1 0 AUG 2005 -1 METHOD OF PLASMA ETCH NG ORGANI C ANTI REFLECTI VE COATI NG
Field of the Invention The present invention relates to an inproved nethod
for plasnma etching antireflective coatings in the fabrication of integrated
circuits. Background of the Invention 5 A common requirenment in inhﬁg ed
circuit fabrication is the etching of openings such as contact s & s in
dielectric materials. The dielectric materials include doped silicon oxide
such as fluorinated silicon oxide (FSG, undoped silicon oxide such as
silicon dioxide, silicate glasses such as boron phosphate silicate gl ass
(BPSG and phosphate silicate glass (PSQ, doped or undoped 10 thermally
grown silicon oxide, doped or undoped T deposited silicon oxide, etc.

- The dielectric dopants include boron, phosphorus and/or arsenic. The
dielectric can overlie a conductive or sem conductive | ayer such as

pol ycrystalline silicHETHORIQF PIASMA BTCHINGNORGAMNC titanium
tungsten, nol ybdenumor allaq f itride ch as titaniumnitride,
nmetal silicides such as ti tamﬁﬁﬁﬂuﬁ&%ﬁﬁ silicide, tungsten
silicide, nmolydenumsilicide, etc. 1 0 AUG 2005 -2 Various plasnma etching
techni ques for etching openings in silicon oxide are

Field of the Invention
The present invention relates to an improved method for plasma etching

antireflective coatings in the fabrication of integrated circuits.

Background of the Invention

5 A common requirement in integratg:d circuit fabrication is the etching of
openings such as contacts and vias in dielectric materials. The dielectric materials
include doped silicon oxide such as fluorinated silicon oxide (FSG), undoped
silicon oxide such as silicon dioxide, silicate glasses such as boron phosphate
silicate glass (BPSG) and phosphate silicate glass (PSG), doped or undoped

10 thermally grown silicon oxide, doped or undoped TEOS deposited silicon oxide,
etc. The dielectric dopants include boron, phosphorus and/or arsenic. The
dielectric can overlie a conductive or semiconductive layer such as polycrystalline
silicon, metals such as aluminum, copper, titanium, tungsten, molybdenum or
alloys thereof, nitrides such as titanium nitride, metal silicides such as titanium

15 silicide, cobalt silicide, tungsten silicide, molydenum silicide, etc.



disclosed in U S. Patent Nos. 5,013, 398; 5,013,400; 5,021, 121; 5,022, 958;
5,269, 879; 5,529, 657; 5,595,627; 5,611,888; and 5, 780,338. The pl asna
etching can be carried-out in mediumdensity reactors such as the parallel
pl ate plasma 5 reactor chanbers described in the 398 patent or the triode
type reactors described in the 400 patent or in high density reactors such
as the inductive coupled reactors described in the 657 paten'tﬂ,[\‘[t,{;ﬁ‘rJ Pat ent
No. 6,090, 304 discloses a nethod of plasma etching sem conductor substrates
in a dual frequency plasma reactor wherein a first radi of requency (RF)
source is coupled to a top showerhead 10 el ectrode through an RF matchi ng
network and a bottom el ectrode (on whi g£ a sem conductor wafer is
supported) is coupled to a second RF s6titce through a second nat ching
network. In processing sem conductor wafers, it is conventional to provide
an organic bottomantireflective coating (BARC) beneath a photoresist for
pur poses of 15 Viamousi plasma ephingaéchnigfube firi etching opdrengsaidi silidoaroxideeatet o

devel op a pattern of openings (such as contact holes) in the photoresist. It

|5 convent | aboc & LE5Cpaieft RYs o 01505, 5106388085 BARTIINSoRDsAN | nor gani ¢

ARC is referred to as a el ectric al SO _cbnvent i onal

to plasma e Al r t he _aopeni_ngs . for in_the resist,in order
to transf eréia%ggio{éﬁsgt gﬁﬁ?ﬁ@?h%ﬁélq@ﬁg: B?&h@.78§f3gﬁ- oFhegiasmg gichings 1 or

pl asma etching organic ARC materials are disclosed in U S. Patent Nos.
5,773, 199; can de@adil ot, il 3R dRER dehisiBBRaAIGH; sushds theQRRalle? latéplaim@ AUG 2005

-3
5 reactor chambers described in the ‘398 patent or the triode type reactors described
in the ‘400 patent or in high density reactors such as the inductive coupled reactors
described in the ‘657 patent. U.S. Patent No. 6,090,304 discloses a2 method of
plasma etching semiconductor substrates in a dual frequency plasma reactor
wherein a first radiofrequency (RF) source is coupled to a top showerhead
10 electrode through an RF matching network and a bottom electrode (on which a
semiconductor wafer is supported) is coupled to a second RF source through a
second matching network.
In processing semiconductor wafers, it is conventional to provide an
organic bottom antireflective coating (BARC) beneath a photoresist for purposes of
15 minimizing optical reflection of the radiation used to develop a pattern of openings
(such as contact holes) in the photoresist. It is conventional to refer to an organic
arc as 2 BARC whereas an inorganic ARC is referred to as a "dielectric” ARC or
DARC. Itis also conventional to plasma etch the BARC through the 015enings
formed in the resist in order t-o transfer the photoresist pattern to the BARC. Etch

20 gas mixtures for plasma etching organic ARC materials are disclosed in U.S.

Patent Nos. 5,773,199; 5,910,453; 6,039,888; 6,080,678; and 6,090,722. Of



these, the 199 patent discloses a gas m xture of CHF3+CF4+02+Ar; the " 453
pat ent di scl oses gas m xtures of N2+He+O, or N2+02 or N2+He; the " 888 patent
di scl oses a gas m xture of 02+CO the 678 patent discloses a gas m xture of
Qz+SO,; and the " 722 patent discloses a gas m xture of C,F6+Aw.(ﬁAm§pﬂpvice
geonetries becone smaller and snmaller, the need for high etch 'selectivity
is even greater in order to achieve plasnma etching openi ngs through
antireflective coatings while preserving critical dinensions (CD).
Accordingly, there is a need in the art for a plasma etching technique

whi ch provides high etch selectivity ang/or which etches such |ayers at a
desirable rate. 10 Summary of the Inventron -The invention provides a nethod
of etching an organic antireflective coating with selectivity to an
underlying layer, conprising supporting a sem conductor substrate in a

pl asma et ch thesgs the |199ipatentidisclostse gasahixtire of &HF,e1CEA O, -hAL) thefEEt i ve
coating over an underlying |layer, and energizing an OZ free 15 etchant gas

into a plas gﬁtéﬂt@fis%lﬁeéjgfstﬁb&uﬁﬂs BPNQ#T&SI-%'),“OFN&I-@ 8RN, ¢ H hd & %jﬁién\'e_

coating, the etchant ga% conprising-a sul fur-cbntaini Ag gas A e i er
gas. Accordj.ng to a preferred_enmhadi pept, the qgpeni ngs conprise vial,
contact s, arf!i?cg?setc‘la R tuge Ogoﬁ%,&gﬁﬁéﬁ&m gEF 563 3 § ofct or
self-aligned trench structure. The openings can al so conprise a pattern of
conduct or | i@gesSOgrand2be 472patent desclosesde gasThixture 9d 0, F -Ari r ef | ecti ve coati ng
can be a polyner film1 0 AUG 2005 -4
5 As device geometries become smaller and smaller, the need for high etch
selectivity is even greater in order to achieve plasma etching openings through
antireflective coatings while preserving critical dimensions (CD). Accordingly,

there is a need in the art for a plasma etching technique which provides high etch

selectivity and/or which etches such layers at a desirable rate.

