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WD 2005/ 091338 PCT/ US2005/ 007750 DUAL DOPED
PCLYSI LI CON AND SI LI CON GERVANI UM ETCH BACKGROUND OF

wOok)sIobAABNTI ON 1. Field of the I nventi on The PQY&IS2I06/07750

rel ates to sem conductor devices. Mre specifically,
the invention 5 relates to seniconductor devices with

a 4ApRE, POPED PUIYSANEON IAND SIEECONGERMAXIYM FACH
Description of the related art The formation of film

stacks of doped;ap ReFokagiPnsvelTRekysi | i con and

silicon germani I ng gate

el ectrodes for sem conductor devices. 10 SUMVARY OF

THE | NVENEIO) the Iaehtiene t he foregoing and in

accordance with the purpose of the present invention,

a met hegd fedntRhGRIaRY t@sehidGkdudtdr Aefited. 8ASTe spEGTi&Ily @RRAnvention

germani um | ayer over a substrate in a processing

ctlateb ¢ sérsicprdncitatettvicss withiaclopedypolysiti¢amangtsglicongermanium stack.

, provided. An etchant gas is provided into the

processi MegsahAbarf thoveenei 4t t he 15 et chant gas

conprises HBr, an inert diluent, and at |east one of

02 andrrorhhigon Stist §alk8 off dosodrRdmtipl e gidResBidlyElicon and

bel ow 400 C. The etching gas is transforned to a

pllaemeetnastioh(SiGe) s¢ hieddor fpominerdatelEciyodes for semivonditor
njfestation of the invention a nethod for etching a

g@VV@?Iicon | ayer over a substrate, wherein the

polysilicon |layer has at |east one doped region, is

20 provided. The substmat@ R Q¥ BEEANVENTIPADCESSI NG

chanber. An etchant gas is provided into the

processi ng chanber, wherein the etchant gas conprises

N2, SFB» achveve the faregeing enbingiccapmmeayith rprposapfghe present

et chi.n as i ransforned, to.a plasm t tch .

ot €8RucRyof AR RTROR R FETR R g B teyer over

| WBEEAO T a BRocRRRR dakibef RMpr&HiGEd. NA sRicth a6lnanitnh etcB%s

at | east one silicon germanium | ayer over a substrate

isoyided:i dedichiihiegaapppioaidad into dreppriosessing charoessswhergin the

chanber, a gas source,. an_.energi zi ng sourc a

(B s fPETDT S I ATLiR0T (a0 gh IR 1ane GG Cp fad No. The

LBBREAATWB 1R to tEmPURREL BliSw 48M€:. AR QRN d8hs trddirmed to a

plasma to etch the silicon germanium layer.

In another manifestation of the invention a method for etching a polysilicon
layer over a substrate, wherein the polysilicon layer has at least one doped region, is
provided. The substrate is placed in a processing chamber. An etchant gas is
provided into the processing chamber, wherein the etchant gas comprises Na, SFg, and
at least one of CHF; and CHyF»>. The etching gas is transformed to a plasma to etch

the polysilicon layer.

In another manifestation of the invention, an apparatus for etching a stack with
at least one silicon germanium layer over a substrate is providéd. The apparatus
‘comprises a processing chamber, a gas source, an energizing source, a temperature
control device for controlling the temperature of the substrate, and a controller. The

controller comprises, computer readable media comprising computer readable code
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controller conprises, conputer readable nedia
conprising conputer readable code 1 WO 2005/091338

wOeeHsWseBe5/ 007750 for providing an et chant gaeTMUSIV5/007750

the gas source into the processing chanber, wherein
ﬁ)PﬁI—o%{cﬁHgQﬁ etgﬁaﬁlt %Qé '1?51h§ﬁ‘esgd"§6urc@ fhtd QRS ﬁro@éésﬂfg’@hmﬁ)@fj wherein
at "l east” one of N2, conputer readabl e code f

the eichmg, gk eorapisss tfmreart med dileerpeardtag ieashehoof @Q@nctj,\b,

and np dabl ¢ code for usi n the en |2|

SRS TP fesods S iopieg ?EWSHgteg}aét oosae B ara iy and
RISl £20 ORI oS30 AR s
aplaema cettah tige dﬂﬁioﬁ\genﬂaﬂuhﬂ layet.al | ed descrl ption of the
invention and in conj unction with the 'follow ng
figures. BRI EF DESCRI PTI ON OF THE DRAW

pr esehkese$0@ Athep fFafuges AT thRREseb iVBYHQpay ! é?%fﬁ‘g?% 10 more
NP0l Yo MRY e&flled hés@l%t%ﬂ (ﬁ%\% ?ﬂé‘/eﬁtr% Eh O &3 BfctibASvith the

acconpanyi ng ravvl ngs a ke reference

followigd Bgured.er to sinmilar el ements and in which: FIG

1is a high level flow chart for form ng an etched

stack that Ry be_ 1 . 15 FIG

2is a nore '-" tion of a

stack of Iayers FIG S 3A-SB are schematic a

CrossSrt F@ glte%é)rg 81'1ve¥1’[1§1¥\§; Afst@eeidy st (ﬁ%‘ﬁaﬁiﬁl@ aﬁd 916{ By way of

oxi de er orms over a’substrate. iI's a

Hmntatmie tia tliee(ﬁglﬁd:anlﬁ tlmdﬁaICDmpaﬁnytut@dleWuigs mgldoﬁ wlhtdl lskqal@ﬁel ence
éers Fl G C;: c vi ew of a process

E‘Hﬁ?ﬁ% rreten i Sipplar ﬂsma%téan * 20 preferred

enbodi nent of the invention. FIG s 6A and 6B

1 USFf@tlels%Iﬁgmk}@quovv?'M%}ﬁﬁ} foMhi bl SteBetl §tA8N Baf By be used

inpl ementing a controller. FIG's 7A-D are schematic

furevemteodledtodhed fil m st acks. DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS 25 The present invention

}Me{Nl EPC\QI 531% aqggr% rdlette)teled how cﬁal? i’ thvemfg)ll?na{t%ne(gfe a sﬁack (9f layers.

FIG.’s 3A-3B are schematic a cross-sectional views of a film stack with a gate

oxide layer 304 formed over a substrate.
FIG. 4 is a more detailed flow chart of the etching of the stack of layers.

FIG. 5 is a schematic view of a process chamber that may be used in the

preferred embodiment of the invention.

FIG.’s 6A and 6B illustrate a computer system, which is suitable for

implementing a controller.
FIG.'s 7A-D are schematic views of etched film stacks.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to a few

preferred embodiments thereof as illustrated in the accompanying drawings. In the

9]



10

15

25

30

preferred enbodi nents thereof as illustrated in the
acconpanyi ng drawings. In the 7 WO 2005/091338

weOeCHsWeeBe5/ 007750 fol l owi ng description, nNUMBCDWS2005/007750

specific details are set forth in order to provide a

%ﬁ?{/ﬁ%&ﬁ;&éﬁ%ﬁgmﬂkﬁbﬁ% Qlifik EaRE %%es@tfo t'lﬁ‘{ﬁ’ delé?% 5V1de a

er, to one ed I1n the art
thb@igh badgpstasin of thy eresén mn\rmymlnelt mﬁd:tlappm‘eni lhhwat/el to one
some or  all of these specific details. In_ot

sliindan dlessart, Jlat fhadmietimt By eRtivgdn et *ecp@a%m&ﬂa’%ﬂh%t S pgall of
Redd gmﬁ@det?ﬁ? o 1%2133?215 tzﬁlgeé 8B, rBoels Qgﬁs E@A&%chtmes

unne essarl esent I'nvent

K6 inbt b@h&iem@ed &1 aagll lngor dﬁi tenofluiiecesshiilglobs@we lthd prevent
chart for formng an etched filmstack that may be
igsedioor a gate el ectrode. A stack of layers is formed
(step 104). The stack of layers is etched (step 108).

