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Background of the Invention The prese \ relates to the proce55| ng

" of sem con@eWIT44ubst rates. More 5 parti ggosrly, the preseRETUAYEHPI%N

relates to nmethods for inproving etch results while etching through an
al um num containing |layer. In sem conductor processing, devices such as
conponent transistors may be forned on 10 15 a sem conductor wafer or

substrat e, ] o] o i nes,
whi ch are typ E&EHQi}é%‘gﬂﬁ‘ - %’%@...ﬂ‘i@@%ﬁ@m[&mmove
t he substrate may then be enployed to couple the devices together to form
the desired circuit. To facilit g.. 1l illustrates a
cross-section view of a | ayer stacRr—2 epresentrirg-sone of the | ayers
formed during the fabrication of a typ| cal sem conductor integrat ed
circuit. Altho S
herein to faci i’i?x!{@ gt es'&g(g}sﬂe:&lgg Hg%llﬁéesrtg'ltm aeﬁ%?c%éﬁﬂ% ﬁfe eg]%oégéééﬁsﬁbﬁ%a?éesl n-a
per t ai ns tpartsaubslyy ik @sesemypihvention teiatésab nietdmtie forihprovirgatdhrenilis vmi)lepfmhmgt S,

%I ass panel s enployed to fabricate flat panel displays. It should be
not ed Phat thiaugh An alyEmRyBRaMtaIgeda¥eranove, bel ow, or between the | ayers
shown may be present. Further, not all of the shown | ayers need necessarily

be present and 3QQE;Bhd sqify, SURSKIshetl Kool Glndlidel B rhedellch Al

the bottom of |ayer stac elssovvn oXl

| ayer 102, a 2éniyondd&tot wafet at substraegwhich is gypfalll nudy obsiliéaa. vetakiio dvercontst r at e
100. A barrier layer 104) typically formed of a_ titaniumcontaining |ayer
such as Ti lines; wichrarg typicgin@iphed fronh#) dupimup-eontaining fayen @Squrﬁé/ah@éfe Hiesposed
bet ween oxi Y. tI I l,Zat | yer
106. In the'gbcg!étg Ig yéggbg%%%ﬁwzcggﬂg&erd)éilggs%g%f?%g% S ef1 V\%rcflg elfa'l
structure, which includes a Ti layer underlying a TiN layer. B artier |ayer

104, when provi Gedacilitutectiscassor, Bigpt dluemited herosh-debtic wWow of a $aylet stadk 2 ons
fromoxide |ayer 102 into the alum numcontaining |ayer.

Al unmi num c SeRTEERIngSorgyad the lgperpfaymed dyrinedhe fahricatipaof emﬂ seTRiceRAUAGRn or rray
t Al -

SPLESETE R S U A

ant l - r ef | eqhdiNetceasat dM@dérnRading aiediscligdo@heleidAlso pertains to substrates employed to

fabricate other electronic components, e.g., glass panels employed to fabricate flat panel

1

15  displays. It should be noted that other additional layers above, below, or between the layers
shown may be present. Further, not all of the shown layers need necessarily be present and

some or all may be substituted by other different layers.

At the bottom of layer stack 20, there is shown a substrate 100. An oxide layer 102,
typically comprising SiO,, may be formed above substrate 100. A barrier layer 104, typically
20  formed of a titanium-containing layer such as Ti, TiW, TiN or other suitable barrier materials,
may be disposed between oxide layer 102 and a subsequently deposited metallization layer
106. In the case of Fig. 1, barrier layer 104 represents a two-layer structure, which includes a
Ti layer underlying a TiN layer. Barrier layer 104, when provided, functions to prevent the

diffusion of silicon atoms from oxide layer 102 into the aluminum-containing layer.

¢ 25 Aluminum-containing layer 106 may represent a layer of pure aluminum or may
represent a layer formed of one of the known aluminum alloys such as Al-Cu, Al-Si, or Al-Cu-

St. The remaining two layers of Fig. 1, i.e., an anti-reflective coating (ARC) layer 108 and an
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, " I7_ IT WD 997 67443 PCI7 US99/ 14026 overlying photoresist {PR | a'yér"?f*“

110, may then be formed atop al um num cont ai ni ng | ayer 106. The ARC | ayer
corrgrr sing anot her titaniumcontaining |ayer such_as Tlrgal or

9¥47843 i ght (e.g., fromthe |ithography step t hBEUNSHY%P
the photoresist) frombeing reflected and scattered off the surface of the

108, typically
Tiw may help pY

al um num cont ai ni ng | ayer

of conventio
e.g., throug%%gr%%gghgcg&?gg trag Hq

of parti cul arlOBnﬂ“he ARC lapertllﬁ& tppwaslla,rrnompmmrgtanrntherartamahwnnnammglayérahcﬁ adliN

| ayer 106 and
The | ayers opr
the art and
deposition pro
enhanced chem

lines, a porti

106. 5 Photoresist |ayer 110 represents a |ayer

; AP e bmm@@ Fﬁg&hﬁﬁﬂ&ﬂ.caﬂram%ﬁ@awg,

rays.

e appar ent ayers

ers being optional.