10 Summary of the Invention
The invention provides a method of etching an organic antireflective
coating with selectivity to an underlying layer, comprising supporting a
semiconductor substrate in a plasma etch reactor, the substrate including an
organic antireflective coating over an underlying layer, and energizing an O,-free
15 etchant gas into a plasma state and etching openings in the organic antireflective
coating, the etchant gas comprising a sulfur-containing gas and a carrier gas.
According to a preferred embodiment, the openings comprise vias,
contacts, and/or trenches of a dual damascene, self-aligned contact or self-aligned
trench structure. The openings can also comprise a pattern of conductor lines for

20 a gate electrode. The organic antireflective coating can be a polymer film



underlying a patterned photoresist. Because the etchant gas chem stry can
passi vate sidewal | s of openings in the photoresist, the etchant gas
mnimzes the lateral etch rate of the photoresist to thereby maintain
critical dinensions defined by the photoresist. 5 The plasma etﬁglé@g@bor
can conprise an ECR plasma reactor, an inductively coupled plas dor

a capacitively coupled plasma reactor, a helicon plasma reactor or a
magnetron plasma reactor. A preferred plasna etch reactor is an inductively
coupl ed plasma reactor including a planar antenna which couples RF energy
into the chanber through a dielectric window 10 The sul fur-containing gas
is preferably SO and the preferred cardier gas is He or Ar. The etchant
gas can further conprise HBr. During the etching step, pressure in the

pl asma etch reactor can be up to 100 mforr and/or tenperature of the
substrat e suARdyihg @aatemed $A6tdresistS Wecakse B eRKAYa8 chéMest§Uaur - cont ai ni ng

gas can conpri se SO, supplied to the plasma etch reactor at a flow rate 15

of 5to 20 GC e rrier . S or/or. Ar. supplied to
the  pl aomd SRR FaSwblfof el 8 e BR0RORE oS Subhu o Rinfhig BB 7T Dge
in the etch gas, the HBr can be supplied to the plasnma etch reactor at a
flow rate diterl eghraE ofdhe photpresist (s deeabyyngintaimeriticad dimenssensalefigad, HBr and
He are 5 to 200 sccm 521 10 to 50 sccm HBr and 50 to 150 sccm He. 20 The
et chi ng Stﬁb?tﬁ@ﬁh&@résﬁ't.' owed by additional etching steps and subsequent
filling of the openings with netal. The nethod of the invention can 1 0 AUG
2005

5 The plasma etch reactor can comprise an ECR plasma reactor, an
inductively coupled plasma reactor, a capacitively coupled plasma reactor, a
helicon plasma reactor or a magnetron plas@ reactor. A preferred plasma etch
reactor is an inductively coupled plasma reactor including a planar antenna which
couples RF energy into the chamber through a dielectric window.

10 The sulfur-containing gas is preferably SO, and the preferred carrier gas is
He or Ar. The etchant gas can further comprise HBr. During the etching step,
pressure in the plasma etch reactor can be up to 100 mTorr and/or temperature of
the substrate support can be -20°C to +80°C. As an example, the sulfur-
containing gas can comprise SO, supplied to the plasma etch reactor at a flow rate

15 of 5 to 200 sccm and the carrier gas can comprise He or/or Ar supplied to the
plasma etch reactor at a flow rate of 5 to 150 sccm. If HBr is included in the etch
gas, the HBr can be supplied to the plasma etch reactor at a flow rate of 5 to 150
sccm. More preferably, the flow rates of SO,, HBr and He are 5 to 200 sccm
S0,, 10 to 50 sccm HBr and 50 to 150 sccm He.

20 The etching step can be followed by additional etching steps and

subsequent filling of the openings with metal. The method of the invention can



-5 also include steps of form ng the photoresist |ayer on the substrate,
patterning the photoresist layer to forma plurality of openings followed
by etching a netallization pattern of conductor |ines, via or contact
openings in the organic antireflective coating. 5 Brief Description of the
Drawi ngs Fi gures 1A-D show schematic representations of a via-fi :@t UG 20
dual - damascene structure which can be etched according to the p c%ss2 %f
the invention, Figure A showing a pre-etch condition, Figure | B showing a
post-etch condition in which a via has been etched, Figure IC show ng the
structure re-patterned for a trench etch 10 and Figure 1D showi ng a
post-etch condition in which the trench_ﬁas been etched; Figures 2A-D show
schematic representations of a trench-first dual - damascene structure which
can be etched according to the process of the invention, Figure 2A show ng
a pre-etch condition, Figure 2B show ng a post-etch condition in which a
trench has Bierngidhieps ¢ igopningotbe pholaresist dayer on e suhsrates PASTREL RS ned f or

a via etch and Figure 2D showi ng a post-etch condition in which the via has
been et ched phbiogesist taydAtBfrhoaplucilityef openiagy fodlonied tiyosichiag aa sel f - al i gned
dual - damascene structure which can be etched according to the process of

the inventi Ll gur ﬁJR i pre- et [y ?ﬂldlg i 3B show ng
a post 20 efc %:l%drg%lﬂtp%g%é n mﬁygﬁoghﬁséxgh&gcr?gﬂawbbgﬂﬁ‘%ve gg%éé'ﬁched; 10
AUG 2

UG 2005 antireflective coating.

5 Brief Description of the Drawings
Figures 1A-D show schematic representations of a via-first dual-damascene
structure which can be etched according to the process of the invention, Figure 1A
showing a pre-etch condition, Figure 1B s_howing a post-etch condition in which a
via has been etched, Figure 1C showing the structure re-patterned for a trench etch
10 and Figure 1D showing a post-etch condition in which the trench has been etched;
Figures 2A-D show schematic representations of a trench-first dual-
damascene structure which can be etched accordfng to the process of the
invention, Figure 2A showing a pre-etch condition, Figure 2B showing a post-etch
condition in which a trench has been etched, Figure 2C showing the structure re-
15 patterned for a via etch and Figure 2D showing a post-etch condition in which the
via has been etched;
Figures 3A-B show schematic representations of a self-aligned dual-
damascene structure which can be etched according to the process of the
invention, Figure 3A showing a pre-etch condition and Figure 3B showing a post-

20 etch condition in which a trench and a via have been etched;



-6 Figure 4 shows a schematic representation of an inductively coupled high .
density plasma reactor which can be used to carry out the process of the
invention; and Figure 5 shows a schematic representation of a nmedium
density parallel 5 plate plasnma reactor which can be used to EﬂUQ% aﬁt t he
process of the invention. Detail ed Description of the Inventi J
“invention provides a sem conductor nmanufacturing process wherein openings
can be plasma etched in a thin organic antireflective coating (BARC) while
mai ntai ning critical dinmensions defined by an overlying photoresist. The 10
organic antireflective coating is a hydrocarbon filmhaving a preferred

t hi ckness of about 200 nmor |ess. Theborganic antireflective coating is
used to provide better control over the photolithographic process wherein a
pattern of openings such as vias, contacts or trenches are forned in the

phot oresi st. | n Fig@rephstiows & sttasndtieatpresepmtiontofandhdictivelycddupleg HBARC Wit h
02. However, during plasma etching with 15 O the nol ecular oxygen

phot or cai <R PAES P el 2l B ilotalnd B BB Woiomng 1o

the invention, lateral etching of the photoresist can be m nimzed by using
an 02-freédul fur containing etch gas. The CD loss in the BARC is
undesi rabl e when etching features having 2 0 snmall |ine wi dths. Use of

fluorine contai IFipgredRsitAvd @ selidintitiairspredentdtion dfatfiedits denity/biraliélOS

5 plate plasma reactor which can be used to carry out the process of the invention.