Fl G 0 'fa%llﬁ &mgﬁ (ﬁh @Gf h vy 1%%11%\%( go&’i h&ﬂafor forming an

formaty on of a Stac l'ayers (Step 1 A gate
E¥hadiefi lnaytark thSt rthay Hsmdsed fatemte€ditrode]l G stébk df3lagers is formed

cross-sectional view of a filmstack with a gat Of(i qu
(stepel04). §bmst@¢é<r9féwebi/@ﬁtcae%@6%ﬂ0§9 el'Kpg 1s AILP1S @&H ed tlow

eed a yen
R R i S T LT

{sfep f’QﬂPfEHICP\BW is h%@oss@;@étﬁ)n@lxwlél‘ﬁ of ayein B4 Wittt 8 a2 X)de layer
0 icon layer 320 is fornmed over the Si Ge |ayer 15

gq lglﬁé BVQ BEY0stRR3 Kol %ﬂugm@ é??dlléXﬂéﬁl%E(fZ@@ié pvgletge gate
a% @Y?ﬁ@ﬁ %é?gﬁasg gﬁl nglg g%r(r)rf?ag&m L@&%&@% 3 6 ﬂ Hﬁ'égi over the

éﬁg bRAIS 1ay32204 ({Ripi A0 A%fy‘sﬂiébﬁﬂdy@ﬁ&@ﬂcs fmo‘l;& gheoRiSe layer
nd undoped regi ons may be used. Generally, the nost

hhﬁa@stdpyz 16pp €l padypiiliers layer SR cmplysqsldu@bippbd\;@rel 3ndapgpdoped

st 2 T ] R T R e RSP0 ma%}%%f (e aeeions
5201 VRSousRohRGurRR dsTi6hed REI0RPh MBIl do ?_ ﬁﬁfﬁrmw bdused.

the | east doped or undoped regions. eaV|Iy doped
Geggralhy, itise mbstthieevityogpped raghmspd Itl;espdlysglmnl layee r3”0'm@f be near

I I h d d
T e S R
HéH:vﬂSf ebp&rlebas GPRE bBorth HRMe ﬂo@s)éﬁ[coﬁ l%%i Wi ERe dsPdoped or
bottom “antrreflective coating (B ARC)" | ayer, is

phduped regi@rs. (Ihe hdasaly dd)ppdsd:gpml 1y at ﬂhﬁ dm:noﬂ thy p@h@ﬂlcsﬂ @ayer. The
&\ S eg g%/éfaeggegs% él&lil th Eglad eventually tshe poTymilcon eercoﬁllgse
undoped at higher depth. An antireflective coating (ARC) layer 332, such as a bottom
antireflective coating (BARC) layer, is placed over the dual doped polysilicon layer

'320 (step 220). A photoresist mask 336 is formed over the ARC layer 332 (step 224).

In one example of a stack, the gate oxide layer 304 may be about 1.5 nm thick.
The silicon seed layer 312 may be about 10 nm thick. The SiGe layer 316 may be
about 20 nm thick. The dual doped polysilicon layer 320 may be about 100 nm thick.
A most heavily doped region 328 of the dual doped polysilicon layer 320 may have a
depth of 50-70 nm. The ARC layer 332 may be about 100 nm thick. The 193 nm

photoresist mask may be about 190 nm thick.
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In one exanple of a stack, the gate oxide |ayer 304
may be about 1.5 nmthick. The silicon seed |ayer 312

woryoswe1about 10 nmthick. The SiGe |ayer 316 may/usen0s/007750

about 20 umthick. The dual doped polysilicon |ayer

320 i ' e BAN! that HoRed
regiS?M%ggm%g%?ﬁg%%%ggﬂé%gggkg%?gggﬁi88h%ﬁayer 320 %g$
tlavetaisdos cdutphd pblySiliediDremions Thdi fiaRat thay dre cB3Rctwytidseof
about 100 mm thick. The 193 sun _ phot oresi st _mask may .
¢iehiap gnEorEI PORISHICOR Fegions3 AAr teptlh Ap gteh pgocess that may provide a

OISR 0R0 TR co PP L8 B SHED oo SRR

an-a y In

ehaaplRilicohireSonf 16apabeitxbinpld, b el leghaprévde a vertical
different than the characteristics of etching undoped

pleh pxifile Eurdopedypigliconsregiopamay provigs apeed proddeasioptess for
na rovide a vertical etch profile for undoped
B%%?E?PP%@&R?%gﬁgﬁg'nay provi de undercutting in 5

doped polysilicon regions. In another exanple, an etch

t hat may SEEOMEES 18 undeitthe dlial depedpglyifiddndagen 320 hpedifferent
pol ysilicon regions may provide tapered Prof'le or
lebbeamsttias rthalu%a eptldlopesd palysilicmrayeglenhe ifferayt gigh

| ayer. 316 .U [ L ki r s
EEHie? PLICE LblaF: £ g HPRELRLNEL GG Y Bland e siticon
BN &yer B¢ Bdd adbtiorak Bichihp diffiichities. etsuelt diffifichties, an etch. process
properties of the SiGe |ayer 316 and the thinness of

e gy @eovids/everged cighdtiredug] dopadrpolysdican layge P2 Bmoy gause

A BT AP S o B A L o

she paabr gepedoR Rrieé Jii'fmmté/lcausea b9 2 tibhesaufIBe Sidrdaker and
cutting in the SiGe |ayer 316 or the formati on of

fedtleyes, i phat s giok¢ disficudtde davey egparagigich sgp forgpcl fen layers.

B eSS L SRS R TRUBD) POFE” e

lgf.cflfié i drtabhPadiBd@n d3E PR Rlafit £ MheHotBm FrthS Mk, bbdaise the

ayers. 'A single etch step is used to etch both the
SinGmsamd ns@able botkans ofithe ataek SelpAo defindg tbapate égngth. i Bherefore

i nportant and even. nore .inpartant near the bottom of
oy ko e L THERORRES festaahshates ek BReBhot r om of
the stack help to define the gate |length. Therefore

, undenesddiiio 184 piididedianieBlei@ab1oh 183 handr 1Mt ferehAidE @ esist,
the gate length. 20 In addition, the photoresist is

wrhidheis abftsr thanl®s okder generaiionregsinetl inventivesichtmust therefore be
more selective and also provide some passivation to protect the photoresist etch mask

without providing too much passivation, which would cause etch stop.

