METHODS FOR ADJUSTI NG CRI TI CAL DI MENSI ON UNI FORM TY | N AN ETCH PROCESS
BACKGROUND Fi el d [0001] Enbodi nents of the present invention generally
relate to sem conductor processing technol ogies and, nore specifically, to
met hods for etching features in a material |ayer in an interconnect
structure with desired profile and critical dinension (CD). Description of
the Related Art [0001] Reliably producing sub-half mcron and smaller
features is one of the ke technoIOﬁﬂes for the next generation of very
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and ultra large-scale integration (ULSI) of semiconductor devices. However, as

the limits of circuit technology are pushed, the shrinking dimensions of
interconnects in VLS! and ULSI technology have placed additional demands on
processing capabilities. Reliable formation of gate pattern is important to VLS!
and ULSI success and to the continued effort to increase circuit density and
quality of individual substrates and die.

[0002] As the feature sizes have become smaller and the aspect ratio of the
features become higher, an etching process is being required to etch materials
into features having better profile control and uniformity management. During
etching, a gas mixture including at least a halogen containing gas is typically
used to provide aggressive reactive etchants fo etch the materials disposed on
a substrate. The halogen containing gases are supplied to the processing |
chamber through a gas distribution plate disposed in an etching chamber to an
upper surface of the substrate. However, during etching, the gas mixture may
not be uniformly distributed across the surface of the substrate, thereby
resulting in etching profile non-uniformity between the center and edge portion
of the substrate. Figure 1 depicis a critical dimension (CD) map of features
formed on a substrate from point A of the substrate center to point B of the
substrate edge etched by a conventional etching technique. As the reactive

etchants generated from the plasma may not be uniformly distributed across the
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1 substrate surface, the etching behaviors resulted in the center portion A
and edge portion B of the substrate are different, thereby resulting in CD
variation and a drift in resultant dinensions of the etched features from
its target dinension, as shown by arrow 102. Non-uniform CD profile of the
features may result in unwanted defects, and further adversely affect
subsequent process steps, ultimately degrading or disabling the performnce
of the final integrated circuit structure. [OQOZ% Therefore, there is a
need for sHbsEatBosHIEACE: tthAI eighingabehayviors mesulted iy thateenign pogioodA amd
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ni t rogen and-t he_unsat urat ed hydrocarbon,gas have a gas.flow rate ratio .
ot voon 180" ARt 38te3l R RS 8A R MbHRT ct S CaReS R on Ferhoa © |
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i nterconnection structure includes providing a substrate having an al um num '

| ayer suitable for an interconnect structure disposed on a substrate in an

etch rea%g‘ﬂ\rn f fWI ng a gas mxture containing a BC 3, C2 and a
passi vat i nto the reactor, and etching the alum num|ayer through a
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incomplete sentence]. In one embodiment, a method for etching a metal layer
disposed on a substrate includes providing a substrate having a metal layer
disposed on a substrate in an etch reactor, flowing a gas mixture containing at
least a chlorine containing gas and a passivation gas into the reactor, and
etching the metal layer using a plasma formed from the gas mixture. The
passivation gas includes a nitrogen gas and an unsaturated hydrocarbon gas,
wherein the nitrogen gas and the unsaturated hydrocarbon gas have a gas flow
rate ratio between about 1:3 and about 20:1,.
[0004] In another embodiment, a method for etching a metal layer disposed
on a substrate to form an interconnection structure includes providing a
substrate having an aluminum layer suitable for an interconnect structure
disposed on a substrate in an etch reactor, fl'owing a gas mixture containing a
BCl;, Cl; and a passivation gas into the reactor, and etching the aluminum layer
through a patterned mask layer using a plasma formed from the gas mixture.
The passivation gas includes a nitrogen gas and a unsaturated hydrocarbon
gas wherein the nitrogen gas and the unsaturated hydrocarbon gas have a gas
flow rate ratio between about 1.3 and about 20:1.



2 (0005] In yet another enbodinent, a nmethod for etchi-ng a netal |ayer

di sposed on a substrate to forman interconnection structure includes
providing a substrate having a patterned nmask | ayer on an al um num | ayer
(suitable for an interconnect structure disposed on a substrate in an etch
reactor, flowng a gas mxture containing a BCl3, Cl2 gas and a passivation
gas into an etch reactor, and etching the alum num | ayer through the
patterned mask |ayer using a plasma fornmed fromthe gas mxture. The
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] So that the manner in which the above recited features of the present
invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated in the appended
drawings.

[0007] Figure 1 depicts a critical dimension (CD) map of features formed
across a substrate etched by a conventional technique;

[0008] Figure 2 is a schematic cross-sectional view of a plasma reactor used
according to one embodiment of the invention;

[0009] Figure 3 is a flow diagram of one embodiment of an etching process
according to one embodiment of the invention;

[0010] Figures 4A-4B are sectional views of one embodiment of an
interconnect structure disposed on a substrate; and

[0011} Figure 5 depicts a critical dimension (CD) map of features formed
across a substrate etched by an etching process according to one embodiment
of the invention.

[0012] 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.
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figures. It is contenplated that elenments and features of one enbodi nent may
be beneficially incorporated in other enbodi nents wi thout further

recitation. 3 [0013] It is to be noted, however, that the appended draw ngs
illustrate only exenplary enbodinents of this invention and are therefore
not to be considered |imting of its scope, for the invention may admt to
other equally effective enbodinents. DETAI LED DESCRI PTI ON [ 0014]
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schematic, cross-sectional diagramof one enbodinent of a plasma source
etch reactor 202 suitable for performng the netal |ayer etch according to
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[0016] In one enbodi nent, the reactor 202 includes a process chanber 210.
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embodiment of a plasma source efch reactor 202 suitable for performing the
metal layer etch according to the present invention. Exemplary etch reactors
that are suitable for practicing the invention is Decoupled Plasma Source (DPS),
DPS-Il, DPS-I AdvantEdge HT, DPS Plus, or DPS DT, HART, a HART TS etch
reactor, all available from Applied Materials, Inc., of Santa Clara, California. It is
contemplated that the metal layer etching process described herein may be
performed in other efch reactors, including those from other manufacturers.
[0016] In one embodiment, the reactor 202 includes a process chamber 210.
The process chamber 210 is a high vacuum vessel that is coupled through a
throttle valve 227 to a vacuum pump 236. The process chamber 210 includes 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. 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 in-situ self-cleaning capabilities of the
chamber 210, so that byproducts and residues deposited on the liner 231 can
be readily removed.

