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etchant gas and a polymerization gas comprising CO and CH3sF. An ARC open
plasma is formed from the ARC open gas mixture. The ARC layer is etched with the

25  ARC open plasma until the ARC layer is opened. The ARC open gas mixture stopped
before the layer to be etched is completely etched.

In another manifestation of the invention a method for forming a
semiconductor device is provided. A layer to be etched is placed over a substrate. An
organic ARC layer is formed over the layer to be etched. A photoresist mask is

30  formed over the ARC layer. The substrate into is placed into a processing chamber.
AnARC open gas mixture is provided into the processing chamber. The ARC open
gas mixture comprises an etchant gas and a polymerization gas comprising CO and

CHsF. An ARC open plasma is formed from the ARC open gas mixture. The ARC
1



CH3F. An ARC open plasma is formed fromthe ARC open
gas m xture. The ARCl ayer is etched with the ARC open

w@b@snsscant il the ARC | ayer is opened. The ARCPOPER200:B07386

10

15

20

25

30
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I's a schematic view of a process chanber that
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subst r dtl&.’apAandiSEhillusisate havmpbiee systing hedch istsmithbie for
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udBRICISE{RE PERREER) PTI ON OF THE PREFERRED

EVMBODI NgFs6 Ahe a&?c?@ﬁ%%ﬁ&‘é?@i@%@ Br ¥ bikbh T‘aﬁlﬁi’ B$er a substrate after an

described in detail with reference to a w
ARC opening is performed.

FIG.'s 7A-B are cross-sectional views of an etch layer over a substrate after
features have been etched into the etch layer.

FIG.'s 8A-B are cross-sectional views of an etch layer over a substrate after an
ARC opening is performed using a prior art ARC open process.

FIG.'s 9A-B are cross-sectional views of an etch layer over a substrate after
features have been etched into the etch layer after a prior art ARC open process has
been used.

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

following description, numerous specific details are set forth in order to provide a
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preferred enbodi nents thereof as illustrated in the
acconpanyi ng drawings. In the follow ng description,
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substrate 208. Alternatively, the substrate may be the

et@hpplag@roceme 3 is a nore detailed flow chart of

st kUL B P b NG REFRR 72 g il 208 one
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poj %QTE'ThE Qﬁﬂsﬁgte laEé?l lhrheprﬁgég&ﬁg%jéoost EQ%’ %é%)( S18Pstep may
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25  polymerization gas to the processing chamber (step 316), and providing an etch rate

booster to the processing chamber (step 320). The polymerization gas is CO and
CH3F. The etch rate booster is O,.
Example
In an example of the invention, the etch layer 204 is a is a silicon oxide
30  dielectric layer over a silicon wafer substrate 208. The ARC layer is a bottom
antireflective coating (BARC), which is an organic ARC material. It is preferred that
BARC be similar to photoresist, so that the BARC have similar stripping

characteristics. In other embodiments, the ARC layer may be made of other organic
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antireflective coating (BARC), which is an organic ARC
material. It is preferred that BARC be simlar to

WQbws088s33 st, so that the BARC have simlar strCppsIo95/007386
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4%dlifomia, was used in this example of the invention. Different combinations of

connecting RF power to the electrode are possible in other embodiments, such as
having an RF source connected to the upper electrode 404.

FIG.’s 5A and 5B illustrate a computer system 500, which is suitable for
implementing a controller 435 used in embodiments of the present invention. FIG.
5A 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
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FIG' s 5A and 5B illustrate a conputer system 500,
which is suitable for inplenenting a controller 435

was@d/osssoenbodi ments of the present invention.PEI/GS208%007386
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shows one possi bl e physical form of the conputer
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i nterface, I's contenplated that t
r Be@iofleusing netwwmk mherfaca . h & ithedusb mingtwork mntgdﬁoepiﬂﬁg) ut

| RGBTk G LB SRR IS Qi Bt o e ROV eR o mikat

output information to the network in the course of performing the above-described

method steps. Furthermore, method embodiments of the present invention may
execute solely upon CPU 522 or may execute over a network such as the Internet in
conjunction with a remote CPU that shares a portion of the processing.