Detailed Description of the Invention
The invention provides a semiconductor manufacturing process wherein
openings can be plasma etched in a thin organic antireflective coating (BARC)
while maintaining critical dimensions defined by an overlying photoresist. The
10 organic antireflective coating is a hydrocarbon film having a preferred thickness of
about 200 nm or less. The organic antireflective coating is used to provide better
control over the photolithographic process wherein a pattern of openings such as
vias, contacts or trenches are formed in the photoresist. In the past, it has been
conventional to etch the BARC with O,. However, during plasma etching with
15 O,, the molecular oxygen dissociates into oxygen atoms which laterally etch the
overlying photoresist and cause the critical dimension (CD) to change. According
to the invention, lateral etching of the photoresist can be minimized by ﬁsing an
O,-free sulfur containing etch gas.
The CD loss in the BARC is undesirable when etching features having

20 small line widths. Use of fluorine containing gases to maintain CD while etching



-7 BARC openi ngs can cause profile and uniformty issues due to attack of
the wunderlying layer by fluorine in the plasma. |In accordance with the

i nvention, such problens can be avoi ded by using a sul fur containing
etching gas. The sulfur containing gas is preferably SO2 in conppngbims
with a carrier gas such as argon or 5 helium In a preferred enbodi nent, the
etch gas is F-free but can include other halogen gases such as HBr. The
process is carried out by energizing the etch gas into a plasma state and
etching openings in the BARC. To minimze CD |oss during etching of the
BARC, it is desirable to coat the sidema%ls of the etched openings in the
BARC 10 and overlying photoresist with a’protective film Whereas fluorine
containing and 0, containing etch gases can lead to the CD, profile and
uniformty problenms nentioned above, SO offers several advantages as an
etch gas. FJBARKapehings carcause@rofileiand ainifoingity issuas dieds atack af thte SO2 into
har nful oxygen atons inside the plasma, CD |l oss can be mnim zed since | ess

free oxygen \#deAPing 8y Y faktie ih%elﬁafiﬁi.a%aéc@?dﬁBQB&ﬂh%é fiventioHl, (sa6n, the

S02 can be used to protect the sidewalls of the openings in the photoresist

by f ' ' fil h . ' i f ' d fil
can be achi SVCHEBSEANLE ARG RAGSEEk AP LR ciug 8. Ehhitly™Ch Ps |

selectivity to the underlying dielectric, conductive or sem conductive

| ayer. The wn@mmg?gtag/lmnfem%lbS%ime@nm@mmwts@zca‘rmraascsuddne@s agon0o t he
surface of the BARC being etched and 02 is rel eased fromthe SO2 by

i pi ngi BY | AREum R 4 plef@s@reRBodiineAC e dthie g4 Fofte@ Bk dindhaE@NogerPONent s

of
halogen gases such as HBr.
The process is carried out by energizing the etch gas into a plasma state

and etching openings in the BARC. To minimize CD loss during etching of the
BARC, it is desirable to coat the sidewalls‘ of the etched openings in the BARC

10 and overlying photoresist with a protective film. Whereas fluorine containing and
O, containing etch gases can lead to the CD, profile and uniformity problems
mentioned above, SO, offers several advantages as an etch gas. For example,
because it is difficult to dissociate the SO, into harmful oxygen atoms inside the
plasma, CD loss can be minimized since less free oxygen atoms are available to

15 attack the photoresist. Further, the SO, can be used to protect the sidewalls of the
openings in the photoresist by forming a protective film thereon. Improvement in
uniformity and profile can be achieved because the BARC etch is an ion assisted
etch which has selectivity to the underlying dielectric, conductive or
semiconductive layer. The selectivity can be obtained because SO? is absorbed on

20 the surface of the BARC being etched and O, is released from the SO, by

impinging ions. The released O, attacks the carbon and hydrogen components of



1 0 AUG 2005 -8 the BARC at the bottom of the openings and when the
underlying dielectric layer is reached, the underlying |layer is etched at a
slower rate than in the case where fluorine cont ai ni ng etch ga re used
Tests were carried out in a TCPTM i nductively coupl ed high dens J“@

etch reactor available from Lam Research Corporation, the assignee of the
present application. The reactor includes a planar antenna which

i nductively couples RF energy into the reactor through a dielectric w ndow
and a sem conductor substrate being etched is supported on a bottom

el ectrode which can apply an RF bias to the substrate. In the follow ng
table, P represents the vacuum pressure8in niforr in 10 the reactor, TCPTM
represents the power in watts applied to the antenna, BP represents the
power applied to the bottomelectrode, the gas flowrates are listed in

units of scgRBARCRtife bHHTDY Hedpehingd SRE Wheh MRS underlying SieRbriaRgdet ers and
|- CDis the CD bias in isolated I'i nes |n unlts of nanorreters Table 1 15 20

RUNPTCP TV T e tnderTying Myef is'etched st & Slowar taie than‘in the case where

fluorine containing etch gases are used.
Tests were carriéd out in a TCP™ inductively coupled high density plasma
5 etch reactor available from Lam Research Corporation, the assignee of the present
application. The reactor includes a planar antenna which inductively couples RF
energy ipto the reactor through a dielectric window and a semiconductor substrate
being etched is supported on a bottom electrode which can apply an RF bias to the
substrate. In the following table, P represents the vacuum pressure in mTorr in
10 the reactor, TCP™ represents the powebr in watts applied to the antenna, BP
represents the power applied to the bottom electrode, the gas flow rates are listed
in units of sccm, D-CD is the CD bias in dense lines in units of nanometers and I-

CD is the CD bias in isolated lines in units of nanometers.

Table 1
15 |Rw [P |TcP |BP |Ar |He |O,|so |HBr|{D-cD |1CD
2

1 |5 350 50 35 | 35 373 |-55.6
2 |5 |350 50 70 |20 |50 253 |-38.4
3 |5 |30 70 170 35 |35 [-185 |-25.8
4 |5 {350 100 10 10 {35 |-146 |-10

20 |5 |5 |350 100 10 10 {35 {-165 |-14.4
6 15 1350 50 70 50 20.1 |-285
7 |5 1350 150 70 50 128 |-149




2535050702050- 25. 3-38. 4 3535070703535-18. 5- 25. 8 45350100701035- 14. 6- 10
55350100701035- 16. 5- 14. 4 65350507050- 20. 1-28.5 753501507050-12.8-14.9 1 0
AUG 2005 -9 5 85350150140100- 13. 5-16. 2 9535015010535-12.5-14.9
1053501507050- 13. 1-13. 6 11535018010535-11.4-13.5 1 125350210105?@H&@.@E12.3
The above test results indicate that the Q2 containing plasm e g (Run
Nos. 1 and 2) resulted in the highest CD loss and for the OZ free etch
gases, higher anounts of SO2 when conbined with HBr (Run No. 3) resulted in
hi gher CD loss. Lowering the S02 flow rate for the HBr containing etch
gases (Run Nos. 10.4 and 5) resulted in acceptable CD |oss. For the 02 free
and HBr-free gases (Run Nos. 6-12), sli%htly better CD | oss val ues were
obt ai ned when the SO2 flow rate was bel ow 100 sccm Use of argon (Run No.
10) provided simlar CD loss results conpared to when the carrier gas was

hel Tum (R--1gNos.t 59 341 and 4g) -1 T 461 | 100 135 |-16.2
9 |5 |30 {150 105 |35 125 |-14.9

10 |5 (30 |50 |70 50 131 |-13.6

11 |5 |35 |180 05| |35 414 |-135

s |12 |5 |30 |210 105 |35 100 |-12.3

The above test results indicate that the O, containing plasma etch gas (Run
Nos. 1 and 2) resulted in the highest CD loss and for the O,-free etch gases,
higher amounts of SO, when combined with HBr (Run No. 3) resulted in higher
CD loss. Lowering the SO, flow rate for the HBr containing etch gases (Run Nos.
10 4 and 5) resulted in acceptable CD loss. For the O,-free and HBr-free gases (Run
Nos. 6-12), slightly better CD loss values were obtained when the SO, flow rate
was below 100 sccm. Use of argon (Run No. 10) provided similar CD loss results
comparsd tc when the‘carrier gas was helium (Run Nos. 6-9, 11 and 12). The
results also indicate that CD loss can be reduced by increasing the RF bias
15 provided by the bottom electrode.
Table 2 sets forth BARC etch rates (ER in A/minute) using a TCP™ etch
chamber as described earlier wherein the chamber pressure was 5 mTorr and the
TCP™ power (watts), bottom power (watts), He or Ar flow rate (sccm), SO, flow
rate (sccm), and HBr flow rate (sccm) were as indicated in Table 2. Because the
20 BARC is thin (less than 200 nm), carrier gases such as Ar and/or He can be added

in amounts effective to provide a desired etch rate of the BARC.