FIG. 4 is a more detailed flow chart of the step of etching of the stack of layers
(step 108). The photoresist mask is trimmed (step 404). A novel trimming process,

as described below, may be used here to reduce the critical dimensions of the

‘photoresist mask. The ARC layer, which in this embodiment is BARC, is etched

(step 408). A conventional BARC etching process may be used here to etch through
the BARC layer.
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which is softer than the ol der generation resists. The
i nventive etch must therefore be nore selective and

walews/p1oyi de sone passivation to protect the PCT/US2005/007750

photoresist etch mask w thout providing too nmuch

paSSI I

nor e eta| $ﬁ%6%?N#§%$“%?H§EEEE@EB@%?ﬂg?Cﬁgﬁgﬁgb%Pae
&dped kegifnd fayreed by e updoed rd€18) 32Thel thhdbpedasgion 328 9K the

is trinmed A novel trimmng pr.oces

pREoaPaas Isitg\ﬂﬁtel?rﬁllz)b dhpaaermee reions i dopibtegions 328 at
ti‘flre lt('I)edr &al.Jl he gbﬁ?ﬂ%&? %@eﬁrﬁgﬁgld nag ﬂ?@t sl%gr?e E&C Hﬁgﬁ eem;%ggﬁﬁ@ the

ﬁ@ﬁl@ﬂué@ﬂetclﬁplﬁ)ﬁ)me Al tlohal gBARGeisaly Mg Sﬁg,cmé a’slea&iy)nb ef
used here to etch through the BARC | ayer.
leﬁwm@@ﬁaﬁz PiE qyémogasoww@rméi@ aalaﬁméawhlf:h FOHRGA to eteh

B e R RP S0 L BB B 9095 25 o

s edith @ hbréAdholigh | &eh a9 hyesh bh erh tlhr@)dgl[ a Babve(Atidpfornaed
412). The undoped regions 322 and doped regions 328 at -

oméletmﬂ)ysdfconh@e ;bma}cghnouglbﬁclu usedrin drestep érsad kg bath gtch

EF R DY ab e B ERAF g Sbad it SR gty
aépcdaasibn 9N theQfual @Tﬁ%a p@%h@b‘ﬁﬁ?er e istenkianbreg@shrbdgh etch

transforned to a plasma, which is used to etch

prolvicsa grininked ddm%@ndoegd profledpaling trstlie so b gertdraagivgdeped
322 of t
{ﬁggg%aﬁer %@éﬁ% %ﬁi hleﬁé&g r?lécﬁ E%lﬁctgltl% H;s,ﬁ%)rtg%g%ﬂl 8OI’P fl and undoped

169k BBAlarOn the polysilicon, the break through
etch used in this step is used to both etch 10 through

native oxide fornmed on the dual doped polysilicon and
t he nﬁ e btﬁ'@b\‘vhrloygh @tg}pgscfo}l@gq:cbby ofirst maingiel, Vd@@*e@ used to etch

k h
B 10t g%ﬁ{l‘qﬂeﬁée yaglﬁgla }ab(glv Iat\ég rélgé i tlﬁlgél%%ﬁ&l enP I't]he first
ﬁﬁﬁﬂé’c&l§ ﬂn@&ght RaindaRe @o@@ﬂicéﬂ‘ ?&Qﬁes SEGEIRNS o @neirishtht

the sane etch characteristics, so that both doped
mst qmndxb‘ 6dd HByy 06, dnd S Hiodkisstal stearmayl Be Tied th ﬁf@hla featule to the

Ol 15" e boP PG 1o 6 R BPE DB o1 FBT TR Erte

3ide (SLiER cégi@ble 1d%td C}:hﬂl% HRAR QIQb Mich b&YBrel the Sfch fARIE reaches
etch through the un pol ys I con | ayer uses an
geatndxidasAn ulrtpnfetsnn’g:l atdpoint may be used to etch the feature to a
distance of about 40 nm from the gate oxide layer 304. Also, an optical emission

endpoint can be used to stop the etch at the polysilicon/SiGe interface.

The first main etch is then followed by a second main etch (step 420) with a
higher selectivity to the etch stop, which is the gate oxide layer. In this embodiment,
the second main etch uses an etchant gas of HBr and O,. The second main etch is
used to highly selectively etch the polysilicon layer, the SiGe layer, and the silicon

seed layer.

After the second main etch has reached the etch stop an over etch step is

performed (step 424) to complete the etching of the SiGe layer and the silicon seed

'layer. Therefore, in this embodiment the SiGe etch is used as a polysilicon over etch
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| east one of Cl12, HBr, 02, and CF4. This etch step may
be used to etch a feature to the . SiGe |layer 316. It
woaseosmeessf ound that this etch process has a | e@I/US2005/007750
selectivity to gate 20 oxide, so it is desirable to
{
ste?p t%%h@?et@ F]l{%aéfcal‘% (!)e]fr tgggﬁggﬁﬁ&ﬂl ]Qﬁ{rg?ge ;d%eﬂ%??r 1‘526% aggftl'rr]g $licon
sebdlaybe Tuskid etrﬂ)oéimrlmt theetdhadftthis $iGed zgyer ahdsﬂha ISﬂE)OI]fSGed layer
about 40 nmfraomthe gate oxide |ayer g p
usepen etghard igps of BRT P&ﬁ%d?wﬂ%ﬁveé S B sPH 1 ‘ffBBP]FFFé e etch
t 1 ol Ly j [ I ' .
L e
ofibdshhan 4@5C bioghdss dxaleepécwdiysiicofipmviting a staipal etbh plofile
s the gate oxide layer. In this enbodlgegt, %pe -
wgh»@m@ HeqURting, bRWINgedr (i [TERERLA 94 tet bodpthe, 3igepnd silicon
s g %econd main etch is used to highly selectively
8? Hthe polysilicon |layer, the SiGe |layer, and the
silicon seed layer. After the second main etch has
r eachggbrirhentetvele cirizd canowrerpeeibd hfstegal moBis to attempt to

performed (step 424) to conplete t chln of the
figy @@rqcss;ﬁet.hata\ﬁwld REovade 5 vestical st pmfggw hcn GRERE dial dgped

B A e R T o

px@@é@éﬁ‘fv& etfb@nEloGhodfle the@legitddysiuliscantil zﬂy@tpeﬁ?r&,nt tidigg a lower
SiGe layer and the silicon seed layer. In th

prentss demperaturef lessghanod0° tthwasised dluawtha .SaG@ ﬁ‘@héliﬂP?FR?éWdly
f
pitRc PR BB s i Rerte i ol e Ml ot oot

up residues. It has been found that by perforn1ng this

et chGaherally, eRvIeEtah e nfay Ok pr@sged Wiath 4ver preh \stepe If dherch

unexpected result of prOV|g|ng a vertical etch profile
m@hitdios iserhigedetas e wipn aﬂi@mﬂp@m igirea ¢hedf o AYR LGS step gy be
o e Pl D RpE B et 50850 8BS B Frquy gy e end
pémfiths to attenpt to flnd a process that woul d

provide a vertical etch profile when etching the dua

doped 10 polysilicon layer, the Si Ge |ayer and the

seedExample 1 None of the attenpted etch processes were

found to provide the desired results, until an

te)ii gﬁfd4%{3%ga\lﬁg§é ggtél 11%%}11@511 aQﬁ%?e?S%et]? {Eptﬁhu %% :(ﬁéég{ d;%& Stack

may be formed using the steps described in FIG. 2 to form the layel stack as shown n

FIG. 3A. Inthis example, the gate oxide layer 304 is 1.5 nm thick. The silicon seed

layer 312 is 10 nm thick. The SiGe layer 316 is 20 nan thick. The dual doped

polysilicon layer is 100 nm thick. The ARC layer 33 2 is 100 nm thick. The 193
photoresist mask 336 is 190 nm thick. The substrate 308 is then placed in a

processing chamber.

