TSMC- 02-262 1 METHOD FOR FORM NG OPENI NGS I N LOWM K DI ELECTRI C LAYERS
BACKGROUND OF THE I NVENTION (1) Field of the Invention The invention
relates to processes for the manufacture of sem conductor devices and nore
particularly to processes for form ng contacts/vias for interconnection
wiring in lowdielectric constant inslilators. (2) Description of prior art
and backgrl8YHaORe2G2he i nvention Conplinentary netal oxide

sem conductor (CMOS) field effect transistor(FET) technology involves the
formati on n-channel FETs (NMOS) and p- channel FETs(PMOS) in conbination to

form | ow cur rMBTHOD §OREORMINGIOPENINGSINAL W% DIELEGTRITEAYERY | ment ary
use of NMOS and PMOS devices, typically in the formof a basic inverter
device,. allows a considerable increase of circuit density of circuit

el ements by reduction of heat generation. The increase in device density
acconpani ed by the shrinkage of device size has resulted in inproved

circuit 2 TSMC-02-262 periqr reliability as well as reduced cost.
cireult 2 TSNC 02-262 per BAdREROUNE I rhRINVENTIBN

(1) Field of the Invention

The invention relates to processes for the manufacture of semiconductor
devices and more particularly to processes for forming contacts/vias for

interconnection wiring in low-dielectric constant insulators.

(2) Description of prior art and background to the invention

Complimentary metal oxide semiconductor(CMOS) ﬁéld effect
transistor(FET) technology involves the formation n-channel FETs (NMOS) and p-
channel FETs(PMOS) in combination to form low current, high perfofmance
integrated circuits. The complimentary use of NMOS and PMOS devices, typically in
the form of a basic inverter device, allows a considerable increase of circuit density
of circuit elements by reduction of heat generation. The increase in device density

- accompanied by the shrinkage of device size has resulted in improved circuit



integrated circuits have found w despread use, particularly in digital
applications. The basic MOSFET, whether it be NMOS or PMOS is typically
formed by a self-aligned polysilicon gate process. An region of active
silicon region surface for the device is defined on a silicon wafer by an
openi ng surrounded by field oxide isdlation(FOX). A gate oxide is then

grown on t AEMEOasEP silicon regions and a polysilicon gate electrode is
patterned over the gate oxide. Source and drain regions are next forned in

the active region, typically by ion inplantation. The device is conpleted

by deposi t pagomaridasdHdBeliMsilitANehe R U e dMRSE" F o eEerg%]ébg\BecgﬁﬁéaCts to

the sourceldrain regions and’to the gate electrode throu s in the

i nsul ati ve; C i I interconnectiqon wi.ring are then
formed  ovir o ted SHEREHRITou R Fl BiBladd i PREHEVTS oA anpRerenT ovel s
are patterned in conductive |ayers by photolithography and interconnected
through vial in the dielectric |layers. Wth the introduction to DUV (deep
ultraviolet) photolithography into the manufacturing of sub quarter mcron
i ntegrated circline Basip %EEﬁewbsmj/t breoNMESb0PMGS isatypichistorotd by a
photoresist material which are sensitive to shorter wavel engths. DUV

0 o oS ST et s St e T,

material s FHeMievitd id@fined on a silicon wafer by an opening surrounded by field oxide
isolation(F OX). A gate oxide is then grown on the exposed silicon regions and a
polysilicon gate electrode is patterned over the gate oxide. Source and drain
regions are next formed in the active region, typically by ion implantation. The
device is completed by depositing an insulative layer over the wafer and forming
contacts to the source/drain regions and to the gate electrode through openings in
the insulative layer. Successive levels of interconnection wiring are then formed

over the device separated by dielectric layers. The wiring levels are patterned in

conductive layers by p_hotolithography and interconnected through vias in the

dielectric layers.

With the introduction to DUV (deep ultraviolet) photolithography into the
manufacturing of sub quarter micron integrated circuits, it was necessary to develop
a new class of photoresist material which are sensitive to shorter wavelengths,

DUV photolithography uses radiation at wavelengths at 248nm. and 193 nm.

derived from KrF and KrAr excimer lasers respectively. The photoresist materials



3 used in DUV photolithography are acid catal yzed and are sensitive to the
presence of trace levels of alkaline chem cals. Wen these resist materials
are used to pattern reflective conductive |ayers such as polysilicon,

nmetal silicides, and netals such as al um num and copper, an ARL (anti
reflective layer) nust be applied oveB the conductive |ayer, beneath the
phot or esi sSTSM(Q02128@r to prevent exposure of photoresist at pattern edges
by incident radiation fromthe reflective surface. The ARL is frequently
referred to as an ARC (anti-reflective coating). Exposure by these

unwant ed r@édcﬁiﬁtm@vfpr@wmﬁﬁgréﬂ%ﬁar‘éfaci@'@éﬂaﬂ}z@ﬁ%&fﬁrgr BRsRAL Efpﬁrﬁgggﬁce A

mat eri al whi ch has been used as an effecti've use w

photol it ho&rt%@'lep@igggﬁ?@ﬁ%%érﬁicg@h absorptive i ndex at DUV wavel engt hs

is silicon oxynitri sonmetinmes witten as Si OxNY ). SOON can be

optimzed wth regard to it's anti reflection properties by varying it's

conposition. A variation of silicon oxynitride, having optical properties

sui table for ua& wi th DUV _éghotol_ i thography is silicon oxine

(Si (, _x+Y+, ) NXOYher thessoiesist majerrabe aee usad toapattert uslecttae enndidiivbeayers

6, 365, 320 Bl). A problemencountered by the use of oxynitride ARCs under

aci di ¢ photushesi palgsilicorpmetal silivides, endotétals siehweenuhiRineahdicépp&siai and

t he basi ¢ ammoni acal or ami do -functional groups on the Si ON surface. These
ARL (anti reflective layer) must be applied over the conductive layer, beneath the
photoresist, in order to prevent exposure of photoresist at pattern edges by incident
radiation from the reflective surface. The ARL is frequently referred to as an ARC
(anti-reflective coating). Exposure by these unwanted reftections causes loss of

definition at the pattern edges.

A material which has been used as an effective ARL for use with DUV
photolithography because of it's high absorptive index at DUV wavelengths is
silicon oxynitride (SiON, sometimes written as SiOxNy ). SiON can be optimized
with regard to it's anti reflection properties by varying it's composition. A variation of
silicon oxynitride, having optical properties suitable for use with DUV
photolithography is silicon oxime (Si(1_x+y+z)NxOy:Hz),reported by Foote, et. al., (US
Patent Number 6,365,320 B1 )- A problem encountered by the use of oxynitride
ARCs under acidic photoresists involves an interaction between the acidic resist
and the basic ammoniacal or amiddfunctional groups on the SiON surface. These

groups react with the lower photoresist interface to cause a sensitivity aberration at



groups react wth the | ower photoresist interface to cause a sensitivity
aberration at 4 TSMC-02-262 the base of the resist layer. This is conmonly
referred to as a footing problem Foote, et. al. overconmes the footing
problemby formng a thin S 02 barrier |ayer between the ARL and the DUV
phot oresi st. However, this introduces4an additional processing step. It
therefore D&MOW2dE) rable to elimnate nitrogen in ARLs used with DUV
photoresist. This led to devel opnment of a nitrogen-free ARL (NFARL) for
DUV phot ol i t hography. Silicon oxycarbide (SiOC) was found by Lee, et. al.,

(US Pat ent thIBRES ofttha F6sis93yert 1-'_}1isr19tcoﬁ1'ﬂrl|dhl)% RfE%eath 8§ fa%&iiﬁ@pf%ﬁlet or DUV
the fo I Vi

phot ol i t hography but al so, elimnated oting problem rtude of its
being nitrogen free. Lee, et. al. forns the silicon oxycarbide filmusing
silane and nmethyl containing silane precursors. Silicon oxycarbide, forned

by PECVD (pl as nhanced chemni cal vapor deposition) using an oxygen
cont ai ni ng spegF ggt,ee’ egriﬁ.f avesPesioe f%Fﬁtﬂ‘gd” RYPy tsming aithig S0} barieas
precursors was reported earlier by Loboda, et. al. (US Patent Nunber

6, 159, 871) laypt bekeeprtbedRidamythedddWphotdresistl Howsver, tawirdiceiuess & C
constant filmbut not as an ARL. However, earlier yet, Forbes, et. al.,

Pl A e it Tl
ARLs used with DUV photoresist. This led to development of a nitrogen-free ARL
(NFARL) for DUV photolithography. Silicon oxycarbide (SiOC) was found by Lee,
et. al., (US Patent Number 6,376,392, B1) not only to be an effective ARL for DUV
photolithography but also, eliminated the footing problem by virtue of its being
nitrogen free. Lee, et. al. forms the silicon oxycarbide film using silane and methy|
containing silane precursors. Silicon oxycarbide, formed by PECVD (plasma
enhanced chemical vapor deposition) using an oxygen containing species,
preferably N,O, and a methyl containing silane as precursors was reported earlier
by Loboda, et. al. (US Patent Number 6,159,871). It was promoted by Loboda, et.
al. as a low dielectric constant film but not as an ARL. However, earlier yet,
Forbes, et. al., (US Patent Number 5,926,740) cited an émorphous silicon
oxycarbide ARL formed either by high temperature pyrolysis of silicone resins, or by

PECVD from silane, methane, and nitrous oxide precursors.