In addition, embodiments of the present invention further relate to computer

storage products with a computer-readable medium that have computer code thereon
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schematic cross-sectional view of a part of an etch layer near the edge of a wafer after-

30 ARC opening is performed using this example. The photoresist mask 620 is protected

to minimize damage to the photoresist mask 620 near both the center and edge of the

wafer, to increase uniformity.



center of a wafer after ARC opening is performed using
this exanple. FIG 6B is a schematic cross-sectional

WO 2@0gde9n part of an etch |ayer near the edgePOf/Us2005/007386
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s hebamm i FRE.GB A, 8Ad thnetigelof tiedgsfe Ehdveinelle 8B. Ih g exdinple of
FIG 8B. In this exanple of the prior art, nore of the

pHBe Br@irs maia ok thewhataserist mslais arpdedansgethsfedehef thefwefer than
t r{ﬁgcénlg& O&:ﬁ%@@-&gf the wafer. Using the structures

shown™i'n and FIG 8B, features nay be etched

i nt o tthengethe Rtrhees shoh GIFITRR AT SIUTE. BB, fe8@bddr i
e L1 1 e BrbEife shiph ST IR AT 9B wher 6 F|I%§ylg£é°hedmt°

i Sheetels tyvem tvhictemey sesuls in featiads AMewilbistmteddn FIGS 94 and FIG. 9B,

o el B o B Pl B e L 8 S v

are

S GRAIRPSS £whfep afteSLfehiudiake MbRY ifihSetPRI e%dé}ﬁé?gﬁ Rsa
| ayer near the edge of a wafer. The erosion of the

P _h?ghftm«'é@i aossreeationtahwicwerftagrartaff at leechiafee hemreths edgessaBwvafer. The
| Ie?c?sic?ndgfethe photoresist near the center of the wafer causes some line edge
roughening 908 on the sides of the features 904, as shown in FIG. 9A. The increased
erosion of the photoresist near the edge of the wafer causes increased line edge
roughening 912 on the sides of the features 904, causing less uniform etch results over
the surface of the wafer.
Preferably, the ARC layer is an organic material, since the preferred ARC

open recipe is known to open layers of organic material. Therefore, BARC, which is

7



rougheni ng 908 on the sides of the features 904, as
shown in FIG 9A. The increased erosion of the

wWQ@bwsosssss st near the edge of the wafer causesPCT/US2005/007386
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i ncreased |ine edge roughening 912 on the sides of the
features 904, .causj.ng less uniformetch results over . )

t he SEPRg é‘@‘%rls i %ghf‘ewefc'eﬁeaﬁgﬁaﬁ%n‘f phiheAryentighed he giventive
ANARCISHL Gs ABE B & | HRRCOPSL i
recipeis T<novvn %lgkéyp%%ﬁ%g‘_\} rr;ﬁco o?%(g%gc mat é?l a r.lcetheARC 18
Thiduirg filor dow BARGS swificizht. i BleninoerganiAR @BEen iegipddetot able etch

the preferred enbodinent of _the invention. The _
i AAeFERRIFdayRIROTo ehpsiirorgtie sifigors pasfl JayerssR rawehavlepeerithan organic

Al ' [ .0, the,.sl .
ATy 3BT s 08855 A U B8 B Shuming

nobawihg en efch lthat fwatdaty etch ay efganiofayet biamablRab @fhi ok inorganic
silicon based | ayers so nuch sl ower than organic

| apeerat p datirable wepd plieyvs tor trednghucteh peleciRdyifanetghling en organic
! axﬁg J@?mpﬁ)toga%jct&ie ec%%qsum ng. Having an etch that
e To € ani

s a . an org .%yef'ayer but unable to etch an
i nor gantapblé @?bﬁfvi@és_;ﬁef@ﬁécﬂ,rnff&le E_re?&%%ﬁ afd h¥SprERErel Mhges for the
hi.gh etch selectivity for etching an organic ARC over :
arPretothseushetdi el ectric |ayer. Table 1 provides