results also indicate that CD | oss can be reduced by increasing the RF bias .
15 provided by the bottom el ectrode. Table 2 sets forth BARC etch rates (ER
in A/mnute) using a TCPTM etch chanber as described earlier wherein the
chanber pressure was 5 niforr and the TCPTM power (watts), bottom power
(watts), He or Ar flowrate (sccnm), SO2 flow rate (sccm), and Wiy AdQ Ry rate
(sccnm) were as indicated in Table 2. Because the 20 BARC is thin (less than
200 ntn), carrier gases such as Ar and/or He can be added in anmounts
effective to provide a desired etch rate of the BARC. 1 0 AUG 2005 -10 Tabl e
2 5 RunTCPnBPHe/ Ar 02SO, HBr BARC ER 133507070 He05002616 14350150105
He03502534 1535015070 Ar 05002638 The rekrits set forth in Table 2 indicate

t hat acceptable BARC etch rates can be achieved using only SO2 and a
carrier gas such as Ar or He. Increasing the He (Run No. 14) dropped the
BARC etch rate somewhat conpared to wWigblel2wer flow rates of Ar and He were
used. 10 In tests carried out to investigate differences in performance

bet ween pl@EsmEEfCH Mg Wt C2Cconpar gu—to SpZ,theropttTa—emrssion from
oxygen at orjsRun TCP™ | BP He/ 0 SO, HBr BARC ER
13 350 70 70He |0 50 0 2616
14 350 | 150 105He |0 35 0 2534
5 15 350 150 70 Ar |0 50 0 2638

The results set forth in Table 2 indicate that acceptable BARC etch rates
can be achieved using only SO, and a carrier gas such as Ar or He. Increasing the
He (Run No. 14) dropped the BARC etch rate somewhat compared to when lower
flow rates of Ar and He were used.

10 In tests carried out to investigate differences in performance between
plasma etching with O, compared to SO,, the optical emission from oxygen atoms
was observed during the BARC opening. It was found that the optical emission of
oxygen atoms (777.4 nm and 844 nm wavelengths) in oxygen plasma was
significantly stronger than the SO, plasma. These results indicate that molecular

15 oxygen is much easier to dissociate in the plasma than the SO, gas. Because the
oxygen atoms etch the photoresist and BARC isotropically, plasma etching with O,
leads to CD loss.

In etching features in an integrated circqit according to one embodiment of
the invention, the BARC can overly a dielectric layer such as silicon nitride or

20 dioxide, SiLK, BPSG, OSG, and low-k materials. Such layers can form part of a

damascene structure. During manufacture of such structures, features such as



was observed during the BARC opening. It was found that the optical em ssion
of oxygen atons (777.4 nm and 844 nm wavel engt hs) in oxygen plasm was
significantly stronger than the SO, plasma. These results indicate that

nmol ecul ar 15 oxygen is much easier to dissociate in the plasna § e SC2
gas. Because the oxygen atons etch the photoresist and BARC i sotropically,
pl asma etching with 02 leads to CDIloss. In etching features in an
integrated circuit according to one enbodi nent of the invention, the BARC
can overly a dielectric layer such as silicon nitride or 20 dioxide, SilLK
BPSG OSG and lowk materials. Such Iagfrs can formpart of a danmascene
structure. During manufacture of such structures, features such as 1 0 AUG
2005 -11 contacts, vias, conductor lines, etc. are etched in dielectric
materials such as oxide layers in the manufacture of integrated circuits.
The i nvent i oontasisrdameonductgrrliisse atonareetghaddn déelecitia gnatesidinsughas owldsr ei n t he
BARC etch led to CD loss, lack of uni-formty and | oss of profile during

etching of {Rersdhehemhanbfachidy 6f tédrhed cirbgitd PhRmvehGdh oNGERAHNg to one

aspect of thé invention, the BARC etch can be incorporated in a single or

dual - damascene, et ch.process .wherein doped an p i.d il BPSG
PG, o) BRDIEh MR KR REtreR fhe BRRERT B ST lesERatsopt
of at least 1.8 m The process can provide a | ow or 10 reversed RIE | ag,
whi ch can abf weiforglityi anddoss ofirefilecdurning escling @b the dialecwioslayersafter the

5 BARC etch.

According to one aspect of the invention, the BARC etch can be
incorporated in a single or dual-damascene etch process wherein doped and
undopéd oxide films (BPSG, PSG, TEOS) are etched with 0.25 xm or smaller
geometry to an etch depth of at least 1.8 pm. The process can provide a low or

10 reversed RIE lag, which can allow multi-level dielectric etch applications and
enable the fabrication of dual-damascene devices.

Figures 1A-D show schematics of how a via-first dual-damascene structure
can be etched in accordance with the iﬁvention. Figure 1A shows a pre-etch
condition wherein an opening 10 corresponding to a via is provided in a

15 photoresist masking layer 12 which overlies a stack of a BARC 13, a first
dielectric layer 14 such as silicon oxide, a first stop layer 16 such as silicon
nitride, a second dielectric layer 18 such as silicon oxide, a second stop layer 20
such as silicon nitride, and a substrate 22 such as a silicon wafer. Figure 1B
shows the structure after etching wherein the 0peﬁing 10 extends through the

20 dielectric layers 14, 18 and first stop layer 16 to the second stop layer 20. Figure

1C shows the structure after re-patterning the masking layer for a trench 24.



enabl e the fabrication of dual -danmascene devices. Figures |A-D show
schematics of how a via-first dual -damascene structure can be etched in
accordance with the invention. Figure | A shows a pre-etch condition wherein
an opening 10 corresponding to a via is provided in a 15 photoresi st masking
| ayer 12 which overlies a stack of a BARC 13, a first dielectiijcAUbageEr 14
such as silicon oxide, a first stop layer 16 such as silicon nitride, a
second dielectric layer 18 such as silicon oxide, a second stop |ayer 20
such as silicon nitride, and a substrate 22 such as a silicon wafer. Figure
I B shows the structure after etching wherein the opening 10 extends through
the 20 dielectric layers 14, 18 and first stop layer 16 to the second stop

| ayer 20. Figure 1C shows the structurB-after re-patterning the nmasking

| ayer for a trench 24. 1 0 AUG 2005 -12 Figure 1D shows the structure after
etching wherein the first dielectric layer 14 is etched down to the first

stop |ayer EfiurdiDWhEws 2 dnsddaw afeh ehink Geheddin MRVt Widadhc fdyesi4 is

dual -damascene structure can be etched In accordance with thé invention.