The silicon oxycarbide NFARL resolves the DUV photolithography problems



i i ilicon

fromsilane, methane, and nitrous oxide precursors. The si
Esﬁlgr bi de NFARL resol ves the DUV photolithography problens ?—SNCI ?g-oﬁGZ 5
when used to pattern reflective conductive layers such as polysi ! whén
metal silicides, and netals such as al um num and copper. Howeve -
used as an ARL in the patterning.of ‘_5| as and damascene openi ng;s N e the
i nsul ativeTEM02-282ch as silicon oxide or lowk dielectric mate a (/e
hi gh carbon content of the silicon oxycarbide NFARL can cause exceWhen he
pol ynmer formation during the dielectric etch. Here etching ceases

openi ng beapsRsBH it hate Al brviih/B o%%MHﬁenlga?&fsoéu%h %@%&s@iﬁp@i g}r ggched.

narr ow ng
Excessive polymer formation during etcl causes (
i ' | as et ching and, in sone instances, a
o1 neii ng- ofoaps RS Fid 2B andseRphg ngeb?fpwéﬁé.uwﬁgs}ﬁa%/h
i i ntact/via openings in the present sub-tentl
?nrrglr l),n th ég}ﬁﬁgﬁ@% %étgrb%ggq?a{ﬂsaaqq,darﬁagﬁ@qqumng§ :pnramgmme ﬁy?smmﬁ:é\ \éﬁ
i i i i he car bon- cont ai ni ng .
arbon is |liberated into the etching plasna _by t i ni _
ICn convent $b¢R0 Ofda smovek ditleciriomaterials,ntre highmarborcasrhemas eessilighel ectric

[ is beneficial to obtain vertical
| ayers, a steady state carbon production is .
Si éewal | s ¢xycatiede NEARIgsan disecbodive polye? & athtioh Arhg8he dislectric
etch.  Here etching ceases when the opening becomes pinched off with polymer

before endpoint is reached.

Excessive polymer formation during etching, causes g progressive narrowing
of the openings during the plasma etching and, in some instances, a pinching off of
the etching before the opening is complete. The very small, high aspect ratio
cqntact/via openings in the present sub-tenth micron technology are particularly
prone to this broblem. The excessive carbon is liberated into the etching plasma by
the carbon-containing ARL. In conventional plasma etching of openings in non-
carbonaceous dielectric layers, a steady state carbon production is beneficial to
obtain vertical sidewalls in the openings. The carbon is released from the
photoresist and just enough is deposited onto the sidewalls to protect them from
isotropic etching by neutral species in the plasma. It is relatively easy to adjust the
plasma parameters and gas flow rates to obtain a desirable steady state condition.
However, when the carbon rich ARL also releases considerable carbon into the

plasma, the build up of polymer along the sidewalls becomes excessive and the



photoresist and just enough is deposited onto the sidewalls to profeg; ;Pem
from isotropic etching by neutral species in the plasma. It LS relatively
easy to adjust the plasma paranmeters and gas flowrates to O'tﬁIRRﬁ A so
desirabl e steady state condition. However, when the carbon r;c I ;

rel eases consi derable carbon into ;he6 pl asma, the build up of polyne o

al ong t he TgMewWBLoesp becomes excessive and the 6 TSMC-02-262 opening in
which the directional plasna attacks the base of the opening becgnes .
narrower and finally pinches off. The problen1|s |IIustrated by Fig a

| 124
for & coniher/grac Aeingf E%“ﬁ@%@%%gtaﬁ PLRIE febe ffBr opEbrBbecRBMs,  The

he top | ayer of
region 11 her nitial _bare wafer or t
rrulgtl pl e ?’%WS?’"E@JB?’VB‘HC ?1%0 fer which may conprise an etch stop |ayer

or a patterned wiring |ayer. An excessive rate of polymer 126 for mafji on on
the opening walls has caused the opening to progressively narrow an .
finally pinch-off. The opening 124 was intended to have vertical sidewalls

th overlying
nat e ©he prablémyieiubireited/bys iFig. clanwifersereb 8 8edidn 4P
?)BSI/ :)ﬁ{){nor esi st 122 we)r‘e patterned to define the opening 124 and act as a

mask for elbdtang 136 With'e pakReberink 124 Yok bohthBRik Wa ok AGhgRALG | aver 118.
dielectric layer 118 is shown. The region 116 could be either the initial bare wafer
or the top layer of multipie laminar layers on the wafer which may comprise an etch
stop layer or a patterned wiring layer. An 'excessive rate of polymer 126 formatio'n
on the opening walls has caused the opening to progressively narrow and finally
pinch-off. The opening 124 was intended fo have vertical sidewalls and terminate
on the layer 116. A silicon oxycarbide ARL 120 with overlying DUV photoresist 122
were patterned to define the opening 124 and act as a mask for etching a high

aspect ratio via in the low-k inorganic layer 118.

The present invention is geared towards reducing the release of carbon
species into the etching plasma from the edge of a silicon oxycarbide ARL.
While, the non-reflective thin film dielectric materials generally do not reflect
incident light back through the photoresist, reflective layers in levels beneath the
insulators generate significant reﬂéctions to cause aberration of the photoresist.

Thus an ARL under the photoresist is still required. It is therefore desirable to have



invention is geared towards reducing the release of carbon
Iggcfégsfmo t he etching gl asma fromthe edge of a silicon oxycalrbl ge AR{_.
Wil e, the non-reflective thin filmdielectric materials general Iy o] noi ]
reflect incident light back through the photoresist, reflective |ayers
level s beneath the insulators generave significant reflections to cautsieI I
aberrati ontgfsd-be.gpot oresist. Thus an ARL under the photoresi Z}?LI S tseri L
required. It is therefore desirable to have 7 TSMC-02-262 an NF na

whi ch has all the beneficial qualities of silicon oxycarbide with respect

' ' ' [ ficient of carbon,
DWV pho, | - l.e at, the sa i e, being de _ _ (
EgrticuPar%@hgﬁmggﬁgggé%“ﬁﬂtngfﬁghﬁﬁfn?ggétﬂgggﬁsG?Eﬁﬁ%ﬂngﬁ?@?§32:$}gglPg
i i he subj acent dielectric. In the prest (

8]; der mta|0| f1EPbREnC M\? Bb@toemosmqhypwhrl% ﬁhﬁ}wm@tmﬂgn_b@ngafeﬂb@tm gﬁ @r:?gm{ c

| ow-k) naterials have been devel oped and_incorporated i _
g?gfg?? ﬁ i éoarr%ém opfuFfaers whenettbg PdRleis exdposed taring tres slaBmaaitédhg opf ovi de a
| ower capacitance than conventional silicon oxide and consequently, an

: x i ik ials consists of
i Il oprningsipetbd subjackhtrdiélceRice IR tNe BfeskAVeRBSEri al s «
:ogf;/rerg?g :/\/ni ch pfmenl yg ogﬁpor ogji ty and open st rgct ure ?or I el ectric constant

reduction. Exanples of inorganic lowk dielectric materials which have
been inplenmented as ILD (inter |evel dielectric)

In order to further improve circuit performance, a number of low dielectric
constant (low-k) materials have been developed and incorporated into the dielectric
layers of modern integrated circuits. These materials provide a lower capacitance
than conventional silicon oxide and consequently, an increase in circuit speed. A
first catégory of low-k materials consists of polymers which rely on porosity and
open structure for dielectric constant reduction. Examples of inorganic low-k
dielectric materials which have been implemented as ILD (inter level dielectric)
layers include the SOGs (spin-on-glasses) and porous silica based materials such
as siloxanes, aerogels and xerogels. The porous silica materials have been
developed, notably by Texas Instruments Inc. and incorporated into dual
damascene processes to obtain dielectric layers with dielectric constants as Jow as

1.3. This is to be compared with a dielectric constant of about 4 for conventional

silicon oxide.

