METHODS FOR ETCHI NG A DI ELECTRI C BARRI ER LAYER W TH HI GH SELECTIVI TY
BACKGROUND OF THE | NVENTION Field of the Invention [0001] The present
I nvention generally relates to sem conductor processing technol ogies
and, nore specifically, to a method for etching a dielectric barrier
| ayer with high selectivity to a dielectric bulk insulating |ayer in
sem conduct owgvoesss Nng. Description of the Rel at ed Awt/usz007/v64141
[0002] Integrated circuits have evolved into conpl ex devices that can
include mllions of conponents (e.g., transistors, capacitors and
resistors) on a single chip. The evolution of chip designs
continually requires faster circuitry and greater circuit density.
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[0002] Integrated circuits have evelved into complex devices that can include
millions of components (e.g., transistors, capacitors and resistors) on a single
chip. The evolution of chip designs centinually requires faster circuitry and
greater circuit density. The demands for greater circuit density necessitate a
reduction in the dimensions of the integrated circuit components.

[0003] As the dimensions of the integrated circuit compenents 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 aiuminum) 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 m’eial 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 materials (e.g., dielectric
constants less than about 4.0} are needed. Examples of low dielectric constant

bulk insulating materials include silicon dioxide (Si0Q.), silicate glass,



i nterconnects, |ow dielectric constant bulk insulating naterials
(e.g., dielectric constants | ess than about 4.0) are needed. Exanples
of low dielectric constant bulk insulating materials include silicon
di oxide (Si02), silicate glass, fluorosilicate glass (FSG, and
carbon doped silicon oxide (Si0C), anpong others. [0006]1In addition, a
di el ectric bavoicenodsayer often separates the netal intrerwsno@eiis: from
the dielectric bulk insulating materials. The dielectric barrier

| ayer mnimzes the diffusion of the netal into the dielectric bulk
insulating material. Diffusion of the metal into the dielectric bulk
insulating material is undesirable because such diffusion can affect
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[0007] Some integrated circuit components include multilevel interconnect
structures (e.g., dual damascene structures). Multilevel interconnect structures
can have two or more bulk insulating layers, low dielectric barrier layers, and
metal layers stacked on top of one another. As an exemplary dual damascene
structure shown in Figure 1A, a dielectric bulk insulating layer 108 with an
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 viaftrench 110 is subsequently
removed to expose the underlying conductive layer 104 so that the following
deposited conductive layer 116 can be connected and jointed thersthrough, 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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i nsul ating | ayer

102. As a vial/trench etching process is conpleted

and a via/trench 110 is defined on the dielectric bulk insulating
| ayer 108, the exposed dielectric barrier |ayer 106 defined by the
via/trench 110 is subsequently renoved to expose the underlying

conductive | ayer

104 so that the foll ow ng deposited conductive | ayer

116 can be ceovometmwgzand joi nted therethrough, as showartiusebiogiie 1B.

However ,

the simlarity of the selected materials of the bul k

insulating |ayer 108 and dielectric barrier layer 106 results in
simlar etch properties therebetween, thereby causing poor
selectivity during etching. As shown in Figure 1C, as the dielectric
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layer 104 is not aligned with the trench opening 110, as shown in Figure 1D, the
underlying dielectric bulk insulating layer 102 may be attacked 112 during
etching of the dielectric barrier layer 106 due to poor selectivity to the dielectric
bulk insulating layer 102.

[0008] Therefore, there is a need for a method of etching a dielectric barrier

layer with high selectivity to a dielectric bulk insulating layer.

SUMMARY OF THE INVENTION

[0009] Methods for etching a dielectric barrier layer with high selectivity to a
dielectric bulk insulating layer are provided in the present invention. In one
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, flowing a gas mixture containing Hs
gas into the reactor, and etching the exposed portion of the dielectric barrier
layer selectively to the dielectric bulk insulating layer.

