DUAL DOPED POLYSI LI CON AND SI LI CON GERVMANI UM ETCH BACKGROUND OF THE

| NVENTION 1. Field of the Invention The invention relates to sem conductor
devices. More specifically, the invention 5 relates to sem conductor
devices with a doped polysilicon and silicon germanium stack. 2.
Description of the related art The formation of filmstacks of doped and
undoped r egiDiia LAPORPRE PFOLYSHEGQAN AND; SI8ACEHY GERVMANBMETGEE used for
form ng gate el ectrodes for sem conductor devices. 10 SUWARY OF THE

| NVENTI ON To achi eve t heBAOKGROUNDOF THEASWVENIEORE with the purpose of
the present invention, a nethod for etching a stack with at |east one
silicon germani um | ayer over a substrate in a processing chanber is
provi ded. A si llicBiel¢ef tagdnventi®ich is . provided. An etchant gas is
provided into the processing chanber, wherein the 15 etchant as conprises
HBr, an inert ditleientnticonslates tb eemiconducterf deyieantflorpsperifically, the invaneon

cooled to a tenperature bel pw, 40 C. The etchi as;, . f a

pl asma t o relaten 19 FRINISOPSRCIRF ‘g“é’ﬁ‘?‘?ﬁﬁ‘ﬂﬁ%ﬁ ‘F%Wgrpppﬂsﬂggﬁ@%glﬁc%%}?%agl:%?%ﬁeof t he
i nvention a nethod for etching a polysilicon |ayer over a substrate,

wherei n the pol3siDeseiptianagfdhe prdaiedart| east one doped region, is 20

provi ded. The substrate is placed in a processing chanber. An_etchant gas

i s provided i ntThe foemptioe effimgtackeofstoped whdrrdoped rrEianseh 2atysBKENEBApr i ses

N2, SF6, and at |east gnpe of CHF3. and CH2F2. Th t chi ng . IS
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manifestatd'e e f the invention, an apparatus for etching a stack with 25

~at least one silicon germanium |l ayer over a substrate is provided. The

~apparatus conprises a processing chanber, a gas source, an energi zing
sourc®, a tenperature controlSIHEMARYIQF TEHENINVENIHINt he t enperature of

the substrate, and a controller. The

To achieve the foregoing and in accordance with the purpose of the present

invention, a method for etching a stack with at least one silicon germanium layer over
a substrate in a processing chamber is provided. A silicon germanium etch is
provided. An etchant gas is provided into the processing chamber, wherein the

15 etchant gas comprises HBr, an inert diluent, and at Jeast one of O and N». The
substrate is cooled to a temperature below 40° C. The etching gas is transformed 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-
20  provided. The substrate is placed in a processing chamber. An etchant gas is
provided into the processing chamber, wherein the etchant gas comprises Nz, SFe, and
at least one of CHF; and CH,F,. 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
25 at least one silicon germanjum 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




controller conprises, conputer readable nedia conprising conputer readable
code 1 for providing an etchant gas fromthe gas source into the processing
chanber, wherein the etchant gas conprises HBr, an inert diluent, and at

| east one of 02 and N2, conBut er readabl e code for cooljing the substrate
to a tenmferpovidingah oiwhag ggs framdhe gwrasytasriniodhel MspeesEibg shambpery whergin he
energi zing source to transformthe etchin tg 5 a as to etch the
silicon éﬂ‘? ﬁ’ﬁﬁ?‘i}rﬁ"“f S%ngfﬁ%eatéw&ﬂcg{iﬁg?t’ %%%%3?3% 5f Otf@éaﬁlr nt invention
will be %ﬁﬁf ke dB1d I8 fordebihd heRabsid @ 4 ofysieitald wiowant O, phd on of the
invention a clilln conjunction with the 'following figures. BRI EF

DESCRI PTIcGhipfifer TeiclabRANINGES usihgThe eprgigimngtsoinrpednttiansions the kiebinggasdoby way
of exanpl e, and not_ by of Ii.m'tlation, in the figures of the
accon%anﬁﬂ@s%%wtﬁ]@@%\g@qnﬁ%ﬁﬁml ¥ reference nunerals refer to
simlar elements and in which: FIG 1 is a high level flow chart for
formng an etoﬂF& ; ; t dadenordd FIG 2
is a nore detal egﬁ%ﬁg\%@% aﬁgg%t?ft?ﬁ%ﬂé?\ﬁg%{e?g%ﬁggﬁgﬁs(?gﬁlﬁﬁ%?ﬂl ayers.