[0017] The process chamber 210 also includes a support pedestal 216 and a
showerhead 232. The support pedestal 216 is disposed below the showerhead
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chanber 210, so that byproducts and residues deposited on the liner 231 can
be readily renoved. [0017] The process chanber 210 al so includes a support
pedestal 216 and a showerhead 232. The support pedestal 216 is di sposed
bel ow t he showerhead 4 232 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. 018] The support pedestal 216 is coupled to a radio
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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.

[0020] 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 plurality of holes to allow gases provided to the plenum from the gas
panel 238 to enter the process chamber 210.

[0021] The showerhead 232 and/or 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 a source power of about 0 to 5,000
Watts.

[0022] 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 9939 mTorr. The substrate 200 may be maintained at
a temperature of between about 10 to about 500 degrees Celsius.



Watts. [0022] During substrate processing, gas pressure within the interior
of the <chanber 210 is controlled using the gas panel 238 and the throttle
val ve 227. In one enbodi ment, the gas pressure within the interior of the

chanber 210 is nmintained at about 0.1 to 999 nilorr. The substrate 200 may
be maintained at a tenperature of between about 10 to about 500 degrees

Celsius. 5 [0023] A controller 240, including a central processing unit
(CPU) 244, a nmenory 242, and support circuits 246, is coupled to the
various d00¥nenf scatrolien240zdnelbdingoa eantraidirpressieg dunit f6PUd244h e
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t he pl ashmvahtibaequently guided into the chanber using techni ques known in
the art. d&0025] Figure 3 illustrates a flow di agram of one enbodi nent of an

etch pr
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different types of source power and bias power can be coupled into the plasma

chamber using different coupling mechanisms. Using both the source power

and the bias power allows independent control of a plasma density and a bias

voltage of the substrate with respect to the plasma. In some 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 art.

[0025] Figure 3 illustrates a flow diagram of one embodiment of an etch

process 300 of etching a metal layer according to one embodiment of the

invention. Figures 4A-4B are schematic cross-sectional views illustrating the

sequence of the metal layer etching process 300. The process 300 may be

stored in memory 242 as instructions that executed by the controlier 240 to

cause the process 300 to be performed in a plasma processing chamber, such

as the reactor 202 or other suitable etch reactor.

[0026] The process 300 begins at a block 302 by providing a substrate 402
having a film stack 400 containing a metal layer 404 disposed on the substrate

402 in the reactor 202. The film stack 400 may be ufilized to form an

interconnection structure on the substrate 402. In some embodiments, an

optional barrier layer 406 may be disposed on the metal layer 404. A patterned

6

Q24] 30bigfe &t @My sHowsnenaExemplary £o0bgdiatigntqf \HiousHeRs AEnt of



sequence

stored in nenory 242 as instructions that executed by the controller 240 to
e process 300 to be performed in a plasm processing chanber,

cause th
as ther
begins a
cont ai ni
202. The

of the rret aI Iayer etch| ng process 300. The process 300 may be

such

eactor 202 or other suitable etch reactor. [0026] The process 300

t a block 302 by providing a substrate 402 having a film stack 400

ng a netal |ayer 404 disposed on the substrate 402 in the reactor

filmstack 400 may be utilized to forman interconnectign

struct ur dNFFK {Rers B8+ eed-e a4¢'@rd | MagbnehelseiPherdsk, an thewarabiaation ri er

| ayer 40
408, e.g
be used

filmsta
depi cted
Sui t abl e

al um numa

Qhé”@’)ﬁg BBOEEQ%O& e o ?r‘l]aas I{"%%ﬁnﬂ%‘l ogéng‘@%t 948°6 t%gggék | ayer

r eof

mask otoresls ation

may

e;mrmmseﬂmomkmdﬁtaok 400 dpegichigy fééﬂ;ré@timremse portions 412 of the

0O for etching features therein

a?@ﬁﬂmi’ﬂn?sco?lft% ﬁfgﬁma{yg@ ?Hﬂé&b”é%b@é%f al iéx:ﬂlﬂ‘? c?a'n't%lhfﬁﬂ”] af

oy, and n an exenpl a

In the enbodi nent

003 E L thersmbRgmerteniaioe: o 24y the trarunhimet didabrang 1 ayer.

Iayer

404 is anncliden aluminghalmétal,) alumyiaum Hileyalanﬁ rnthen liket ah aayexerpkanhas a

t hi cknes
3000 A a
| ayer 40
nmetal |a

s of al um num bet ween about 1000 A and about 20000 A, such as about

snbgiment.dbe metat gyerd e an alpinumioetal AA) 1ayer. Ebﬁlacbﬁ'ﬁlnuﬂhr rier
Sndlef PSP A0S Rk RLed 6V Sty AISER didus HOBHZ bl bl | vi no

er 4 usi ng acen ayer

e exanpl es

of the bamooerA | Suyobr aéaﬁouﬁsom&Atarm abuoot mwo A, lf@ﬂé)admﬂle abbui 4800 AaN) ,

tantalumS|I|con nitride (TaSi N), titaniumnitride TiN), and titanium (Ti)

or conbi nNats GRECRHePRGEE! laver A48 t@'ﬁﬁ@%ﬁ%@ktn%@?tahd@’%@‘ﬂ)éﬁlﬂﬁqchéofor m of

a S|ngle
nitride,
car bi de,
Al t er nat
mask i1 nc
mat eri al
phot or es
is not p

chVE: (6! GRS B IS 208 IR MfibinG sl becBRaBidBye | cON

con oxyni anor phous s Sili

Sa.malblm@txamm@s knrﬁrthéabamebdayer amngaytbertaaidlwmoﬁ'g); Itamstalum
ively, the patterned mask

