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reduction in the dimensions of the integrated circuit components.

[0003] As the dimensions of the integrated circuit components are reduced
(e.g. sub-micron dimensions), the materials used to fabricate such components
contribute to their electrical performance. For example, metal interconnects with
low resistance (e.g., copper and aluminum) provide conductive paths between
the components on integrated circuits.

[0004] . Typically, the metal interconnects are electrically isolated from each
other by a dielectric bulk insulating material. When the distance between
adjacent mefal interconnects and/or the thickness of the dielectric bulk
insulating material has sub-micron dimensions, capacitive coupling potentially
occurs between such interconnects. Capacitive coupling between adjacent
metal interconnects may cause cross talk and/or resistance-capacitance (RC)
delay which degrades the overall performance of the integrated circuit.

[0005] In order to minimize capacitive coupling between adjacent metal
interconnects, low dielectric constant bulk insulating materiais (e.g., dielectric
constants less than about 4.0) are needed. Examples of low dielectric constant

bulk insulating materials include silicon dioxide (SiO,), silicate glass,



[0005] In order to mnimze capacitive coupling
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constants | ess than about 4.0) are needed. Exanples of
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include silicon dioxide (SiQ2) , silicate
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underlying dielectric barrier layer 106 are stacked on another previously formed
interconnect with a conductive layer 104 embedded in another dielectric bulk
insulating layer 102. As a via/trench etching process is completed and a
via/trench 110 is defined on the dielectric bulk insulating layer 108, the exposed
dielectric barrier layer 106 defined by the via/trench 110 is subsequently
removed to expose the underlying conductive layer 104 so that the following
deposited conductive layer 116 can be connected and jointed therethrough, as
shown in Figure 1B. However, the similarity of the selected materials of the bulk
insulating layer 108 and dielectric barrier layer 106 results in similar etch
properties therebetween, thereby causing poor selectivity during etching. As
shown in Figure 1C, as the dielectric barrier layer 106 is etched, the dielectric
bulk insulating layer 108 may be attacked simultaneously by the reactive
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via/trench 110 is defined on the dielectric bulk
i nsul ating |layer 108, the exposed dielectric barrier
wo 2002109505 defined by the via/trench 110 is  PCT/US2007/064141

subsequently renoved to expose the underlying
conductive layer 104 so that the follow ng deposited
conductive |l ayer 116 can be connected and jointed
therethrough as shown in Figure 1B. However, the

sel ect ed terials of the.bulk
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112 during etching of the dielectric barrier [ayer 106
due to poor selectivity to the dielectric bulk
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are prOV|ded in the present invention. In one

dastaterdiaving ardomien fair aetliglscliic dadiien deari expraed grough a
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ectr ["ayer expos
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gas mi xture containin as |ntothereactor and

'@Y%’Pﬁ?‘%dt"ﬁ’é’ OdhsHelepbict g‘?‘ﬂ'ﬁ insulating 1Ayt ectric barrier
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5‘@‘5?? ere%hrho%\élhng di elre)g{nc blle lnsﬁalatmée IIae)S:etrrllnCa brgzracr:tor flowing a
gas mixture containing Ho gas and a fluorine containing gas into the reactor,
and etching the exposed portion of the dielectric barrier layer in a presence of a
plasma formed from the gas mixture.

[0011] In yet another embodiment, a method for etching a dielectric barrier
layer includes providing a substrate having a portion of a dielectric barrier layer
exposed through a dielectric bulk insulating layer in a reactor, wherein the
dielectric barrier layer is a carbon containing silicon film, flowing a gas mixture
containing Hy gas, a fluorine containing gas and at least one insert gas into the
reactor, and etching the exposed portion of the dielectric layer selectively to the

dielectric bulk insulating layer.



exposed therethrough a dielectric bulk insulating
|l ayer in a reactor, flowng a gas m xture contai ning

woi200gas9sand a fl uorine containing gas into thePCEHES100T/064141

and etching the exposed portion of the dielectric
barrier layer in a presence of a plasma formed from
the gas m xture. [001 1] In yet another enbodinent, a
nmet hod for etching a dielectric barrier |ayer includes

LG i rtion of a dielectric
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[0017] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements and features of one embodiment may
be beneficially incorporated in other embodiments without further recitation.
[0018] It is to be noted, however, that the appended drawings illustrate only
exemplary embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally effective

embodiments.

DETAILED DESCRIPTION

[0019] Embodiments of the present invention include methods for etching a
dielectric barrier layer with high selectivity to a dielectric bulk insulating layer.
The methods preserve the profile and dimension of the features formed on a
substrate with selectively etching the dielectric barrier layer substantially without
attacking the adjacent dielectric bulk insulating layer and/or underlying
conductive layer and dielectric bulk insulating layer. The high etching selectivity
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[0017] To facilitate understanding, identical
reference nuneral s have been used, where possible, to
waele®rgomte i dentical el ements that are comopn POT/UB®07/064141
figures. It is contenplated that elenents and features
of one enbodi nent may be beneficially incorporated in
ot her enbodi nents without further recitation. [0018]
is to be not ed, hovvever that the appended draw ngs
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Figure 2 depicts a schematic, cross-sectional diagram
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%‘ﬁ’&%ﬁ?&‘?ﬂfﬁ ?%é’?s';‘?ﬂ%*@?ﬁgﬁ%@? T Aareen, “'l\%p?'?é‘&wed "

m/@fﬁmuﬁ awall 230.Santa Cl ara, California.