FIG. 5 is a schematic view of a process chamber 500 that may be used in the
preferred embodiment of the invention. In this exam ple, the processing chamber
comprises a 2300 Versys Silicon by Lam Research C orporation of Fremont,
California. The plasma processing chamber 500 mas’ comprise an inductive coil 504,

a lower electrode 508, a gas source 510, and an exhaust pump 520. Within plasma
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provi ded the desired profile w thout undercutting,
bowi ng, or the formation of a foot. Generally, each

wekaeis/913Bp nay be provided with an over etch spepuUskds/007750

an etch 15 nonitor is used to determ ne when an

pef&geggag Eh%‘gberr 286 qﬁg L%b%ﬂ‘at%\é%$ if}g&ﬂioﬂe& legi%eﬁe ot er%?e%ﬂ 0h@50s.

iona

'Ti%tlﬁﬁvﬁt ﬂeﬁrcﬂmﬂﬂﬁnd@ﬂﬁraté@@ SLﬁfmdle s}m@stﬂette climeiing |n&c]haﬂ1!§1n@é1 g.,

exanpl e of the invention, a |ayered stack is for
e‘l‘ergéros’@y@,rrg@hgmg@lwlalm@ngﬂgy tlgﬂghlfeg EoFePRRiAg t hersub gltagep%p 8. The
rezhc% Ftpg%%% R?co?é}o%tﬁﬁz adig 5 lecf%{cr@vmgﬁ}{e éﬁ’lg hﬁ‘}l@e% 50 ffz & E]l‘l)a

exa

Walls1552, B Tokdet KlectibtR 35)'8'd|eﬁﬁéla 6@1ﬁﬁled|p@a6ﬁfa \8)11)211& 5401 CGasl’lB
thick. The SiGe layer 316 is 20 iun thick. The du

sippket! toohy sonifined plasam eplunae lnomu sArce Rl @ kironghe 8%5{@1161 543 and

1§ g}éﬁa}uggé%é%m} ?1 1<:t%ﬁffi ﬁl%lgak Vol ? bi?%ge 158&2)[11?1%'536 rfgg lé}éhaust
ﬁlﬂnﬁ‘SQ@f&ﬁl@ G9%8 bind:t §HARY glasmE bfoceSsingSchantheh eArditt @\FVEIO@WG
a process chain-ber 500 that may be used in the

was@tqcma&yrb@men@mo e cpit &0t nv\eﬁqutshRF PRHIEg 4P is electrically

exa n

SRA S e e IR e BB A3 i eona
SJuBRRY4, 548adohfPieh a3 SEEHP lpa%iasd@[@c geisiengt ehaieions of
500 may conprise an inductive coil 504, 30 a | ower

einecttingRF 58 ta tiadesmderaePossibland eontreltraddts pursllably

Rk At GRS
5’%02 bhi GReAs YRR 5118 A QUiraRl c%%hﬁ% g}%te'ﬁg §omp1Tslé§ a CRIVYBF 552 that

ctrode 508 I ncorporates a sui | e substrate

atilick toganeoarflsdndaeg deviel Séétthaisiames the coelehiafvro he chiller

clamping, or the |jke) for supporting the.s
agto tpand theonghdhe {0&52 Sloar i polsr e e aud fieg back to

e%ﬂﬁf@l n eTﬁ@@dEEé%f logfg elé&ﬁnde%@@%@@l@ dl?ep%ﬁgktka?e %%ddﬁﬁﬁ

ower e ectrod lne a confine sma vol une
hebfers 666 aﬂe%vroﬁdﬁbziﬂdqﬁ)sitmnémmsﬁlﬁ niié loedr pleaisria tv béanmiee by
gas source 510 thr

| et 543 d
Boraes 8l fhe h@%t«?ré%lé‘g Ard ﬂ%gt?fﬁlp Eg%aws@%&ngyower 535 are
ouF ?&Je?énft ol % re-gﬁﬁic%ﬁ lﬂoc’ roV ('ﬁgff%gt Juggt e fr @%It:ures at

"8sha pro ing |rs
Sidlzrae steps, as provided in the followmg examples.

FIG.’s 6A and 6B illustrate a computer system 800, which is suitable for
implementing a controller 535 used in embodiments of the present invention. FIG.
6A shows one possible physical form of the computer system. Of course, the
computer system may have many physical forms ranging from an integrated circuit, a

printed circuit board, and a small handheld device up to a huge super computer.

‘Computer system 800 includes a monitor 802, a display 804, a housing 806, a disk

drive 808, a keyboard 810, and a mouse 812. Disk 814 is a computer-readable

medium used to transfer data to and from computer system 800.

FIG. 6B is an example of a block diagram for computer system 800. Attached
to system bus 820 is a wide variety of subsystems. Processor(s) 822 (also referred to

as central processing units or CPUs) are coupled to storage devices, including memory
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544 is electrically connected to the coil 504. A

second RF source 548 is electrically 10 connected to
woOheosiooysss el ectrode 508. I n this enbodi ment, Po®USRIVSHOT7750

and second RF sources 544, 548 conprise a 13.56 MHz

8%@@%m§§“§%§110 Qﬂésf ﬁﬁ@h& aCQIPIARLHO I\Q andPAE 81}112'}19%1%137

ectr are possible. A cont r ol
(RGMY oAk HoWweR thywn othe ectt ROM acﬂs Itretrénsfesﬂzf%aﬁd)mstcecﬁoﬁﬁ,um-
the second RF_source 548, the exhaust

digsveopaly B CBUSE RaVigabatt HpeaboBrRg: Syt il insihictions in
2 P48 %c&lgﬁ% Rafiidl dlg&ﬁl o%%geg%g@tﬁ §§n191%b}1és%11 ﬁ&hﬁg nlﬁgqtame of

very Vi Cce asses t coo

the fé@n@hteﬂrﬁd&bl@@&dﬁ@désbx@b@il’lﬁkld\h r Al.t@hdtdim; B@W also coupled bi-
" el ectrode 508 %el ectrostatic chuck) and then_ back to
dir¢rgionslly 1oeFP G 822; um@v@@@ paditipealdptagiosraer sRBCHY e By §ilso

rgegtent gt Refeideth Bhin BRCHRAeRES, W RISy bRty be
usedS K1odd Sroaffas, Zﬁ’[@ dndahelite HR0is aypicadiyl *a&‘sfercah@aﬂj?@ﬁdrag%gnedmm
system and controller 535 are 20 able to control

(suelpes bardrdisks tifat nsCsl@mrl thart prippiy\sfatesedilf waldgtappreciated that

substrate t erent e
5 GraRc R PR e R s b PPl Bsnba
1ﬂcb{fﬁé§e{t&ﬁfnestﬁldﬁﬂmabﬁl&ﬁ a$VistugINM &80y iMetl1yss BUI Ra@hbable disk
i mpl enenting a controller 535 used in enbodi nents

8 b4 mtah ¢akorths fomm dfraug nf thereonmpuier-reagabls msdd a dagcringd Helove
physi cal form of the conputer system O course, the

t h h I
¢ oG PSS AR SRR o i PR R 8ot R s disply
80D AeGhoa2N Y1 @ S BE B 1D andiRbEers 8Y0.CR déherb D, #h iMpgfospREdevice
conputer éorgauter system 800 i ncludes a nonitor 802,

1raty dhegpy af védeo, @M}Gu@aqﬂsdoagwmca, Ietiybdardsd hicgoigpmes. douch-
d. 810,
SR e e a e pR e R Bty B b gaders, abless

stfyﬁﬁég ‘?79!259 Bt BindE IR &Bize R0 biohiatri @Bed @13 riadRbtphiters.
- 'ock di agram for computer system 800. Attached to

C@%%Z@mpﬁuwal&zmay be aowpiletbtoveapibet yoroputsuisstedtcensnunications
Processor 22 s eferred to as central . .