FIG's 3AlekBlsdictows thtraiciailed desedptomsefthe omention emd ntoguhstion withéhe wi th a
gate oxide |layer 304 formed over a substrate. FIG 4 is a nore detailed

f1 ow charfollgwinghigweshi ng of the stack of layers. FIG 5 is a schematic

vi ew of a process chanber that may be used in the 20 preferred enbodi nent
of the invention. FlCyrinfhrarkBBidlrloistiBiSRA WoBRter system which s
suitable for inplementTng a controll'er. S -D are schematic views of
etched filmstacks. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 25

~ The pbesent i nVeapiesentinventiomis ilestoixsicryi wadof exadepla) andmathyvesyedfence to a
few

limitation, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

FIG. 1 is a high level flow chart for forming an etched stack that may be used

for a gate electrode.
15 FIG. 2 is a more detailed flow chart of the formation of a stack of 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

20  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

25 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




preferred enbodi nents thereof as illustrated in the acconpanyi ng draw ngs.
In the 2 follow ng description, nunmerous specific details are set forth in
order to provide a thorough understanding of the present invention. It

w |l be apparent, however, to one  _skilled in the ail, that the present
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I n other jnstance wel.l kppwn proces e ve not
been desd ?r&ggﬂ Pﬂ‘?d(ﬁ%%#g Pﬂ%&p eSF]%tn(%V%g? Uﬁﬁgw&é%{?#ytb sC l};r%g t? ﬁggpr esent
i nvent i ongq1i ihakd A, kRt Shd e Sun® iRl Aigmay bEprattited witho@hsonevel alf bbw chart

for formng an etched fil'mstack that may be used for a gate el ectrode. A
stack of thesgepscifis détailsrelh otliertingiarces)wellkrove proressplepg PaALT SEUEESSed (st ep

108) ._ FI 21is, a re.detailed.flaow 10 chart of .thg far [ a stack .
of | aer dave papbetaRsciives it ge§ inpr P St N os Pl SR b AR & 3R T
a cross-sgeliypal view of a filmstack with a gate oxide layer '304 forned
over a substrate 308. A silicon seed |ayer 312 is forned over the gate

oxi de |l ayer 304 (step 208). A silicon germanium (SiGe) |ayer 316 is forned
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at the top o e polysilTicon layer. Tﬁe oping level decreases at higher
dept h andoéyeniysedody(sich20pR! & silicon garnbatungSiGe) hajepath at fonngAevedst h.  An
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?g? eé? L o P Qe AeRMASE A5 ifbor Tapds 338 Rohibrb AU eIl Bt dufttBed 332
Jayer 324. The dual doped layer comprises doped regions 328 and undoped regions
322. Various configurations of doped regions and undoped regions may be used.
Generally, the most heavily doped regions of the polysilicon layer 320 may be near
the top of the doped regions 328 forming a gradient from the top with the most

20  heavily doped regions to the bottom of the polysilicon layer with the least doped or

undoped regions. The heavily doped region is at the top of the polysilicon layer. The
doping level decreases at higher depth and eventually the polysilicon becomes
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

25 .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
30  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.




In one exanple of a stack, the gate oxide |layer 304 nmay be about 1.5 nm
thick. The silicon seed |ayer 312 naybe about 10 nmthick. The Si Ge |ayer
316 maybe about 20 nmthick. The dual doped polysilicon |ayer 320 nay be
about 100 nmthick. A nost heavily doped region 328 of the dual doped
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"A single etch step is usea to etch both the SiGe and seed silicon layers. A vertical
etch is important and even more important near the bottom of the stack, becatise the
dimensions near the bottom of the stack help to define the gate length, Therefore

andercutting or the formation of a foot will change the gate length.

20 In addition, the photoresist is preferably a 193 nm or later generation resist,
which is softer than the older generation resists. The inventive etch must 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
25 (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. '




which is softer than the ol der generation resists. The inventive etch nust
therefore be nore selective and al so provide sone passivation to protect
t he photoresist etch nask w thout providing too much passivation, which
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15 The break through etch is followed by a first main etch, which is used to etch
through the undoped polysilicon layer 324 (step 416). In this embodiment, the first
main etch through the undoped polysilicon layer uses an etchant gas comprising at
least one of Clp, HBr, O, and CFs. This etch step niay be used to etch a feature to the
‘SiGe layer 316. It has been found that this etch process has a low selectivity to gate

20  oxide, so it is desirable to stop the break through etch before the etch feature reaches
the gate oxide. An interferometer endpoint 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
25  higher selectivity to the etch stop, which is the gate oxide layer. In this embodiment,
the second main eich uses an etchant gas of HBr and 0. 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
30  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




| east one of Cl12, HBr, 02, and CF4. This etch step may be used to etch a
feature to the SiGe layer 316. It has been found that this etch process
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15 monitor is used to determine when an endpoint is rea.ched, an over etch step may be

used to provide additional etching for a time to etch & determined amount past the end

point.

Example 1

In an example of the invention, a layered stack is formed. The layered stack
20  may be formed using the steps described in FIG. 2 to form the layer stack as shown m
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 am thick. The 193
photoresist mask 336 is 190 nm thick. The substrate 308 is then placed in a
25  processing chamber.

FIG. 5 is a schematic view of a process cham ber 500 that may bé used in the
preferred embodiment of the invention. In this exam_ple, the processing chamber
comprises a 2300 Versys Silicon by Lam Research Corporation of Fremont,
California. The plasma processing chamber 500 mas/ comprise an inductive coil 504,

30  alower electrode 508, a gas source 510, and an exhawust pump 520. Within plasma




provided the desired profile w thout undercutting, bo wing, or the

formation of a foot. Generally, each etch step may be provided with an over
etch step. If an etch 15 nonitor is used to determ ne when an endpoint is
reached, an over etch step nay be wused to provide .additional etching for a
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15  chills a coolant and a fluid delivery device 556 that passes the coolant from the chiller

552 to the and through the lower electrode 508 (electrostatic chuck) and then back to
the chiller 552. The cooled loWer electrode 508 cools the substrate. In addition,
heaters 560 are provided and positioned inside the lower electrode to heat the
substrate 580. The heaters 560 and substrate cooling system and controller 535 are
20  able to control temperature sufficiently to provide different substrate temperatures at

different steps, as provided in the following 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

25 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.