[‘;())355 "pITWeeéh trrh@éd% lsdé"ﬂ ybéb&unﬂa\%ersg,%{e@aﬁ rgf)ﬁél%ﬁ tﬂ%ugh a

r6cess desclhibe er el n € per

thtattie vahet 2273 to am‘e{dmﬂlinm@uh’(mszTWcﬁhhﬂer wall 230 is connected
manuf act urers. In one enbodi nent, the reactor

1969 PREITFaLG NGk b /s RHoa e SOIREL e EhaaTRiATOe cover
thBamRs or@lfaczdOof ThE W AIPEEAE! UTRe Aindr 83 £ hadRG ) Sty self-

cleaning capabilities of the chamber 210, so that byproducts and residues
deposited on the liner 231 can be readily removed from the liner 231.

[0023] The process chamber 210 also includes a support pedestal 216 and a
showerhead 232. The support pedestal 216 is disposed below the showerhead
232 in a spaced-apart relation. The support pedestal 216 may include an
electrostatic chuck 226 for retaining a substrate 200 during processing. Power
to the electrostatic chuck 226 is controlled by a DC power supply 220.

[0024] The support pedestal 216 is coupled to a radio frequency (RF) bias
power source 222 through a matching network 224. The bias power source 222
is generally capable of producing an RF signal having a tunable frequency of
from about 50 kHz to about 60 MHz and a bias power of about 0 to 5,000 Watts.
Optionally, the bias power source 222 may be a DC or pulsed DC source.
[0025] The temperature of the substrate 200 supported on the support

pedestal 216 is at least partially controlled by regulating the temperature of the
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230 is controlled using liquid-containing conduits

(not shown) that are | ocated in and/or around the wall
wWQ3®7/106B022] The chanber 210 is a hi gh vacuum REBE81007/064141
that is coupled through a throttle valve 227 to a

vacuum punp 236. The chanber wall 230 is connected to

an electrical ground 234. Aliner 231 is disposed in

the chanber 2 10 to cover the interior surfaces of the

| | 23 231, f I
Sk Bkt E1uBiane SabogimeRe tish bt peflestab 216 dpcludes a
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be readlly renoved fromthe 1 ner 231
lpr additien c Rab@eltsidel gasl suchnas hedgma( fsle:)pgas,t ppmm &lom a gas

22 by BRI tnd iEenddl SYBRHY nBGisERfe ik b of e

$lsilate® ROO HAE GTHPRES IndISHBWNR fordidd imBlieistigtabd Q)f ame electrostatic
el ectrostatic chuck 226 for retaining a substrate 200

@Mkn%?ﬁbr dheskagkgiderbipegas pravidespiglantdweat itanstaidietween the
et slt51 598 g;[rﬂi ltr?éj Ze?%)sﬁa%c 200 he> 8%%'[%3%%8' (f"LLPCQ(Z ﬁbg ngy also
pport pede 0 y

coupledto a ra requen

icBopdela assu@tmaehe@tem(m éiﬂﬁm)hmughha dhRick odly toeieMrtke chuck
224. The bias power source 222 is generally capable of

%%e%n%ar%eswgsifgﬁa? emRadigent, tﬂemaab@ratpe?&%ﬁ@alafalned ata
f

e AAERY b BOtih A B i o e DARIBE ST ©

[f026T e T2 Bhgwbm%dDQSBrlspmc&mde(ibsaMrd:éNS[ 002b¢ ﬂ?oeessmg

ERSH s Bl ok et Ul SAIELLE S ) s showr

@f.@%%%&%b%éﬁé%%@%@ affl thBQEJQPS’r tTrEée‘él.ﬁé\‘}v@Fhead 232

. I'n one enbodi nent, the support pedestal
lnnlodaslasplaramobf hglepltatadalo(/mnse@rwmweldawthg pdmmmétoa;n the gas

for the |nforflovv| C t.. Iln addjtion

i e gt e ek HrobeSyah et 20 Hhe nofheJithe sPPmsihepd 222
reag tfeoufr@ﬁgaéfin différenprzeMes @fichthat GRS has8s TRASISS released
bet ween the back side of the substrate 200 and grooves

intectheghamberiddnwith differeet wilumabric figw ratesel ectrostati c
L S e e
pOKimalte eherets s esipéd to ahlRK sgdfcepywél 318 through an impedance
transformer 219 (e.g., a quarter wavelength matching stub). The RF source
power 218 is generally capable of producing an RF signal having a tunable
frequency of about 160 MHz and a source power of about 0 to 5,000 Watts.
[0028] The reactor 202 may also include one or more coil segments or
magnets 212 positioned exterior to the chamber wall 230, near the chamber lid
213. Power to the coil segment(s) 212 is controlled by a DC power source or a
low-frequency AC power source 254.