InitaidRd TalN) teatalumygiliqosyaifride @y@Nbftltwwehmwee&l@b Fndotitaniven

I con

e in _form of acorrp05|te

YT AR TR, TS SRS BackeRer 488 ey Bl B0 LFPUCT 4os

ref sesihgletlapemsdibeteddbmasdroupydnsithig rlﬁ)snlmen oxide, silicon nitride,
silicon oxynitride (SION), amorphous silicon (@-Si) or silicon carbide, amorphous
carbon (a-carbon), among other silicon films. Alternatively, the patterned mask
layer 408 may be in form of a composite mask including at least two layers, one
of which selected from the materials described above and the second of which
comprising an organic photoresist layer. In the embodiment wherein the
optional barrier layer 406 is not present, the patterned mask layer 408 may be
directly disposed on the metal layer 404. In an exemplary embodimént, the
pafterned mask layer 408 is a silicon oxynitride (SiON) layer. In one
embodiment, the film stack 400 is suitable for fabricating an interconnection
structure in a back end line (BEOL).

[0028] At block 304, a metal layer etching gas mixture is supplied into the
reactor 202 for etching the metal layer 404 through the openings 410 defined by
the patterned mask layer 408. The metal layer etching gas mixture etches the
metal layer 404 to form features 416 in the material layer 404, as shown in
Figure 4B. In the embodiment wherein the optional barrier layer 406 is present,
the optional barrier layer 406 may be etched using the same gas mixture
supplied at block 304 to etch the metal layer 404. Alternatively, the optional
barrier layer 406 may be etched by a barrier layer etching gas mixture which is
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parti cul an cpsterdbodintent dbeahidrid t@iteining §aeiscdupplieddn tioayas miRwrgas that is

used to
supplied
supplied

Furt hernore,” a passiva

haRber using gliffarepk gastinbiirescsurpliaf Juiing ddiesent pe af $he
i j | . |
hity Predees. |11 RAR eba | BYEbo i Biffiol BSaLR08 mag

thehetdhed by sbagiee [ayehatdting gab mixtliré fteatantiuges atiedsiadsals
I fferent periods of the etch process. In an exenplary enbod

103298 CCILBS coddifighy g Tneel Tay B Bing, 8 Ffrure SURked %
blockhBO4 iineludestanichiotinegesntaibivgy gakoMhaecsionhai cuntgin@gsgas is
reactive etchants for etching the netal Ia¥er 404. Suitabl e

usedt te PENMIdR iTRECEEN RIENANTY TRRSlehiey Ube metdlclayer diié. GPuitatis
spaniies SFEHe confufih BaS BRIGRTLEIASLHART Bick, THERITR)
etch the nmetal layer 404 includes BCl3 and Cl2 gas. BCl. 3 ga
sfate between abpk 4@ sachpNg abaw 800csacamdnsppadicyiar anabesimegh
o%tscﬁbé&‘hgré?ltu, @St&ﬁ&-ﬁhea@&'r{&inﬂ-& g%%ﬂgﬁ@ﬂggg ?0 afch e[rﬂgtt'ép]ayer

g 0

IFon gas I's sup as mxture
404 includes BCl; and Cli; gas. BCl; gas is supplied at a rate of between about

20 sccm and 400 scem and Clp gas is supplied at a rate of between about 10
scem and 800 scem.

[0030] Furthermore, a passivation gas is supplied in the gas mixture to
passivate a portion of the etched features 416, e.g, sidewalls of the etched
features, during the efching process to maintain vertical profiles in the metal
layer 404 being etched until the desired depth of the features are formed in the
metal layer 404. In one embodiment, the passivation gas includes a nitrogen
containing gas and an unsaturated hydrocarbon gas. Suitable examples of
nitrogen containing gas include N, NHs, and the like. Suitable examples of the
unsaturated hydrocarbon gas include any carbon and hydrogen based polymers
that contain a monomer of — C=C — or — C=C —, such as C;H4, CsHs, C4Hs,
and the like. In an exemplary embodiment, the passivation gas includes at least
a N2 gas and a C,H4 gas.

[0031] in one embodiment, the N, gas provides passivation species during
the etching process. The passivation species react with the dissociated chlorine
ions in the gas mixture during metal etching process and form metal nitride on
the surfaces and sidewalis of the etched feature. The formed metal nitride
deposited on the surfaces and sidewalls of the etched features passivates the
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passivate a portion of the etched features 416, e.g, sidewalls of the etched
features, during the etching process to maintain vertical profiles in the
nmetal |ayer 404 being-etched until the desired depth of the features are
formed in the netal l[ayer 404. In one enbodi ment, the passivation gas

I ncludes a nitrogen containing gas and an unsaturated hydrocarbon gas.

Sui tabl e exanples of nitrogen containing gas include N2, NH3, and the |iKke.
Sui t abl e exanpl es of the wunsaturated hydrocarbon gas include any carbon and
hydr ogen foatueieris at mannesnthat contielhdher vertical eegiile and-ciitisagl - | such

as C2H, f(3BReiofithe g%dggretsr}ﬁglajg?% yeﬁ}%&l?&%ﬁéﬂﬁfy enbodi ment, t he

passi vation gas inclu a gas ‘and 'a'C2H4 gas. [0031] In one

enbodi nerf0032he Rartgasngepthdamsaagatedahidmdcaneti gasdlpphed ihhbeegadi ng
process. The passivation species react wth the dissociated chlorine ions
in the gdBiXHretaise faminplymetsadudng ihe Etehibdcyecess pansivativgasidawalls de on

the surf i I t f 1L T r itride
deposite onsweguﬁﬁﬁgeééé%%fe;a?@ee%ﬁ%gw Eﬁ@é@gc ngﬁfj g’?[{[‘}%&g? ‘g@% grvat es
the 8 etibddéehtlinntlfor@ediin tihe Mistakiayéhed4 dardreodmbblgnatd! tHec@hsaineitéd e and

critical dinension of the features fornmed in the netal |ayer 404. [0032]
Fur t her nowédroaaion 83& isisepRiedip dhe gas raxtuja wvidup pheedcally inaetivgaas. M xt ur e