30 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




544 is electrically connected to the coil 504. A second RF source 548 is
electrically 10 connected to the |Iower electrode 508. In this enbodi nent,
the first and second RF sources 544, 548 conprise a 13.56 MHz power
source. Different conbinations of connecting RF power to the el ectrodes
are poss$Hl. MemorB4 wicludes BBZoMHcELHN MERITH cathesdedly semeyf i rst RF

544 th RF th h . 520.. and th
cour e 2dMy BsiSRlliaiaar Hirgte AT ABGRTPREHEd 2B AR ipdfiteB O fnk ©, 2°°
chills ageQaiamly @&fle @PU AMOR AR IsMREY qﬂﬁ‘éﬁﬁlﬁ@o BaGrePaitaRad segnichensro! ant

fromthe chiller 552 to the and through the | ower el ectrode 508
(el ect r osbadirectiohalakjnrend Botheof thesekypas of mprmarie My iBBRle aMiysudedeod | ower

oha. Doo: reRBRRRERHBb BB B AT HBH brlpBa s Fsetisk ERaS ogorpbidiBs0. The
heat ers . I r 0O able to
cont 1ol TRSBAAIPLACRURS: £0A SURIAH GREGAR, (Al ddindl 18

t enper at iticRleahy of itef @haruterstaiable msdipdescriledibslowt. hEixkdIdizvE26gmex hepl es.

FIG's 6A and 6B illustrate a computer system 800, ich is suitable for
i npl emenvseddo stosppragmE datsamd the dike ane HIBRICHBIR SSHNIERESIRIA8E ARy ent i on.

FIG 6A . sho | bl ' : f IS O

cour se,  {HE BEe S RO B e b B Bleed B e B om an
i nt ggr at @@ ifforGbtién refaindd with@dixedrdisk 32doaay, dn agnc paiasnedsts, bandhel d devi ce
up to a huge super conputer. Conputer system 800 includes a nonjtor 802, a
di spl ay ®garpomtedinsitansagbfshign @5 ¥ktualmemorgpgneiORE PBha Remprable a rmouse

From conplit B belaRBeS Sy AL R PR ER RbIBIAARGTE L0 TOr

conput er system 800. Attached to systembus 820 is a wde variety of

subsystens. EpPUCEDSOhlss)colpled (R4 Saridie betnpadoitput dsvices)bitel aspdisglagsi ng units
or CPUs) are coupled to storage devices, including nenor 7 824. Menory
824 i ncl $efekeybosad {1 Goeeuss 8&%#@@@@@%838n@g@§@1@ﬁwﬂmﬁ;@awt deHieR) . As is

wel &5 U Orvzﬂy lbg a}nr/] of: %ri&e'o d?%ﬂ}%?{rgclg lg)alfs,r 1%?0%]: Eéybg%i? ﬁﬁ&obﬂ&ﬁés%&{cﬂf‘ S uni -
sensitive displays, transducer card readers, magnetic or papesr tape readers, tablets,
styluses, voice or handwriting recognizers, biometrics readexs, or other computers.
CPU 822 optionally may be coupled to another computer or telecommunications
network using network interface 840. With such a network -dnterface, it is

20  contemplated that the CPU might receive information from the network, or might

output information to the network in the course of performirag the above-described
method steps. Furthermore, method embodiments of the preesent invention may
execute solely upon CPU 822 or may execute over a network such as the Internet in

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

25 In addition, embodiments of the present invention fivrther relate to computer
storage products with a computer-readable medium that hav e 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

30 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




directionally to the CPU and RAMis used typically to transfer data and
instructions in a bi-directional manner. Both of these types of nenories
may include any suitable of 5 the conputer-readabl e nmedi a descri bed bel ow.

A fixed disk 826 is also coupled bi- directionally to CPU 822; it provides
addi t i orfbeiptigaltdisiest m@g@dwam&vas et arepeanibocontigiredde store agd axgeute

t er - r eadabl i a_descr.ibed bel ow. Fi ' dt
Coore. pEBUAREOdAIEE 28 AR REOP Rt Blarlid s sFEG, S mitRET . ©
medi um 165U @RvRSs @II) Gnd REIN dnb RANSdevIcoyxabipies aiiconButersiadicage. 1t wil |

be appreciated that 10 the information retained within fixed disk 826 may,
i n appr dpeli:d¢ mackise spddeuch asqupdencdtby@ dompilen gaa ddesicasiaiBmedygher t ual

menory in ry 824. Renoyable disk 814 may t f y of the
co terl‘?Yegggg‘b t ?F&ﬁxﬁc‘hﬁil%( 7 GUGPRET BRkpe @3@(@%@5 eaaﬁ?tg?%%ep %@Qt 0 a