[0010] In another embodiment, a method for etching a dielectric barrier layer
includes providing a substrate having a portion of a dielectric barrier layer
exposed therethrough a dielectric bulk insulating iayer in a reactor, flowing a
gas mixtu‘re containing H> 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 pontion 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 Hz 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.



etchant species, resulting in non-uniformty or tapered profile on
the top and/or sidewall of the layer 114. In enbodi nents where the
under |l yi ng conductive |layer 104 is not aligned with the trench
opening 110, as shown in Figure 1D, the underlying dielectric bulk
insulating |layer 102 may be attacked 112 during etching of the

di el ectric bawoderodsayer 106 due to poor selectivity woris8orosstal
dielectric bulk insulating |layer 102. [0008] Therefore, there is a
need for a nethod of etching a dielectric barrier layer with high
selectivity to a dielectric bulk insulating | ayer. SUMMARY COF THE
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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
imiting 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 inéulating 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 fayer and/or underlying
conductive layer and dielectric bulk insulating layer. The high eiching selectivity
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[0012] So that the manner in which the above recited features of the
present invention are attained and can be understood in detail, a
nore particul ar description of the invention, briefly summari zed
above, may be had by reference to the enbodi nents thereof which are
illustrated in the appended drawi ngs. [0013] Figures 1A-1D are
sectional vi ewso0fwexenpl ary interconnect structures; pcOR3A)Focgure 2
Is a schematic cross-sectional view of a plasna reactor used
according to one enbodi nent of the invention; [0015]Figure 3 is a

fl ow di agram of one enbodi nent of a dielectric barrier |ayer renoval
process on an interconnect structure according to one enbodi nent of
t he i nventi on;is acbiefDH6 Isifg guyassnititwel Bordaieing dytiiogeralgay lddo efchahe
enbodi nent of t structure having an exposed dielectric
barrier |ayer ﬂaéﬁgégg %ﬂgggsubstrate [0017] To facilitate

under st andi ng, [092nt iFigyre rfdepisisc@ solmmaiics dessesebiponl wiagbm wieose
possible, to dgsimed olrqeaégn%o&&@eﬁntréa&&aéozagﬁas@rmpge&o@mrne%e

figures. It is _contenplated that elenments and features of one
enbodi ment mayligectiehafipciaygr gjch aecording ot 1Ba Aresept huentiennBok feght eich
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scope, for theohewpkiddhatig dttic baret lagsr i) procakiRetibed herein
embodi ment s. may be performed in other etch reactors, including those from other
manufacturers.

[0021] In one embodiment, the reactor 202 includes a process chamber 210
having a conductive chamber wall 230. The temperature of the chamber wall
230 is controlled using liquid-containing conduits (not shown) that are located in
and/or around the wall 230.

[0022] The chamber 210 is a high vacuurn vessel that is coupled through a
throttle valve 227 to a vacuum pump 236. The chamber wall 230 is connected
to an electrical ground 234. A liner 231 is disposed in the chamber 210 to cover
the interior surfaces of the walls 230. The liner 231 facilitates /n-situ 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 controlied by regulating the temperature of the
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DETAI LED DESCRI PTI ON [ 0019] Enbodi nents of the present invention

I nclude nmethods for etching a dielectric barrier layer with high
selectivity to a dielectric bulk insulating |ayer. The nethods
preserve the profile and di nension of the features fornmed on a
substrate with selectively etching the dielectric barrier |ayer
subst anti al | wonobiuoest2 at t acki ng t he adj acent di el ect r ircTiostobr/o64141

I nsul ating | ayer and/or underlying conductive |ayer and dielectric
bul k insulating |ayer. The high etching selectivity 4 is achieved by
using a gas m xture containing hydrogen gas (1-12) to etch the
dielectric barrier layer. [0020] Figure 2 depicts a schemati c,