ur 1 aces F HBEURe VRS g el B BRI DeaRRaT S50kl BRERS of T ¢
of the f@a,uisedildted with i ieliuhe (Hey ajas! ayRy nfdldeulan rate Fndad] e i$ he
unsaturated hydrocarbon gas |

s supplied in the goas_m'xture with a
cheni cal IbgtwaeR epest gaper¢ent (f/ﬁearéﬁmtrﬁeﬁnpemﬁat Tohin e (ohalgas favwef

hydr ocar hon [ e i L ug: g | i as. The
nol ecul a?f)eré?%?)d é—fe @%t%ﬁ&;xaﬁ%%@g%#ﬁ%&cgﬁté%gmé %bout 35
percent (&fio oNCLHE td Plecdba@AS0f prevent to TRp¥rcant (G- cHé Rinta diRgionFactopxanpl e,
C2H4 is diluted with He gas having a ratio of C2H4 to He about 30 present

to 70 percdi@hout 4% Inepnientiopalitechnianes; aclowr molgculdoiationfda:Hy giluted

COnhent ! B3he KESDLENS, LA BRLEPURIoREL b7 Dol dhlUIEed 00

excess ampenntadxcegsiantamt io C, Hafgakor s&BtNRa3bAE it guredtyH L tends td o
be explosive and flammable. Additionally, it is believed in conventional
techniques that higher amount of diluted flow is desirable to provide a wide
process window and to enable achieving nearly vertical etching profile.
However, the inventors have discovered that an overly high flow of diluted flow
creates high flow turbuience in the plasma, resulting in gas flow fluctuation and
plasma instability. In the embodiment wherein the metal intended to be etched
is aluminum (Al), the inventors have discovered that the helium ions from the
diluted flow tends to creates large numbers of secondary electrons while striking
the surface of the aluminum material layer. As the "aluminum material has a
higher secondary emission coefficient than other materials, such as silicon,
photoresist, or silicon oxide, while struck by the secondary eiectrons from the
helium ions, the aluminum surface tends to interact with the secondary
electrons from the helium ions, thereby influencing the plasma intensity
generated in the gas mixture. The interaction between the helium ions and the
aluminum surface may influence in overall ion densities and distribution across
in the processing reactor, thereby resulting in gas flow fluctuation and plasma
instability. Accordingly, a high molecular ratio of C;H, diluted in He gas, greater
than 25 percent of C;H, gas in total gas flow of C,H4 and He diluent, along with
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be expl osive and flammable. Additionally, it is believed in conventional
techni ques that higher amount of diluted flowis desirable to provide a w de
process wi ndow and to enabl e achieving nearly vertical etching profile.
However, the inventors have di scovered that an overly high flow of diluted
flow creates high flow turbulence in the plasma, resulting in gas flow
fluctuation and plasma instability. In the enbodi nent wherein the netal
intended to he etched is alumnum (Al), the inventors have di scovered that

the hel i @edies 93vhfiowratio of Nxaas tote telahgas raxbiredesults aggedmantiet s of
ayer. AL THE ARG Y pabsNAti' ehaiclS, UhE Hiiel byl R PUHTAIERSENAET 76 e

t han ot hévigheatambahisof SyER gas initbtat gas flo@If T84 sid HY diiéntonay adgle, while
struck by thg secondary electrons fromthe heliumions, the alum num
surface téAyde tioher epreantiation ehpassvaliamaspecies deithersas rixLte avhidh i um

mixture, HREETT Moo ok AR Ro O el B Rt L face

may i nfl §e033] i nAdditionally,ithe lighesi tomsentiadtiodi ¢ft thebGtiHpgagdnape diluent he
processing reactor, thereby resulting in gas flow fluctuation and plasma
i nst abi | i98%. MAY p@iimpegt oa theghressHie mairtaingd & 8ie Ereees§inauEBIMPAT He gas,

i aent , SR8 StonRE" #aer Frobeting He b A incd8R PO piFgide B8fisfS) o
m xture rchantés oft rooledulaedolizion, ahetdhy assisting tivd dveess eiching gedrgioayi ors in

the netal |ayer etching process. A higher anobunt of C2H4 gas in total gas
f1ow of @aqardinglyHay gentieling ke paperssing pigssererphadelativalydnoher iangeof

pass! vat o SReGEERI lah "D SARTAL XhGS WIILAR nhSRRRART PR CYAL O

protection e substrate surface. I'on & hi gher

concent r yfasom hfghehechatiod giamdlecdlae cdllibivanis obndmythatstsy reqalig ¢n the
pressure maintained in the processing chanber during etching. Hi gher

processi mighs eeangestration f rassivaiign Pgciasoiti the aag aikture At BsreaAsi| ecul ar
collisio t - IS I \Y; ' i an, l.ngly, b
controll FEP]% %%@@3??%%‘%@2@8&8@‘% sﬁ}gl%g?%gpﬁg%"g Nl é?\éérﬁﬁg"‘ggcﬁ asy
great er tematsodifent, | the Wailue tredtahg mislebulbheativ @hCelanrethe dilient gak tinies C2HA

?ﬁs’ 2 hit Q egroggga};?gge c?\;mni})elregrggglgrecﬁlg Ini‘ni?llii'lgé;]rr)i A ?;grt'lggl?eeddét ta%%[:te%)r/eétg?u' ting
than 1.25 to achieve a desired amount of passivation species during etching.
For example, in the embodiment wherein the molecular ratio of C,H, to the
diluent gas is 25% (0.25) and the chamber pressure is controlled at 15 mT,
molecular ratio of 0.25 times the chamber pressure 15 equals to 3.75 (0.25 x 15
= 3.75), which is greater than 1.25. In another embodiment, the vaiue of the
molecular ratio of CyHy to diluent times the processing chamber pressure is
controlled at greater than 1.25, such as greater than 1.5, for example, greater
than 2.