vari ety flgih Erpayta{lé%eoé&mﬁﬁéﬂ 088 trafidthilked by dicoRipater d8@4ignkbyhawidteBik0, nouse
812 and speakers 830. In general, an input/output device 15 nmay be any of.
vi deo disqirdgiswater adkrepabdrsing miseguenke phimatraasions thag pxssreetdsible brieh sensitive
di spl ays, transducer card readers, magnetic or paper tape readers, tablets,
styl usedProsaEFEe or ‘handwriting recogni zers, bionetrics readers, or other
conputers. CPU 822 optionally may be coupled to another conputer or

tel ecomuni cafy : i K4 WAhBY the pRocB4Dbhaihber S0CH: a

net wor k i nt eﬁ%%@?otﬁ%&%@%@ik?%ﬁ%ﬁ%%&% hat the%CPU m ght receive

i nf b§ matbeforefthombstaterie plaoekwithin the giucessawhepber 50 dn@aréfomrado t he net wor k

in the course of performng the above-describ t hod steps. Furthernore,
met hod esvipdtimentaf the tim roseasiep %Oﬁbggﬂ'iéhaﬁ‘gg:ﬁémfé%ﬂpgﬂi#%‘y upon CPU
822 or LisBwiteh, I i ARigdRed i on with
a renot Wﬁ% 5 %ﬁé%glg a po\rﬂ@lé éﬁ&ggﬁh}%@b%ggélsﬁtssi%%&g}.ﬁﬂgisﬂlllenﬁad I tion,

enbodi mestt scof HBRS (ycesieDd, ahd e stdnd CHRYr fThe prassdratietheprearysuthembesior age

products with a congut er -readabl e nedi um t hat haye,} @(@Eut eg cqode t hereon
for perfomfonyg The Tebpowshpplied (hibe OmasscthaBIvst §:3°0n¥ et d % and

co ter e b Al | : ed for the
pupg%ls esvoéﬁ%ggﬁseﬁ’%%/%l%éré H%gﬁ@%%% I;%Srsg’?‘rs]def? nﬁnﬂ'f/?sggoo? Qf %%H% nd well known
and avaidledttRtdtio chii€ls eAh alectrt@statkd dHuck remperature of 60° C was pro vided. This

step was maintained for 44 seconds. This preferred embodiment provides an

improved photoresist trim.

The BARC layer is then opened. A conventional BARC opening step may be
20 used. The BARC etch may be accomplished within the process chamber 500 or
‘before the substrate is placed within the process chamber 500. Such a BARC open
process (step 408) may use Cla, Oz, and He for the BARC etching,.

For the break through step (step 412), an etchant gas comprising INz, SF¢, and
at least one of CHF3, and CH,F; is provided. In this example, the etchan t gas is 100
25 sccm CHF3, 50 scem Na, 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 a€ the
electrostatic chuck. An electrostatic chuck temperature of 60° C was pro-vided. This

step was maintained for 23 seconds.




30 the conmputer software arts. Exanples of conputer-readable - nedia
include, but are not |imted to: nmagnetic nedia such as hard disks, floppy
di sks, and magnetic tape; optical nedia such as CD-ROVs and hol ographic
devi ces; magnet o-optical nedia such as 8 floptical disks; and hardware

devi ces that Borshe fiestinzin yich siehi(gep 416)tan eielpnbeasfamPpkiedne at legstgmearh code,

such as appl.jcation-specific,.int ated cirguit S| Cs ro nmmabl e

| ogi c d@?ﬁjégr’%éﬂaﬁg‘iaghﬂs@%dﬁa _ W&@e@g&%@&% 0 c&ﬁrp%:?%r code.

i ncl Udeg%csf&bﬂ'ﬂe[{ﬁ?%scéﬂ@l?@&dg Qdtred e presai®id tBe prodsbsichh@®eernt ai ni ng
hi gher I'evel ‘code that are executed by -a conputer using an interpreter.

Conput er1( eddabl| Bhe TER pawensupplisbtodbe purpsstaamberdie 60P aWsitist (lde bigs a
conput er data, signal enmbodied in ,a carrier ve. and .g@@re enting a

sequncevaage isiFLvqliso s helhun bagksidg pressigt & 4R 5 PIOVIGEEs S The
phot or esj;st Lt ;&&gg' hedyWidrbvifed. MELR SR 95 8s AhnTRREd 580 or 10
before t%éé%oﬁga!g@rcgtﬁékﬁglp%face !f\k/smﬁtﬁi négnrptﬁe p?ocess cﬁanber 500. In a

pref err ety seeoh@gli nent of the trimprocess (step 404) HBr, 02, and CHF3 are
provided for trimmng the photoresist within the process chanber. In this

exanple, the trimgas is .30 seem HBr, 30 seem 02, and 40. s F3. The
pressure in tHer the Seead I’éﬁ%‘&ﬁﬁgﬁtqps(“eB4%%1)?‘*&%&*@“38%‘?@3%%%&% to the
process ' g M0d t BOBisieRarkfbl¥ Ok $tchAnhiel i um
backsi deﬁgﬁe@g %?'Jéa%(fétgeé%hﬁ?%f%% %{/ﬁgg p;rtéwpﬁ(ie_ El_el esgt ?%%{ at ilg: cChuck. An