(F)nrag I(PLP’% Qrgélt %ee%rdfiw‘i’lv ﬂr@%%rt*pﬁ%ree % PeitRIRLihg phetogsgisn.

cesseé%ﬁgﬂﬂg(? %\%ﬁ%ﬁ%?nﬁfé%% vapor eposr T oédﬁ?%@% y%P?31]'05ér(nr5]1ngj-3

cal vapor deposition (PECVD), and physical vapor deposr tion
(PVD) sucld as sputRbetdresjst laper tkﬁrmprb*mtsaa‘lay@wécrhivemt@ahﬁtoadrbdin matdrenl odticiect

on, of the Ia ers of tgg Igger st ack,

al uni num cont@MhPH qeggpg,fo BN B-
phot or esi st tﬁ‘é'l‘e[}’eﬁ‘!ﬁ O}xl‘ﬁ?%te?éstﬁ?‘tﬁ

i nvol ves the patter n|

phot or esi

EBte

ﬁ@asu&qodﬁu%&gllﬁtlurggo ?%s wil be apparent,

ent %S&tfogﬁge RRRIREE SRS nglgqm ¢ and

ayer y exposi ng

phot or esi st nplicoriesist layer 416 avithaudl other 1 8feay ety dptiblab.gThelayers w6 lagen stk Otahe

devel opnent of

t he photoresist mater

i al

to forma mask to facilitate

cont ai ni ng%' Y 8kanl 3k b u%@srg ro%gssgy uwrrﬁll o mra V@B{egel}aan% 2B65) AR,

using an

appropriate

urce da

al um num cont antinBgl dheintyal e4paeadpokitioe SPRTVD), and pﬁ}@&hWa@Sr ddppsiviey (VD) such as

exanpl e, a commonly enployed etchant for
is a mxture &putErngand BCl,

pl asma etching the alum num | ayer

To achieve greater circuit density, nodern

seni conduct or devices are scaled with increasi ngly narrower etch

geonetries. As
i nt erconnect |

I nes

ar %%{nlglthte@orgrﬁa{tﬁﬁfd I%Etzaﬁﬁ 1ntlerc8%nec§l or% thg? I;]%I’Eé of the

ace

i nt er connect Ilaybesmcmmcﬁﬁgeﬂﬁinixmnﬂmrmﬁgmyeﬁmw\myeéetemrushgawithm a
approximately 0.8 mcrons (pn) is considered acceptable in a

4 megabi t 16Mb)phaiprestst techrigir vvaretexample; gne OFNPRAtIresist lechpRURANVORENEC s

i ne width of

preferably errp
t hi nner. -

la?cgrmn%toef t%peesf:sE 1ayerrﬁ6

as

by exposing

L0 tﬁles pl%tozrgmsrp n%;cgrpa? mna con\{act or stFpper

hthography system and the development of the photoresrst material to form a mask to

facilitate subsequent etching. Using an appropriate etchant, the areas of the aluminum-

containing layer that are unprotected by the mask may then be etched away using an

20  appropriate etching source gas, leaving behind aluminum-containing interconnect lines or

features. By way of example, a commonly employed etchant for plasma etching the aluminum

25

layer is a mixture of Cl, and BCl,.

To achieve greater circuit density, modern semiconductor devices are scaled with

increasingly narrower etch geometries. As a result, the feature sizes, i.e., the width of the

interconnect lines or the spacings (e.g., trenches) between adjacent interconnect lines, have

steadily decreased. By way of example, while a line width of approximately 0.8 microns (jum)

is considered acceptable in a 4 megabit (Mb) dynamic random access memory (DRAM) IC,

256 Mb DRAM IC’s preferably employ interconnect lines as thin as 0.25 microns or even

thinner.

subsequent et ERfihyrecemnzgledn thasp flalled indthe &t mdanay be fyangd ysing 3w of gaumberefhu m._
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TOF7 DC WO 991 67443 PCT/ US99/ 14026 The ever shrinking etch gi%gri
tlu gmome

however present many chal |l enges to process engineers. As f

smal ler and th %hotoresi st mask becones progressively thinaefysdolia@gCoNMes
%}7) Ptant to come up with etch processes that can yield

satisfactory etch results. This is because the etch results fromthe prior

art ClZBCl, etch 5 process tend to degrade when the feature size decreases

bel ow a cert ai fhdeien khridfRing/doh gbbnﬁmb@evd@F)%s@mmtchﬂwngestdo\ﬁwssi s an

etch result that process engineers constantly strive to inprove.