Cr oss- sect i onadupporapedestad 1@ rie oaerbodbdimeht, dfe suppbrapadestd € dicktieha

nccor ding 1o el SaglboEREURN RS Gt BRE) bfordBi fafing sRE8RrE "
f or perfor nm ndntddditiomva acksitdel gas, reciENABISHRG r(Hepges. ewsvided fhand gas
f;’a? lable fr 0@0&%%'2‘4ﬁﬁﬁtyﬁcﬁﬁdgﬂ'i 0 chgﬁnei%ﬁ}gpdgggtb?mgeﬁr’(ﬁ% b&ek didePbithé-
i s contenplated that e dielectric barrier layer etching process
descri bed her éupsiraig 2Ybanskgrpenesdactishown) Hemestin iersudatasidhe elegtogiating
those from ot RencHBoBIf Bd BEKERIe He gas provides efficient heat transfer between the
pedestal 216 and the substrate 200. The electrostatic chuck 226 may also
include a resistive heater (not shown) within the chuck body to heat the chuck
226 during processing. In one embodiment, the substrate 200 is maintained at a
temperature of between about 10 to about 500 degrees Celsius.
[0026] The showerhead 232 is mounted to a lid 213 of the processing
chamber 210. A gas panel 238 is fluidly coupled to a plenum {not shown)
defined between the showerhead 232 and the lid 213. The showerhead 232
includes a pluralify of holes to allow gases provided to the plenum from the gas
panel 238 to enter the process chamber 210. The holes in the showerhead 232
may be arranged in different zones such that various gases can be released
into the chamber 210 with different volumetric flow rates.
[0027] The showerhead 232 andfor an upper electrode 228 positioned
proximate thereto is coupled to an RF source power 218 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.
[0028F 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.
f0030] 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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[0021] In one enbodi nent, the reactor 202 includes a process chanber
210 having a conductive chanber wall 230. The tenperature of the
chanmber wall 230 is controlled using |iquid-containing conduits (not
shown) that are located in and/or around the wall 230. [0022] The
chanber 210 is a high vacuum vessel that is coupled through a
throttle val wa 2708502 @ vacuum punp 236. The chanber walrlus®3fsiis:
connected to an electrical ground 234. A liner 231 is disposed in the
chanmber 210 to cover the interior surfaces of the walls 230. The
liner 231 facilitates in-situ self-cleaning capabilities of the
chanber 210, so that byproducts and residues deposited on the |iner
231 can be redte|ryactemdeed fhcildatetdoetrdli didhe pdtesde®QR e pleseniriovmtion.
chanber 210 al inel p 6 r
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chanber 210 is controlled using the gas panel 238 and the throttle
val ve 227. I n one enbodinent, the gas pressure within the interior of
the chanber 210 is nmaintained at about 0.1 to 999 niforr. [0030] A
controller 240, including a icentral processing unit (CPU) 244, a
menory 242, and support circuits 246, is coupled to the various
conponent s ofwdeotis:2r eact or 202 to facilitate contr olecofusioes141
processes of the present invention. The nenory 242 can be any
conput er -r eadabl e nmedi um such as random access nenory (RAM, read
only menmory (ROM), floppy disk, hard disk, or any other form of
digital storage, local or renmpte to the reactor 202 or CPU 244. The
support ci rcui dtde@t ®narcenduatiyd lagleMDAIt, sectCacdppér fing, cﬁppmﬂmbnag).t'mne
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the one in whi ch tﬁgﬁgu@g@g? }eﬂ%: g%lbag%@egpdédh@d i i:g%Fee% f"ga&pﬁ&”g

source, and t Ka1er yanis 4 BNl 9xairieietthe ﬁtge&eCtrﬁéJamaﬂmerma@rfﬁlgs

Ej echni quefs knCBM(DKG’fHél&an?hﬁten&IO%%B%ﬁéE}Hﬁiﬁ\ nédﬂna@ha@tn@cs a flow

I agram o on n a lel ectricC arri

o adtas 900 ad0BR Y P <sthodErmsL APHERY TP ORI b AT S 0de

4%6\-4E a(r]I e isch@mmhrangmm swﬁngomkewlc@mng b lfersdreat DNguch 26 aSt&Qidﬁl’(bggo
t ectrlc ar,r| e oces