el egp r osgatik €36 betek HB2RRE Saten €,0 THEQrésumsn theopbdss chafiter isé eplamms

mai nt ai ned for 44 seconds. This preferred, enpodj men rovid an_ _Lnproved
phot or esThke TCRinewer Repmisrto theyrspcess charaher éﬁng{b&aﬁﬁ ig‘%\k@?ﬁ Y‘gl ° lﬁglé?c

openi ng St .be. 20.used, Th . - ATRY gﬁ{rg j within the
process -‘éﬂ%&% bS'%kSlcge Igﬁ’s}a“ etﬁe%éﬁ%?@%s%%%@ W %dh??ﬂﬁg he process

chanber &a0crapuehfH0BARGEAREided! Ve Step(Wdsapaidfited fayl dsecdidd, 02, and He
for the BARC etching. For -the break through step (step 412), an etchant gas

comprising N2 Forstllzlg ’ovgrngcch step (step 424), which is also a SiGe etch, an etchant gas

15 comprising HBr, an inert diluent, and at Jeast one of 0, and N; is provided. In this
example, the etchant gas is 133 sccm HBr and 2 sccm Oy, The pressure in the process
chamber is 80 mTorr. The TCP power supplied to the process charmber is 500 Watts.
The bias voltage is 210 volts. A helium backside pressure of 8 Torr is provided. An
electrostatic chuck temperature of 30° C was provided. This step vwas maintained for

20 72 seconds. Because of the low processing temperature, the SiGe etch step is very
robust and is able to extend the step time without lateral attack of thie SiGe layer. An
inert gas such as helium may also be added to the etchant gas. In this example, 267
sccm He is éddcd. The heater and cooler in the inventive apparatus is able to provide
desired temperature control, which is able o change the substrate temperature from

25  60° C to 30° C between steps. The heater and cooler provide the aloility 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

30  break through etch.
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Table 2 provides preferred, more preferred, and most preferred ranges for the

first main etch.

Table 2

Preferred Range

More Preferred

Most Preferred

Cl,

20-100 scem

25-75 scem

40-60 sccm

CE,

10-100 scem

30-70 scem

40-60 sccm

HBr

100-500 scem

150-400 scem

200-300 sccm

0O,

1-20 scem

2-15 scem

3-10 sccm

TCP

100-1000 Watts

300-800 Watts

500-700 Watts
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Table 3 provides preferred, more preferred, and most preferred ranges for the

second main etch.

Table 3

Preferred Range | More Preferred | Most Preferred
0, 1-20 scom 2-15 scem 3-10 scem
HBr 100-400 sccm 150-300 scem 160-200 sccm
TCP 100-600 Watts [ 200-500 Wattg 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.
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CF4 10-100 seem 30-70 seem 40-60 seem HBr
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Prefer red Range More Preferred
100- 400 seem 150-300

seem 160- 200 stem TCP 100-600 Watts 200-500 Watts 300-400 Watts Bias
Vol t age 20- 11Uablel4 s 40- 100 Volts 60-90 Volts Pressure 1-20 mlorr 3-15

10 mforr Flow ratio HBr: 021001101801201501301

fure 10-90 C 15-7Q C 20- C5 I|f, N2 G2, N2

ave the same flow rPa’{?é’éreg £ owM%FFrPIES% D]E(Posﬁi’{eﬁ%rre Ve exanpl e.

trogen can he usead in-additionito oxygen at! same amunt 12 Tabl e

dgg preferred, norg) abgtesked, arldm@,g;n pr ef egreghemmanges flor the

HBr 80-300 scem 100—200 sccm 120-150 scem

TCP 100-1000 Watts 200-750 Watts | 400-600 Waits

Bias Voltage 100-400 Volts 150-300 Volts | 180-250 Volts

Pressure 20-100 mTorr 40-90 mTorr 60-80 mTorr

Flow ratie HBr:0O, 200:1-10:1 100:1-20:1 80:1-30:1

Temperature 0-40° C 10-35°C 20-30°C

10

15

If N is used in place of Oy, N3 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.

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 CH,¥,, SFs, and N3, In one example, the break through

gas mixture comprised 30 sccm CH;Fs, 20 scem SFg, and 50 scem Ny, which was

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

comprised 40 scem CH,F,, 20 scem 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

13




over etch of the polysilicon, which etches the SiGe and silicon seed | ayers
(the SiGe etch). Table 4 Preferred Range More Preferred Most Preferred 02
0.5-20 sccm 1-10 sccm 1-5 sccm HBr 80-300 sccm 100- 200 seem 120- 150 seem
TCP 100- 1000 Watts 200-750 Watts 400-600 Watts Bias Voltage 100-400 Volts
150- 300 Whbh ssihgGEF0 bdst een Bowskthatdn@easigDthef§ i paygerdo aideastr6060- 80 nior r
Flow ratio nge: 02 200:1-10:1 100:1-20:1 80:1-30:1 Tenperature 0-40 C 10-35
C 20- 30 ¥attsihelpgreduceiegngn place of 02, N2 woul d have the same flow rates
and flowratios as 02 in the above exanple. Al so, nitrogen can be used in

addition to o ; h gases
W 2 Pél?]ﬁl%ﬂtaﬁgﬁ)%(ﬁc, # Rad BEnIBOVPHEKRRREAS thd HB1/Blech 0