[0029] During substrate processing, gas pressure within the interior of the
chamber 210 is controlled using the gas panel 238 and the throttle valve 227.
In one embodiment, the gas pressure within the interior of the chamber 210 is
maintained at about 0.1 to 999 mTorr.

[0030] A controller 240, including a central processing unit (CPU) 244, a
memory 242, and support circuits 246, is coupled to the various components of
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include a resistive heater (not shown) within the

chuck body to heat the chuck 226 during processing. In
woep@7asedseri ment, the substrate 200 is maintai NECT/E$2087/064141

tenperature of between about 10 to about 500 degrees

Cel sius. [0026] The showerhead 232 is nounted to a lid

213 of the processing chanber 210. A gas panel 238 is

fluidly coupled to a plenum (not shown) defined

et ad 232 t [
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aerpRermeaene G2AMeyreied ey arayearyi (RQMY.filappitdisto hagd sligh or any

oG (o SEuBrdraRaEtealef RUFORTR hardadOfaha sy iy 244. The

Sispet hﬁaﬂtsm ardéeupled tol e CRY) eattfodsu@diting the CPU 244 in
positioned proximate thereto is coupled to an RF

§ Anvenfionalr manBer. h egh cAUitsr gk @achan pPBeIEppligs, clock
difoufts; lrfg)u%ﬁﬁéﬁ fg\é’ﬁ’f&l mEUP%&%ggpéttg?)hkeTﬁesﬁFware routine

source power I's’genera cap produci ng an
6Fa sedesibf program iastrustoinks estdreedo ene ynerhogti g, witeh ékécuted by

PR 5 Q%P%Q%Ofé%?%ééﬁ%ngggr% 25203 %he prosent

POgREIH.s or magnets 212 positioned exterior to the
chamber wall 230, near the chanber |id 213. Power to
f0831¢ oi IHg;ﬂfgrﬁaﬂth&QhM0h3 exentplayl Mfiggaraiidbmfpwmus types of

e f
STl AL G bEe e, T HH8che 366 BvaRtn- 1 Tesfe brample,
diffe RSt YYpef oft %r@@?@h@r a%%loolia§ po®k cah! Rdcoishiag u‘itBQhe plasma

as panel 238 and the throttle valve 227. 1n one
g‘rmmrnwﬂg dlfﬁ@re@wogpkemm@chmsm& tlb‘@ng riiadln ithe ssrurce power

RSl PRI AR Bty o = s

wlegessii thg dsubstratCRidh rRépectatombensids@é?2, lnamnétaqmbanons the
circuits 246, is coupled to the various conponents

SAURR POMEELBRY DOD b@dw%ctqd apd ttiae plrama|is ghaiptained solely by the
t@ﬁgi)%%‘?s e Eggn%r 'E{'é/ 4N Bgtérﬁ’f&ncéa%ﬁ 'm%%n&ﬁzzﬂérlarépphed
a ran m

ny conput r-rea a medium suc
to the vacuum chamber using electromagnets driven with a low frequency (e.g.,

0.1-0.5 Hertz) AC current source or a DC source. In other applications, the
plasma may be generated in a different chamber from the one in which the
substrate is located, e.g., remote plasma source, and the plasma subsequently
guided into the chamber using techniques known in the ant.

[0032] Figure 3 illustrates a flow diagram of one embodiment of a dielectric
barrier layer removal process 300 according to one embodiment of the
invention. Figures 4A-4B are schematic cross-sectional views illustrating the
sequence of the dielectrié barrier layer removal process 300. The process 300
may be stored in memory 242 as instructions that executed by the controller
240 to cause the process 300 to be performed in the reactor 202.

[0033] The process 300 begins at step 302 by providing a substrate 400
having a dielectric barrier layer in an interconnect structure in the reactor 202. A
dielectric stack 412, as shown in Figure 4A, is disposed on a layer 402 having
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access nenory (RAM, read only nenory (ROV), fl oppy
di sk, hard disk, or any other formof digital storage,

wo omalowse2 renote to the reactor 202 or CPU 244pCTs2007/064141
support circuits 246 are coupled to the CPU 244 for
supporting the CPU 244 in a conventional manner. These
circuits include cache, power supplies, clock
circuits, input/output ci rcuitry and subsystens, and