oy be ot or ed b TR ElPlrelis bk sl E0Y fier B VEE Se delpeuribRaRh Foerdbe

controller 24G pm:cratmfs@et Hielepwrio deds in30latingolaper 4@ fsoremeded o kRgose a

reactor 202. gﬁ&?&mw Y RGESTc BHloNEH 05 a}&caqtdﬁa\é%ebxofg%\géﬁl'- ga

substrate 400 havi n ectric barr a er 1n an ‘1 nterconnec
structure in ftlpfelay@'g@?@ helgw thepfeature 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 fluoring containing gas, such as carbon tetrafiuoride (CF4), at
between about 5 to about 250 scem, 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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dielectric stack 412, as shown in Figure 4A, is disposed on a |ayer
402 having 7 at |east one conductive |ayer 404, such as copper |ine,
di sposed therein. The dielectric stack 412 includes a dielectric bulk
insulating | ayer 408 over a dielectric barrier |ayer 406. A
trench/via 410 is forned in the dielectric bulk insulating |ayer 408
by a convent imanabriessehi ng process, such as dual danasoeenssmimmiiing
process. In one enbodinent, the dielectric bulk insulating |ayer 408
is adielectric material having a dielectric constant less than 4.0
(lowk materials). Exanples of suitable materials include
carbon-containing silicon oxides (Si0C, such as BLACK DI AMOND(r)

di el ectric nmatearbal aal dudrabl enfaining dep inte theMatetor. aire, cdriar. gasandy bk her

| ow- k pol yners i The dielectric barrier
SUpéﬁé%meﬁ?ee%OAbxmoqg%Po%tébegéc

| ayer 406 has a"dielectric constan about” 5.5 or less. In one
enbodi nent, t HB0%Hlel &¢tstdpc3Wara pas mMbxdyrer conGdning Ha gearib snppliedtiatiortheg
silicon | ayer L) I tyal i yer
(SO0, ot e Ti ee20] 1 i e PRer ERLRD ban R BleR 48 JiyF 2, 1

di el ectric barfegtures| dieformed in tecietertrim bulln insylating layer 49helhe B @8eri c

barrier layer Jm&fpdriing the gggﬁl{iﬂﬁrteﬁgr@ngn%%rét&id@éfgﬁé @te{ecgf}é?aarﬁé?hsyefrr om
n e e

Applied Materials, Inc. [O odi nent depicted in Figure

4A, the diel edOPiy SRR %1694 Sydogs dedifais i raRctopEh ey NiteeRet 889
ge}‘ ikni ng ? feaiaujlroa éciﬂpongtﬂ@hofaﬂ‘:eadfe(rjeeﬁilﬁhbé}ﬁeﬁ/iager D6 t ﬂj%r&&eéﬁ%dgﬁélg
u insulatin ayer 4 ver,.the dielectric rrier layer )

ot onof ¢ hebgriaing' e deifand AP ByRe e Surtiball witlr 5iBRS me
expose a surf aliseckidbwk irshiatich &yec408. dn lae rangrodinegnerihd @as néixture may
conductive | a 0 e h h 02 . -t he f

410 forned i n){rf I%d%dlﬁg{){esc'foﬁiq,@'%grté'i 'g?r b?‘%/t?}récrj %4%%’.r'ﬁ? %ght%}eﬁmgniaosdfs%rréérﬁljg
the di el ect ri exbupks iahdlubdne eentéinipergas0gay inchidehbd 0dilintited tpl Ebhfe,
formed from flggsi @ﬁaF?f@‘%FC,%LFE{ Fa, C1f6, &2, 80k rtl':ecl'@wnkarfoﬂépE@Bg&]ﬂleh@yer

408 may be et ched' T n°an et ch chanber , such as the reactor

described in Higygrsemxtuse mayHeglude itz gast & flrerinet ontainimngas] andrat depst one

enbodi ment, t hisefRigall THeOSRHS a8 WAy deicteerirantla Pbbuﬁ!é@ﬁéiéﬁgﬁ%f £bReRs and