G SOt B reemtl) VAHIEh A grRiE gustbraghi

c&ﬁ %%S%d th Q19@P09nigﬁp%¥wg 11%&1@g§/fgﬁﬁ%§§netwo1k or might

2005/ 007750 24. Menory 824 inc es random
oaipuémﬁornmtmn yo (hRAchah th ﬁaea:duxsa Iof/perﬁlmmmg tiiRDMve-dascritsd

kno the art B(]\/I ts ransfer .data and
n}Wﬁer Wgﬁgtﬂ?fmore metho embodlmen ts oft he present invention may
execute solely upon CPU 822 or may execute over a netword such as the Internet in

conjunction with a remote CPU that shares a portion of the pprocessing.

In addition, embodiments of the present invention fitxther relate to computer
storage products with a computer-readable medium that hav € computer code thereon
for performing various computer-implemented operations. T he media and computer
code may be those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and availa'ble to those having skill in
'the computer software arts. Examples of computer-readable media include, but are not
limited to: magnetic media such as hard disks, floppy disks, and magnetic tape; optical

media such as CD-ROMs and holographic devices; magneto-optical media such as
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directionally to the CPU and RAMis used typically to
transfer data and instructions in a bi-directional
wormsaw133Bot h of these types of nenories may i RCTWS2005/007750
any suitable of 5 the conmputer-.readabl e nedia
r d,,
ARG B 50 B REBIN oA SRR R] Sreoute
rsgrﬁmagﬁe capRas ippliznoryspecHicdntegiated| cirdeitaSI0F), phegrammable
nput er - r eadabl e nedi a_descri bed_bel ow. flxed di sk

loez dewe;s F&Ds) gedROY erd REAM deypetnEXapRles 0t CHRPYRHE CPi% e

|
111031 ﬁ %XQ Eé:c?]e %ﬁ/cthaas ??&cﬁﬂg@py d Eé{ﬁﬁ %Ef@l'eﬁ%@&?%éﬁé‘f@ hither
leW.!l |cbdebﬁhaﬁ@5 e@edutddes) 4 fabput€ dshg ainnﬁuarpmbr (ﬁomp!mta:lr mefttlable

within fixed disk 826 may, .in approprlate cas be .. ..
mf:ch@ mamlsa)tl@cporrrrpuéﬁtr &ﬁ@ﬁﬁi nsPden Bhe emrytek dpka sigdksIybedied in

a %aﬁg}e avehaAﬁd rgﬁg& %%Eee S Hﬁﬁgtésgtjg% %Q gxefcﬁ %lefby a

protdds@22 is al so coupled to a varlety of i nput/out put
devi ces, such as dlsplay 804, keyboard 810, npuse 812

: and eakers 830. general an i nput/out put device

ploteregisigrim m,ajd ® a@gogm’l@lgpg wighig the 139958 chqﬁn@g 500 or

S L FRLED AU RO Tt

cthERHRES: ofttBOIBA §roce§st(¥ﬂey 205) HBRI®meal CHANsemirdidgd for
recogni zers, bionetrics readers or other conputers.

trigRping2he plmtomat wighisle pocess @b@l@hﬁrt & Hribearnleo dap dtiey gas is

i BT B0 ] VO, 4808 YRl 0L e
5 G Mt el phiat sdpbﬁecﬁRLﬂthﬂﬁéssrcﬁ@ﬁbMﬁs DA Bratmt i Dife bias

fromthe network, or mght output information to the
valtigair 10 voltst ehdoun becksidepesstoe of S orte prov1ded at the

BB ASHRLL R B SRR MRS €l 0tea. i

stePWab hatRSReCRYY 48 2ec s MRlis %cﬁ‘mﬂb&ﬁm@nﬂ]ﬁ&%@é kaguch
as the Internet in -conjunction with a renote CPU t hat

inggravekplotpesistitom. of t he processing. 25 In addition,
enbodi nents of the present invention further relate to

co ter, ora roduc Wi th rea
e PR ReS BB Rt 2 b R PE BN BB e pmge
udear oM %&@@Etﬂlﬁﬁa}l A ce5BPLiaR d MeiRthie PRSoess (ﬂﬁnﬂ%ﬁl i5®0agd
conmputer code may. be those specially designed and

‘beforesthe s!diserdtefleplatﬁewlahumpbee@cc;sfs chinebgs5@§e ftich a BARC open

PRGSTaiEh AODGPEHBER i g SRATIES AR SR Eomput or

software arts. Exanples of conput er - r eadabl e nedi a
i ncl pgethe BiHak ABuPStep (step 412), an etchant gas comprising T™Na, SF, and

at least one of CHF3, and CH,F; is provided. In this example, the etchant gas is 100
sccm CHF3, 50 sccm Ns, and 20 scem SFg. The pressure in the process chamber is 5
mTorr. The TCP power supplied to the process chamber is 275 Watts. The bias
voltage is 135 volts. A helium backside pressure of 8 Torr is provided at the
electrostatic chuck. An electrostatic chuck temperature of 60° C was provided. This

step was maintained for 23 seconds.
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limted to: magnetic nedia such as hard di sks, floppy

di sks, and magnetic tape; optical nedia such as
wGODRedROVE338Nd hol ogr aphi ¢ devi ces; magnet o- opt i eqir/usewsa07750

such as 8 WD 2005/ 091338 PCT/ US2005/ 007750 fl opti cal

di sk

conf’ e BefBEE oK aRR o HRkicRLR cal B b at gast gue of
CBPRBL, hﬁCEpﬁQﬂrcﬁv@ed ITh €lgik akafiplej the wichant @ASIIESY scem Cly,
4%§@grannable i c devices (PLDs) and ngland RAM
2XesprinddBr éQaiaﬁin 4P coﬁ‘?ﬁlﬁt(& THSuCSSHEIL S HRORPTamber is

P g R pRLR MBI R IR KR, WEiusy e s
Vcﬂ@ Eg BY5 whis NG [liuilbRkidepetsurEonPUberis peatddl. eAn
Y al so be conputer code transmitted by a
elc@rqstﬂtlérc Tack tampeighae oephdeas pravided. das ik Wi pRigfined for
15%9 ientlng a sequence of instructions that are
&Qltabl e by a processor. The photoresist trim my
be acconplished within the process chanber 500 or 10

bef oFgr the eecoub Biaidtteh kisp PtL420)whichuhanttdae c@lﬁmemg HBr, an
chanber 500. In a preferred  enbodiment of the tr

mprtdhlelglst st aé;beamm}e oS, ang N i REPVEI9F3 [aHES praspife fiegphant
ngsnls {Tg@ c%&g% Fllé(? E %%]c%%plszlt gne'sﬁué ﬂg&@ @9&@ ﬁé‘?ﬁﬁ%qé g équr"if OTT.