S A Bt i By T

Bitlddife Gthbikdt2 GRUSESs tdQisIBRFIObukOhdufat fléélf a0s over a

etch process of the present invention. [003 ure
dtellqct@mmnembiyekema otk ytranehvig ut 1 ia)ﬁormed/m |ﬂ@@¢lelectrlc bulk

t th d t ractice
RERTRG e BieE To8 e danir oA, G Bractst. Sflgricas dua
gamREcems chirisg PeydissC a ope srabpdiatertNthe tikfedi@Biik insulating
chamber usi ngI different couplin nmechani sms. Usin
sliele

layen408ds gcligleetriganateriahbaving agliglecigrensiantdess than 4.0 (low-k
RFRAT ek, AL cPlie@eb AT Bt 2R i sifcon

bxidesBIQOR| swoki aQrBLACKeDWMOMD Méctﬁaymatﬁnabavallable from
needed and the plasma is maintained solely by the bias

BRked Matrrials, Jgkm ageiderlowsn paunﬁfﬁaﬁ%baeopo'aam'des
qugg?t | erld efh béﬁ%rtl%ﬁérnﬁ?é’ A& %“&.%fé%fﬁ@%@%éﬁtg%f_ gbout 5.5

romagnets ven Wi t requency
o0.l&sddem z@neb\@nmnmmeht sthe cielectrie D&rmwulayer 406 d$ harcarbon

SRt sERA i (A RETe0 29Pa Fatooreontaiping siligon layer

Isichgcat QF’e Ifked:In th@”@h%o@lrﬁéﬁ’fadéﬁiléfe@em #shirk hea PHRS Welectric
subsequent y gui ded intao-thé chanber using techni ques

karohen ldyer ishe SICN f:lpooﬂssz@nnglﬁ ef Bei dielestricharsienldyleowaterial is
| agkeam of . one bodi f a Jdi ric barrier

L R R R e Jtard AP MEb fiaBE s rent

[Woskhe |Ilﬁ‘\ﬂfi’éS‘telnﬁlﬁ)dn'r_\leﬁtlEjéﬁlc‘ﬂe‘i\)t #PFRjure s aRBdiSlectric stack 410 is

cross-sectional views illustrating the sequence of the

eficbpd dhiqughtalr epening atherebieaelining g isatiye 4BiEH sugheas a trench or
ﬂﬁo?ﬁﬁé O:FQQC h é{ﬂ? ins R f\gdé%br 5\Yer%ﬁg gﬁlectnc barrier layer 406.

ructtons execu contr
A portion of the dielectric bulk insulating Iayer 408 is removed to expose a

surface 414 of the dielectric barrier layer 406. A conductive layer 404 present in
the layer 402 is below the feature 410 formed in the dielectric barrier layer 406.
In one embodiment, the dielectric bulk insulating layer 408 is etched using a
plasma formed from fluorine and carbon. The dielectric bulk insulating layer 408
may' be etched in an etch chamber, such as the reactor 202 described in Figure
2 or other suitable reactor.

[0036] In one embodiment, the etch process may be performed by supplying
carbon and fluorine containing gas, such as carbon tetrafluoride (CF,), at
between about 5 to about 250 sccm, applying a power between about 50 Watt
to about 2000 Watt, maintaining a temperature between about 0 degrees
Celsius to about 50 Celsius, and controlling process pressure between about 5
mTorr to about 200 mTorr into the reactor. In another embodiment, at least a
carrier gas, such as argon (Ar), may also be supplied accompanying with the
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240 to cause the process 300 to be perforned in the
reactor 202. [0033] The process 300 begins at step 302
whyoopnassei ng a substrate 400 having a di el ect P€TUS2007/064141

barrier layer in an interconnect structure in the
reactor 202. A dielectric stack 412, as shown in
Figure 4A, is disposed on a |ayer 402 havi ngat | east
one conductive |layer 404, such as copper line,

di d th he. di t tack 4 | ud
S BBRATY TUgliRe Yondelfing G abeihe kil The ARulegas may be

Q%ﬁlieﬁrbétﬁééﬁ a‘ﬂ;@ﬁt Sé\té BBAGTBO0 3c4i0 is formed in the
diel ectric i nsul ating | ayer 408 by a conventi onal

K03l ng Pgtrsiees%{;)‘l s@cgaSammtum C@thelﬁen 2 @gashisngupplied into the

b
Refir=aon ¢b €08, PRos et sidlp@ef Pamh taferatof safinga by the
I@aﬁir@@tﬂoi feened armtthbeés@lddtw b0 ifdudavirly NEBle@r4G8.SThe H, gas
Exanpl es of suitable materials include
REABAPRYIG HhioAg ralxwr@omom@taéﬁtmmf the tieleglsicBpandrr layer

RE B Tehbedlicd! REL ArBBEA" el Ihb RS LT 8PhAfen and

nmers, Suc

@xrb;mntdapon{anﬁ)l@?:é] tﬁbedrélle&itlé@tbamebaayeremOBathEreb% selectlvely
has a di.el ectr| c const ant c|>f about 5.5 or. less. In on

defrssaroRing the ilelgrisicebarries 1aygT @6 %UQ;‘@"“&&G withoyt etchlng the
%@fek&gﬂ:c iﬂ%ﬂlaﬂﬂ 515 ér°@68| Y %ﬁe(éh@dm%r{&\lgrfeogrﬁgtrwéture may

ope on-cont 4 ng silicon |ayer
ihckige, Ibmlt tld;]modaﬁinmtthm]tnggascaad a ﬁuErllgejrwn@ninghgas Suitable