Organic low-k materials such as fluorinated polyarylene ethers, for example

FLARE™ (FLuorinated ARylene Ether provided by Allied Signal Inc., 101 Columbia



i e the SOGs (spin-on-glasses) and porous silica based materials
Lﬁgﬁrsa;ng:rgxanes, aeroéer and xerogels. The porous silica naterha!stgave
been devel oped, notably by Texas Instrunments Inc. and !ncorp0{at$ in
dual damascene processes to obtain dielectric layers with dielec r|cnstant
constants as lowas 1.3. This is to 8e conpared with a dlelectrlf Cguch nt
of about 4shr-coompentional silicon oxide. Oganic |owk npterlg Z uenh
fluorinated polyaryl ene ethers, for exanple FLARETM (FLuorEnggg - Eﬁ e
Et her provided by Allied Signal Inc., 101 Cblunbla 8 TSMC-0 oad, P.O

M 2000 ( Pol Aryl ene
E?)r(lefog(r)o%e(rj R @bh&?n(%ﬁﬁéw%gﬁéwggk éﬁb?wg;éﬁ’ KM 85 5 ’%/Olbf Air

) 01 Ham | ton Boul evard, All entown, PA
iagggc&go er%@@%é’é%‘“%@%fheoé?m{é“@qf&m%mlgah@qmmny whick uaaaunuldmal | ow k
terials are
l ectri terials. These totally organic, non sillcaceous, nma
gleg ng ang Fse%ié‘%@hﬁ@&@és ilme. sé?ﬁ‘ch(HmmﬁmBopfmeﬁsAn@wtb@ﬁhpnl ogy not only

because of their favorable dielectric characteristics, but al so because of

ease of appl9TabdUnhaibeen adwtccthb@ﬁb\lﬂn@%ﬁf Iy 2k ﬁ)w-ﬁ%g L%s?:%a | ow car bon

hydr osi | sesqui oxanes (HSQ and fluorinated si | ca gl as
pol ysi | sediglactricanetriaRNdTHys@aBRdly lor§Hi€ non silicaceous, materials are seeing an

increased usage in semiconductor processing technology not only because of their

favorable dielectric characteristics, but also because of ease of application.

Quasi-organic low-k materials such as hydrosilsesquioxanes (HSQ) and
fluorinated silica glass (FSG), low carbon polysilsesquioxanes, and organosilicate
glasses (OSGs), for example Black Diamond™, from Applied Materials Corpofaﬁon
of Santa Clara CA., have dielectric constants as low as 2.6-2.8. The low carbon
polysilsesquioxanes are low density polysilicate glasses which contain alky! or aryl
groups in place of hydrogen. Procedures for application and curing of methyl

silsesquioxane low-k polymer films are cited in Chua, et.al. U.S. Patent Number

6,121,130,

While the organic low-k materials are typically etched in plasmas containing
oxygen, the quasi organic and low carbon content organosilicate glasses may be
etched with fluorocarbon plasmas with no oxygen content. Li, et. al., U.S. Patent

Number 6,168,726 B1, cites a number of oxygen free fluorocarbon etchants for



gl asses (0OSGs), for exanple Black D anond TM from Applied Materials
Corporation of Santa Clara CA., have dielectric constants as |ow as
2.6-2.8. The | ow carbon polysilsesqui oxanes are | ow density polysilicate
gl asses which contain al kyl or aryl groups in place of hydrogen.

Pr ocedures for application and curing9of nmethyl silsesqui oxane | ow k
polymer filsg ?b ed in Chua, et.al. U S Patent Nunmber 6,121, 130.
Wil e the organlc owk nmaterials are typically etched in plasnas

contai ning oxygen, the quaS| organlc and | ow carbon content organosilicate

gl asses may, et che oc I nQ oxygen content.
Li, et. al. BIB%Q '-E%'fcg $é @J 92@ gigaéia R‘éﬂ”mﬁ‘rﬁy 286 bRYgen
free fl uor ocar bon etchants for 9 TSI\/C—OZ 262 Bl ack D anond Tm and for HSQ
Lin, et. AlCtesiiedepasiten olnrfdask Bismandsd films anddomationtnf dhepssenéon of in
Bl ack Diamond TMfilnms and formati on of damascene openings therein but

does not adwessgsghetdie et ddesexataxitirass mobmoﬁmeaéib@golyﬁwrlf@gmmsm
etching of narrow contact/via openings. It is observed by the present

i nventors, duiinlg pMagia SNIREHE Aarfow ESMasvis opeh figact of via openi ngs,
especi all'y, high aspect ratio openings, are etc ed with fluorocarbon

pl asmas in | ow carbon content organosilicate gl asses and al kyl

It is observed by the present inventors, that when sub-tenth micron size
contact or via openings, especiaﬂy, high aspect ratio openings, are etched with
fluorocarbon plasmas in low carbon content organosilicate glasses and alkyl
polysilsesquioxane low-k iayers, the carbon released from these materials causes
excessive and undesirable polymer formation which leads to narrowing and, in
worst cases, pinching off of the openings, as illustrated in F ig. 1, regardless of the
composition of the ARL. The present invention provides a method to overcome this

probiem as well as that regarding the aforementioned ARL.



pol ysi | sesqui oxane | owk | ayers, the carbon rel eased fromthese materials
causes excessive and undesirable polyner formation which |eads to

narrowi ng and, in worst cases, pinching off of the openings, as
illustrated in Fig. 1, regardless of the conposition of the ARL. The
present invention provides a nethod ti® overcone this problemas well as

t hat regarfgmg_éﬁgegf orenentioned ARL. 10 TSMC-02-262 SUWARY OF THE

| NVENTION It an object of this invention to provide a nmethod for formng a
silicon oxycarbide DUV anti-reflective layer with a reduced carbon

content. It is another objec LSAd i [,ect of this invention to
provide a nethod for form néug{%gggﬁ#ggﬁ]@\&h?@ i con oxycar bi de DUV
anti-reflective layer having increased Si-H bonding with a correspondi ngly
reduced Si-C bonding. It is yet another object of this invention to provide
a nmethod for reducing the rate of polynmer formation during the plasma
etching of contiat dhjeet affleisiimgstion to provgmaainsethoavds foiringet siiicor ayers.
These objects are acconplished by utilizing a carbon deficient silicon

oxycar bi dexpebiiie Duveiriaeribetvd Y& witfl 8rEkddbAb8h 88ARAAT! ent cont ai ni ng
silane, or an alkyl silane, and and H2.
ft is another object of this invention object of this invention to provide a
method for forming a carbon deficient silicon oxycarbide DUV anti-reflective layer

havinvg increased Si-H bonding with a correspondingly reduced Si-C bonding.

It is yet another object of this invention to provide a method for reducing the
rate of polymer formation during the plasma etching of contact/via openings in

inorganic low-k dielectric layers.

These objects are accomplished by utilizing a carbon deficient silicon

oxycarbide DUV anti-reflective layer, formed in a plasma ambient containing silane

3

or an alkyl silane, and CO, and H,.

Itis another object of this invention to provide a method for forming vertical
walled high aspect ratio contract/via openings in low carbon guasi-organic and

organosilicate low-k glasses with oxygen free fluorocarbon plasmas.