LI uori ne cont %r Ifge% I%las, @éc ,tas ci%r boBgfft et raf [ uor |_d%eme4, 5 at .

et ween about (&RFIURSRS Gsp niige gidg (NP G7(P HeRRgdey BHowheide 50

Vatt to about (RAH0 oWgden, gami(D)ainitioggn agdse (MPramuing et We esmiiatnkntd

g:?\s\g:ﬁ acte;l)a!t %Eevggtin%t}ﬁ)éj an?a?lyi% lcgr%&%ﬁvealgger%(ag s‘r[)r%l c;xllcf?z(%lndD éu?i%& Se cgrl;l'ﬁr?g.sur €
process, the gas mixture does not include any gases containing oxygen.
[0038] Several process parameters are regulated at step 304 while the gas
mixture is supplied into the etch reactor. In one embodiment, a pressure of the
gas mixture in the etch reactor is regulated between about 10 mTorr to about
200 mToerr, 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 eich 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
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mlorr to about 200 niforr into the reactor. In another enbodi nent, at
| east a carrier gas, such as argon (Ar), may al so be supplied
acconpanying with the 8 carbon and fluorine containing gas into the
reactor. The carrier gas may be supplied between about 50 to about
500 sccm [0037] At step 304, a gas m xture containing H2 gas is
suppl i ed i nt evd herosseact or 202 to etch the exposed di eceatnimesharrier
| ayer 406 defined by the features 410 fornmed in the dielectric bulk
insulating | ayer 408. The H2 gas acconpanyi ng the gas m xture
pronotes etching of the dielectric barrier |ayer 406 by generating
free hydrogen radicals that react with the nitrogen and carbon
conponent s of proeded el efitw 'rate beﬂweéne kbda Bedccrh6 ,abmhelloebsycrﬁ Sbeetamd,y
deconposing th i i Ia er 6 _substanti.a wi.t hout
etching the dl%oﬁ%ﬁ%ﬁﬁ%% nsu atl ng taadogrccﬂbaﬁ %Horénec My HEht |
the gas m xt ursichey GHtEkmmbemmvrd@d atcaﬂdw vaid aich taty batweeyalmubAdoan

fluorine cont S o gas
[ or e cont kil APl oA Ao ARGl 16 LU 15508} B 350
CAF6, arFir, dnePrt¥ns, pidacas Aner Sheppanahmpayidenat a ioweraabetese abeut may

include H2 gaSSO dechl MOJHOU?S(YG)Q‘ICﬁd mrr&aﬂlﬁ% At fdo A8l M8t 2@@&%
gas. The |nsert gas maﬁ@?e sel ected froma group consi st i n g@ﬁon

gas (Ar), heli ﬂ%@nc{ may; ke precesrediat t(el‘xl@e“ @%Ubﬂ)?lsﬁ%'?(%l%

nitrous oxi de 4ebBfYs, oxygen gas (02), nitrogen gas (N2) and the i ke.
I n enbodi nment ve in the under lLyi ng, conducti.ve | ayer 404 f

oxi di 2i ng. dur RS he 1Be GG AP GEaLLh Hhks G ST 09 850 GUirg srabies

i ncl ude any gabeslictantvicabartierglagery4inio hd38¢tivElyvactadd rH aedter without

paraneters are . Whi I
supplied into att%glgﬁ @%%rgggéqt%b% ﬁg%rr\lgn%n%b nﬁ bg@ msu'a%gqage"r%osog h? he
gas mi xture i retehing @ae hmiklgeec wbretdhingr diglektat duhrtat Wg@ndl@ﬁ:)@cﬂate]soemlﬂ‘ igh r

to about 200 @;%'E: ivity (19T diS@BPh &k H%%Fa\ﬁﬁirhrépgﬁé bﬁ%&ﬂ%%%l%%ﬁdrggéw*rego

