.V%at.i% d aired is: nmet hod for processing a

ansgHRRIC, ?@pgé%%pggqrdaye lacing a substrate having a
substrate structure adjacent a substrate surface in a
deposi ti on chanber; depositing a spacer |ayer on the

4. subbemaeost efuelaim e , aMaersimihe spaceiulayae sompiisesta haag spacer

el B BARES o deBa PR DA MR e Structure and

5. The method of claim 4, wherein etching the spacer layer comprises
anisotropic etching the liner layer to expose the base spacer layer and isotropic

etching the exposed base spacer layer.

6. The method of claim 5, wherein the base spacer layer comprises a boron

nitride material and the liner layer comprises silicon nitride.

7. The method of claim 1, wherein the substrate structure is a sacrificial mask,

and further comprising removing the sacrificial mask layer.

8. The method of claim 2, wherein the boron nitride material further comprises

carbon, silicon, chlorine, oxygen, or combinations thereof.
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substrate surface, wherein a portion of the etched

spacer |l ayer remain adjacent the substrate structure.
wQ@2009hg719®et hod of claim 1, wherein the spacer PEES2009/039356

conprises a boron nitride material. 3. The nethod of

claim1, wherein the etching the spacer |ayer

conprises anisotropic etching the spacer |ayer. 4. The

nmet hod of claim 1, wherein the spacer |ayer conprises

0. B BTEERIBFTorf IS b My LRl o S RRAOSE, Subliting:
et phichvg 4 RabsharechaVviny e gatengifucie® adinsoht’ ®Rubsatehduithce in a

the liner layer to expose the base spacer |ayer and
deposilien ehambetichi ng t he exposed base spacer |ayer. 6.

Th hod ' P h S

colRWg & ootedidl s (RREIhY FoRRaRTaRFR, Aré¥Tser and o
nitrogenfdnsainingi precorsonirtto itide degosifitve chatibed, of claim 1,

wherein the substrate structure is a sacrificial mask,

angePeAting @ Rigatpeaiaithe deeasiliPR ghembesacri fi ci al nask

| a i h t f ] efiel

i Feborifhg BB (R AT Tager SRCHE Subtnp Xufifhce and gate
struthfeprande, oxygen, or conbi nations thereof.9. A nethod

for, form,ng a sidewall acer for a gate el ectrqde

corishIg W oM me B naye Ratpontng g StUcture and the
substidtd CduHReAdiIRGBIN a2psHIM bRkKe VUrbACKItide MABRASdye? Temains

~ chanber; ffowi ng a processing gas conprising

adjapenidhesobstipia sifugivkecur sor and a nit r ogen- cont ai ni ng

precursor into the deposition chanber; generating a

plasma in the deposition chanber; depositing a boron

10. Ni Thé Opefficelof adlaih\eer whsrdimecthingt that ®ofeii fritideantaterial layer
gate structure; and etching the boron nitride materi al

COMPH$RS ap @NSOYEIC etebingRrecess-uct ure and the substrate
surface, wherein a portion of the boron nitride
materi al |ayer remai ns adj acent the substrate

11. stThetmethodl6f clHa apfintitbroforaprsing Sdepdsitirg) B Bhahlayer on the

th oron njtride terial |ayer
boron neltn%e materlja$ rayer pﬂgr to the etcl*?i%g the boron nitride material layer.

12.  The method of claim 11, further comprising anisotropic etching the liner layer
to expose the boron nitride material layer prior to the etching the boron nitride

material layer.

13. The method of claim 12, wherein the etching the boron nitride material layer

comprises isotropic etching the exposed base spacer layer
14.  The method of claim 9, wherein the processing gas further comprises a
carbon-containing precursor, a silicon-containing precursor, an oxygen-containing

precursor, and combinations thereof.