It is another object of this invention to provide a nethod for formng
vertical walled high aspect ratio contract/via openings in |ow carbon
guasi -organi c and organosilicate | owk glasses with oxygen free
fluorocarbon plasmas. 11 TSMC-02-262 It is-yet another object of this
invention to provide a nethod for reducing the rate of polyner formation
during the pspegoegshi ng of contact/via openings in low carbon

guasi - organi Cc andzorganosilicate | ow- k gl asses. These objects are
acconpl i shed by addi ng hydrogen to the flow of plasma etching gas, either

periodically, c i , - only. near and after. conpletign. of the
etching. 12 TSlc\‘/Efsd%ifl %bé%ﬁh%ﬂ%&ﬁﬂﬂﬁ%@%ﬁ PF?IE%QZB@ fefi rgdupingdhey
cross section OLF&QG} ’gor ion of an in-process integrated circuit wafer
showi ng t he/ &8 PRRYIger {9@@%“ dueng Kip Rlasmpraiohing ofponteptada opanings in low
contact/via wherein excessive polynmer buildup has halted the etching
bef ore the &5ePn AYasiexganimandioegandsilgste Rav-k lplansgh, Fig. 2d are cross
sections illustrating processing steps for

These objects are accomplished by adding hydrogen to the flow of plasma

etching gas, either periodically, continually, or only near and after completion of the

etching.



formng a contact/via opening in a lowk dielectric |ayer using DU

phot ol i t hography according to the teaching of a first enbodi nent of the
present invention. Figs. 3a through Fig. 3d are cross sections illustrating
processing steps for formng a contact/via opening in a lowk dielectric

| ayer using DUV photolithography accd&ding to the teaching of a second
enbodi ment p§mhe-pgesent invention. a Figs. 4a through Fig. 4d are cross
sections illustrating processing steps for formng a contact/via opening
inalowk dielectric |ayer using DUV photolithography according to the
teaching of a third enbod i i 13 TSMC-02-262
DESCRI PTI ON OF THE PREFI:R!I-BQ__) E@&ﬁ@gﬁ%ﬁm%ggggﬁ%msof this invention
are particularly directed towards sub-tenth mcron feature dinensions and
the application of DW photolithography to pattern contact/via openings in
|l ow-k dielectric layers. In a first enbodinent of the invention, a viais
formed in a | owfitgihigrayenese satkéoreet a perticayadian arr+peo¢mnme@rmbectrcmlcwamyer
is to become an IMD (inter netal dielectric) layer between two wiring

level s of showimg tereffeet ot plastiatetctiRad ermdriay, HgH asheo? PatiRcMAQRS é/?vh@rléiﬁ ne
silicon wafer substrate 10 with an 1nsulative layer 12 is prow .

Sem conductdy¢es$ey bEGaien BLIIGHOWAS haRed B dthiRE Before the opening was

completed.

Figs. 2a through Fig. 2d are cross sections iNustrating processing steps for
: forfhing a contact/via opening in a low-k dielectric layer using DUV photolithography

according to the teaching of a first embodiment of the present invention.

Figs. 3a through Fig. 3d are cross sections illustrating processing steps for
forming a contact/via opening in a low-k dielectric layer using DUV photolithography

according to the teaching of a second embodiment of the present invention. a

Figs. 4a through Fig. 4d are cross sections illustrating processing steps for
forming a contact/via opening in a low-k dielectric layer using DUV photolithography

according to the teaching of a third embodiment of the present invention.



within the wafer 10 surface by nethods well known in the art. A conductive
| ayer, preferably of copper, alum num or an alumnumalloy thereof is
deposited and photolithographically patterned over the insulative |ayer 12
by well known nethods to formng a |evel of conductive wiring 14
connecting to elenents of the sem cofBluctive devices in wafer 10 through
conductlvq-ﬁﬂgk)cgéi (not shown) in the insulative |ayer 12. An etch-stop

| ayer 16 nmay optionally be formed over the wiring pattern 14. The etch
stop layer 16 nmay consist of a layer of silicon nitride or, in the
alternative 14 TS t 10 and 1, 000
nm thick, deposi te&%ﬁéﬁ%’" ‘3?3’5&2@"%‘%@9#@%?\&@ 16 wll prevent
penetration of the wiring 14 by a subsequent via etch. Alternately, the
etch stop layer can be silicon oxynitride or alum num oxide. An inorganic
|l ow-k dielectric layer 18 is next forned over the wafer 10. The preferred
material for tTiee bookinkrds etthis hveaenm adSpartizulady @Qb@t@ﬁ&dwﬁfd@rﬁdbh@ngf oup
consi sting of an SOG a siloxane, an aerogel and a xerogel. The dlelectrlc

layer 12 migode9aid @fherlond a%ﬁM@%bP%&lond&thh%%hWﬁ&f

spi n-on technique or a CVD nethod or exanpl e
CVD) to actRLEMISDPeRings in low-k dielectric layers. In a first embodiment of the

y pI asma

invention, a via is formed in a low-k inorganic dielectric layer. The low-k dielectric
layer is to become an IMD (inter metal dielectric) layer between two wiring levels of

an integrated circuit.

Referring to Fig. 2a, a monocrystalline silicon wafer substrate 10 with an
insulative layer 12 is provided. Semiconductive devices(not shown) may be formed
within the wafer 10 surface by methods well known in the art. A conductive layer,
preferably of copper, aluminum, or an aluminum alloy thereof is deposited and
photolithographically patterned over the insulative layer 12 by well kﬁown methods
to forming a level of conductive wiring 14 connecting to elements of the

semiconductive devices in wafer 10 through conductive contacts (not shown) in the

insulative layer 12.

An etch-stop layer 16 may optionally be formed over the wiring pattern 14.

The etch stop layer 16 may consist of a layer of silicon nitride or, in the alternative



bet ween about 100 and 2000 nm An nitrogen free ARL 20 is next forned over
the lowk dielectric layer 18 in preparation for the application of DUV
photol i t hography. The ARL 20 in the present enbodi nent conprises a |ayer
of carbon deficient silicon oxycarbide, between about 10 and 1,000 nm
Thi ck, deposited by PECVD using silarld (SiH4) and 002 as the silicon and

carbon pr é_%?_s%%specti vely. The substrate is heated to a tenperature
of between abou and 400C during the ARL deposition. The flow rate of
SiH4 is between about 10 and 10,000 SCCM (standard cubic centineters per

m nute) and that of, . .S bet wee bout and 10,000 S I rder to 15
TS M C 02° &'Cg&ﬁaé?)ggrz%%wc?% a@’ﬁPgBﬁ:aP 1'((#2) mthf%; 85"‘??' a&yg)rogen at a
flow rate of between about 10 and 10,000 SCCMis added to the SiH4/CQO2
flowto s®RRIEsEyutIBegich-siopraer 16w rererdpegetiatiomatthenwiring 1ddiyosi t ed ARL.
The reactant flows are delivered into the reaction chanber in a helium

carrier gasbféqusnhyiaattcta Alereatefy, bret serstabiayer €an ba&iliton QRPhif@eNrad] ust ed
to mai ntain a chanber pressure of between about 1 niforr and 100Torr. The

added hydmaggRumrssieces a carbon deficient silicon oxycarbide having an
enpirical forrmula Si OCXH(lI _x). Wiere x is between about 0.01 and 30. Wile

the presence of SiH4 m ght be expected to provide enough

An inorganic low-k dielectric layer 18 is next formed over the wafer 10. The
preferred material for the low-k dielectric layer 18 may be selected from the group
consisting of an SOG, a siloxane, an aerogel and a xerogel. The dielectric layer 12
is deposited, by a conventional deposition method such as a spin-on technique or a
CVD method, for example, HDP (high density plasma CVD) to a thickness of

between about 100 and 2000 nm.

An nitrogen free ARL 20 is next formed over the low-k dielectric layer 18 in
preparation for the application of DUV photolithography. The ARL 20 in the present
embodimént comprises a layer of carbon deficient silicon oxycarbide, between
about 10 and 1,000 nm. Thick, deposited by PECVD using silane (SiH,) and CO,
as the silicon and carbon precursors respectively. The substrate is heated to a
temperature of between about 100 and 400°C during the ARL deposition. The flow
rate of SiH, is between about 10 a‘nd 10,000 SCCM (standard cubic centimeters per

minute) and that of CO, is between about 10 and 10,000 SCCM. In order to



hydrogen to cause sufficient carbon depletion in the ARL, this is not found
to be the case by the present inventors. Because of the relative weakness
of Si-H bonding conpared to Si-C bonding, the added hydrogen fl ow was
found to be necessary in order nmaintain a high enough steady state.
concentration of Si-H over Si-Cto sWEficiently reduce or stabilize the
car bon Coﬂéﬁﬂioﬂbﬁkhe final ARL in order to effectively curtail the ARL
from becomng a significant carbon source during the subsequent |owk
etching. A DUV photoresist is applied and patterned to form a photoresi st

mask 22 werel ﬁ@%g&?%%d?ﬂn%ﬁe k\gzr#bdgdr,iéﬁ&é o[@ﬁdr‘f@feﬁ fat %‘H%%J fft 8f ﬁ&vJe)%nt hen

inserted into eposition c Irgh density plasna

et chi ng topl dt i of th L ed in the opening 24 is
Then r emoaBRH e I IHBORSSMES 8Os 18 e e g Brols S ksl s Brb HEKE t o
Fig. 2b, after the ARL 20 in the openiag 24 has been renoved, the etching
of the vi@ ppehphg-H hondein tbadepppitedARLc Thereastantdlowvsyase defivered into
performed in the same etching tool w thout breaking vacuum The etchant

flowis tleargetibrt chamberihisemiiunpedraengagfibwingra caabmosostivebir 3boEndpoi nt .
detection is provided by optical em ssion spectroscopy and sensing

For a 11 o ovar e e e e ns BRiber ArbSu.fe R Boflech deoufont ! nued
1mTorr and 100Torr. The added hydrogen produces a carbon deficient silicon
oxycarbide having an empirical formula SiOC,H.y. Where x is between about 0.01
and 30. While the presence of SiH, might be expected to provide enough
hydrogen to cause sufficient carbon depletion in the ARL, this is not found to be the
case by the present inventors. Because of the relative weakness of Si-H bonding
compared to Si-C bonding, the added hydrogen flow was found to be necessary in
order maintain a high enough steady state concentration of Si-H over Si-C to

sufficiently reduce or stabilize the carbon content of the final ARL in order to

effectively curtail the ARL from becoming a significant carbon source during the

subsequent fow-k etching.