TRZTCRwAD sfie €38 prodass &faﬁﬁféﬂfs@ sorwathe TheobRs soltage is 65
chanber is mrorr. The TCP power supplied to the

.quitsoo‘ébsluuh @mi@rdeu mesm@ of&tTost lsm@n@@cb 11516%10'6@@,@ chyck
70 voltsf E ! @(ﬁg@ " ressuretgf Sa%

teRsATYE #T 4P M@SHW%%% PHYTR WER e ec oSt
chuck tenperature of 60 C was pro vided. ThIS step

was pBi it dvaedct Qbp GtepSRapRsch il P8ief@tdhethn etchant gas
enbodi ment provide: s an inproved photoresist trim

cathpri BAREBr sanaineit dﬂtlfhlérﬂnd@é Feest.ong of Ghvied PN dhar O\Bs&ﬂt In this

[ t
SR e SHEMARY i e BE5 200 Sl (e T Boe SR s ppocess
clddbes WO Fabe:. IThe M ECHAVMshppIRdltD ndFrO6RS ShAMBEPRIS00 Watts.
500. Such a BARC open process (step 408) may use Cl12,

To@piaandltage if 310 voits. BRI bhdkaigle pRessureioé 8 Hrosaiks piovislegh An
B B oSS S i U gt
70 Bin8X ABWaEse 1B RWEHBMssBBSerhSerdl, the SiGe etch step is very
robust and is able to extend the step time without lateral attack of the SiGe layer. An
inert gas such as helium may also be added to the etchant gas. In this example, 267

scem He is added. The heater and cooler in the inventive apparatus is able to provide

desired temperature control, which is able to change the substrate temperature from

60° C to 30° C between steps. The heater and cooler provide the ability to quickly

change temperatures.

This example has been found to provide uniform etching across a wafer.

Other Examples

Table 1 provides preferred, more preferred, and most preferred ranges for the

break through etch.

10
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The bias voltage is 210 volts.
pressure of 8 Torr is provided. An

A heltumb
el ect

acksi de
rostatic

chuck tenperature of 30 C was provided. This step was

rh e

te

mai ngin

processin
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P

1Ie

E‘?reldqyi’l es for the

IS ver

firdhusi elehd 1S able to extend the step tlne wi t hout

| ateral attack of the SiGe layer. An
Table 2

Preferred Range | More Preferred | Most Preferred
Cl, 20-100 scem 25-75 scem 40-60 sccm
CF,4 10-100 sccm 30-70 scem 40-60 scem
HBr 100-500 sccm 150-400 scem 200-300 sccm
0O, 1-20 sccm 2-15 sccm 3-10 sccm
TCP 100-1000 Watts | 300-800 Watts | 500-700 Watts
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inert gas such as heliummy al so be added to the

etchant gas. In tl-iis exanple, 267 seem He is added.
woherswestser and cooler in the inventive appar aPds/usS2005/007750
able to provide desired tenperature control, which is
ableto change the substrate tenperature fnom 25 60 C
Bzs3Dl@gbet ween $6@380 Vitte heat HIO-Br{HVelsol erl 1prlgeiVadts
the ability to quickly chanqe tenperatures. This

xanpl e has been|found.to provj form et.c
g’éels € a wafer. EI%&PT%‘{aﬁpI es 9‘?86&% proérfc}l@%ll
nrpfprrpd nmore preferred, and npst nrnfnrrnrl ranges

£ Q ""j;ea|<10;1tg:pugh et chg.1 101 WO 200%/¢003338
PCT/USZOOS/O D Table 1 Preferred Range [More

PreferredWst Preferred N2 20-100 seem 25-75 seem
BEpv6trtioddpm: OSF6 5-16@1131é)e1m 10- 3p3&éei 15- 25 | $8elnt0:EHF3
30-200 sccm 50-150 seem 75-125| seem TCP 100-1000
tts 1 -400 Wt Bias Vol|t 25- 200
Wgat@ggﬁﬁg 2vol t§8f£ 150 Vol tgﬁ'}P?essure faﬁg 1mTorr
3-20 mlorr 5-10 io CHE3: SEF6150:-1
fg}gm% %tli'relo 1-3: 11Glpgwcr ati o CHES7pN2 5: 1']-31)-6’()013 1. 1
Tenper ture 10 90 C 25-80 C 30-6Q C Table 2
provides preferred, nore preferred, and oSt preferred
ranges for the flrst main etch. 5 Table 2 Preferred

Range More Preferred Most Preferred Cl2 20-100 seem

ig_ gg @E@ﬁ provi gs fg’r% errrg*edcnﬁgrelp% elqu nd mosg pr e?en e o tanges for the

second main etch.

Table 3

Preferred Range | More Preferred | Most Preferred
O, 1-20 scecm 2-15 scem 3-10 secem
HBr 100-400 sccm 150-300 scem 160-200 sccm
TCP 100-600 Watts 200-500 Watts | 300-400 Watts
Bias Voltage 20-110 Volts 40-100 Volts 60-90 Volts
Pressure 1-20 mTorr 3-15 mTorr 5-10 mTorr
Flow ratio HBr:O, 100:1-10:1 80:1-20:1 50:1-30:1
Temperature 10-90° C 15-70° C 20-60° C

If N, is used in place of O,, N, would have the same flow rates and flow ratios
as O, in the above example. Also, nitrogen can be used in addition to oxygen at same

amounts.

12
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nore preferred,

100

V.NaYa)

seem—HBr—160-4¢
100- 600 Watts 2(
Vol t age 20-110

VAV

) PrfBedRbige 3

m- 4020
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bl ts 60-90 Vg
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orr 3-15 mrlor
Py scean: 1 5
20-60 C 5 |f

F 5-10 nilorr

110%™ Ten
N? is used in

Its
owratio

‘plg% dttte

, N2 woul d hay
as 02 in the aba

rn addAr L A A A
1T agur trurr Tt Uy

%0!3"@)% ST fl

ve ‘exanpl e.

MAIA AN ot
Ayycilr at —oSdallc

Al

PYOG-2DE Sechd

SO,
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ni trogen

pl ace of
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WO

TZP05/ 091338 PCT/
preferred, nore

1820050 W0atisS0
preferred, an

2035 @ Whtisr 9AOdesD0 Watts
d nost prefer

red ranges

for the

Bias Voltage 100-400 Volts 150-300 Volts | 180-250 Volts
Pressure 20-100 mTorr 40-90 mTorr 60-80 mTorr
Flow ratio HBr:O, 200:1-10:1 100:1-20:1 80:1-30:1
Temperature 0-40° C 10-35°C 20-30° C

If N3 is used in place of Oy, Ny would have the same flow rates and flow ratios

as Oy in the above example. Also, nitrogen can be used in addition to oxygen at same

amounts.

In the above examples, the etch gases consist essentially of the component

gases specified. In other embodiments, other or additional component gases may be

used.

In another example break through recipes with a pressure of 5 mTorr, TCP

power of 300 Watts, 53 volts of bias, a chuck temperature of 60° C was able to use a

break through gas mixture of CHyF,, SF, and Na. In one example, the break through

gas mixture comprised 30 sccm CH,F,, 20 sccm SFg, and 50 scem N», which was

maintained for 37 seconds. In another example, the break through gas mixture

comprised 40 scem CH,F3, 20 sccm SFg, and 50 scem N,, which was maintained for

52 seconds. Although these recipes provided good results, it was found that the

process window when using CH,F; appeared to be smaller than the process window
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over etch of the polysilicon, which etches the Si Ge

and silicon seed |layers (the SiGe etch). Table 4
wonefsawise Range More Preferred Most PreferredpC02S2005/007750

0.5-20 sccm 1-10 sccm 1-5 seem HBr 80-300 sccm 100- 200

wﬁ%gﬂ%é% 9{%’?9 Iﬁ&é%enT @gi]n& 40z 1RO et sSTEP Qb%épto\’éé%éa% 600

tts i as tage 100-400 Volts 150-30
Wiétls helpt 8RB Aedlohg.s Pressure 20-100 nilorr 40-90
inTorr 60-80 inTorr Flowratio HBr:02 200:1-10:1

100: 1-20:1 80: 1-30:1 Te rature 0-40Q C 10-35 C
20- 30 heoughexpe@mentatinney 65?&;3%&964’681? f‘bl*z,g thap }%‘H‘P@ the fiBr/He
AN E i
e e R
sth8ll Bt G theailicoan®ed ByaUIL Isas also Hebre faind vient exemping she Bide
etch gases consi st essentially of the conponent gases
etshstepfipergases fheotifePreipbaViEnt s, ot her or additi ona
conponent gases nmay be 10 used. In another exanple

brea I ' : o #CP
e, SR AR A Sy
piegemaBlyab ubeutal°® 60 d@ivgthe Shliectch step eesalts hr aadtcli heneghe seed

ﬁgs m xture of CH2F2, SF6, and N2. In ong exanplg, t he

sibicemkhe Relysidiron. gad e JCeleyceoinsh Nawrbeyt WesAPersR2, 20
ccm SE6 C ' b ' .