Phot or esi shgisedrecA$ featugesibe¢agnessmaller irul the phatoresist maskdicoemesaqirogregsivsbiess t o

di im te bet the t t | to b tched, (th | ) t ai ni
ayer | n QHRRSRCLBEPIER RN GEBLGE  CRIE Vn Grbpiesres B8 GO 1y 1o
frequentl %a@f&&]&? SRH rkdith ST isHeciule mbQicdtrelis Fotn Aok ElBdREEet | aver

el
versus the et ate of the photoresist nmask. Photoreésist sélectivity is

* quite iSMpairdasd tesd wadegtade whim thefeturs sizadsdreasapbalywd certain peinf.abr i cati on of

nodern sem conductor devices is quite thin. If a chosen etch process has
too |l ow a photqQresist,selectivity, the photoresist k. may be worn away
before the etc X‘g%%ﬁfﬁl“@i’%d?l_m&ﬁég?tﬁae ity lﬂﬁrhﬁtﬁér‘isgﬁ%ﬁgﬁo_‘\é?sﬁ PR Ths of
the under| aeh&&ggli ﬁ%%ﬁ%&ﬁpmt&%ik@s\eﬁ&ﬁm&mﬁ tRE SiNDriagiven etdRipPadsd.-

M cromasking r e I's ahother 1 nportant etch result that needs attention.
| n gener al to discriingnatkelxitwednl the takget laybreto bbh etched @hedluminresontaiomg layet inl thisv e
unwant ed residues or, etch bypraducts . on the surface Qf the substrate after
etching. THS® 3¢ thrRbotpresist n’églb?ﬂ@m%staﬂeﬁwmﬁ%@m Y FEREPRIE HETS 6t £ er e
with sybse ot iR T oRRMB bictirdB of B pRbRAGI: RRAL BIFRIGSy OT 20
t he re%lt%ﬁ?&gee%@gﬁﬁgﬁgs gé\i/)i 8‘3 g(%ttcﬁﬁér iorrg%rﬁtﬁant estc ﬁgif‘arret&gsrt is the
etch rate gdectivighistquéte &hporiantisineeahd phateragstimaskremphiyed én the Hatglvetiorad fumddettim
etch rate is advantageous. froma cost of ownershi stan?og‘?i nt (i.e., the

p

product i onsERsendyeter deyces jsAudt thig. HiafhasenAtchRIACATS BESIAC o3t @ Phatosdser al | y
desirabl e. Iy L YRR s | raf i 1LG10l i ng.
Profile m é&%‘iuggﬁﬁﬁgﬂgg&g%cur skg%gggse th‘g%it)%:fﬂfleﬁlg]ét a?’ cgfcﬂg tlljér%esdj}c%&}ﬁceé%
narr ow spadamgs toeycudiid fegion$ oHile anderlyivgt alaamuiscontaifiing laypewhdre ab dichiagiions.
This difference may cause the sidewall profile of features in the dense
regi onléo aendse a different shape fromthe sidewall profile of features in
the open field region. Wth reference to Fig. 2, for exanple, it is seen

therein that pref; 36 ' gﬁ@g! @'nfh -S] 206
in the open fie%‘urogtbl oné Sﬁglggjynlgﬁla re tZe%ere lg%x pr(e) [ eeﬁ{lﬁ%;ﬁ%é%re
vertical siitie\deditabléQHatitiie dibsentedhsocesgdsens not Ratdwsvdied Edidues b gtch Byproductsl 7
D E C 200

on the surface of the substrate after etching. This is because the presence of the unwanted
residue may interfere with subsequent processing steps and/or with the proper performance of
20  the resultant semiconductor device. Another important etch parameter is the etch rate through
the aluminum-containing layer. Since a higher aluminum etch rate is advantageous from a cost
of ownership standpoint (i.e., the production cost per substrate), a higher aluminum etch rate is

generally desirable.