A DUV photoresist is applied and patterned to form a photoresist mask 22
wherein an opening 24 is defined.  The wafer substrate 10 is then inserted into
the deposition chamber of a HDP (high density plasma) etching tool and the portion

of the ARL 20 exposed in the opening 24 is then removed by plasma etching or RIE.



Thi s assures conpl ete opening of the via 24 in the lowk |ayer 18 (Fig.

2c). |If the optional etch stop |ayer 16 was included, it is now renoved by
adding an 02 flowto the fluorocarbon flow for a tinme period of between
about 5 and 30 seconds. Residual photoresist 22 is then stripped,
preferably by oxygen ashing althoughl6in the alternative, liquid strippers
may be usesg t’goz'f%&\ot necessary to renove the residual ARL 20 after the
viais opene"\é. e residual ARL could be left to becone part of the ILD

| ayer or it can be renmove by CVMP in a |later process step. The final via 24
opening, shown in Fig. 2d, has essentially vertical sidewalls and cleanly
exposes the conductive wiring 14. In a second enbodinent, a via is forned
in a low car boge(f‘ont ent 17£S|v52é02- 262 organosilicate glass (0OSQG

diel ectric | ay&FTeTHEOINGXt o igi Rt aBemibaiAfen20 ihiheserasiao 24esdierdnt enpl oys
a carbon deficient silicon oxycarbide ARL and conventional DUV

phot ol i t hagmapeg;.th&efaking ofthewidopeniBain therfowdcinpsdalic tistectiid iagen18af er
substrate 30 with an insulative |layer 32 is provided. Sem conducti.ve

devi ces( n@lerfahaydin fheYsaifs b@hMRdooMyHER bFé‘ﬁ(iH@{/ﬁéUL@?y?ﬁ%fe%npﬂom hods

wel |l known in the art. A conductive layer, preftera copper, al um num

or an al ughHgRAld QY afBRIHE Chniatilg BOSIEEDRL D, NF,. Endpoint detection is
provided by optical emission spectroscopy and sensing endpoint on the oxygen peak.

After endpoint, the oxide etch is continued for a timed over-etch period of about 30%.

This assures complete opening of the via 24 in the low-k layer 18 (Fig. 2c).

If the optional etch stop layer 16 was included, it is now removed by adding
an O, flow to the fluorocarbon flow for a time period of between about 5 and 30

| seconds. Residual photoresist 22 is then stripped, preferably by oxygen ashing

although, in the alternative, liquid strippers may be used.

Itis not necessary to remove the residual ARL 20 after the via is opened.

The residual ARL could be left to become part of the ILD layer or it can be remove
by CMP in a later process step. The final via 24 opening, shown in Fig. 2d, has

essentially vertical sidewalls and cleanly exposes the conductive wifing 14.

in a second embodiment, a via is formed in a low carbon content



photol i t hographi cally patterned over the insulative layer 32 by well known
nmethods to forming a level of conductive wiring 34 connecting to el ements
of the seniconductive devices in wafer 30 through conductive contacts (not
shown) in the insulative layer 32. An etch-stop layer 36 may optionally be
formed over the wiring pattern 34. The etch stop layer 36 may consist of a
llayer of sibpgQRoRgbride or, in the alternative silicon carbide, between
about 10 -anﬂﬁg,83§ nm thick, deposited by a CVD process. The etch-stop

| ayer 36 will prevent penetration of the wiring 34 by a subsequent via

i ban, content ofrga ilicate glass, preferably

S cok L' gl B BRI e U B e P 5,
[ [ eferably by CvD. A suitable method is

deSel et oRIEERS o BBt Yo tares At emmnaoyer 35
i s deposited to a thickness of between about 100 and 2,000 nm A nitrogen
free ARL 4BUVsphmislithégrapkeyl over the lowk dielectric layer 38 in .
preparation for the application of DUV photolithography. The ARL 40 in the
present enbodi ment conprises a |ayer of carbon deficient silicon
oxycar bi de, between

Referring to Fig. 3a, a monocrystalline silicon wafer substrate 30 with an
insulative layer 32 is provided. Semiconductive devices(not shown) may be formed
within the wafer 30 surface by methods well known in the art. A conductive léyer, |
preferably of copper, aluminum, or an aluminum alloy thereof is deposited and
photolithographically pattemed over the insulative layer 32 by well known methods
to forming a level of conductive wiring 34 connecting to elements of the

semiconductive devices in wafer 30 through conductive contacts (not shown) in the

insulative layer 32.

An etch-stop layer 36 may optionally be formed over the wiring pattern 34.
The etch stop layer 36 may consist of a layer of silicon nitride or, in the alternative
silicon carbide, between about 10 and 1,000 nm. thick, deposited by a CVvD

process. The etch-stop layer 36 will prevent penetration of the wiring 34 by a

subsequent via etch.

A layer 38 of a low carbon content organo silicate glass, preferably Black



1,000 nm Thick, deposited by PECVD using silane (SiH4) and
?JtC))gu;slot ﬁgdsi I icon and carbon precursors respectively. The subﬁtri'lt{ IS
heated to a tenperature of between about 100 and 400C during tog M and
deposition. The flow rate of SiH4 is between about 10 and 10,0 D
that of CO2 is between about 10 and 1®, 000 SCCM In order to achieve

i flow rate of between
reduced c e ARL 40, a flow of Hydrogen at a . ty
about 10 Zﬁ%ﬂ?@égaéﬁlsm\/l is added to the SiH4/CO2 flow to substitute Si-H

i f G H bonds in the deposited ARL. The reactant flows are
3glnid\slelr2dp! .ﬁtcg ? reaction chanber in a heliumcarrier gas flg)’(vm n?mat a
rate of b '\ﬂg‘é’ﬁdggd%geﬁo%{ﬁﬁj A’ dopeisbatrriltsyas8edThelayar A8 a8 depositedanber
pressure of between about 1 mlorr and 100. Torr.' The added hydrogen la
produces @referatdy by SV A suitatie OMM mettyshisliederibey by aa) ee.rawz U.Zs*é.gbaAtE%{N
Si OCXH(, _X). Where x is between about 0.01 and 30. 19 TSMC 02-

phot or esi Nurhiser®n0bd 6719 amids Ak 02 480 dbpsdMed 1B ROFRIGELS Ly FBRK A Zponher i n

an opening 44 is defined. The waf'er substrate en | t he

iti h%gpf [ [ hing tool. Referring
depositio HDP (hi gh density plasm) etc _ _
negt to F.n'é)@ , ’?ggkggrti on of the ARL 40 exposed in the opening 44 is

then renoved by plasma etching or RIE

A nitrogen free ARL 40 is next formed over the low-k dielectric layer 38 in '
preparation for the application of DUV photolithography. Thé ARL 40 in the present
embodiment comprises a layer of carbon deficient silicon oxycarbide, between
about 10 and 1,000 nm. Thick, deposited by PECVD using silane (SiHy) and CO, as
the silicon and carbon precursors respectively. The substrate is heated to a
temperature of between about 100 and 400°C during the ARL deposition. The flow
rate of SiH, is between about 10 and 10,000 SCCM and that of CO, is between
about 10 and 10,000 SCCM. In order to achieve reduced carbon in the ARL 40, a
flow of Hydrogen at a flow rate of between about 10 and 10,000 SCCM is added to
the SiH,/CO, flow to substitute Si-H bonds in place of C-H bonds in the deposited
ARL.  The reactant flows are delivered into the reaction chamber in a helium carrier
gas flowing at a rate of befween about 0 and 10,000 SCCM adjusted to maintain a
chamber pressure of between about 1 mTorr and 100 Torr.  The added hydrogen

produces a carbon deficient silicon oxycarbide having an empirical formula

SIOCH,,,. Where x is between about 0.01 and 30.