Figure 2A sé}?g\/\ésd (foaﬁﬁ‘)ﬁlgiﬁgtcﬁgﬁgﬁg# iéon wherei n an openi ng 30 correspondi ng
p ed in’a

to a trench i st masking |layer 32 which overlies a
stack of a BARC 33, a first dielectric |layer 34 such as silicon oxide, a

first stop |ayerFigeresidArihshaw ischematichpf hovde treack-dggsrdnalidamassend ¢ | ayer 38
such as silicon oxide, a second stop layer 40 such as silicon nitride, and

a substr at estAnfzrelehn B€ erthed in 6€ddridice kvithrh® #ivendéh. Figure 2A shows a pre-
5 etch condition wherein an opening 30 corresponding to a trench is provided in a
photoresist masking layer 32 which overlies a stack of a BARC 33, a first

dielectric layer 34 such as silicon oxide, a first stop layer 36 such as silicon
nitride, a second dielectric layer 38 such as silicon oxide, a second stop layer 40
such as silicon nitride, and a substrate 42 §uch as a silicon wafer. Figure 2B

10 shows the structure after etching wherein the opening 30 extends through the
dielectric layer 34 to the first stop layer 36. Figure 2C shows the structure after
re-patterning the masking layer for a via 44. Figure 2D shows the structure after
etching wherein the second dielectric layer 38 is etched down to the second stop |
layer 40.

15 Figures 3A-B show schematics of how a dual-damascene structure can be
etched in a single step in accordance with the invention. Figure 3A shows a pre-
etch condition wherein an opening 50 corresponding to a trench is provided in a
photoresist masking layer 52 which overlies a stack of a BARC 53, a ﬁrst
dielectric layer 54 such as silicon oxide, a first étop layer 56 such as silicon

20 nitride, a second dielectric layer 58 such as silicon oxide, a second stop layer 60

such as silicon nitride, and a substrate 62 such as a silicon wafer. In order to



10 shows the structure after etching wherein the opening 30 extends through
the dielectric layer 34 to the first stop |ayer 36. Figure 2C shows the
structure after re-patterning the masking layer for a via 44. Figure 2D
shows the structure after etching wherein the second dielectric,l ayer. 38 is
etched down to the second stop |ayer 40. 15 Figures 3A-B show s&@iﬁi%]s of
how a dual - damascene structure can be etched in a single step in accordance
with the invention. Figure 3A shows a pre- etch condition wherein an openi ng
50 corresponding to a trench is provided in a photoresist nmasking | ayer 52
whi ch overlies a stack of a BARC 53, a first dielectric |ayer 54 such as
silicon oxide, a first stop |ayer 56 suck-as silicon 20 nitride, a second
dielectric layer 58 such as silicon oxide, a second stop |ayer 60 such as
silicon nitride, and a substrate 62 such as a silicon wafer. In order to 10
AUG 2005 - 13osbinadtdhi®d 6hiiag ebuph 8 ﬂrbtrsg%tghyémﬁ fo4 Sﬁlgl%téiéhﬂlga&tggf Btin a

single etching step, tirst stop |ayer. I ncl udes an openi ng Fi gure 2B

shows the st t.chi r 64 eni t.en: hrough the
i ol ect i o 1 SIEIYEGSE BhRiasS o P ol 83 il LR P s B O

t hrough the second dielectric 58 to the second 5 stop_| ayer 60. Such an
arrangenent Whereindhe eperipg §0teatends firougly the diclepideilayenf4 tqihedystesien

structure. The process of the invention is applicable to etching of BARC

| ayers over lay&ri6oatr the\wpknid €4 axtands tHraygl e isesvnd diiglecteio 38do #id seeond oxi de
such as fluorinated

5 stop layer 60. Such an arrangement can be referred to as a “self-aligned dual-

damascene” structure.

The process of the invention is applicable to etching of BARC layers c;ver
various low-k dielectric layers including doped silicon oxide such as fluorinated
silicon oxide (FSG), silicate glasses such as boron phosphate silicate glass (BPSG)

10 and phosphate silicate glass (PSG), organic polymer materials such as polyimide,
organic siloxane polymer, poly-arylene ether, carbon-doped silicate glass,
silsesquioxane glass, fluorinated and non-fluorinated silicate glass, diamond-like -
amorphous carbon, aromatic hydrocarbon polymer such as SiLK (a product
available_from Dow Chemical Co.), c-doped silica glass such as CORAL (a

15 product available from Novellus Systems, Inc.), or other suitable dielectric
material having a dielectric constant below 4.0, preferably below 3.0. The low-k
dielectric can overlie an intermediate layer such as a barrier layer and a conductive
or semiconductive layer such as polycrystalline silicon, metals such as’aluminum,
copper, titanium, tungsten, molybdenum or alloys thereof, nitrides such as

20 titanium nitride, metal silicides such as titanium silicide, cobalt silicide, tungsten

silicide, molydenum silicide, etc.



silicon oxide (FSG, silicate glasses such as boron phosphate silicate gl ass
(BPSG 10 and phosphate silicate glass (PSG, organic polyner materials such
as polyimde, organic siloxane polymer, poly-arylene ether, carbon-doped
silicate glass, silsesquioxane glass, fluorinated and non-fl uorinated
silicate glass, dianond-like anorphous carbon, aromatic hydrocarbon pol yner
such as SiLK (a product available from Dow Chem cal Co.), c-dopgdl§i2itbca

gl ass such as CORAL (a 15 product avail able from Novellus Systens, Inc.), or
other suitable dielectric material having a dielectric constant bel ow 4.0,
preferably below 3.0. The lowk dielectric can overlie an internedi ate

| ayer such as a barrier |ayer and a conductive or sem conductive |ayer such
as polycrystalline silicon, netals suchlds al umi num copper, titanium
tungsten, nol ybdenum or alloys thereof, nitrides such as 20 titanium
nitride, metal silicides such as titaniumsilicide, cobalt silicide,

tungsten sili ci Heanoffr edfiddithéitlof theBvedidh, tﬂe@ﬁﬂi@cﬁ)@%fh&ﬂ In anot her

enbodi nent of the I nventi on, the BARC can overlie a conductive or

sem conduct i er such as pol lline silicon,..netals such, as

al um num ¢ ‘yet(?rtsgml‘éﬂﬁ ug gléyg)r/]suc FPB&SW"@P SHiPOR, J0etRlS SUSR S i ¢ 1 i des
such as titani um nitride, netal silicides such as titaniumsilicide, cobalt
silicide, Salamimpm,eoppeéd, ititdrden, tuiggton emolybdehumiatallops therdedy nitwidespl e, t he
underlying layer can formpart of a gate electrode. As an exanple, the BARC

¢ gggdt 263{) 2 61'&/]2:15 tﬁﬁﬁ%glnyg@??g%%n ¥BicRIRS ¥ AC@AnhRY SiliciaRY botalsikicigekness  of
5 tungsten silicide, molybdenum silicide, etc. For example, the underlying layer can
form part of a gate electrode. As an example, the BARC could be formed over a
conductive polysilicon layer having a thickness of 1000 to 3000 A, the polysilicon
layer overlying a gate oxide such as silicon dioxide having a thickness of less than
50 A, the gate oxide overlying a silicon su_bstrate. In forming a gate electrode
10 pattern, the photoresist is patterned and the BARC is plasma etched in accordance
with the process of the invention whereby portions of the BARC are removed until
a desired conductor pattern remains above the polysilicon layer. Subsequently,
portions of the polysilicon layer are etched away to form a desired conductor
pattern on thé silicon substrate. If desired, an additional conductive layer such as
15 a silicide layer (e.g., tungsten silicide) can be provided over the polysilicon and
the process Qf the invention can be used to etch a pattern of conductor lines in the
BARC which open on the silicide layer.
According to a further embodiment of the invention, the BARC. can be
provided over a metal conductor layer such as aluminum, copper or alloys thereof.