[0034] Furthermore, the secondary electrons from He diluent also seem to
interact with the chlorine ions from the chlorine containing gas supplied in the
gas mixture. Accordingly, by controlling the amount of chlorine containing gas
supplied in the gas mixture, a sufficient amount of chlorine ions released from
the chlorine containing gas may be utilized to reduce the turbulence caused by
the He diluent secondary electron. As the secondary electron from the He
diluent may efficiently interact with the chlorine to reduce the overall amount of
secondary electrons remaining in the gas mixture, the plasma instability and
gas flow fluctuation caused by the He diluent secondary electrons is efficiently
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hi gher concentration of passivation species in the gas m xture and

I ncreasing the passivation protection forned on the substrate surface. In
an exenplary enbodiment, the value that the nolecular ratio of C2H4 in the
di luent gas tines the processing chanber pressure (in mllliTorr) is
controlled at about greater than 1.25 to achieve a desired anount of

passi vati on species during etching. For exanple, in the enbodi nent wherein
the mol ecular ratio of C2H4 to the diluent gas is 25% (0.25) and the
chanber FS?@%%QP{-é”iOé‘ec%ﬁP%W%ﬂ,ﬁle@BOHﬂt of shiprre cantainipg gasrsuppfied in mes t he
chanber re.: t (Q. = | ' reater
than 1. 288 it il Bel Sortofieaied iaye! sttty shpaldriont SrHIEC: “eor

t o di | ueriluenirgas tdupplieddats the etdrardastonrEssexample, theMow rhedofither eat er
than 1.25, such as greater than 1.5, for exanple reater than 2. [0034]
Fur t her m&Rrnen goRIBIING L3¢ B1aycPe siipplipd At whstwﬂta"wwaéeratﬁ ©6 H& nt er act

with the ¢ [ ' - L t orl t a{ni ' LW the gas |
i xtur o, e8! GRS IR B 1, Bt Fedto I8, B¢ st Rmenh Bt e 0% e
suppl i ed dhforineec@dsinnggas tchidesbibthi BCEinda0B yalsesf thehChrgasesupplied irel eased
from the chlorine contajning gas may be utilized to reduce the turbul ence -
caused byhe gage npigtule M be soBbRlRG @t 8 1substaghalhnsqvaldateebhiglilient 8% ron from

2 1S GRE ¥ be sebalid g eisubeia e % ron
overar! SHBHRR (IR BAGL Pk, ) BIE Tocilal RABRNRL O’ GRS 1 e

pl asma i sspplied at v flovd ratgasetiveew dbout 1108t $cvm aadsssbu300hscdrie, slidhuast
secondary electrons is efficiently 10 reduced. In one enbodi nent, the
anount ofPedeen AREUL KL SPFIMANARROWSHISETin  the gas mixture may be

nio the A3 [ eBErAY SRR, AekrERFone TP e slBdle APl 47 PaPP! ! o

cont ai ni iy Piye ofetelsubstrae 408, mayaecseivetdiféreat byncemibf td ga®iklare di | uent
gas supplied_ into the etch reactor. In the enbodinent wherein the chlorine
cont ai ni rfyPghad friem {hre shewareads23h Jesyhingda variatigr itthe gich Mg itkel in  the
gas m xt yy; - can e S t i u f di | uent
gas supﬁﬁ%’gﬁyn@gloﬁ %etoi'?ﬂ g% ggg%ttr%tP . HP?\ ﬂrsggg#?%uggr F‘%‘r@c\)’gi ﬁé%’%t he Cl 2
gas is suppbeddnaheagdd onixiuag eshel asethealzaietivd Bcisaes famd theochiod® sccm

such as containing gas and the passivate species from the nitrogen and unsaturated
hydrocarbon gas, may have different atomic mass and mean flow path, the flow
rate/speed for each gas species traveling toward the edge of the substrate may
be different, the resulting ratio of gas species in different regions of the
substrate 402 may vary. For example, nitrogen gas has a faster and more
uniform flow rate across the substrate surface than an unsaturated hydrocarbon
gas. As for the unsaturated hydrocarbon gas supplied in the gas mixture, upon
plasma dissociation, the unsaturated hydrocarbon species tends to form long
polymer chains from substrate center across the substrate surface to the
substrate edge, resuiting in larger amounts and longer chains of unsaturated
hydrocarbon species accumulated along the substrate edge than near the
substrate center. This effect prevails over the process parameters of higher
concentration of the unsaturated hydrocarbon gas, such as C,H, gas, and the
higher process pressure controlled during the etching process. The larger
amount of passivation species accumulated on the substrate surface provides
high passivation protection but lower etching rates, thus, resulting in etched
features having a wider actual critical dimension (CD) than target critical
dimension (CD), which is known as CD gain, in the substrate surface. In
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bet ween about 125 sccm and about 250 sccm [0035] During etching, different
regi ons across the substrate 402, e.g., center or edge of the substrate
402, may receive different anounts of the gas m xture supplied fromthe
shower head 232, resulting in variation in the etch rate in the different
regions of the substrate 402. For exanple, as reactive species provided in
the gas m xture, such as the reactive etchants fromthe chlorine containing

gas and the passivate species fromthe nitrogen and unsaturated hydrocarbon ;
gas, may OHQUgsidi s gaions of otﬁﬁcs%'%'ﬁ%at@n‘ﬁh@r@aﬁmqnéw araewrtst Ak PAsSAtIOMt e/ speed
for each HReicPeft CackiMUBlied Iahd " Hifef imBHAR. Ur TOEMRMP YRR BYe Pe
different, the resulting ratio of gas species in different Tegions of the
subst r at ge#i@Patedy avaryow eaticalxdimaEnsiom{CDRoeinichds knownaas D dossamdayror e
uni form f I o]yv e &ier O@fss t he substrate surface than an unsat ur at ed

t f
hydrocarl?@nouraaso.” $uhstrake suHace-uthareterey by sdikshng thpdowgpeiai@nd the gas

m xture, Dl | Ch.aldn e ﬂﬁﬁ%ﬁ% e r S I es
t ends toﬂfég}r)%aflgngéﬁg% yfrtlﬁarg gﬂ&%‘%@ fgy(%m subs 'lrég‘?tﬁe @%&r}t}sgéfb?@r sg’t e
subst r at enslectlac eohoettratiors obte ameakugted myehotaibon gas lcanfmediimting s and