After the ARL 40 in the opening 44 has been renoved, the etching of the via
opening in the | ow carbon OSG | ayer 38 is begun in the sane etching tool

wi t hout breaki ng vacuum The etchant flow is changed to an anbi ent

cont ai ning fluorocarbons or NF3. A hydrogen flowis added to the etch flow
to control polynmer formation during the etching of the OSG | ayer 38. The
hydr ogen flow may be added intermttently for short periods during the
etch peri 3§W'O?t2%y be added continuously at a controlled rate to
control the rate of polynmer formation. The appropriate reginen for the
hydrogen addition to the etchant flow is preferabl et ermi ped

exper i nent al | yAd¥d¥parijesist iﬁﬁ@pé%@ﬁnﬁgaﬁ%wﬁépé?f 1 gRotoresishveslidd rate

of polymer formation. The latter is nonitored by observing the behavior of
the si dewdakleipmofodemingetjzaieiinedet dtiei veafer sulatate Bdisiiero ptsecat irai ssi on
spectroscopy and sensing endpoint on the oxygen peak. After endpoint, the

oxi de et Cihd GopdsAilr &%Jrq.#f aq{lbbgﬁghcﬁé‘?{sﬁﬁaﬁ%nfégﬁtgﬁ?@focﬁbqﬁ%'éfe?rﬂ?é’ Thi's

assures conplete opening of the 44 I'n ayer 38 (Fig. 3c).

Hydr ogen may, .al.so Qhe .added. 20 02:262 duri.ng th [44€ eri od and,
al so for Qﬁ}étéadﬁg‘i%a‘ﬁe Bga‘ogaofll?é\/gg;eﬁigx%oe%gdﬁgnea?f%rflxgﬁl‘g '% I?'g?ﬂoof et chant
gases has been termnated. If the optional etch stop |ayer 36 was included,
it is nowerERwRERy Blasmareiehing or RIE.

After the ARL 40 in the opening 44 has been removed, the etching of the via
opening in the low carbon OSG layer 38.is begun in the same etching tool without
breaking vacuum. The etchant flow is changed to an ambient containing
fluorpcarbons or NF;. A hydrogen fldw is added to the etch flow to control polymer
formation during the etching of the OSG layer 38. The hydrogen flow may be
added intermittently for short periods during the etch period or it may be added
continuously at a controlled rate to control the rate of polymer formation. The
appropriate regimen for the hydrogen addition to the etchant flow is preferably
determined experimentally according to the etching parameters and the observed
rate of polymer formation. The latter is monitored by observing the behavior of the
sidewali profile. ~ Endpoint detection is provided by optical emission spectroscopy
and sensing endpoint on the oxygen peak. After endpoint, the oxide etch is
continued for a timed over-etch peﬁod of about 30%. This assures complete

opening of the via 44 in the low-k layer 38 (Fig. 3c). Hydrogen may also be added



stoppi ng the hydrogen flow and then adding an 02 flow to the fluorocarbon
flow for a tine period of between about 5 and 30 seconds. Resi dual
photoresist 42 is then stripped, preferably by oxygen ashing although, in
the alternative, liquid strippers my be used It is not necessary to
remove the residual ARL 20 after the 20a is opened. The residual ARL could
be left t Q@FQ?E Qart of the ILD layer or it can be renove by CVWP in a

| at er pro 8 The final via 44, shown in Fig. 3d, has essentially
vertical sidewalls and cleanly exposes the conductive wiring 34. . In a

third embodiment of ! t , d i -
or gani ¢ STERPE BTSN PR 715 S Bo D arAR COP DS SLRAVoE B mmy be

selected fromthe famly of alkyl or aryl polysilsesquioxanes. Referring to
Fig. 4a, ¥terdhedpyf giehantoases Ramber(t ms'l%%‘%/r ate 50 with an insulative

| ayer 52 is provided. Sem conductive devices(not shown) may be forned 21
TSMC- 02-262 within the wafer 50 surface by nethods well known in the art. A
conductive layer, preferably of copper, alum num or an alum num all oy

thereof is deppgiet loaaﬂetcﬁ@%wﬂaywmmahha@ééd’ lmwowr%%v@w

insulative layer 52 by well known nethods to formng a level #r conducti ve

W Ting S44600AGERE RarbBes h%@eé?%astth abfifhg an O, flow to the fluorocarbon flow for a

time period of between about 5 and 30 seconds. Residual photoresist 42 is then

stripped, preferably by oxygen ashing although, in the alternative, liquid strippers

may be used

It is not necessary to remove the residual ARL 20 after the via is opened.
The residual ARL could be left to become part of the ILD layer or it can be remove
by CMP in a later process step. The final via 44, shown in Fig. 3d, has essentially

vertical sidewalls and cleanly exposes the conductive wiring 34.

In a third embodiment of this invention, a via opening is formed in a quasi-
organic silicate polymer having some organic groups. Such a polymer may be

selectedvfrom the family of alky! or aryl polysiisesquioxanes.

Referring to F ig. 4a, a monocrystalline silicon wafer substrate 50 with an

insulative layer 52 is provided. Semiconductive devices(not shown) may be formed



sem conductive devices in wafer 50 through conductive contacts (not shown)
inthe insulative |ayer 52. An etch-stop |layer 56 may optionally be forned
over the wiring pattern 54. The etch stop |ayer 56 may consist of a |ayer
of silicon nitride or, in the alternative silicon carbide, between about
10 and 1,000 nm thick, deposited by 2 CVD process. The etch-stop | ayer 56

w il prev ene tion of the wiring 54 by a subsequent via etch. In the
pr esent e%ﬂ&ﬁ@f&ég | ayer 58 of an al kyl silsesqui oxane nmononer, in this

exanpl e, methyl silsesquioxane, is applied over the etch stop Iay_er 56 with

a wafer spin coater. The liquid Mt ses oxane prec IS

CONMEr Ci a|\r9*§hm e eten 50 sysfa Yﬂ%thf’g%meilkppﬁ'ﬂq‘%mfn@i A‘ge%% Ve layer,
Mcroelectronic Materials, 1349, Mffett Park Drive, Sunnyvale, CA 94089
and is carpretably oano;a;beroablmimrsodnrv@rmalumintumwﬂyy trmreefegqisﬁp@ﬁmam@
representative of a class of double chain silicate polynmer materials which
exhi bi t n%hd”t@lﬂﬂ@@’aéhi@éf?/ batidrhBeg over merigs@am meﬂszepsvaunmov&anéﬁwsoz 262

network when fully cure CH3 CH3 CH3 CH3 |
to forming a level of conductive wiring 54 connectmg to elements of the
semiconductive devices in wafer 50 through conductive contacts (not shown) in the

insulative layer 52.

An etch-stop layer 56 may optionally be formed over the wiring pattern 54.
The etch stop layer 56 may consist of a layer of silicon nitride or, in the alternative
silicon carbide, between about 10 and 1,000 nm. thick, deposited by a CVD
process. The etch-stop layer 56 will prevent penetration of the wiring 54 by a

subsequent via etch.

In the present embodiment a layer 58 of an alkyl silsesquioxane monomer, in
this example, methyl silsesquioxane, is applied over the etch stop layer 56 with a
wafer spin coater. The liquid Methy! silsesquioxane precursor is commercially
available as SOP 418 from Allied Signal Advanced Microelectronic Materials, 1 349,
Moffett Park Drive, Sunnyvale, CA, 94089 and is carried in an alcoholic solvent.

‘Methyl! silsesquioxane is representative of a class of double chain silicate polymer

materials which exhibit non-random cross linking forming a three dimensional



HO S -OSi-O0Si-OSSi H 'l 1l 00O0O I'I''l HOS-OSi-OSi-OSi OH
I CH3 CH3 CH3 CH3 n Methyl Silsesqui oxane (SOP 418) Procedures for
appl yi ng and curing nmethyl silsesquioxane |owk polymer filns are cited by
Chua, et.al. , loc, cit. The polysilsesqui oxane |ayer 58 is deposited to a
thi ckness of between about 100 and 2@® nm A nitrogen free ARL 60 is next
formed over the polysilsesquioxane |ayer 58 in preparation for the
applicati OESW'@EJ‘?%I’]O'[M i thography. The ARL 60 in the present enbodi nent
conprises a |ayer of carbon deficient silicon oxycarbide, between about 10
and 1,000 nm Thick, deposited by PECVD using silane (SiH4) and CO2 as the
si | i con anfew@rbwhepifeieweds respectively. The substrate is heated to a
tenperature of between about 100 and 400C during the ARL deposition. The
flow rate of SiH4 gs between about 10 and 10, 000 SCCM anrd;t hat

CH, CH, CH, CH,

| | I I
HO— Si—0—Si—0—Si— Q0 — Si—— OH

I I I |

) 0] 0] 0

I I I I
HO —— 8§ —~0—8i—0—Si— 0 — Si—— OH

| | | I
CH, CH, CH, CH,

Methy! Silsesquioxane (SOP 418)

Procedures for applying and curing methy! silsesquioxane low-k polymer
films are cited by Chua, et.al. , foc. cit. The polysilsesquioxane layer 58 is deposited

to a thickness of between about 100 and 2000 nm.