15. A method for fabricating a semiconductor mask, comprising:

33



conpri ses an ani sotropic etching process. 11. The
met hod of claim9, further conprising depositing a
wo eoven3iigyyer on the boron nitride nmaterial | ayRCT/pg1009/039356
to the etching the boron nitride material |ayer. 12.
The method of claim 11, further conprising anisotropic
etching the liner |ayer to expose the boron nitride )
maPEMiding |aagemiganduetar stadiehavibgisngaeniisialanask disposed adjacent
terial layer. 13. The nethod of claim 12, wherein
€ etching the boron nitride material |ayer conprises
| sdepogiting atcdnfovgndl i rex pitddd m@tedalsiagsieon kiy sacrifikial mask and
The nmethod of claim9, wherein the processing gas
SemiGANANEIOr 883k i ses a car bon- cont ai ni ng precursor, a
si L : tial, Rl e , Y, -cont ai 0l ng :
or AT S6E Bk TR FHGRA 130r IVRRIR,E, SpdtetFmask having
spadariimesaddjacerd teehe sidelualisoof theskacrificigmasingngio\exposg the top

a se 'condu.ft.oL St having a sacrificial mask

ck
suragesglhbesagsiiciebmaskhdndt o; depositing a conf or mal
bOFé}ﬁo\ﬂhgﬁﬁggagmcﬁéﬂrﬁb gayer on the sacrificial mask
and sem Conduct or st aci; etching the boron nitride
material |ayer to provide a spacer nmask havi ng spacer

| i ' t t i dewal | s .of th i ficial
16. 1 3RE sihBE Leliel T et RPAE of “the sacr 11 ci al
nmegéposiig éﬁa_tpdn%ihp%r §ﬁ@tbirééi§ti lalen@sdve tHe sgatRr mask and the
u

met hod of claim15, further conprising: depositing and
sacrfligial magknlg exposetaope’iontof thg spacgignaskiindspacer nask

S ARk Fort it I SR Sl b BIn g st masicprir

to etshigethe RBEN hilrigs amtehal 1a rprowiglé the ispacéomaskhi ng
the boron nitride material |ayer to provide the spacer
mask. 17. The nethod of claim 16, further conprising:
de Ik t j .oresi st |ayer above
7. thzﬂépﬁﬁggd%s@nﬁgmﬁ%&@ﬁ%ﬁgl mask to expose a
podépasitied aht patieating anplsédprerist layehabayd the spagoes eshsk and the

ortion of the spacer, na to crop the spacer nask
sachI,c’rag mask to expose% portion o? lﬁwe spacerpmas ; an%

ther

etching the exposed portion of the spacer mask to crop the spacer mask prior

to removing the sacrificial mask.

18. The method of claim 15, wherein the boron nitride material layer further

comprises carbon, silicon, chlorine, oxygen, or combinations thereof.

19.  The method of claim 15, wherein the boron nitride material layer comprises a
base boron nitride material layer and a liner layer disposed on the base boron nitride

material layer.

20. The method of claim 19, wherein the etching the boron nitride material layer
to provide a spacer mask comprises anisotropic etching the liner layer to expose the
base boron nitride material layer and isotropic etching the exposed base boron

nitride material layer.
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to renoving the sacrificial mask. 18. The net hod of
claim 15, wherein the boron nitride material |ayer
wo eoobhgnconpri ses carbon, silicon, chlorine, PXyY82909/039356
or conbi nations thereof. 19. The nethod of claim 15,
wherein the boron nitride material |ayer conprises a
base boron nitride material |layer and a |liner |ayer
di sposed on the base boron nitride material |ayer. 20.
21. Th?hg‘jﬁgﬂ%dc’éf &%iﬁll gblarhe\%}ﬁrtﬁé 'k Ep?ay%? %%H}letegesll%r Chitride and
nitrrde nmater I ayer provi ge" & Sp
the tsaUpﬁldlalemakl e@mpnpes aemditengl tsbl%ctedmronh ahergrbﬂp consisting of
xpose the pase bor nltrég@ nate ial layer and
S"'C?%ot"r't()‘ﬁf’c & 'ewnngw U s8ilios) o ATPINOYE  carbon, and
comﬁﬁ'fa‘?lbhélthé%%?r 2 1. The met hod of claim20, wherein
the l'iner layer conprises silicon nitride and the
sacrificial nmask conprises a material selected from
the group consisting of silicon nitride, silicon
oxi de, anorphous silicon, anorphous carbon, and
conbi nati ons t hereof.
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