| onger chai ns, of unsaturated hydrocarbon species _accumul ated al ong the
subst r at SilH8RE JPEaBURRIMNG: He the (aRs: MiKwIre.e Hig Mmohiliys ok rgasht IS cSRATE over

the Proc&saoRal ATMELss tilihy ORIERIR LGS, ADSURRH, Y Abefkd

hydr ocar boh"gas, suc rocess ‘pressure

control | edticl betwgern e phssivatopspecies.anthedctivg®tchanteunay bk @atamiedat i on
speci es accunul ated gon the substrate surface provides high_ passivation
pr ot ect i HHOYEING 3 @ePd sRHPhe! PasshationRretedtips @nd efghing Reravia, thesabir es

pr ot ect | B HPhef passdeaiioniysieates |
i monsi ofOVCEp, LR i deed bEREF £88 Sienadi e P le Sl Bne |, o

contrast metal lagir o408t oFhdrbfore ubat sdjustedhand: bammicedr amounho$ patsipatien vat i on
speci es are accynul ated and | arger anounts of reactive etchants are

gener at ePPeRIESafISHIPLRY ATAPS dNRePURDRE CBYTackhMaY b REUREGs eFPPbss, may
o R4 G SUTRER B IS EmIRIED Hna MR IR A8 Gl 2L
mol ecul arwithinm trentratdrial tayer 40d4eonitieadulisttagsl hydr ocarbon gas contained in the

[0036] In the embodiment wherein the substrate edge requires less

passivation protection but requires higher reactive species for etching, a low

flow rate ratio of CoHs gas to N2 gas, such as a lower amount of C,H, gas

relative to a higher amount of N; gas, may be used to reduce the presence of

long chain carbon-carbon polymers formed near the edge of the substrate,

thereby promoting substrate edge etching rate. In contrast, in the embodiment

wherein the substrate edge requires higher passivation protection but requires

lower reactive species for etching, a higher flow rate ratio of CoH4 gas to Nz gas,

such as a higher amount of C,H4 gas relative to a lower amount of N, gas, may

be used to increase the amount of long chain carbon-carbon polymers formed

near the edge of the substrate.

[0037] In one embodiment, the flow rate ratio between the N; gas fo the

C,H,; gas (with a molecular concentration of 30% in diluent gas) is between

about 1:3 and about 20:1. In another embodiment, the flow rate ratio between

the N, to the C,H, gas is between about 1:1 and about 10:1, such as 3:1. In yet

another embodiment, the N, and the C,H4 gas (with a concentration of 30% in

diluent gas) supplied in the gas mixture is configured to be substantially equal

amount, such as having a flow rate ratio of N, and the C,H; (with a
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di [ uent gas supplylng in the gas n1xture the mobility of each gas specie
supplied in the gas m xture nmay be relatively adjusted. Accordingly, a
desired ratio between the passivation species and reactive etchants nay be
obtai ned, providing a good control of passivation protection and etching !
behavior, thereby formng features with desired profile and di nension :
across the width of the netal |ayer 404. Therefore an adj usted and

bal d t .of d d h
our tace. wayeERtain PR icitEn SBSretT 4! ARCHalNERONTE Ne s ca RuRD lthe, on
(CD) of w@hee% aiktlRabUA pateHawEBR BB Ut WsBiMadd 8baBE 500 8bcrhayfth 404 on the

substrate L I'n the enbodi ment wherein the substrate edge requires |ess
passi vat |b@tﬁN¢p¢fmta out drscoon andgboues0 Iscgheffheééxm gas épitic agnicentratiarhi ng, a

| fl 2 f
uae 1 of S8 i HilnChies T sliiel oS RS be iR, Bodcl YEN AR <
presence 190 sdcof Ssiidhead bebhEeN 288 iP5 Rl YR8 aboUP RUBSEANS a0 plibvalgdate of the

substrate, thereby pronoting substrate edge etching rate. I n contrast, in
t he errbocgamoctur\mgay;ifwrtheren@udetanamert@age Sudgbler@anmplghaf thainsi/gas on

protection, but eactive species for etching, a higher flow
rate rat |'%Ci'6¢|eéﬁﬁﬂe % o @ﬁbed@k such as a hi gher amount of C2H4 gas
relative (b@agy | Oneb|RIOS0Y, prséang% foffRd fkﬁ‘nltﬁécbésommﬁfee?é%téh‘%@m)um of

| ong chain carbon-carbon polyners formed near the edge of the substrate.
[ 0037] | metaklayebdfidnion desiﬁed frofile ramdeumifarivo chiticaletimensionNg [jaen the t he

C2H4 f..30% | b |
ebout 1. S RS Fote: Yne PRGRARSaRRS theraas Migure R EBirerafvd “bet ween
the N2 titihi&dit GRssivatibht £0RUfhel ésai‘?r@dé@ulthe?fébylet&ﬂﬁ@ A% 3:1. In

yet anot her enbodi nent, the N2 and the 1 14 gas (wth "a concéentration of
30%in iasawatingdbe msmil layeri404 he yavannet tthai pmwxﬂﬂa‘ iugifosrd critidad

Sunstant heXeigg oy TR By SRRl A el By 311 o N2 and Lhe
the N2 9&[003%] sugaléraf rddbs%%rﬂ#ﬁetéﬁs’ﬁr@rré aFaté’d WHile thetmess | \gtcHl sccm
and about” 500 sccm such as between about 1 sccm and about 30 sccm The
C2H4 gas gasi tixtare dacaupplied ovio the etch reactor 202. in one embodiment, a
pressure of the gas mixture in the etch reactor is regulated between about 5
mTorr to about 200 mTorr, for example, between about 10 mTorr to about 30
mTotr. The substrate temperature is maintained between about 10 degrees
Celsius and about 90 degrees Celsius, for example, between about 30 degrees
Celsius and about 60 degrees Celsius. The RF source power may be applied at
a power of about 400 Watts to about 3000 Watts, such as about 1200 Watts, to
provide a plasma from the gas mixture. The carrier gas, such as Ar or He, may
be provided at a flow rate between about 0 sccm to about 200 sccm, for
example about 5 sccm to about 40 scem. The etching time may be processed at
between about 60 seconds to about 400 seconds. The process of etching the
metal layer 404 is terminated after reaching an endpoint signaling that the
underlying substrate 402 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.
[0040] Figure 5 depicts a critical dimension (CD) map of features 416 formed