prefer rf%ﬂe gore preferred, and nost preferred ranges
for th_ezb eak through etch. Table 1 Wihile this

nvention has been pRasrdieMot N [INbAEPBferred" T Mist Proferred
preferred enbodimepts, there arg alterations|
peNmut ati ons, nodi f3@&at0 swm and |\r9I0Dsss ubst 60480&ccm

ts—whi-ch fall within the scope of {his

on
Tt o5 LALBEEE S N |

ention. It shoul #-80 8&¥mbe not &9-Thegent her 48168 saemy

ot ementing—the et hodsapd
ppar at uses of the %Q'g@e%‘tcﬂ nvert%bgh‘%oolsfcrfls { hR0-3PQ seem
rtiyrled that the [fphikewmg appgndegschal ™ D28 scom
nterpreted as including all sugh alteration

eXiivflatBosres, nodi [f0-4080 Bhags and 0300 Wiasts s ub$ Di200tWats

" £ o1 n tha tlriin cenirit and cenne
It e >G0O

PRNPHENP P SNy a1l gt

ﬁwﬂ?%@em invelrpc&l‘ 0V AltvS | WASHO0D Wattsi nae0-680 Watts
\ d Tor etching_gyd rh T ROt OT 554 St

mask \;\n'&th an ARC | ﬁe@%@ﬁgen tﬁgglrhggél?ﬂ?% J‘Zaée?g%g’gon
dridow hetipOOtCHIS| St707RgR:10ver a |pobste-ate, CcPspLLMH:NO:
glacing the Qllhcfrnf% into a pracessing chanper;
pricwngragean ARC apdh Ggas mi xt un@0t fit o t he pf2@%€si ng
chranbers—wherein—theARCoper—gas—Hxture—eofprises:
an etchant gas; and a pol ynerization gas conprising CO
and CH3Fhile this invention has been described in terms of several preferred

f‘llli \l’\l
vt

q

U7

Q

embodiments, there are alterations, permutations, modifications and various substitute
equivalents, which fall within the scope of this invention. It should also be noted that
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.



form ng an ARC open plasma fromthe ARC open gas
m xture; etching the ARC | ayer with the ARC open

wpb@snsscant il the ARC | ayer is opened; and st op@i/ngo0Hen73se
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ARC open gas m xture before the Iayer to be etched is

conpletely etched. 2. The ﬁ 0 as recited in claim

1, wherein ARC open pl asna =k VIS sel ectively etches

t heraRG MitRq fespect to the Iayer to be etched. 3. The

nmet hod, C\;\% recited in any of clainms 1-2, wherein the

flow r aAem{thodZ@rlemha‘tg 4 baatthithgh sg:hmoreﬁlst iaek mithddARC layer

as recited.in a of clains 1-3, wherein the ARC open

galetrst e daveria ‘PtCIE?tS‘rﬁS‘Fi tagRhoseregsiapask gver %Wé‘fe comprising:

wher ei om The net hod, as

remtegpltd&ﬁ ny OPE@&IRQQ?}C%%S\A% rei r]?%t ’he | ayer to be

et ched povalinh &1 ARCrdpen|gay iixtardniohiae piodedshey dagidef)twherein the

gas_conprises at |least _one of an N2 and H2 m xture and
Coopermigas MBFHSCEOMPSisPEci ted in any of claims 1-5,

further conpgﬂ%h%n% &jl ng a photoresist mask over

the stack. 7 as recited in any of clains
1-6, wherei nabdil?ml@ﬁ@dtﬁjhegﬁb%mﬁﬂﬁhg@ﬁ{d @HI®3 or
hi gher fgenerat| on photoresist. 8. The nethod, as