A nitrogen free ARL 60 is next formed over the polysilsesquioxane layer 58
in preparation for the application of DUV photolithography. The ARL 60 in the
present embodiment comprises a layer of carbon deficient silicon oxycarbide,
between about 10 and 1,000 nm. Thick, deposited by PECVD using silane (SiH,)
and CO, as the silicon and carbon precursors respectively. The substrate is
heated to a temperature of between about 100 and 400°C during the ARL
deposition. The flow rate of SiH, is between about 10 and 10,000 SCCM and that

of CO, is between about 10 and 10,000 SCCM. In order to achieve reduced



of CO2 is between about 10 and 10,000 SCCM In order to achieve reduced 23
TSMC- 02- 262 carbon in the ARL 60, a flow of Hydrogen at a flow rate of
between about 10 and 10,000 SCCMis added to the SiHA/C02 flow to
substitute Si-H bonds in place of G H bonds in the deposited ARL. The
reactant flows are delivered into the28eacti on chanber in a heliumcarrier
gas flow nP r% e of between about 0 and 10,000 SCCM adjusted to
maintain a %@éﬂ@%? %r essure of between about | nforr and 100 Torr. The
added hydrogen produces a carbon deficient silicon oxycarbide having an
enpirical formula Si OCXH& . Were x is between about 0.01 and 30. A DUV
phot or esi s¢arpan #pihei AR §Rda ﬂQWtCérHVéiﬂogQﬁ flo? fiew rptecl dedseen apeidkl Oeand wher ei n
an opening 64 is defined. The wafer substrate 50 is then inserted into the

deposi ti on1@ bedisOCMis addddto(theBIHIETsflow fol adstiute St-Hi ahdsanlpiaddesfed-r i ng
next to Fig. 4b, the portion of the ARL 60 exposed in the opening 64 is

then removigdops ;m{mogtt@m\m orhRirEactAht fiwd e d@ﬁ%l«eréah.hpﬁhg%abm 64 has

been renoved, the etchlng of the via opening In the met

{ Ki
Vacuum  TraHniRd e G Rritre d @%ﬂ'{’ﬁ%ﬁ'}‘éﬁfﬁ@%@@mvﬁ" %:a’dﬂg@éﬁ ocar bons
t owto contro
For mat i on GHEMAILHESE EIRMETCE ChRBboPFSPIE A GAuRENEDPdy L ToB and 100

Torr.  The added hydrogen produces a earbon deficient silicon oxycarbide having

ani empirical formula SiOC,H,,,. Where x is between about 0.01 and 30.

A DUV photoresist is applied and patterned fo form a photoresist mask 62
wherein an opening 64 is defined. The wafer substrate 50 is then inserted into the
deposition chamber of a HDP (high density plasma) etching tool. Referring next to
Fig. 4b, the portion of the ARL 60 exposed in the opening 64 is then removed by
plasma etching or RIE. After the ARL in the opening 64 has been removed, the
etching of the via opening in the methy! polysilsesquioxane layer 58.is begun in the
same tool without breaking vacuum. The etchant flow is changed to an ambient
containing fluorocarbons or NF;. A hydrogen flow is added to the etch flow to
control polymer formation during' the etching of the polysilsesquioxane layer 58.
The hydrogen flow may be added intermittently for short periods during the etch
period or it may be added continu;)usly at a controlled rate to control the rate of

polymer formation. The appropriate regimen for the hydrogen addition to the



The hydrogen flow may be added intermttently for short periods during the
etch period or it nmay be added continuously at a controlled rate to
control the rate of polyner formation. The appropriate reginen for the
hydrogen addition to the 24 TSMC-02-262 etchant flow is preferably

determ ned experinentally according t24the etching paraneters and the
observed rate of polyner formation. The latter is nonitored by observing
t he behaviT@MOf 02282 si dewal | profile. Endpoint detection is provided by
optical em ssion spectroscopy and sensi ng endpoi nt on the oxygen peak.
After endpoint, the oxide etch is continued for a tinmed over-etch period
of about 3hant Tbwss peserably detaphiebd expernimegtaty acbaerdingtoghe ietchimge | ow k

| ayer 58 (Fig. 4c). Hydrogen may al so be added during the over-etch period

and, al so JPimaRrad EHéJdS@éervMFét@@f Pbly&%‘{%rﬁiau%ﬁcqfh@slaﬁéﬂ|§fmdrh't©réd oy of
etchant gases has been term nated the optional etch stop |ayer 56 was

i ncl uded, vV oppi t hen
addi ng an 49% Mrb(gv }télod’et(?%g o?%&ﬁeoc'géﬁélrll pﬁf ow f%‘?dé&ﬁtté&g&%gcgé &@B?V\een
about 5 and 30 seconds. Resi dual hot OreSIF}G{Q % s, then str pg\q
pr ef er abl YPHG2 o‘%@'ﬁ%’ﬁ”é?ﬁ?tﬁ@s%pﬁ’ Giensing gnapod)togthg axyaen P?%fg ®f ri ppers
may be used It is not necessary to renpve the residual ARL 20 after the via
i s opened.endpoint, the oxide etch is continued for a timed over-etch period of about 30%.

This assures complete opening of the via 64 in the low-k Iayer 58 (Fig. 4c).

Hydrogen may also be added during the over-etch period and, aiso for an additional

period of several seconds after the flow of etchant gases has been terminated.

If the optional etch stop layer 56 was included, it is now removed by first
stopping the hydrogen flow and then adding an O, flow to the fiuorocarbon flow for a
time period of between about 5 and 30 seconds. Residual photoresist 62 is then

stripped, preferably by oxygen ashing although, in the alternative, liquid strippers

may be used

It is not necessary to remove the residual ARL 20 after the via is opened.
The residual ARL could be left to become part of the ILD layer or it can be remove
by CMP in a later process step. The final via 64, shown in Fig. 4d, has essentially

vertical sidewalls and cleanly expdses the conductive wiring 54.




The residual ARL could be left to becone part of the ILD |layer or it can be
renove by CMP in a later process step. The final via 64, shown in Fig. 4d,
has essentially vertical sidewalls and cleanly exposes the conductive
wWiring 54. 25 TSMC-02-262 Wile the invention has been particularly shown
and described with reference to the 2peferred enbodi nents thereof, it wll
be understgod by those skilled in the art that various changes in form and
details nag}%%:‘ﬁ&d%ea/vithout departing fromthe spirit and scope of the
invention. Wiile the enbodinments of this invention are directed at the
formation of a via in a dielectric |layer a contact opening to a

senm conduct i ve ¥Yhiledhe invantiondies beea masticrary shawn and deseribedi witlect ri c | ayer
by the nmethods cited w thout departing fromthe concepts therein provided.
26 TSMC- 02reféiendhad thes prdfaired dmbsdinienté\therediod Wil befupkiatsigodiby tissei ng in a
carbon free lowk dielectric |ayer using DUV photolithography conprising:
(a) provi dskifed irfitd &Pthat@hfbus|ENYSsan FEEd HYGiI¥hTdy sk #LBERINhRYEr an

i nsul ative |ayer;
departing from the spirit and scope of the invention. While the embodiments of this
invention are directed at the formation of a via in a dielectric layer a contact opening

to a semiconductive element could also be formed in a low level dielectric layer by

the methods cited without departing from the concepts therein provided.