consi st essentia e conponent  gases specified. |In other

enbodi nepii, dwidahe §iGackdh deanades drrfiGrdayter jowing, butyaldvemayicanssed. | n

anot her exanpl e break through recipes wiih ressure of. 5 _mlorr, TCP
powed of srpeld fawttin dhe sthcaposeed layer. pit fas algp E‘?ﬁ&%ﬁ?&ﬁcﬁ%@?’ﬁ?’i‘f{’@% %@ec was abl e
to use a r eak. r - ] . CH2F2, SF6, and N2. In one exanple,
t he breaﬁtcrlﬁf%’dﬂfgurga%gg%mgﬁetﬁ%ﬁ%;gﬁp%ﬁéed 30 seem CH2F2, 20 seem SF6, and 50
seem N2, which was 15 maintai ned for 37 seconds. |In another exanple, the

break through Iges bekex fourd thadopetisethe40bsetnmedip2fdre Pelosedih GF6, and 50
sccm N2, which was naintained for 52 seconds. Alt hou9 t hes recépes
R

pr ovi dedprpderablydsabedt 30°C, dasng iaRiCeriph feprespisdesns usi ng
L2 205t B RIPLA S SRR 8BRS RN gt USing GOF. 1
10 characteristics. The lowering of the substrate temperature provides a very robust
process, where slight changes in the parameters do not significantly increase under
cutting or bowing, or the formation of footers. Therefore the reduced temperature
during the SiGe etch allows for some variation of process parameters without
affecting the vertical profile of the eiched features. The maintaining of the substrate at
15 30° C 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
20  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
passtvation to prevent undercutting, without causing etch stopping. In another

25 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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Watts hel ps reduce necking. Through experinentation at 60C, it has been
found that lowering the HBr/He .ratio during the Si Ge etch decreases the
Si Ge | ayer bowi ng, but also may cause a 5 small foot in the silicon seed
layer-. It has al so been found that extending the SiGe etch step increases
the Si Ge prof iQthetranbodiments ofi the ipsertiongoatbronide theopsentivg i ekilibst r at e

t enperature bel ow 4 ' referably to out 30 C, during the SiGe etch
step resuF?%ar‘?tﬁg’awsgﬁagﬁf\%ﬁ&ﬁ’g%tsﬂlﬁ%é’gge ‘l'icon, the polysilicon, and the
Si Ge | ayers each have about the sanme etch 10 characteristics. The | owering

of the substratyg, {81RacahEESRERY] FRES's FAVED Yird hedhtic Pheastids ofher e sl i ght
changes in the paraneters do not significantly increase under cutting or

bowi ng, owvatibes profiketdtcredafsingosrions proverses Mdieesin REG. iselfinetie sehippatiat ur e

duri he_Si Ge | f . variat] f :
wt host  SHERP RS RERS Asted osRegriol  afosehes B I AL R ARLERRNE
mai nt ai ni g nghﬂg%gg% Rthedlusiha ﬂ@m@eﬁfﬁ)\g Q@G@M@Mhéﬁﬁf&;bﬂuﬁmﬁbmg t he

chiller 5 cooling liqurd to 20 C.  The coolin iquid is passed
t hr ough t ef alsewkrovet & ghteactidesBgrtovecasibsirate 708 where ghestitckowparise®d C, which

cools the substrate 308 to 2 . The heater 60 are n,.used to heat the
subst r at e stlisongeed layengl2, ér%%ﬂi %’Eﬁ?gﬁ’&fl PW@fﬁsﬁ\?@ﬁ ?arYSﬁE%JY IH&} Eebgl c&’@g&t he
first mai | : ' wée break

t hr ough eglclﬁtugl? %%Mallr%gfogg i %ﬁ%gﬁ{)ﬁ%%? ﬁgin%#? Jr%?tg ; %aq}lﬁ%g?&zlﬁm&@%géré]gonbodi ment s
my [er f orgiGE pertfecMadtbd seedistlitoatoa 724 mbethid exaenpiethe cottbanativ@ bOwt o obt ai n
nore robust results. The inventive etch al so provides sufficient

passi vat i anddeotsiasy ant crerigany G gaig, NG« Adise chemptiglusaan s | n

anot her 25 .gxanpl e | | | i Sa glad-gur i ond nmain
etch to e} ﬁﬁﬁgr arglg&"g%&@gtc%%é %%?%%"é’%ds%? eﬁj\ér med %ﬁdr%la%%gsiggond mai n
etch. It Ragkodlfset 1RE e ihd chhdinatiba bowvwedfoseandes ICIPpaivi ¢8G. T@duced |ine
edge roughness. It is believed that the invention allows forairgoée

LG~

passi vat i eabefatiniglustiation of a stack with a prior art etching that creates a vertic
15 portion and a seed silicon foot 744, where the foot causes CD gain. FIG.7Disa
schematic illustration of a stack with an etching that uses the invention that creates a

vertical SiGe layer and seed silicon etch.

While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, modifications and various substitute
20  equivalents, which fall within the scope of this invention. It should also be noted that
there are many alternﬁtive 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.