Shnges, it o815 s il ol b EReR AR e

(\jHF!i eGHaF chlﬁst ¢ a gﬁg\@JF'sa@ g, frnheniRk ﬁrﬂaN@ﬂw@F bﬁ{b%dument
t he enbodi nent depicted in Figure 4A

thlaegaﬁ moemer nmysunalurdezl*j;i)gas; aflobenk containjhg gasapehahlgast one

P SR The el R0 o PR Tlfi 8 RSB0 ayoon gas
(t;ome KElRhe ghki ($1eh ahitiic bxiday NOY Aarbén Rashdade qtd)hautrous oxide
dielectric bulk insulating |ayer 408 is renoved t

(s ©xygetr gaz d Qel4 nBfogehie 988e(Not and ey liker In a@f@bodlments

@&
80 PR B0 008 14 ST cuoning
fracess ithé ggemigfife does oot irtduslane ghsed bmtellrﬁhgaokygem

ulk insulating | ayer 408 is etched usin
ﬂ‘g)e?»ﬁled aﬁ{%n%%w%ep%r@aﬁ%woaw reﬂ%ateﬂ@qe%%ﬁ) dpupile the gas

hieuteat S plidy Fito4R8 etch reactor. In one embodiment, a pressure of the
gas mixture in the etch reactor is regulated between about 10 mTorr to about
200 mTorr, for example, between about 20 mTorr to about 60 mTorr. and the
substrate temperature is maintained between about 0 degrees Celsius and
about 50 degrees Celsius, for example, between about 0 degrees Celsius and
about 25 degrees Celsius.

[0039] At step 306, a plasma is formed from the gas mixture to etch the
exposed dielectric barrier layer 406 and remove the dielectric barrier layer 406
from above the conductive layer 402 defined by the trench 410 in the dielectric
bulk insulating layer 408 on the substrate, as shown in Figure 4B. In one
embodiment, RF source power may be applied at a power of about 100 Watts to
about 800 Watts to provide a plasma from the gas mixture. The H, gas may be

9



may be etched in an etch chanber, such as the reactor
202 described in Figure 2 or other suitable reactor.

WO 0®36995kn one enbodi ment, the etch process naRCTES2007/064141
performed by supplying carbon and fluorine contai ning
gas, such as carbon tetrafluoride (CF4) , at between
about 5 to about 250 seem applying a power between
about 50 Watt to about 2000 WAtt, nmaintaining a

A R R e N
QB@M bSWEEAr dbdil APSsEmAB0aHBIRTE0 sédrR. The fFu%ﬁﬁbeontélﬂmg gas,
anot her enbodi nent, at |east a carrier gas, such

avgibas (AF2, tmy ke Qmwwctabglﬂpwraa@@mp"atﬁy batyvadn about 0 sccm

ISR 0 500 o e SRBEN AP, kit i g sgem- The

Pidetiqgeaaheuth aeoame(n} gh80Ra) bdt pivRIzdAY4 flewdate between about
m xture containing H2 gas is supplied into the reactor

20306® & aboutDR2peBe i opxaraRlerakoud /00 &g 49 @boyb@00 scem.
?Iﬁ 'e@&ﬂng gié]ﬁweiyeﬁé grr&%dzéégﬁ%g{e@g%h BoblE 18] s%c%ﬁag 't{f about 80

K'ins I ng’l ayer acconmpany
g@@ondsxture pronotes etching of the dielectric barr| er

Igé 40&}?b enerating fre hryldro en radjcal s that

Z]E i %tﬁg"\gi P'P&@é% ?‘é} b@ﬁ Wﬂ'@ﬁt%a%fn"ft%a enables

meeh%%crth& bté‘?ﬁér' ye}'%(ﬁsr 16+ @8 sélB@ﬁ\ﬁ—:]W ee%%d Yh¥anner without
ayer

deconposing the di'el ectric barrier
sitdldrag theadjpcentt dralior emdﬂﬂymg dietedliie belktinsdating kayer 408. The

' | at l. 08 ne enbodi nent, the gas :
ARG Seay Rl shestohl SngRc) PreRdave! 405 Sreatanca hioh
Selbbtilaty! foe difstitad Hund |r€b%ﬂ5at|r@Jlaty@P|éﬁ)8eES?'§Er\%$aMQ htydrogen free
fluorine containing gas nmay 1 nclude, but™ not

raglical-rR, mosiBE reagHIWh tbzmltrogsn armmbomdsmamed in the

AR d1E i, NG R B s B i v

Jl(w?deflﬁéc bynger trelﬁtﬂffes 1@ tb e Uhif@ddly Bshde 1hediRs eatbodiment,
roma group consisting of argon gas (Ar), helium gas