(b) forming a lowk dielectric |ayer over said conductive wiring el enent;
(c) depositing a carbon deficient silicon oxycarbide ARL over said | owk
dielectric |ayer whereby carbon deficiency is acconplished by introducing
hydrogen during said depositing thereby establishing a quantity of Si-H
bonding. in place of Si-C bonding in said ARL; (d) patterning a DU

phot oresi st | ayer over said ARL to d%fine sai d opening; (e) etching said
ARL in said opening thereby exposing Said 1owk dielectric | ayer; and (f)
et ching sgisa@opassed | ow-k dielectric |ayer, thereby exposing said
conductive wring elenent in said opening. 2. The nmethod of claim!]
wherein said lowk dielectric layer is a spin-on-glass, a siloxane, an
aer ogel , §Viwatds omirhs@squi oxane or a xerogel. 3. The nethod of claim1
wherein an etch stop layer is deposited between said conductive wring

el ement and said lowk dielectric layer. 4. The nethod of claim4 wherein
said etch stop layer is silicon nitride, silicon 27 TSMC-02-262 oxynitride,

gir | ?ng‘ gx mC Iﬁjbegrg%d ?ﬂ‘zﬁc—)r i ng%h%%%n%fg iﬁlaaéé%&n %8%8\1& &3’3%&?0815%)%5%5 b&i\/ent
photolithography comprising:

(@)  providing a silicon wafer having a conductive wiring element over an insulative
layer,

(b) forming a low-k dielectric Iayer over said conductive wiring element;

(c)  depositing a carbon deficient silicon oxycarbide ARL over said low-k dielectric
layer whereby carbon deficiency is accomplished by introducing hydrogen
during said depositing thereby establishing a quantity of Si-H bonding in place
of Si-C bonding in said ARL;

(d) patterning a DUV photoresist layer over said ARL to define said opening;

(e)  etching said ARL in said opening thereby exposing said low-k dielectric layer;
and

) etching said exposed low-k dielectric layer, thereby exposing said conductive

wiring element in said opening.

2. The method of claim 1 wherein said low-k dielectric layer is a spin-on-glass, a

sitoxane, an aerogel, a hydrosilsesquioxane or a xerogel.

3. The method of claim 1 wherein an etch stop layer is deposited between said

conductive wiring element and $aid low-k dielectric layer.

4. The method of claim 4 wherein said etch stop layer is silicon nitride, silicon



deposited by PECVD at a substrate tenperature of between about 100 and 400C
in an anbient containing SiH4 at a flow rate of between about 10 and
10,000 SsCCM (02 at a flow rate of between about 10 and 10, 000 SCCM
hydrogen at a flow rate of between about 10 and 10,000 SCCM and a helium
carrier gas flowng at a rate of bet2®en about 0 and 10, 000 SCCM adj ust ed
to maintain_a chanber pressure of between about 1 mlorr and 100 Torr. 6.
The net hod 'oMet%484 wherein said etchi ng of said exposed |owk dielectric
| ayer is acconplished by high density plasma etching in a plasm cont aini ng
a fluorocarbon in a carrier gas of helium 7. The nethod of claim1
wher ei n sai (PYPHTde PrigdraindBrP¥@e. opening or a via opening. 8. A method
for form ng an opening in a carbon containing lowk dielectric |ayer using
DUV photol it hography conprising: (a) providing a silicon wafer having a
conductive wiring element over an insulative layer; (b) formng a carbon
cont ai ni ng 9w Rhedimdtbad of claimylevheresr saidicdrbmordifictant silisom iorgea2Bide ARL is
TSMC- 02- 262 el enent ;

deposited by PECVD at a substrate temperature of between about 100 and 400°C in

an ambient containing SiH, at a flow rate of between about 10 and 10,000 SCCM,
CO, at a flow rate of between about 10 and 10,000 SCCM, hydrogen at a flow rate of
between about 10 and 10,000 SCCM, and a helium carrier gas flowing at a rate of
between about 0 and 10,000 SCCM aqjusted to maintain a chamber pressuré of

between about 1 mTorr and 100 Torr.

6. The method of claim 1 wherein said etching of said exposed low-k dielectric
layer is accomplished by high density ptasma etching in a plasma containing a

fluorocarbon in a carrier gas of helium.

7. The method of claim 1 wherein said opening is a contact opening or a via

opening.

8. A method for forming an opening in a carbon containing low-k dielectric layer

using DUV photolithography comprising: |

(a)  providing a silicon wafer "having a conductive wiring element over an insulative
layer:

(b)  forming a carbon containing low-k dielectric layer over said conductive wiring



(c) depositing a carbon deficient silicon oxycarbide ARL over said carbon
containing lowk dielectric |ayer whereby carbon deficiency is acconplished
by introducing hydrogen during said depositing thereby establishing a
gquantity of Si-H bonding in place of Si-C bonding in said ARL; (d)
patterning a DUV photoresist |ayer ov@8 said ARL to define said opening;
(e) etchin% said ARL in said opening thereby exposing said carbon

cont ai ni ng TPME-0R-282el ectric | ayer; and (f) etching said exposed carbon
containing lowk dielectric layer in at |east the occasional presence of
hydr ogen, thereby exposing said conductive wiring elenment in said opening.
9. The net hod of ey 8 wherei n sai d carbon containing |lowk dielectric

| ayer is an aryl polysilsesquioxane, an al kyl polysil sesqui oxane, or an
organosi | i cét)e gHepssitidda cahmomedfloomht aflicoh akyeBbideekRL wvansait chrtsinop | ayer
i s deposited between said conductive wiring elenent and said | owk

di el ectric | ayer codthinifigRwiedisectat [ayepivieidbyvdeb e aeﬁ@tbﬂc)eﬂsfé@o@mﬁnsﬂeww

is silicon nitride, silicon oxynitride, or alum num oxide. 12. The met hod

_(I)_fs NE' gizfnzgzmer eirfirovatihgIideedrf@irrg S8 d8hbsiGRNMHOFYSREHaBRsHR- altiadBty of
Si-H bonding in place of Si-C bonding in said ARL;
(d)  patterning a DUV photoresist layer over said ARL to define said opening;
(e)  etching said ARL in said opening thereby exposing said carbon containing low-
k dielectric ayer; and
(f) etching said exposed carbon containing iow-k dielectric layer in at least the

occasional presence of hydrogen, thereby exposing said conductive wiring

element in said opening.

8. The method of claim 8 wherein said carbon containing low-k dielectric layer is an

aryl polysilsesquioxane, an alkyl polysilsesquioxane, or an organosilicate glass.

10.  The method of claim 8 wherein an etch stop layer is deposited between said

conductive wiring element and said low-k dielectric layer.

11. The method of claim 10 wherein said etch stop layer is silicon nitride,v silicon

oxynitride, or aluminum oxide.

12 The method of claim 8 wherein said carbon deficient silicon oxycarbide ARL is



deposited by PECVD at a substrate tenperature of between about 100 and 400C
in an anbient containing SiH4 at a flow rate of between about 10 and
10,000 SsCCM (02 at a flow rate of between about 10 and 10, 000 SCCM
hydrogen at a flow rate of between about 10 and 10,000 SCCM and a helium
carrier gas flowng at a rate of bet2#en about 0 and 10, 000 SCCM adj ust ed
to maintain a chanber pressure of between about | mlorr and 100 Torr. 13.
The met holSHC-82-2Pf 8 wherein said etchi ng of said exposed carbon
containing lowk dielectric layer is acconplished by high density. plasna

etching in a plasma _containing a fluorocarbon and hydro t hod
of ¢l ai m 1depeitesiny RECHDIR) & Bisial eaIREahe P%béla/ﬁaxabgg‘ﬁio%éf‘? ﬁ‘éaf‘%g’?
entire said etching of said exposed carbon contaipin OW- iel iC
| ayer. 15. afteenbientnotaining|SiHnaba fiandsais of @SN@QWQ‘P‘&J&@@‘N %ﬁ’?@rﬁé‘?‘em ly
present in said plasma during said etching of said exposed car bgn
cont ai ni ng Otk fitivetate of betwespeabout 60 andel ;RAGSECH, dsegRBalMERYHeLli d
opening is a contact opening or a via opening. ‘
between about 10 and 10,000 SCCM, and a helium carrier gas flowing at a rate of
between about 0 and 10,000 SCCM adjusted to maintain a chamber pressure of

between about 1 mTorr and 100 Torr.

13. The method of claim 8 wherein said etching of said exposed carbon containing
low-k dielectric layer is accomplished by high density plasma etching in a plasma

containing a fluorocarbon and hydrogen.

14. The method of claim 13 wherein said hydrogen is present in said plasma during

the entire said etching of said exposed carbon containing low-k dielectric layer.

15.  The method of claim 13 wherein said hydrogen is intermittently present in said

plasma during said etching of said exposed carbon containing low-k dielectric layer.

16. The method of claim 8 wherein said opening is a contact opening or a via

opening.