20 In transferring a pattern such as conductor lines to the metal layer, a photoresist

overlying the BARC can be provided with a desired conductor pattern of openings



| ayer overlying a gate oxide such as silicon dioxide having a thickness of
|l ess than 50 A the gate oxide overlying a silicon substrate. In formng a
gate el ectrode 10 pattern, the photoresist is patterned and the BARC is

pl asma etched in accordance wth the process of the invention whereb
portions of the BARC are renoved until a desired conductor patﬂékNﬂi%%hins
above the polysilicon |ayer. Subsequently, portions of the polysilicon

| ayer are etched away to forma desired conductor pattern on the silicon
substrate. If desired, an additional conductive |ayer such as 15 a silicide
| ayer (e.g., tungsten silicide) can be provided over the polysilicon and

t he process of the invention can be usedsto etch a pattern of conductor
lines in the BARC which open on the silicide |ayer. According to a further
enbodi nent of the invention, the BARC can be. provided over a netal

Cranst or i natid e ARG Cahe STy E0RRRod P ind ekt By i pabd
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STy
phot oresi st overlying the BARC can be provided with a desired conductor
pattern of ®fepeniags i the RABO o8l they ogeron ke BaREIAYEh be et ched in
accordance with the invention to etch the pattern of openings in the BARC

until they open qmetpigniiEdadl be prodiiced iRsapibas tipes 8NpRASMP rAtusisd Subh var i ous
types of plasma reactors. Such plasnma reactors typically have energy

o o e oS ol RE G, B 5 Lo
could bg oI %ggr%;,d miagng:ictfge?gss, fe(t)cr. qg;)rocd?llcj:g Iaerge “I]I%stga high density plasma. For

instance, a high density plasma could be produced in a transformer coupled plasma

(TCP™) available from Lam Research Corporation which is also called

inductively coupled plasma reactor, an electron-cyclotron resonance (ECR) plasma

reactor, a helicon plasma reactor, or the li_ke. An example of a high flow plasma

10 reactor which can provide a high density plasma is disclosed in commonly owned
U.S. Patent No. 5,820,723, the disclosure of which is hereby incorporated by
reference. The plasma can also be produced in a parallel plate etch reactor such as
the dual frequency plasma etch reactor described in commonly owned U.S. Patent
No. 6,090,304, the disclosure of which is hereby incorporated by reference.

15 The process of the invention can be carried out in an inductively coupled
plasma reactor such as reactor 100 shown in Figure 4. The reactor 100 includes
an interior 102 maintained at a desired vacuum pressure by a vacuum pump
connected to an outlet 104 in a lower wall of the reactor. Etching gas ~can be
supplied to a showerhead arrangement be supplying gas from gas supply 106 to a

20 plenum 108 extending around the underside of a dielectric window 110. A high

density plasma can be generated in the reactor by supplying RF energy from an



(TCP') available fromLam Research Corporation which is also called

i nductively coupl ed plasna reactor, an electron-cyclotron resonance (ECR)
plasma reactor, a helicon plasma reactor, or the live. An exanple of a high
flow plasma 10 reactor which can provide a high density plasnagkpAMj @l osed
in conmmonly owmed U.S. Patent No. 5,820,723, the disclosure of whichis
hereby incorporated by reference. The plasma can al so be produced in a
paral l el plate etch reactor such as the dual frequency plasna etch reactor
described in comonly owned U. S. Patent No. 6,090,304, the disclosure of
which is hereby incorporated by reference. 15 The process of the invention
can be carried out in an inductively coupl ed plasma reactor such as reactor
100 shown in Figure 4. The reactor 100 includes an interior 102 maintained
at a desired vacuum pressure by a vacuum punp connected to an outlet 104 in
a | ower wal [ Gy S | & r head
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ext endi ng around the underside of a dielectric window 110. A high density
pl asma can € QJRTeRER quiside, they dislecwic Wipdew Jd0yoniep RE taeeaeiorf dben an 1 0
AUG 2005 -16 RF source 112 to an external RF antenna 114 such as a pl anar
spiral coi Ipihana Béneratitg ourdetad Beipars oba idddRr hivntdhe hahgdmensd ndow 110 on
top of the reactor. The plasma generating source can be part of a nodul ar

uppor  end PRERE0Y dhoudsFREE ReobulfP PRl B REVMRY EE BE AERSEL"D Lafer i

supported within the, . .
5 A semiconductor substrate 116 such as a wafer is supported within the

reactor on a substrate support 118 such as a cantilever chuck arrangement
removably supported by a modular mounting arrangement from a sidewall of the
reactor. The substrate support 118 is at one end of a support arm mounted in a
cantilever fashion such that the entire substrate support/support arm assembly can

10 be removed from the reactor by passing the assembly through an opening in the
sidewall of the reactor. The substrate support 118 can include a chucking
apparatus such as an electrostatic chuck 120 and the substrate can be surrounded
by a dielectric focus ring 122. The chuck can include an RF biasing electrode for
applying an RF bias to the substrate during an etching process. The etching gas

15 supplied by gas supply 106 can flow through channels between the window 110
and an underlying gas distribution plate 124 and enter the interior 102 through gas
outlets in the plate 124. The reactor can also include a heated cylindrical or
conical liner 126 extending conically from the plate 124 . |

The process of the invention can also be carried out in a parallel plate
20 plasma reactor such as reactor 200 shown in Figure 5. The reactor 200 includes

an interior 202 maintained at a desired vacuum pressure by a vacuum pump



reactor on a substrate support 118 such as a cantil ever chuck arrangenent
renmovabl y supported by a nodul ar nounting arrangenent froma sidewall of the
reactor. The substrate support 118 is at one end of a support armnounted in
a cantilever fashion such that the entire substrate support/support arm
assenbly can 10 be renoved fromthe reactor by passing the assenbly through
an opening in the sidewall of the reactor. The substrate suppog%}ﬂﬁﬁwﬁan

i nclude a chucking apparatus such as an el ectrostatic chuck 12

substrate can be surrounded by a dielectric focus ring 122. The chuck can

I nclude an RF biasing electrode for applying an RF bias to the substrate
during an etching process. The etching gas 15 supplied by gas supply 106 can
fl ow t hrough channel s between the w ndowIff40 and an underlying gas
distribution plate 124 and enter the interior 102 through gas outlets in
the plate 124. The reactor can also include a heated cylindrical or conical

liner 126 ext@mndédiel forati wﬂétxzohrxﬁwzhpoﬂoda@&&cﬂe% Etcﬁlihg N @é&?ﬁés@‘bh&d‘ﬁ)
i nvention can also be carried out in a parallel plate 20 plasma reactor such

as reactor 200,sho | The rea tor 200 i e i nferior 202
mei nt ai ned at? SO¥ V\fr:x]qag&l ggﬁﬁ%yps,ugglgmgegag o S%FC%WRB%%S %‘IB -17
connected to an outlet 204 in a wall of the reactor. Etching as can be

supplied to Riasstotesrbeeganerated in deaeasjoryppplying REsnergyfromRE spuptes 206. A

medi um density plasnma can be generated in the reactor by supplying RF

L ok RSP i S NRORRRL R A O
5 electrode can be electrically grounded and RF energy at two different frequencies
can be supplied to the bottom electrode. Other capacitively coupled etch reactors
can also be used such as those having RF power supplied only to a showerhead or
upper electrode or only to a bottom electrode.
In one embodiment, the invention provides a process for plasma etching a
10 BARC layer prior to etching 0.3 um and smaller high aspect ratio features such as
conductor lines, vias and contacts including self aligned contacts (SAC) in
dielectric, conductive or semiconductive layers on semiconductor substrates. In
the process, an O,-free gas mixture containing a sulfur containing gas and a carrier
gas (e.g., argon) is energized in a plasma etch reactor into a plasma state. During
15 the etching process, the BARC is etched by the combination of the energized
carrier gas and SO, adsorbed on the BARC, the H and C in the BARC being
etched by O, released from the adsorbed SO, by impinging ions of the carrier gas.
According to the invention, SO, is added in an amount effecti\;e to control
the etch rate selectivity of the etching gas chemistry. That is, when using an