mlorr. and the substrate terrperature | I nt ai out
degrees Cel si (i3digaiel thab aesthsGagicpielbs niteaasn gad chden dradgtantaingst inden

about 0 degre%&ea&@hosba#ﬁeraayérab@uﬁeré’@ Q%Wr%eiﬁeg%cﬁs'eﬂ%iele[&@a%}ne%a fep
306, aplasnalséz{e? roth gas m xture to etch th eexBose

dielectric barPP T‘%B‘f‘ nghef fHhinke prterglyestehads it ommprretimealy er
406 from abovend kmecmowahe wielebty @arridPRystefosne duRyindulging r9BCc4084id @t | n
the diel ectrlq by%kfgl nsul % Hgg | ayer 408 on the substrate, as shown

in Figure 4B. Fexamp
[0041] The process of etching the dielectric barrier layer 406 is terminated

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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enbodi ment, 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 nay be 9 provided at a flow rate between about 5 scorn to
about 100 sccm for exanple, about between about 20 scorn to about 60
scorn. The fluorine containing gas, such as CH2F2, nay be provided at
a flow rate aomomviais22 bet ween about O scorn to about @@Tssnenosfior
exanpl e, between about 10 sccmto about 30 scorn. The insert gas,
such as Ar or 02 gas, may be provided at a flow rate between about 50
sccmto about 500 sccm for exanpl e about 100 sccmto about 200
scorn. The etching tine may be processed at between about 10 seconds
to about 80 sewiwods depdridiy@pmTire basihisbopeptteosdsand tie tshepeHhegad is
cont ai ni ng ga %qgg ielectric barrier layer 406 to be
sel ectively e?%ﬁhmr%ﬁ%g Aﬁét&ﬁ?ﬂgut attacki ng the adjacent and/or
underlying dielectric bqu insul ating | ayer 408. The etching gas

m xture of etching dielectric barrier |ayer 406 creates a high
selectivity to dielectric bulk insulating | ayer 408 by generating
hydrogen free radicals that nostly react wth the nitrogen and carbon
bonds contained in the dielectric barrier |ayer 406, thereby allow ng
the exposed dielectric barrier |ayer 406 defined by the trenches 410
to be uniformy etched. In one enbodinent, the selectivity of the
dielectric barrier layer 406 to bulk insulating |layer 408 is at | east
5, for exanple, 15. [0041] The process of etching the dielectric
barrier layer 406 is term nated after reaching an endpoi nt signaling
that the underlying conductive |ayer 404 has been exposed. The
endpoi nt may be determ ned by any suitable nethod. For exanple, the
endpoi nt may be determ ned by nonitoring optical em ssions,
expiration of a predefined tine period or by another indicator for
determning that the dielectric barrier layer 406 to be etched has
been sufficiently renoved. [0042] Thus, the present invention

provi des an inproved nethod for etching a dielectric barrier |ayer
with high selectivity to a dielectric bulk insulating |ayer. The

nmet hod advant ageously facilitates the profile and di mension of the
features in an interconnect structure by selectively etching the
dielectric barrier layer defined by the trenches in dielectric bqu
insulating layer. [0043]Wiile the foregoing is directed to

enbodi ments of the present invention, other and further enbodi nents
of the invention may be devi sed mﬁthout departing fromthe basic
scope thereof, and the scope thereof is determ ned by the clains that
fol | ow.
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What is claimed is: 1. A nethod for etching a dielectric barrier

| ayer in an interconnect structure, conprising: providing a substrate
having a portion of a dielectric barrier |ayer exposed through a
dielectric bulk insulating layer in an etch reactor, wherein the
dielectric barrier layer is a nitrogen doped carbon containing
silicon film(SiCN ; flowing a gas m xture containing at |east

H2 gas i he reactar; and etching the exposed portion of the SiCN
di el ectr{]ﬁ@é—ﬁ—ﬁgﬂﬁ% sel ectively to the dielectric bulk
insulating layer in the presence of a plasma formed fromthe gas

m xture. 2. The nmethod of claim11, wherein the flow ng the gas

m xture flrthed mathed feestching @digtpclicr barger layee snamimeisgngee structure,
acconpany%g{*bgpﬁgiﬂél the 1-12 gas into the reactor. 3. The nethod of
claim1l, erelmthe etching further conprises: maintaining a process

pr essur e mbvidaigvee sulbbktcate AAving o rpariioreladua diélecimEobarriec dayerokekposed
substrate, tenperat ure . between apout 0 degre Cel sius,to.ahout. 50, .