25
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trimstep, which reduces sidewall roughness. 14 O her enbodi nents of the
i nvention may provide the inventive SiGe etch separately, instead of as a
pol ysilicon over etch. To facilitate understanding, FIG's 7A-7D are

schematic illustrations of wvarious profiles etched using various
processes, wherein FIG's 7A-C are schematic 5 illustrations of profiles
etched using prior art processes an@lEABIS’D is a schematic illustration of

a profile etched using the invention. FIG 7A is a schematic illustration
of a stack over a gate oxide |ayer over a substrate 708, where the stack
conprises a silicon seed |layer 712, a SiCGe layer 716, and a polysilicon

| ayer 722, which has doped .and undoped regions. The prior art etching
process in e%ﬁg@? creates a bowed 10 Si Ge portion 722 and a seed
silicon fooﬁﬂggﬁ EIS exanpl e the conbi nati on bow and foot does not
create any CD gain. FIG 7B is a schematic illustration of a stack wth a
prior art et.ching méhdd toreathas asthekswith atleskt Sh&silipar géronanii@Rlagecbvar b ar ger

seed SI i con foot 734, vvhere t he conbi nati on bow aHd f oot causies CD gai n.
FIG 700 s shibsalandapelysilions lays o¥sh thrsiiconesapaniimyayer v herpingf feag chi ng

that create tlf d'ﬂ%d £Mhd 0Qtsikdsh where
t he f oot caﬁ%ezrsél%g %rPO%E% ﬁ?ﬁé?'i&& eﬁglf?sg%ﬁ‘fféégratl o ?1 a stack

with an et Ci@lﬂﬁ@oﬁdﬂlabomﬁﬁﬁng he invention that creates a vertical SiGe |ayer
and seed silicon etch V\hi le this invention has been described in terns of

several preferred e ts there per nut.ati ons,
e@éi!ﬁ\?‘ﬁ?‘é

nmodi fi cati ons anPfoy ggf"llgllﬁt%h Efln\mﬂfetFS?laa within the
scope of thj lt shoul d al so be noted that there are many
alternative lad/g%/ﬂsy%?}dp?i rrenti ng the nethods and apparatuses of the

present invention. It is therefore intended that the foll ow ng appended

cl ai ns18e i nter pr et eproailingad etd]ilamggad ilntcsthcmr(mletssénatliambsr veremthet i ons,

nodi fi cati ons, and vari ous stltu ui v fall W|th|nthetrue
spirit and ee@aégecwssteséﬁ At oe o4 s and CrgEs; an

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

and
providing a silicon germanium etch, comprising:

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

etchant gas comprises HBr, an inert diluent, and at least one of O; and Ny;
cooling the substrate to a temperature below 40 °C; and

transforming the etching gas to a plasma to ctch the silicon germanium

layer.
20

2. The method, as recited in claim 1, 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.

16




15 CLAIM5 What is clainmed is: 1. A nethod for etching a stack wth at

| east one silicon germanium | ayer over a 5 substrate and a polysilicon

| ayer over the silicon germanium | ayer, wherein at |east one region of the
polysilicon |layer is doped and at |east one region of the polysilicon is
undoped, conprising: providing a break through etch of the polysilicon

| ayer in a processing chanber, conprising: 10 providing an etchant gas
into the processing chanber, wherein the etchant gas conprises N2, SF6,
and at | easg, oneTaé nfetifod, aivkéciddindiny ¥ Glaithé 825 vAbidinle ERAIMRIBOLINGo®as to a
plasma to etch the polysilicon layer; and providing a silicon germani um
et ch, conpr getnsgiun Giypr and the pelysiticen leerproyidss & werticalipeoftleocessi ng chanber
wherein the etchant gas conprises HBr, an inert diluent, and at |east one
of 02 and N2; cooling the substrate to a tenperature below 40 C, and
transform ng the etching gas to a plasnma to etch the silicon gernmani um

| ayer. 20 2. The nmethod, as recited in claiml, further conprising

provi di 8g a4pol yShé inkeivd, sdietit&l @hany 06 6lairhs 1 3gwhpreiivihdistagk arttet chant gas
with at |east one of Cl2, HBr, CF4, and_02; and  transform ng the etching
gas to a pl samprises aseedsilienn lgyeryader the silicay sprmaniven Bryerp peerain HsPiGas

recited in atrc]:i’{epcjilesctllﬁ;u t 'geed‘éﬁl%ﬁgilé} he etching the silicon gernmanium
| ayer and t ke polysi1icon ?ayer provi‘dés a vertical profile.

5. The method, as recited in any of claims 1-4, wherein combined thicknesses of

10 the seed silicon layer and silicon germanium layer is between 10 and 50 nanometers.

6. The method, as recited in any of claims 1-5, further comprising providing a

photoresist mask over the stack.

15 7. The method, as recited in claim 6, wherein the photoresist mask is of a 193 or

higher generation photoresist.

8. The method, as recited in any of claims 1-3, wherein the polysilicon layer has

at least one undoped region.
20

9. The method, as recited in any of claims 1-3 and 8, wherein combined
thicknesses of the seed silicon layer and silicon germanium layer is less than half a

thickness of the polysilicon layer.