Wﬁe‘)eleq%ﬂwtvm ths digdegtipparielrlpyer 4@ bal inaxdpting fayes 498 is at
B B me 8 e et s pr bventi ng the under1ying
[ooadiict iMhe paess 404téhiognthaidielzcing ishuriendpyiehet0d shiempinated
after reaching an endpoint signaling that the underlying conductive layer 404
has been exposed. The endpoint may be determined by any suitable method.
For example, the endpoint may be determined by monitoring optical emissions,
expiration of a predefined time period or by another indicator for determining
that the dielectric barrier layer 406 to be etched has been sufficiently removed.
[0042] Thus, the present invention provides an improved method for etching
a dielectric barrier layer with high selectivity to a dielectric bulk insulating layer.
The method advantageously facilitates the profile and dimension of the features
in an interconnect structure by selectively etching the dielectric barrier layer
defined by the trenches in dielectric bulk insulating layer.

[0043] While the foregoing is directed to embodiments of the present

invention, other and further embodiments of the invention may be devised
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process, the gas m xture does not include any gases
cont ai ni ng oxygen. [0038] Several process paraneters
wae@neget at ed at step 304 while the gas m xt UPET/US2007/064141
supplied into the etch reactor. In one enbodi nent, a
pressure of the gas mxture in the etch reactor is
regul at ed between about 10 niforr to about 200 mTorr,
for exanple betmeen about 20 nforr to about 60 niforr.
aﬁg H 8 te t nperature is #a né ig bet we h ;
qBaAt eHé F‘Qe Okt ?u%a%{ﬁds%’&ﬁ Ygo Qecé?‘%ﬁ%é ereof Is
d&terPRidbeihelghiRehagMey. O degrees Oel sius and about
25 degrees Celsius. [0039] At step 306, a plasma is
formed fromthe gas mxture to etch the exposed
dielectric barrier layer 406 and renove the dielectric
barrier |ayer 406 from above the conductive |ayer 402
defined by the trench 410 in the dielectric bulk
insulating | ayer 408 on the substrate, as shown in
Figure 4B. In one enbodi nent, RF source power may be
applied at a power of about 100 Watts to about 800
Watts to provide a plasma fromthe gas m xture. The H2
gas may beprovided at a flow rate between about 5 seem
to about 100 seem for exanple, about between about 20
seemto about 60 seem The fluorine containing gas,
such as CH2F2, may be provided at a flowrate at a
rate between about 0 seemto about 80 seem for
exanpl e, between about 10 seemto about 30 seem The
insert gas, such as Ar or Q2 gas, may be provided at a
flow rate between about 50 seemto about 500 seem for
exanpl e about 100 seemto about 200 seem The etching
time may be processed at between about 10 seconds to
about 80 seconds. [0040] The etching process with the
H2 gas contai ning gas m xture enables the dielectric
barrier |layer 406 to be selectively etched in a manner
wi t hout attacking the adjacent and/or underlying
dielectric bulk insulating | ayer 408. The etchi ng gas
m xture of etching dielectric barrier |ayer 406
creates a high selectivity to dielectric bulk
insulating |ayer 408 by generating hydrogen free
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radi cals that nostly react wth the nitrogen and

carbon bonds contained in the dielectric barrier |ayer
wa®;7/104522 eby al | owi ng the exposed di el ectric PEF/UE®N7/064141

| ayer 406 defined by the trenches 410 to be uniformy

etched. In one enbodi ment, the selectivity of the

dielectric barrier layer 406 to bulk insulating |ayer

408 is at least 5, for exanple, 15. [0041] The process

ﬁ&ﬁﬁi§2&£85%£§%dielectric barrier |ayer 406 is

1 r reaching an endpoi nt signaling that

t he underlyi ng conductive | ayer 404 has been exposed.

The endpitRbd MRy BRNR) e ndiBRGtRY BHiMes UbyaDli® ARt ®stconnect
For exanple, the endpoint nay be determ ned by

ﬁtﬂ#ﬁtuiﬁmcﬁmnﬁﬁtﬂgcal em ssi ons, exp| rati on of a

et or g Ry A0, Bufy, FOBAEPh, o 4 cPRBLyks tarier taver

Spaiedithrbuhsa Birgectad blikahsulttisg Ismpwed. reé&@#Z] Thus,
the present invention provides an inproved nethod for

et chi ¥ViagH gaertixbEe SRR Ahlpast tle oRS ftgrhe reactor; and
sel ecél‘cﬁ %trﬁege%; el%i 5§hfohcopg{ekdferl%dg lgtrb'gﬂ??rlelﬁgﬁlé sel-ggﬁvely to

met hod acilrt
tﬂiermelfectrrm mjlkir’rwlaﬁm@tlay@rs in an interconnect structure
by selectively etching the dielectric barrier |ayer

defined by the trenches in dielectric bulk insulating

éayer-rhé %ﬁ&)? Wbl‘a@’m‘i NEhERSIS SR BRp! & fRIWIS Er?éjﬂ%Q mixture further

nbodi nent s t he present |nvent|on oth
¢Qﬂﬂﬁﬁﬂsenbod|nents of the i nvention nay be
devi sedw t hoyt art fromthe basic cape tﬂgreofr
and ¢ fvbb b Huered Baptattng GBS 4 e Ry nd 8B, P e BRadnto the
fe@ktgpw. What is clained is: 1. A nethod for etching a
dielectric barrier layer in an interconnect structure,
conpri si ng: providing a substrate having a portion of

3, & che oS, LElpL B SpeRERP 148 2Bt e g, e

farias comptisése containing at least H2 gas into the
reactor; and etching the exposed portion of the

di el lawing ahlaast ene|ingart gaeMie the Bacteh the diel ectric
bul k i nsul ating | ayer.