20 etching gas containing SO,, the SO, etches the BARC without isotropically

attacking the overlying photoresist. The etching gas mixture preferably includes



5 el ectrode can be electrically grounded and RF energy at two different
frequencies can be supplied to the bottomelectrode. Other capacitively
coupl ed etch reactors can al so be used such as those having RF power
supplied only to a showerhead or upper el ectrode or only to a bottom

el ectrode. I n one enbodi nent, the invention provides a process for plasnma
etching a 10 BARC | ayer prior to etching 0.3 mand snaller hiqgly KM
ratio features such as conductor lines, vial and contacts including self
aligned contacts (SAC) in dielectric, conductive or sem conductive |ayers on
sem conductor substrates. In the process, an OZ free gas m xture containing
a sulfur containing gas and a carrier gas (e.g., argon) is energized in a
pl asma etch reactor into a plasma statel8bDuring 15 the etching process, the
BARC is etched by the conbination of the energized carrier gas and SO2
adsorbed on the BARC, the H and Cin the BARC being etched by 02 rel eased

from the adsgripgdc %gﬁ?g dﬁﬁlbtﬁ&s a?és&rﬂﬁa‘é%ﬁfe%rg&?ls ;ﬁﬁe et'c to the

invention, SQ2 1Is am)unt e ective to cont rate
select|V|tyo he etchin S ch mst at 1S, an 20 etching
gas cont ai niUiefisEert qaﬁ%eréﬁ%gl‘% e§ L}‘Elwggcﬁqﬁl %ﬂlln9 at t acki ng
the overlying photoresist. The etching gas mxture preferably includes 1 0

AUG 2005 - 1&ases suctead HeaNej Kr agdor Aeccanjbei isadlas dhichimerigasrear gasc linasddtBr .
Argon is an especially wuseful inert carrier gas which aids the SQ2 in

attacking t he Bt 164 HrtssufShtthe BA e;:&HE& Rictof; thbemotint 8P Her §& can be

used as the 1 nert carrier gas. n-or

5 introduced into the reactor can be at low flow rates. For instance, for a medium
to high density plasma reactor, argon can be supplied into the reactor in amounts
of 25 to 300 sccm.

In order to provide anisotropic etching, it is beneficial to supply an RF bias -
to the semiconductor substrate by the subs_trate support. For instance, an RF

10 biasing electrode in the substrate support can be supplied with power on the order
of 50 to 1000 Watts to adequately RF bias 6, 8 or even 12 inch wafers.

The reactor pressure is preferably maintained at a level suitable for
sustaining a plasma in the reactor. In general, too low a reactor pressure can lead
to plasma extinguishment whereas in a high density etch reactor too high a reactor

15 pressure can lead to the etch stop problem. For high density plasma reactors, the
reactor is preferably at a pressure below 30 mTorr, more preferably below 10
mTorr. For medium density plasma reactors, the reactor is preferably at a
pressure above 30 mTorr, more preferably above 80 mTorr. Due to piasmq
confinement at the semiconductor substrate undergoing etching, the vacuum

20 pressure at the substrate surface may be higher than the vacuum pressure setting

for the reactor.



to maintain | ow pressure in the plasma etching reactor, the anount of
carrier gas 5 introduced into the reactor can be at low flow rates. For

i nstance, for a medium to high density plasna reactor, argon can be
supplied into the reactor in anpunts of 25 to 300 sccm In order to provide
ani sotropic etching, it is beneficial to supply an RF bias to tIHeAUG 2005

sem conduct or substrate by the substrate support. For instance, an RF 10

bi asing electrode in the substrate support can be supplied with power on the
order of 50 to 1000 Watts to adequately RF bias 6, 8 or even 12 inch

waf ers. The reactor pressure is preferably maintained at a | evel suitable
for sustaining a plasma in the reactor.-18n general, too | ow a reactor
pressure can lead to plasma extingui shnment whereas in a high density etch
reactor too high a reactor 15 pressure can lead to the etch stop problem

For high density W@%ﬁﬁsﬁﬁ@%@b&,suPB&ngQE&E&ﬁicbﬁd&E&fs%b_?@it& udflerdofigeSSur e
bel ow 30 mlorr, nore preferably below 1 mlrorr. For medi um density pl asna

pretoranly anbeeeTaruy Bodh B gl dt eoudl i HiREe A B Bhoouihcr o
substrate undertggi ng etching, the vacuum 20 pressure at the substrate

surface may 98 the gHbstratehaig. + Weaintein thesupsteais bekows 84Q5 g Infhigh andmedium or . 10
AUG 2005 -19 The substrate support supporting the sem conductor substrate

gPdg:lgo:oRgt O(rﬂggsihisypﬂaﬁﬁ@feﬁét@fﬁ, ¥t s @@ffRidnP & 86813hé itBuaRGMGPoft 9 A event burning
5 temperature of -20°C to +80° C. The substrate support can include a bottom
electrode for supplying an RF bias to the substrate during procéssing thereof and
an ESC for clamping the substrate. For example, the substrate can comprise a
silicon wafer which is electrostatically clamped and cooled by supplying helium at
a desired pressure between the wafer and top surface of the ESC. In order to
10 maintain the wafer at a desired temperature of, for example, 0 to 100° C, the He
can be maintained at a pressure of 2 to 30 Torr in the space between the wafer and
the chuck.
During processing of a semiconductor wafer it may be desired to carry one
or more of the following steps: BARC etch wherein it is desired to maintain the
15 critical dimension (CD)while using a thin photoresist and remove any oxide, a
SiLK Via Etch wherein it is desired to leave 1000 A SiLK, a Through Mask Etch
(nitride) wherein openings are etched into the nitride with selectivity to oxide
layers, a second SiLK Etch wherein it is desired to maintain CD withla smooth

front and with minimal faceting, and a Nitride Finish Etch wherein the etch is

20 selective to oxide, SiLK and copper.



on the substrate, e.g., maintain the substrate below 140 C. In high and

medi um density plasma reactors, it is sufficient to cool the substrate
support to a 5 tenperature of -20C to +80 C. The substrate support can
include-a bottom electrode for supplying an RF bias to the substrate during
processing thereof and an ESC for clanping the substrate. Fpg APl e, the
substrate can conprise a silicon wafer which is electrostatically cl anped
and cool ed by supplying heliumat a desired pressure between the wafer and
top surface of the ESC. In order to 10 naintain the wafer at a desired
tenperature of, for exanple, 0 to 100 C, the He can be maintained at a
pressure of 2 to 30 Torr in the space hghween the wafer and the chuck.
During processing of a sem conductor wafer it nay be desired to carry one

or nore of the follow ng steps: BARC etch wherein it is desired to maintain
the 15 critical.di gensi.on whil e ;usi ng.g thin.photoresi st and, renove any
oxide, a SiLK wrgg%?%ﬁg%&héﬁgﬁcﬁbpg%e%ﬁl& e§,(§>rF§ggr\9§ e‘i‘t?@@‘%e%? , a Through
Mask Etch (nitride) wherein openings are etched into the nitride with

sel ect i vi t ympdesoofiapsrationyefrtbe presseiciament®in. KHeweverwiherinyention sheuldawitr ed t o
maintain CD wwth a snoboth front and with mninmal faceting, and a N tride

Fi ni sh Et chhabik@hed heBeiff Gitited t4Ghs phrtietilay 8mbBdidentiedischlstdd. apsuscamper. 1 0
AUG 2005 -20 The foregoing has described the principles, preferred

enbodi ment a0 101003 AlbcABRRLAL LAGIEbe LB BLE RS stk E QP maioVever - the
5 restrictive, and it should be appreciated that variations may be made in those

embodiments by workers skilled in the art without'departing from the scope of the

present invention as defined by the following claims.