on the substrate 402 from point A at the substrate center to point B at the
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of 30%in diluent gas) is supplied at a rate between about 1 sccm and about
100 sccm such as between about 1 sccm and about 30 sccm Optionally, the
gas m xture may further include an inert gas. Suitable exanples of the inert
gas include Ar, He, Xe, Kr and the |like. [0038] At block 306, a plasma is
formed fromthe gas mxture to etch the netal layer 404 to a desired
profile and uniformcritical dinmension (CD) on the etched features 416. The '

pl asma di ssoci ates the m xture, faormng reactive etchants and
passi vat SHRSEHES ?Whgai’ygt&@ sgigetad diow H”g?éﬁg}o oetweery thn pitrogg8<andht i ng the

netal |a KN BRA i {f0 | t4 ; i won (CD
of the fggt5 a@géteglmror me?lhi %Qgtﬂﬁgaheﬁ)ét[daﬁ??gﬁgﬁ%ﬁﬁhﬁféo%f?%?h%%vﬁ é%focfass) 5
par anet el384aMV¥ith egwellt seleated Bowhmtesttib betweenethehnitggenngas wmel the suppl i ed -

into the etch reacfor 202. In one enhodi nent, a. pressu of the gas m xture
i n the oUBRSEREHCRYIECATON SAB0 2o BTNUBH Geat dnBrgian: (G ZStES J60 nTorr

for exa t WRER t ik " ; ubs; e
t enper a{rgpgsﬁrés@nal nt ae? ﬁ% %éer'?) &/@ﬁégb@%{%ﬂ?e%?\gggQ(@%Fg;&%?@ngﬁ’g r@tt 90
degr ees Qedfde of thef etched degiuees beroee dmre abimsitat8@udageces Cel sius and about 60

degr ees jus._The RF source power may be applied at ., a power of about 400
Watts toﬁi@ﬁt Foeodimens of (be BEesanb venten rravide, an aﬂpﬁgf&\aie @@?@p@ asnma
fromthe bxt uce. r=1g - ~Ar vi ded at -
a flow rgttgfg%ggﬁl\ﬁger? a'E%_%? (Pﬁﬁéf:cﬁn tegﬁg%ezt eo%?gﬁcr%%ruf ’gﬁe. gz%errpﬁ%ta qut 5
sccm t o advantag@ousigrpre3trresttobiprofilei amd cayebsioprafdeatrds dbrmdumkinvlen about

60 seconds to about 400 secqnds. The prqcess of,et?hi ng the netal |ayer 404
i s terni HHEE@NAEERON 8 HENV%}Vaﬁeléﬁ%ian esifechFAtih g PRgEIVARHRN 98388PYi ng '
substrat h ] T, 0| Y e ] ny

sui t abl e%ﬁéﬁﬁ%dﬁgwkﬁﬁgﬁg%ﬂg%ﬁgg?nltegprgy gﬁ %%epﬁnﬁ%% 8'?)]IyOfb)rdrnlt)e"flli toring
opti cal datamsoiosmedvthimtheomeddl layqrr edefined time period or by another

i ndi cat or determning that the djielectric barrjer |ayer 406 to be
e ohod mieddhe iR B dorapaingrscdror sty enbaristantaatt dhe arasent s cal
di mensi OF ; Ofh ot t en402.f; oint A
ot TThe. cnieriibnRnet shBCAHED doditidHES of fthe! ifvehiiBA! ArdlCoé doliée P

without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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and unsaturated hydrocar bon gas supplied in the gas. m xture described at -
block --304.. Wth a well .selectéd flow rate rati o between the nltrogen gas
and the wunsaturated hydrocarbon gas, a uniformecritical dinmension (CD)
across the substrate surface may be obtained, thereby preserving a desired
and uniform profile Qf f eat 0ss the substrate surface.

[ 0041] Enbodi nents ofﬁﬁgﬁéﬁ&?“m%ﬁggw de an inproved nethod for
etching a netal layer in an interconnection structure. The nethod _
advant ageously preserves the profile and di nension of features fornmed in the
i nterconnection structure by selecting a desired ratio of passivation gases
for etching, thereby efficiently adjusting the resultant critical dinension
of thep2fegtowes forned within the nmetal |ayer. [0042] Wile the foregoing

i s dizsggt eflbkpagnbodi mrents of the present invention, other and further
enbod'ggj@ntrgagt,rthe invention may be devised w thout departing fromthe

basi co %&ﬁ ghd the scope thereof is determned by the clains that
foll o 1 E RE NUVERALS 102 arrow 200 substrate 202 reactor 210 ‘

processs ¢ e%%§a| id 216 support pedestal 218 RF source power 219
|rrped§%e )porme 220 DC power supply 222 bias power source 224

S cl ectrostatic chuck 227 throttle valve
mpe: ance ransformer

220 DC power supply
222 bias power source
224  matching network
226 electrostatic chuck
227 throttle valve

228 upper electrode
230 chamber wall

231 liner

232 shower head

234 electrical ground
236 vacuum pump
238 gas panel

240 controller

242  memory

244 CPU

246  support circuits
248 gas source

300 process

mat ch

302 biock
304 block
306 block

400 film stack

~~ 402 substrate

./ 404 metallayer
406 optional barrier layer
408 mask layer
410 openings
412 positions of a film stack
416 features
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228 upper electrode 230 chanber wall 231 liner 232 shower head 234

el ectrical ground 236 vacuum punp 238 gas panel 240 controller 242 nmenory
244 CPU 246 support circuits 248 gas source 300 process 302 block 304

bl ock 306 block 400 filmstack 402 substrate 404 netal |ayer 406
optional barrier layer 408 mask |ayer 410 openings 412 positions of a film
stack 416 features 15 What is clained is: 1. A nethod for etching a netal
layer di spasfdsPhaiinsgystrate to forman interconnection structure,

conpri sing: providrng a substrate having a netal |ayer disposed on a
substrate in an etch reactor; flowng a gas m xture containing at |east a
chl ori ne dont aAnnethaghforagtdhing a metal layer disposed on a substrate to form an

interconnection structure, comprising:

providing a substrate having a metal layer disposed on a substrate in an
etch reactor;

flowing a gas mixture containing at least a chlorine containing gas and a
passivation gas into the reactor, the passivation gas including a nitrogen gas
and an unsaturated hydrocarbon gas, wherein the nitrogen gas and the
unsaturated hydrocarbon gas has a gas flow rate ratio between about 1:3 and
about 20:1; and

etching the metal layer using a plasma formed from the gas mixture.