4. The method of claim 1, wherein the step of flowing the gas mixture
further comprises:

flowing the H. at a flow rate between at 5 sccm to about 100 sccm.

5. The method of claim 1, wherein the step of etching further comprises:
maintaining a process pressure at between about 10 mTorr to about 200
mTorr;
controlling substrate temperature between about 0 degrees Celsius to
about 50 degrees Celsius; and

applying a plasma power between about 100 Watts to about 800 Watts.

12



2. The method of claim1, wherein the step of flow ng

the gas m xture further conprises: flowing a fluorine

W@ oradsseng gas acconpanying with the H2 gas i PCDUSIN@7/064141
reactor. 3. The nethod of claim1, wherein the step of
flowi ng the gas m xture further conprises: flow ng at

| east one insert gas into the reactor. 4. The nethod

of claim1, wherein the step of flow ng the gas

xt urth . f.l t he,H2. at fl.ow ..
Pur e BBeutehtfior TR o7 lionain e Bk SEufNird a Jygrife containing
g8 hgﬂ».épfcoﬁi@s@gl wherein the step of etching further
conpri ses: maintaining a process pressure at between

about flawingrher fluering sontaitiogngas et a dew sitki brjween at about 0
éﬁ}ﬁ%g@g% g&ﬁture bet ween about 0O degrees Cel sius

o abou degrees Cel sius; and applying a plasma
power between about 100 Watts to about 800 Watts. 6.

The nethod of claim 2, wherein the step of fl ow ng
71 uor 1 i "eetfed ofi dlainy s wfaﬁrﬁﬁbrhecﬂwn%égntaﬂmewg@ Ehgelected

g O G I B S P i m

-2, wherein the fluorine containing gas is sel ected

6ra io0 ExPBoTN ORI AORBITRAS S PRV & fiaefegas further

SérRpPri&ds:fl owi ng an insert gas further conprises:

flowng the insert gas at a rate between at 50 seemto
about flagiogdbe insest gathat aratedittoterlahbhsecm tohabyarit S00MsEcm.
insert gas is selected froma group consisting of Ar,

2, CO NO N2O He and N2.

9. The method of claim 3, wherein the insert gas is selected from a group

consisting of Ar, O,, CO, NO, N.O, He and No.

10.  The method of claim 1, wherein the dielectric barrier layer has a dielectric
‘constant less than 5.5, and the dielectric insulating layer has a dielectric

constant less then 4.

11.  The method of claim 1, wherein the dielectric layer is a carbon containing

silicon film.

12.  The method of claim 1, further comprising:
removing the exposéd dielectric barrier layer; and
exposing an underlying conductive layer disposed below the dielectric

barrier layer on the substrate.

13. A method for etching a dielectric barrier layer in an interconnect
structure, comprising:
providing a substrate having a portion of a dielectric barrier layer

exposed therethrough a dielectric bulk insulating layer in a reactor;
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10. The nmethod of claim 1, wherein the dielectric
barrier layer has a dielectric constant |ess than 5.5,
w@ea7tbes2i el ectric insulating | ayer has a di eP@DUS$1007/064141
constant |less then 4. 11. The nethod of claiml1,
wherein the dielectric layer is a carbon containing
silicon film 12. The nmethod of claim1, further
conprising renmoving the exposed dielectric barrier
er; and exposi an under | conducti ve
o Spolleinga B8y THRtes Couiaining Hsdhsia 3 dyaie FoxRining gas into
febehbeRfreand 3. A nethod for etching a dielectric
barrier layer in an interconnect structure,
C on‘pr etehing: thprexmded g)oatlwubfsmeai!elenml bagnar laget inom pogsence of

gqel e trrl arr ’?( exposed therethrough a
%hp N 981 glﬂaﬁt I|’§B"rf3ayer in a reactor;flow ng
a gas mxture contal ning H2 gas and a f1 uorine

cont ai_ni ng t%las into the reactor; and etching the ]
#pos Bae ppethiognobelaimel 3 wherain ithe baiep i afr flowsipgr thengas mixture

pl asma fornmed fromthe gas m xture. 14.
@”%%?%ﬁ‘gﬁ %% claim 13, wherein the step of flow ng

t he giewingxhetydiegdrngas ¢t 5 fiew rateobegdmat about 5 sccm to
hydro%&n gas (H2) at a flow rate between at about 5
eHitaNtHo seem and flowing fluorine

t t ;
o abirngRETnBlodfudinl S&L & SRR, Bhufaghhy Ao becm to
abutBOegrooi. 1 ow ng the gas m xture further conpri ses:

flow ng at | east one insert gas into the reactor,
wherein the insert gas is flowed at a flowrate

Pet Wepe ghethBAUS SRR SR WAcAROYhe N HMBwing the gas mixture
further comprises:
flowing at least one insert gas into the reactor, wherein the insert gas is

flowed at a flow rate between at about 50 sccm to about 500 sccm.