reci t ediormingap HRCapan n@smafron‘m@r@(a ophiegARTIXtEyRr i S

anyac”,f PR e TR E R g AR GR ey g SHC Byeris

b& Jmat erial and wherein the photoresist mask is
of a 193 or hi gher generation photoresist. 10. The
met hod, steppingthetARIC ioperagas mixtuk hefose the Jayentrebeétohddhie completely
en pl asnaetches the ARC with respect to the
R%%hre%to be etched with a selectivity greater than
50 1. 1 It
10210 s BRIk IRGed R LR Bk AR epRlEkiieny
1 ZSele'Eheelthchaﬂt,he #R € sathtrespectiodhnylagér tobaietthed.- 11,
rei open pl.asma does not etch the | ayer t
et chBRE 900 45 SEieR g UL AT e H G le B ¥ of CO s o
”‘%&Q%@Eccﬁ{‘y of clains 1-12. 14. An apparatus wth
conput er readable nedia for perform ng the nethod of
any The method, as recited in any of claims 1-3, wherein the ARC open gas

mixture further comprises an etch rate booster, wherein the etch rate booster is O,.

5. The method, as recited in any of claims 1-4, wherein the layer to be etched is a
dielectric layer and wherein the etchant gas comprises at least one of an N, and H,
mixture and CFj.

6. The method, as recited in any of claims 1-5, further comprising providing a
photoresist mask over the stack.

7. The method, as recited in any of claims 1-6, wherein the photoresist mask is of
a 193 or higher generation photoresist.

8. The method, as recited in any of claims 1-7, wherein the ARC layer is of an
organic material.

9. The method, as recited in any of claims 1-8, wherein the ARC layer is of an
organic material and wherein the photoresist mask is of a 193 or higher generation
photoresist.

10. The method, as recited in any of claims 1-9, wherein the ARC open plasma
9



of claims 1-12. 15. A nethod for fornming a
sem conductor device, conprising: placing a |ayer to

wheoosisdsesl over a substrate; form ng an or gani BCHBS2005/007386
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| ayer over the layer to be etched; formng a

hot or esi sk over, the ARC | ayer: placing the
LA T T RN AR I N
opsgrigas mixture into the processing chanber, wherein

the ARC open gas m xture conprises: an etchant gas;

antil.a pdhymethodass recitgbia angopelatinty1QQviReteinGhBhayer to be etched is
form ng an ARC open plasma fromthe ARC open gas

m ?lﬁﬁ‘%‘?mg‘f'chi ng the ARC layer with the ARC open

' > i : [ ARC
25T Y5 by R PR GO

et ddesaiot stcketietiegtr iy bé Bieh&RC open pl asma; providing an
etch plasma different than the ARC open plasnm; and
et thi ngAtsewiqoagesior devige formaertly the methaseofenytof plaimsris12.

Log ATSBRM 0 S B g B A S ot

boefdlgims wierein the etch rate booster is Q. 17. The
nmet hod, as recited in any of clains 15-16, wherein the

| alfer 146 mrthed fordermisg a seiisbedrctiraleviay grongmitingher ei n
east oniiias BverB o ph e g cra o

forming an organic ARC layer over the layer to be etched;

forming a photoresist mask over the ARC layer;

placing the substrate into a processing chamber;

providing an ARC open gas mixture into the processing chamber, wherein the
ARC open gas mixture comprises:

an etchant gas; and
a polymerization gas comprising CO and CH5F;

forming an ARC open plasma from the ARC open gas mixture;

etching the ARC layer with the ARC open plasma until the ARC layer is
opened,;

stopping the ARC open gas mixture, so that none of the layer to be etched is
etched by the ARC open plasma;

providing an etch plasma different than the ARC open plasma; and

etching the layer to be etched with the etch plasma.
16.  The method, as recited in claim 15, wherein the ARC open gas mixture further
comprises an etch rate booster, wherein the etch rate booster is 0,.
17. The method, as recited in any of claims 15-16, wherein the layer to be etched
is a dielectric layer and wherein the etchant gas for providing ARC open comprises at

least one of an N, and H, mixture and CF,.
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