2. The method of claim 1, wherein the etching further comprising:
etching the metal layer through openings defined by a patterned mask
layer.

3. The method of claim 2, wherein the mask layer is at least one of silicon
oxide, silicon nitride, silicon oxynitride (SiON), amorphous silicon {(a-Si), silicon

carbide and amorphous carbon (a-carbon).

4. The method of claim 1, wherein the metal layer is an aluminum

containing layer.

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

flowing Cl> gas at a rate between about 10 sccm and about 800 sccm,;
and

flowing BCl; gas at a rate between about 20 sccm and about 400 sccm.

6. The method of claim 1, wherein the nitrogen containing gas is N, and the

unsaturated hydrocarbon gas is C,Has.
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passivation gas into the reactor, the passivation gas I ncludi ng a nitrogen
gas and an unsaturated hydrocarbon gas, wherein the nitrogen gas and the

unsat urat ed hydrocarbon gas has a gas flow rate ratio between about 1:3 and
about 20:1; and etching the netal |ayer using a plasma forned fromthe gas

m xture. 2. The nmethod of claim1, wherein the etching further conprising:
etching the netal |ayer through openings defined by a patterned mask | ayer.
3. The method of claim?2, wherein the nask |layer is at |east one of silicon
oxi de, sili%con rliher mathodiofi elaim okywhereineheSictyraied riprisasarbiohi gas ig a- Si ) ,

silicon carhi . b (a-carbon). 4. The method of claiml1,
wher ei n th%uﬁéﬁ% %ﬁﬁgﬁ)@q%gﬁ%%ﬁ%mﬁfﬂfm ning layer. 5. The nethod of
claim1l1, wherein the flow ng of the gas m xture further conprises: flow ng
Cl2 gas at a rate between about_10 sccm and about 800 sccm and fl ow ng
BCl 3 gas atS-a r dthe methaskel caibuy, wbewin thexdituesbgas igb®. sccm 6. The net hod

of claim1, wherein the nitrogen containing gas is N2 and the wunsaturated
hydr ocarbon gas is C2H4. 16 7. The nethod of claim 11, wherein the

unsat ur at ed, hydrpeaneifod@$ digim FUNMErsil thiet insatdidte® Mydemsarbon idae #iEh
reactor. 8. The nethod of claim7, wherein the diluent ‘gas is He. 9. The

met hod of dhej Miuent vgrs ds nsuprliedndneuthe eichyiepctesr Bbra drelesniar ratie of | uent

hyar ocar bonrsaurafe” phtGertich BEcABE, eafbelB g sBwaeh, thoth 2075545, T
The net hod gbbueBBiem 9 further conprising: nmaintaining the pressure of the
etch reactor at between about 5 nTorr and about 200 niorr.

10.  The method of claim 9 further comprising:
maintaining the pressure of the etch reactor at between about 5 mTorr
and about 200 mTorr.

11.  The method of claim 10, wherein a value that the molecular ratio of the
unsaturated hydrocarbon gas in the diluent gas times the reactor pressure is
greater than about 1.25.

12.  The method of claim 7, wherein the diluent gas is supplied at a flow rate

substantially equal to a flow rate of the chlorine containing gas.

13.  The method of claim 2, wherein a barrier layer is disposed between the
metal layer and the patterned mask layer.

14. A method for etching a metal layer disposed on a substrate comprising:

providing a substrate héving an aluminum layer suitable for an
interconnect structure disposed on a substrate in an etch reactor;

flowing a gas mixture containing a BCl;, Cl; and a passivation gas into
the reactor, the passivation gas including a nitrogen gas and a unsaturated
hydrocarbon gas wherein the nitrogen gas and the unsaturated hydrocarbon
gas have a gas flow ratio between about 1:3 and about 20:1; and

etching the aluminum layer through a patterned mask layer using a

plasma formed from the gas mixture.
17



11. The met hod of claim 10, wherein a value that the nol ecular ratio of the
unsat urated hydrocarbon gas in the diluent gas tines the reactor pressure is
greater than about 1.25. 12. The method of claim7, wherein the diluent gas
is supplied at a flowrate substantially equal to a flowrate of the
chlorine containing gas. 13. The nethod of -claim 2, wherein a barrier |ayer
i s disposed between the netal |ayer and the patterned mask |ayer. 14. A
met hod for etching a netal |ayer disposed on a substrate conpri sing:

provi ding a substrate having an alum num | ayer suitable for an interconnect
st ruct urh.di sfus edethoda dfubleimat 4, iwherriretfiohving atiteorgasf Inowiung furthes m xt ure
cont ai ni W.BC{& Cl 2 and a passivation gas into the reactor, the

passi vat$ RS including a nitrogen gas and a unsaturated hydrocarbon gas
wherein the ndin S at r n a a a gas
flowratio bg%‘ggﬁgbtg%t fl?ﬂg Fg% S&g@utﬂ%\g{e?ﬁ %eg @?@H?ﬁg gta %e%gpu\r%ﬁ%um | ayer
t hr ough ungadiraechbydmeskbdrayges tosidiust aritiphladimensamefi fdatorast foemgdsn mi xt ur e.
17 15. Tge nmet hod of claim 14, wherein flowng the gas m xture further
conpri sé .ea&wrlﬁwﬁ?ge{-he flowrate ratio between the nitrogen gas and the
unsat urated hydrocarbon gas to adjust critical dinension of features forned
in the alumnum|layer. 18
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