16.  The method of claim 13, wherein the fluorine containing gas is selected

from a group consisting of CH.F,, CHF3, CH3F, CoFg, CF4 and CsFg.

17.  The method of claim 15, wherein the insert gas is selected from a group
consisting of Ar, O,, CO, NO, N,O, He and No.

18.  The method of claim 13, wherein the step of flowing a gas mixture further
comprises:

maintaining a process pressure at between about 10 mTorr to about 200
mTorr;

controlling substrate temperature between about 0 degree Celsius to
about 50 degree Celsius; and

applying a plasma at between about 100 Watts to about 800 Watts.
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16. The nmethod of claim 13, wherein the fluorine
containing gas is selected froma group consisting of
W@ERRDF2095CHF3, CH3F, C F6, CF4 and C3F8. 17. TheCTEs1v0T064141
of claim 15, wherein the insert gas is selected froma
group consisting of Ar, @2, CO NO N2O He and N2.

18. The nethod of claim 13, wherein the step of

flow ng a gas m xture further conprises: naintaining a

rocess pressure at between abqut 10 m[orr. to aboyt
590 nios rme b1 ¢laiAy StubwheERB W@nﬁ@]‘%ﬁtﬂ? HyBendarer has a
BRI Oc SR R9eSElBius st 0 about 50 degree Cel sius; and

applying a plasma at between about 100 Watts to about
300 Vhhe snathod Tieclamt h3dwberaih dhendidechikeragtiar tayer is a carbon

dcigﬁl ect ri.F ba{.'ri er |ayer has a dielectric constant
FHLRIMNEHNEEND0. The met hod of claim 13, wherein the

dielectric barrier layer is a carbon contai ning

silicon film 2 1. A nethod for etching a dielectric
Dhrrifr meiyed fon eiching & cdialestiic darien dayer in an interconnect
c,(agﬁqrriesi nﬁ]: iglrovi ding a substrate having a portion of

A G COTIPESNS i er | ayer exposed through a

di el g_ﬂbﬁxid!in@_té ksubatrateathaVehd 3y Sportibn aof eaddidiectrieh ®afidr layer
the dielectric barrier layer is a carbon containing )
eXnasednttrough & (disieetyc byl singulating dagemimianierpten Wagrein the

Releb i betel BF e e B e Pl S B B o on O

reac a xposed portion of

t he dimliagta gas hiytere sehtairihy ¢l,ygdso at fieoritieet@taining gas and at
bul k insulating |layer. 22. The nethod of claim2 1,
Igask @isinsRE gasdptognerea@ion@nd gas ni xture further

C0"prétgﬁ@gemeo‘@xgg%%c‘tﬁepldgﬁoﬁa& He didibAWC' AYEr RSINESElY to the

about mto
dielectric bulk insulating layer.

22. The method of claim 21, wherein the step of flowing a gas mixture further
comprises:

flowing the H, gas at a flow rate between about 5 sccm to about 100
sccm;

flowing the fluorine containing gas at a rate between about 0 sccm to
about 80 sccm, wherein the fluorine containing gas is selected from a group
consisting of CH.F,, CHF3, CH3F, CoFg, CF4 and CsFg; and |

flowing the insert gas at a flow rate between about 50 sccm to 500 sccm,
wherein the insert gas is selected from a group consisting Ar, O,, CO, NO, N0,
He and Ns.

23. The method of claim 21, wherein the step of flowing the gas mixture

further comprises:

maintaining a process' pressure at between about 10 mTorr to about 200

mTorr;
controlling substrate temperature between about 0 degrees Celsius to

about 50 degrees Celsius; and
15



seem flow ng the fluorine containing gas at a rate
bet ween about 0 seemto about 80 seem wherein the
wo baanogse2 cont ai ning gas is selected froma grpOpPUS2007/064141

consi sting of CH2F2, CHF3, CH3F, C2F6, CF4 and C3F8;

and flowng the insert gas at a flow rate between

about 50 seemto 500 seem wherein the insert gas is

selected fron1a group consisting Ar, @2, CO NO N2O
od of cl 1, wherein t

e o F g g ST e o b s K Bk Wt

mai ntai ni ng a process pressure at between about 10

nrorr to about 200 mTorr; controlling substrate

tenperature between about O degrees Cel sius to about

50 degrees Cel sius; andapplying a plasm at between

about 100 Watts to about 800 Watts.
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