be construed as being limted to the particul ar enbodi nents di scussed. Thus,
the above-described enbodi nents should be regarded as illustrative rather
than 5 restrictive, and it should be appreciated that variations nay be nade
in those enbodinents by workers skilled in the art w thout depag%fmﬂgk&om
t he scope of the present invention as defined by the follow ng
AUG 2005 -21 5 WHAT IS CLAMED |I'S: 1. A nethod of etching an organic
antireflective coating with selectivity to an overlying and/or underlying
| ayer, conprising: supporting a sem conductor substrate in a plasma etch
reactor, the substrate including an or%ﬁnlc antireflective coating over an
underlying |ayer; energizing an 02-free;“F-free etch gas into a plasma state
and etching openings in the organic antireflective coating, the etch gas
conprising a sulfur contalnlng gas and a carrier gas. 2. The method of

i VE AT ISCDA! 3dSconprise vias, 10 contacts, and/or trenches of
a dual danascene sel f-aligned contact or self al i gned trench structure or

conductor lines of a ggt[ﬁeﬁb@%?&g rgRfc gﬁ&gﬂ&tﬁ,@ Bh@hdwkn Wherein the

organic antireflective coating 1s pociyrrer filmhaving a patterned
photoresist thereon the efch 15 the .l.ateral etch rate of the
phot or esi st SF@ %toa%o%qrﬁmqg{m&a ‘?’Fﬂ X@f FRRIgrigine:

supporting a semiconductor substrate in a plasma etch reactor, the substrate

including an organic antireflective coating over an underlying layer;
5 energizing an Op-free, F-free etch gas into a plasma state and etching openings in
the organic antireflective coating, the etch gas comprising a sulfur-containing gas

and a carrier gas.

2. The method of Claim 1, wherein the openings comprise vias,
10 contacts, and/or trenches of a dual damascene, self-aligned contact or self-aligned

trench structure or conductor lines of a gate electrode.

3. The method of Claim 1, wherein the organic antireflective coating
is a polymer film having a patterned photoresist thereon, the etch gés minimizing
15 the lateral etch rate of the photoresist to maintain critical dimensions defined by

the photoresist.

4. The method of Claim 1, wherein the plasma. etch reactor comprises
an ECR plasma reactor, an inductively coupled plasma reactor, a capacitively

20 coupled plasma reactor, a helicon plasma reactor or a magnetron plasma reactor.



t he photoresist. 4. The nethod of Caim1l, wherein the plasma etch reactor
conprises an ECR plasnma reactor, an inductively coupled plasma reactor, a
capacitively 20 coupl ed plasma reactor, a helicon plasma reactor or a
magnetron plasma reactor. 1 0 AUG 2005 -22 5. The nmethod of Caim1l1, wherein
the plasma etch reactor conprises a high density inductively cduphb@2i asna
reactor wherein a planar antenna inductively couples RF energy into the
reactor through a dielectric nenber. 5 6. The nethod of Caim1l, wherein the
sul fur-containing gas is SO, and the carrier gas is He or At. 7. The nethod
of Claim1, wherein the etch gas further conprises HBr. 10 8. The nethod of
Claim1, wherein pressure in the plasm22tch reactor is below 50 niforr
and/or tenperature of a substrate support supporting the substrate is -20C
to +80C. '15 9. The nethod of Claim1l, wherein the plasna etch reactor is an

i nductively coupked p HRESE Claith 3V Wigredy 15 t ottom
el ectrode, the ant enngﬁ%g?eng suppl 1 ed’ 200%0“%8%0%??2%% %ﬁ@r@%&% and the

ot hotl of - ChAHER QRS BB R At S0l BRse okt TR plans denna 1 |

inductively couples RF energy into the reactor through a dielectric member.

5 6. The method of Claim 1, wherein the sulfur-containing gas is SO,

and the carrier gas is He or Ar.

7. The method of Claim 1, wherein the etch gas further comprises
HBr.
10
8. The method of Claim 1, wherein pressure in the plasma etch reactor
is below 50 mTorr and/or temperature of a substrate support supporting the

substrate is -20°C to +80°C.

15 9. The method of Claim 1, wherein the plasma etch reactor is an
inductively coupled plasma reactor having an antenna and a powered bottom
electrode, the antenna being supplied 200 to 1000 watts of RF energy and the

bottom electrode being supplied 50 to 200 watts of RF energy.

20 10.  The method of Claim 1, wherein the sulfur-containing gas

comprises SO, supplied to the plasma etch reactor at a flow rate of 5 to 200 sccm.



conprises SO2 supplied to the plasnma etch reactor at a flowrate of 5 to 200
sccm 1 0 AUU 2005 -23 11. The nethod of Claim 10, wherein the carrier gas
conprises He or Ar supplied to the plasma etch reactor at a flowrate of 5
to 150 seem 12. The nethod of Caim 11, wherein the etch gas further
conprises 5 HBr supplied to the plasma etch reactor at a flow ratg Ab @yto.
150 sccm 13. The nethod of Caim 11, wherein the flow rates of SO2, and He
are 5 to 200 sccm SO' 10 to 50 sccmHBr and 50 to 150 seem He. 10 14. The
met hod of Claim1l, wherein the etch gas consists essentially of SO and He.
15. The nmethod of Caim1l, wherein the openings in the organic
antireflective coating open on an el ectridally conductive or seniconductive
| ayer 15 conprising a netal -containing |ayer selected fromthe group

consi sting of doped and undoped polycrystalline or single crystal silicon,

al um num or al | oy tiher eTHe me®:0@ € Clam H, wheréinahe edrrict ishBoHpRists B8 bPY
thereof, tungsten or alloy thereof , nolybdenumor alloy thereof, titanium
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openings are 0.25 micron or snaller sized openings.

12.  The method of Claim 11, wherein the etch gas further comprises

5 HBr supplied to the plasma etch reactor at a flow rate of 0 to 150 sccm.

13. The method of Claim 11, wherein the flow rates of SO,, HBr and

He are 5 to 200 sccm SO,, 10 to 50 sccm HBr and 50 to 150 sccm He.

10 14.  The method of Claim 1, wherein the etch gas consists essentially of

SO, and He.

15.  The method of Claim 1, wherein the openings in the organic
antireflective coating open on an electrically conductive or semiconductive layer
15 comprising a metal-containing layer selected from the group consisting of doped
and undoped polycrystalline or single crystal silicon, aluminum or alloy thereof,
copper or alloy thereof, titanium or alloy thereof, tungsten or alloy thereof ,
* molybdenum or alloy thereof, titanium nitride, titanium silicide, tungéten silicide,

~ cobalt silicide, and molybdenum silicide.



17. The method of Caim1l, wherein the carrier gas is selected fromthe 5
group consisting of Ar, He, Ne, Kr, Xe or mxtures thereof. 18. The nethod
of Caiml1, further conprising applying an RF bias to'the sem conductor
substrate during the etching step. 10 19. The nethod of Claim1, f%%‘d{»
conprising filling the openings with netal after the etching steg).[J “The
nmethod of Caim1l, wherein the etching step is carried out as part of a
process of manufacturing a danascene structure, the nmethod further 15
conprising steps of form ng a photoresist |ayer as a nmasking |ayer,
patterning the photoresist layer to forma plurality of the openings and
the etching step forns via or contact .ppenings in the organic
antireflective coating.

16.  The method of Claim 1, wherein the openings are 0.25 micron or

smaller sized openings.

17.  The method of Claim 1, wherein the carrier gas is selected from the

5 group consisting of Ar, He, Ne, Kr, Xe or mixtures thereof.

18.  The method of Claim 1, further comprising applying an RF bias to

the semiconductor substrate during the etching step.

10 19. " The method of Claim 1, further comprising filling the openings

with metal after the etching step.

20. The method of Claim 1, wherein the etching step is carried out as
part of a process of manufacturing a damascene structure, the method further
15 comprising steps of forming a photoresist layer as a masking layer, patterning the
photoresist layer to form a plurality of the openings and the etching step forms via

or contact openings in the organic antireflective coating.