R s T A R A b e

pRacstsd iiereciFht disagesia theparutiafs2lo R0 sigaifita@Fbincratk Gidler

seem N2, which was majntai ned for 52 seconds.

cuiting ou gawinge sethe deimasionsi &Ratered Therstpre thegpqused fempggature

found that the i ' -
A e O £ DGR SR ep N, YRS AL Sithov
aBOa {084 38BicAGLHRB TR &ONEATBatub.eMhe!Slaligaibidgfof the subsisate at
been found that increasing the TCP power to at |east _ |
38D0 may be accomplished by having the chiller 552 cool the cooling liquid to 20° C.
The cooling liquid is passed through the lower electrode 508 to cool the lower
electrode to 20° C, which cools the substrate 308 to 20° C. The heaters 560 are then

used to heat the substrate to 30° C.

Other embodiments of the invention would replace the first main etch with the
break through etch, thus extending the break through etch step and eliminating the

first main etch.

Other embodiments may perform the second main etch at a temperature less
than 40° C to obtain more robust results. The inventive etch also provides sufficient
passivation to prevent undercutting, without causing etch stopping. In another
example a small amount of Cl, is provided during the second main etch to eliminate

or reduce any foot that is formed during the second main etch.

It has also been found that the inventive etch provides reduced line edge
roughness. It is believed that the invention allows for more passivation during the

trim step, which reduces sidewall roughness. .
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The f t

R8O DL e SRR Sl ek Ol

RelRIREET By 11'209181G@f ectlicngnd onlyﬁhdidmlajlel p2af whieh dhs doped

the et ched feat ures. e mai ntaining of the substrate

and uada@d@emy b éh%@ré@rﬁﬂ ¢telrBg PIpgesi AN g cxamerle Ricplea p bowed

%Séﬁ iparot}ogl 3@1@&1 %eﬁ$ ts_)lhjlﬁ%uhﬁ)é%? oallge)lrtﬁ:lg CE ?glegﬁg {3‘3@9 nation bow

A8 odthR el Q¥EEreate hREC TR OBGs aWlieatutic 90k Sratibeof a stack
substrate 308 to 20 C. The heaters 560 are then used

tvitthe aIIOI i etshivgtthattcecates adesshovexivde potsioni7rdnng adgrger seed
on mo d re ]l ace mai n~et ch
ElEondES R e gk BraRch b b Rb R Bl E, R 7C s a
SRR QHAN 1?1'il§t!i‘at§)tned¥ 28Rk 8l it Piadd fAgeténg %tlfat EghteBivBrtical SiGe
etch. O her enbodi nents may performthe second main
qxocthmmndaa mdpdmn tow 7|4ésw em tzenfoqocagsesd I8 igeian n Fifpr A is a

ﬁust res lsjtlr%gglsq g alb? 8]3@%?1 ﬁp@glt r ov?l%&)n that creates a

Neh'ﬂ%y&(?@ ?éMd%*eEJ‘sﬁE&P&bl@g I'n another 25 exanple a
anoun is provided during the second nain

etch to elimnate or reduce any foot that is formed

durin nghlde tlsie coiedtiomhas e Hescribedinstempsef ssweral protergd

th t the en tch prov reduced. .l i ne edge .
Bt et Bufr E0alp PRhERont FTERopuh B Y subsitue

fe@l{u\ﬁ‘&rn@s RAs& féﬁtvhﬂﬁn %ﬁcﬂﬂe sMBis ib¥enfbat RRhowRiakh be noted that

reduces sidewal | roughness.

there are many alternative ways of implementing the methods and apparatuses of the
present invention. It is therefore intended that the following appended claims be

interpreted as including all such alterations, permutations, modifications, and various

substitute equivalents as fall within the true spirit and scope of the present invention.
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illustrations of wvarious

14 WO 2005/ 091338 PCT/ US2005/ 007750 O her enbodi nents
of the invention may provide the inventive Si Ge etch

weepsraiasBy, instead of as a polysilicon over eCcThS2008/007750

facilitate understanding, FIG's 7A-7D are schematic
Erofiles et ched using

various processes, wherei &LAIMS s 7A-C are schematic
5 illustrations of profiles etched using prior art

OCesSes nd FIG 7D is a schematic illustration of a
S?%?P? YRCHEd using the invention. FIG 7Ais a
schematic illustration of a stack over a gate oxide
hayer sOuRthod fot&shihatastab@8vitivdidsast dritesiBdoagiermaiipimilsgs over a
a silicon seed layer 712, a SiGe |ayer 716, and a
gebspatd in@grosesyiae chamberparBprinasPIREisbee 2 sieen Rsaapwm eteh,
regions.. The prior art etching process in this exanple
8P%%E%@ga bowed 10 Si Ge portion 722 and a seed silicon
foot 724. In this exanple the conbinati on bow and
f oot dpedditgtandicabegariytoTht gakessinglBamB&, iwhemin the etchant gas
schematic illustration of a stack wth a prior art

L t.G . [ tion 732 and

SofiphE% LB g THERRErE EFIINRE PCRARRE! ot nat | on
bow and foot causes CD gain. FIG 7Cis a schematic
illustration of tack, with.a prj rt, chi ng t hat
creat ecgogn%ﬂ}ﬁtsluggtrff%%)éteggoeﬁaé%rg E%ce)fr? %Aﬁ@ dai agaeed silicon
foot 744, where the foot causes CD gain. FIG 7D is a
schematic illustration of a stack mﬁtE an.etching t.hat
uses tirasforming the Stahig: eas fapema to ¢ish thesilico; seampniyy,layer.
and seed silicon etch. Wile this invention has been
described in terms of several preferred enbodinents,
ther e Hreemethbéyaatricited, in plkimlt whewinsthe sodk furthet conprissnad
various substitute 20 equivalents, which fall within

a8y sHIE@RGayl ot 8l the ki¢ER bé@ihniunk 1258 Wikredd Sied¥eoftOleglbn of the
that there are many alternative ways of inplenenting

}pt%%{sgﬁ%oﬂg?}zefr ?sn&jop%e pﬁﬁ%&%&}%ﬁp&%ﬁlﬁ}%@}Iigﬁgeﬁﬁ'@attk “ﬂ.h%{%ﬁ&g%rbf the

ore i ntende oW Nng app
cl iq; be interpreted as including all such
é1'%¥&wpgﬁ§?’$%ﬁ % ions, nodifications, and various
substitute equivalents as fall within the true spirit
and scope of the present invention. 25 15

providing an etchant gas into the processing chamber, wherein the etchant gas
comprises Np, SFg, and at least one of CHF3 and CH,F,; and

transforming the etching gas to a plasma to etch the polysilicon layer.