Goor cea. ablitc AakduO BLITRR BN layie FE80 SRS ek ST PR elkgic
to about l?é?ﬂelvl_ﬁyélsisaﬂitro'?r@ﬁdﬂ‘ﬁé@egrﬂéh_c@n@éiﬁm silWoaf@hIside) f |l owing a

fluorine containing gas further conprises: flowng the fluorine
cont ai ni ng gadloding & Waw edwebeanteiaingaet gashtHo 988 dria Seakragtog@nd

scem etching the exposed portion of the SICN dielectric barrier layer selectively to the
dielectric bulk insulating layer in the presence of a plasma formed from the gas

mixture.

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

flowing a fluorine containing gas accompanying with the H, gas into the reactor.

3. The method of claim 1, wherein the 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.

4, The method of claim 2, wherein the flowing a fluorine containing gas
further comprises:
flowing the fluorine containing gas at a flow rate between at about 0 sccm to

about 80 sccm.

12



5. The nmethod of claim2, wherein the fluorine containing gas is
selected froma group consisting of CH2F2, CHF3, CH3F, C2F6, CF4 and
C3F5. 6. The nethod of claim1, wherein the SiCN dielectric barrier
| ayer has a dielectric constant less than 5.5, and the dielectric
insulating |ayer has a dielectric constant less than 4. 7. The

met hod of claim11, wherein the dielectric bulk Iayer is a carbon
cont ai nin

| ] Th, d. of f
conpr 1 o1 n: 1 eHR PGROR @ SIFEL 20 Wt RN ATB) DT IPCoTRITG 0ps & sSiesiey
exposi ng ﬁanuraiegrbMFnaoﬁggﬁ#ﬁgﬁtéﬂl@mﬂerc%§p®ﬁ§# bed,pw tdr, SArfdN CsFs.

dielectric barrier layer on the substrate 9. Anethod for etching a
dielectric barrier layer in an interconnect structure, conprising:

providin £ Ougﬁ% h%i@d;@ﬁ’élléﬁgw @U\Pﬁéﬁeﬁrpﬁﬁeﬁucﬂl SF%'cﬁfé tSérFiePl%g§}C fias hayer

exposed t insulating layer 1n an

reactor, diblecticcdristandiledseban iSch, adrthe didlegtee inssiladingilayerdes aldiptdtric
car bon cont ni.ng s Ilcon film(SiCN); flowing a gas m xture
cont ai ni g 'Hé%s tha a‘fluorine containing gas into the etch
reactor; and etching the exposed portion of the SiCN dielectric
barrier |ayer sel ecti velfy to the dielectric bulk insulating layer in

a presencé of Hemadind sigiaan!rwiereimibefhgenyigiytkdlayenis a qBoRet hod
of claim nt%{ﬂmpeg[“bohhs“&%\eﬂming the gas mi xture further conprises:
e hyd -

flow ng t ogen gas 2) at a flow rate between at about 5
sccmto about 100 sccm and

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

barrier layer on the substrate.

9. 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
through a dielectric bulk insulating layer in an etch reactor, wherein the dielectric
barrier layer is a nitrogen doped carbon containing silicon film (SiCN);

flowing a gas mixture containing Hz gas and a fluorine containing gas into
the etch reactor; and
etching the exposed portion of the SiCN dielectric barrier layer selectively to the
dielectric bulk insulating layer in a presence of a plasma formed from the gas

mixture.