17




5 4. The method, as recited in any of clains 1-3, wherein the stack further
conprises a seed silicon layer under the silicon germanium | ayer, wherein
the SiGe etch etches through the seed silicon layer. 5. The nethod, as
recited in any of clains 1-4, wherein conbined thicknesses of 10 the seed

silicon | ay and sil.ico er,mani ym | ayer. i s be en and 50 nanoneters.
o The et haD: *ad SeTPRCR OGge Brmed B e meSd pEABHEEBITL 51 ng
providing a photoresist mask over the stack. 15 7. The nethod, as recited
in claim®6, wherein the photoresist mask is of a 193 or higher generation
photoresist. 8 The nethod, as recited in any of clains 1-3, wherein the
polysilicon | ayer has at |east one undoped region. 20 9. The nethod, as
recited in ahy ofA metiodof etcBingradodysilidondaien overaruhsttate, iwhierdindsses of the
seed silicon Jayer and .siljco er,manj um | ayer is |less than half a

hi ckness. ool RS b fa a8 AoPak e ion H8 ot |efstshe et SR TBIPEe t or med by
the netBod @fmpAyingf clainms 1-9. 11. A nmethod of etching a polysilicon

| ayer over a substrate, wherein the polysilicon |ayer has at |east one
doped region and at |east one undoped region, 5 conprising: placing the
substrate in a ppbeagshaspbstiataiven prosessingihagban et chant gas into the
processi ng chanber, wherein the etchant gas conprises N2, SF6, and at

Lo etch the pol yBrqt s o that Bl (GBS AN, bIGRL G IRE L gl 1573
further conpsmphised N3} SF{, dhd st 18aspohey/6f CHEQAnd CHLF,; @h€h, conpri sing:

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

10
12.  The method, as recited in claim 11, further comprising providing a polysilicon
main etch, comprising:
providing an etchant gas with at least one of Cl;, HBr, CF,, and O,; and
transforming the etching gas to a plasma to etch the polysilicon layer.
15

13.  The method, as recited in any of claims 11-12, further comprising providing a

photoresist mask over the stack.

14, The method, as recited in claim 13, wherein the photoresist mask is of a 193 or

20  higher generation photoresist.

15.  The method, as recited in any of claims 11-14, wherein the polysilicon layer

has at least one undoped region.

18




provi ding an etchant gas with at |east one of 2, HBr, CF4, and 02; and
transformng the etching gas to a plasna to etch the polysilicon |ayer. 15
13. The method, as recited in any of clainms 11-12, further conprising
providing a photoresist nmask over the stack. 14. The nethod, as recited in

claim 13, rein the photoresist, mask. i s of 93 or 0_hi r generation
hot or e st 1616, Assieptar 88455 pEReCh e msfodit o sy 1 18 herel n the
polysilicon layer has at |east one undoped region. 18 16. A sem conductor
device forned by the nethod of any of clains 11-15. 17. An apparatus for
etching a stack with at |east one silicon germanium ]| ayer over a substrate

and a polysilicon [ayer over the silicon germanium/| ayer, wherein at |east
5 one regi oh’-of AREPPYRYSifon ¢dhng aylack pith@blses oag gilisen gemranivm dayeeeyesn of

the polysiljgan. is 4 %doﬁggiec?ﬁ? g bw?érr%ﬂe si 1%8?{ ée%ﬁhﬂﬁﬁ%%&%ﬁl aftg?agtas

source; an energi Zing enperat ure control- devi Ce,

contr ol ki ngoddwegloarareicapdlylicn 1ajte iSEPRH ad 8t least 0BORgicH dfahe pdW&li€dm t he
controll er conprises, conputer readable nmedia conprising: conputer
readabl e cotsamflepedorMpPEsing a break through etch of the polysilicon |ayer
in a processing chanber, conprising: 15 conputer readable code for

providing an etc t i .he processing chanber, wherein the etchant
gas conprises NZQ%%ﬁgi%ﬁ?agn%ﬂg}%e{’east one of CHF3 and CH2F2; and conputer

readabl e code for transformng the etching gas to a
a gas source;

an energizing source;
10 a temperature control device, for controlling the temperature of the substrate;

a controller, wherein the confroller comprises, computer readable media

comprising:

computer readable code for providing a break through etch of the

polysilicon layer in a processing chamber, comprising:

15 computer readable code for providing an etchant gas into the
processing chamber, wherein the etchant gas comprises N, SFg, and at least one of
CHF'_:, and CHze; and

computer readable code for transforming the etching gas to a

plasma to etch the polysilicon layer; and

20 computer readable code for providing a silicon germanium etch,

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»;

25 computer readable code for cooling the substrate to a

19




plasma to etch the polysilicon |ayer; and 20 conputer readable code for
providing a silicon germaniumetch, F conprising: conputer readabl e code
for providing an etchant gas fromthe gas source into the processing
chanber, wherein the etchant gas conprises HBr, an inert diluent, and at

| east one of 02 and Nﬁo %@7 onput er readabl e code for cooling the substrate
to a 19 te{?ﬂmﬁéat%ﬁrraé’e SY (zcl . and conputer readabl e code for using the
energi zing source to transformthe etching gas to a plasma to etch the
silicon germaniumlayer. 28mnputer readable code for using the energizing source to

transform the etching gas to a plasma to etch the silicon germanium layer.

20