3, The method, as recited in any of claims 1-2, further comprising providing a

polysilicon main etch, comprising:
providing an etchant gas with at least one of Cl,, HBr, CF4, and O,; and

transforming the etching gas to a plasma to etch the polysilicon layer.
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WO 2005/ 091338 PCT/ US2005/ 007750 CLAIMS What is
claimed is: 1. A nethod for etching a stack with at

woeast09m3e silicon germani um | ayer over a SubBCTASE005/07750

a processing chanber, conprising providing a silicon
2ernan|un1etch 5 conprisin provi di ng an etchant gas

nto ﬂh@nmtmctagg Fesifed irapyeof, claifme Pl iwherrin drectieiiing Gasilicon
tdi i f
69 iR Lo MRgehe cotelf Bor B8 S a%uskfRRr e °

bel ow 400 C, and transform ng the etching gas to a

Bl as Mg he@neéthéd) ab bevited hih &@NofdiABNLHURVHedIR the stde® fdithekhe
met hod, as recited in claiml1l, wherein the stack

'mmpnaas wn@ sxhses layer wadley #hid sileapm gerpanivmlayeriwerein the SiGe

wherein at | east one region
Splt ‘wsﬁ' ﬂf¥§?§}h7§7doped further conprising
provi ding a break t hrough etch of the polysilicon

lsayer ’Th%QH&ﬁd)@ 2 Pecifeli QY bl Hiklamsat & Rakeif @ﬁmbﬁfe@ thiBlehesses of
processi ng chanber, wherein the etchant gas

tlongeed sdisondayesms] sikipeh garmiapust laperds bEtweri20 awijSQ:nmmznetels
and transform ng the etching gas to a plasna to etch

he polysiljicon |a t
ghy o]?[l l%:llg?th,%a _sie’:é{g 1%%1@{ otT I]ElmrelSIg' ﬁglft%e?‘o o{n%%sfn%g)ré\ndmg a

pabivsdsidt @RRk FREMhek@bk. conprising: providing an
etchant gas with at | east one of Cl2, HBr, CFA and

02; and 20 transform ng the etching gas to a asm

8o et chetmhethpdlagsedited dp Clatpdy wherem pb@i@@ﬁ@@&l@é@s ofa 193 or
Eg§%U3509 &9977 gﬁmg The nmethod, as recited in any of

Y &ihe2: Wﬁereln %he et chi ng the silicon ger mani um

| ayer and t he pol ysilicon | ayer provides a vertica

9 of i I'Ehe thethdti@asrediteddn afp of @giidsed4 i wheasiy tief pallalicon layer has
1-4, wherein the stack further conprises a seed

oi lepgigme|upgdeped isgon. t he silicon ger mani um | ayer,

wherein the SiGe 5 etch etches through the seed

S1'0I e Oﬁlel B&§6d, as recited in any of claims 2-4 and 9, wherein combined
thicknesses of the seed silicon layer and silicon germanium layer is less than half a

thickness of the polysilicon layer.
11. A semiconductor device formed by the method of any of claims 1-10.

12. A method of etching a polysilicon layer over a substrate, wherein the

polysilicon layer has at least one doped region, comprising:
placing the substrate in a processing chamber;

providing an etchant gas into the processing chamber, wherein the etchant gas

comprises Nj, SFg, and at least one of CHF; and CH,F»; and

transforming the etching gas to a plasma to etch the polysilicon layer.

17
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6. The nethod, as recited in any of clains 1-5,
wherei n conbi ned thi cknesses of the seed silicon

woayesrooessl silicon germani um |l ayer i s between ROTAR2005007750

nanoneters. 7. The nethod, as recited in any of

clainms 1-6, further conprising providing a

bhot ofbsimsthoh gk resited it Hains | adkrthargogiprivig Dietifieg a pelysilicon
recited in claim?7, wherein the photoresist nask is of
mal®&chrconkprgher. generation photoresist. 9. The

nmet hod, as recited in any of clains 2-4, wherein the
polysilicon | ayer has at |east one undoped region.

10. TR, iBhBAd etd@ant &&iviaatiShsBBe O CI) MBI LS shdahs afd
wher ein conbi ned 15 Thi cknesses of the seéd silicon

| ayer and silicon gernanlun1layer is less than half a

gglncigf?%%fgo&lm E}ec\al ?{gz a 11?; (éfag ‘L:OOQB a@l%xﬁ to eth%H e@o O\fsﬂlcon le(t;rfel

clainms 1-10. 12. A nethod of etching a ponS|I|con

12 eanefod 8 TeiEed FBET R ORor: ST CombRaE Pitg cine

éﬂgoﬁggﬁgﬁgk%vgqhg.Qﬁgce55|ng chanber; providing an
ahan A

gas into the processing chanber wherein the
etchant gas conprises N2, SF6, and at Ieast one of
CHF3 ang rR6E,;as aedtetiin o 4] Wgerbimdhephd“tblwgis'gmaskis ofa 193 or
B]asna to etch the polysilicon layer. 17 WO
ST ORI IIPINREN5/ 007750 13. The nethod, as
recited in claim12, further conprising prOV|d|ng a

gl ys '"I*He%&hoﬁmdh @eﬁfeﬁhn aﬁ?gpcflhlﬁisnl@‘-l 9 R&l‘ékéi'ﬂl 1@ RMysilicon layer
etc ant gas w | east” one of Cl12, HBr, CF and

Bﬁsmaﬁﬂnoneanéﬁmﬂneggnthe etching gas to a plasna to
etch the polysilicon Iayer 5 14. The net hod, as

C|ted i n.an 12-13,  further. co
Lot df et feadle Torpdlor s it RS rar gk olofhd P
nmet hod, as recited in claim14, wherein the

EOE orgs h}%%m 8§ ForlefehMp AstddSwRh at RhAAE siliehebaiihm layer over
pnotoresi s
a substrate, comprising:

a processing chamber;

a gas source;

an energizing source;

a temperature control device, for controlling the temperature of the substrate;

a controller, wherein the controller comprises, computer readable media

comprising:

computer readable code for providing an etchant gas from the gas
source into the processing chamber, wherein the etchant gas comprises HBr, an inert

diluent, and at least one of O, and N»;

18



16. The nmethod, as recited in any of clains 12-15,
wherein the polysilicon layer 10 has at | east one
wandzped3gegi on. 17. A semi conductor devi ce forPaeaskons/007750

the nethod of any of clainms 12-16. 18. An apparatus

for et .Ch' n%oﬁlﬁtteq(fgad\%lteiloaé f(%l‘%%?finé)ﬂ]lg S%Jtﬂaféocg atemperature

germani um layer over a substrate,”conprising:. a
rocessj ng chanber; 15 a gas source; an energizing

E@EW%%é) > @%¥nperat ure control device, for controlling

the tenperature of the substrate; a controller

wherein the controller conprises, conputer readable

medi a conpri si nepmReergoadabtesqode derdisbigdhe oegiripg source to

provi di ng.an etchant gas fromthe ource into the
br oced B G R ERRe S ot RFPRE LR ER Qi AL KB TR e
HBr, an inert diluent, and at |east one of 02 and N2;
18 WO 2005/ 091338 PCT/ US2005/ 007750 conputer readabl e
code for cooling the substrate to a tenperature bel ow
40 C, and conputer readable code for using the

energi zing source to transformthe etching gas to a
plasma to etch the silicon germaniumlayer. 5 19
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