10.  The method of claim 9, wherein the flowing the gas mixture further
comprises:
flowing the hydrogen gas (Hz) at a flow rate between at about 5 scecm to about

100 scem: and
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flowng fluorine containing gas at a flow rate between at about O
sccmto about 80 sccm  11. The nethod of claim9, wherein the
flowng a gas m xture further conprises: naintaining a process
pressure at between about 10 niforr to about 200 mflorr; controlling
substrate tenperature between about 0 degree Cel sius to about 50
degree Cel sius; and applying a plasnma at between about 100 Watts to
about 800 Watts. 12. The nmethod of claim9, wherein the dielectric
Si ON bar r flewingdlyering sentaining gas et A flowdiata heiwaesat abayh0 scem to gou
met hod foggetghi ng a dielectric barrier layer in an interconnect
structure, conprising: providing a substrate having a portion of a
dielectric barrier |ayer exposed through a dielectric bulk insulating
| ayer in an etch reactor, wherein the dielectric barrier layer is a
ni trogen doped carbon containing silicon film(SiCN) and the

di el ectri ¢1.bul Rhé nethad bfrtgaihas,eWhé@iratr@aﬂd@ﬂﬂ%@cg‘dsahmmg faithércon oxi de
film controlling the substrate tenperature between about O degrees
Cel si us tEPTEBGIS-50 degrees Celsius; flowing a gas mixture containing

H2 gas, amfaldfé’ihlnﬁea Er%b@é ?Lé&u%a 38iflcdh alg%g{é?(t) ﬁg]fr“]ort) %bsé’cf]éutg;% rh &P

t he reactor; I ng the expose electric
barri er qurérollmg sutlstraa tpmpﬁraﬂulee bebvese abaut Budagreea Selsins iogphbay &0 i n

the pres formed fromthe gas m xture. 14. The met hod
of clai mq%ﬁe%n eﬁ%ﬁ%% flowng a gas m xture further conprises:

fl ow ng tdsplyidg gaslaghaat betwearpslsolidioosy attaboalbolt S000Vatts. about 100
sccm

12. The method of claim 9, wherein the dielectric SICN barrier layer has a

dielectric constant less than 5.5.

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
through a dielectric bulk insulating layer in an etch reactor, wherein the dielectric
barrier layer is a nitrogen doped carbon containing silicon film (SiCN) and the
dielectric bulk insulating layer is a carbon containing silicon oxide film;
controlling the substrate temperature between about 0 degrees Celsius to about
50 degrees Celsius;
flowing a gas mixture containing Hz gas, a fluorine containing gas and at [east
one insert gas into the reactor; and

etching the exposed portion of the dielectric barrier layer selectively to the
dielectric bulk insulating layer in the presence of a plasma formed from the gas

mixture.
14.  The method of claim 13, wherein the flowing a gas mixture further

comprises:

flowing the H; gas at a flow rate between about 5 sccm to about 100 sccm;
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flowng the fluorine containing gas at a rate between about 0 sccmto
about 80 sccm wherein the fluorine containing gas is selected froma
group consisting of CH2F2, CHF3, CH3F, C2F6, CF4 and C3F8; and
flowing the insert gas at a flow rate between about 50 sccmto 500
sccm wherein the insert gas is selected froma group consisting of
Ar, 02, CO, NO N20, He and N2. 15.The nethod of clai m 13, wherein

bressure CwpadieBiodisbonGindet =\ PR BaM e R s Shitihg
pl asma at sdigh WettsteriBEtflubARe B8htamih@ gab M éelS&ted %hi &-group consisting of
CHzF,, CHF3, CH3F, CaFe, CF4 and Csfg; and
flowing the insert gas at a flow rate between about 50 sccm to 500 scecm, wherein
the insert gas is selected from a group consisting of Ar, O,, CO, NO, N20, He
and Na.

15. The method of claim 13, wherein the flowing the gas mixture further
comprises:
maintaining a process pressure at between about 10 mTorr to about 200 mTorr;

and applying a plasma at between about 100 Watts to about 800 Watts.
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