Still another important etch result is the profile microloading. Profile microloading
25  occurs because the etching that occurs in the narrow spacings may differ from one that occurs
in the open field regions. This difference may cause the sidewall profile of features in the
dense region to assume a different shape from the sidewall profile of features in the open field
region. With reference to Fig. 2, for example, it is seen therein that profile microloading
causes a sidewall 202 and a sidewall 206 in the open field region to assume a more tapered

30  profile than the more vertical sidewall 204 in the dense region. In this example, Fig. 2

-3



- WD 99167443 PCT/ US99/ 14026 represents the result after the Iayez-rggﬁr m@'
Fig. 1 has been etched with the prior art G 2BCO, etchant source g g
pl asma processiggefiddaqsber . Because profile microl oadi ng represeptHusdd 4026
aberration in the critical dinmension of the etched features, it is
generally desirable to mnimze profile mcrol oadi ng. These and ot her etch
results are representative of the etch results that process engi neers
constantly skepic¥éntd e et afterehd Dyemick o Bigt Nahd g etchdd widlbthe @eibt £HECHBIE[ N
hi ghl y dense sem conductor devices. -4 .r. " . WD 99/67443 u~~ar~ of the
| nvent i on . ~¢ithagieoupesgas HCTPIRSODPIOLersias Thembesy Baeaussprefle spiasloading gepsesents
enbodi nent, to.,a h [o] 3¢ i S ct tions. of .

tra Bt Eical SR o B BE BB TP BBl iesiznleise r ace.

t
al um num con °
The al um nunmneaRhR prbfile rhign®ading. dhefRQse dteebtehresnll ¢ RpRSEntitiveRS theltathi Ng a
pattern thereon. The nethod includes providing a plasma processing chanber
and posi t3 ontasylts that prodess enginreersoensignt win optimize fymeet sheaiallerigeof frdringginghe
al um num cont ai,ni l.ayer and. th hqt aresi st nask, within the plasma
processi ng cMoAEEEEY erff‘&s?'fﬁlﬁo‘?cﬁ’??oﬁg?v‘?%cl udes flowi ng an etchant source
gas that conprises HCO, a chlorine-containing source gas, and an oxygen 10
contai ning source gas into the plasma processing chanber. The flow rate of
t he oxygen I n anot her enbodi nent, the invention relates to a nethod for
etching sel ected pressure of between about 6 nTorr and about 14 niforr in
t he plasma processing chanber during etching. These and ot her advantages of
the present invention will becone apparent upon reading 15 portions of an ..
al umi num containing |ayer of a layer stack. The | ayer stack is disposed on '
a containing source gas is |l ess than about 20 percent of a total flowrate
of the etchant source gas. There is also included striking a plasma out of
the etchant source gas, wherein the plasma is enployed to etch at | east
partially through the alum numcontaining |ayer. substrate, and the
al umi num cont ai ning | ayer is disposed bel ow a photoresi st nmask having a
pattern thereon. The nethod includes providing a plasma processi ng chanber
that is configured to forma high density plasma through inductive coupling
action. There is also included positioning the substrate having thereon the
| ayer stack, including the alum num 20 containing |ayer and the photoresi st
mask, within the plasma processing chanber. There is further included
fl ow ng an etchant source gas that conprises HClI, Cl12, and CO~ into the
pl asma processing chanmber, with a flowrate of the COZ being | ess than
about 20 percent of a total flow rate of the etchant source gas.
Additionally, there is included striking a plasma out of the etchant source
gas, wherein the plasma is enployed to etch at |east partially 25 through
the al um num containing |layer. Furthernore, there is included maintaining a
the follow ng detail ed descriptions and studying the various figures of the
drawi ngs. -5 17 D E C 2002 ot
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Th. e present_invention is illustrated by way of exanple, a y of

limtati onWQW#E figures of the acconpanying draw ngs V\hir%ﬁgérggﬁg(g\téﬂdr awn

to scale to sinplify the illustration and in which like reference nunerals

refer to simlar elenments. Fig.1l illustrates a cross-section view of a

| ayer stack, representing the layers formed during the fabrication of a

typi cal sem conductor IC. Fig. ' -section view of the

| ayer stack of Fig. 1 after theé%hghgﬁ%#?§§§%§¥§éﬁgﬁlayer Is etched using a

Clz/BCl, chemstry. 10 Fig. 3 illustrates a cross-section view of the | ayer

stack of Fig. 1 after the alum num containing |layer is etched using the

i nventive chem stry that includes HCl, a chlorine containing source gas,

and an oxygen-containing source gas. Fig. 4Ais a graph illustrating the

- rel ationshi p bgheeswentibierefiiey Brodsietiboditneht, td method fdrleechigaeletat ponfonoxygen
(expressed as a percentage of the total flowrate of the HCl/Cl,/ QZ

M xture) DSapebEmpgnon#EERNkYes ofp layengtackithal is disposed ep sk Ti&t r ating

and he 1IN PARORAREE I R U ¥ obol Ry EnBAR LERkT R EbEY D) ©

ag . flow
rate of t hgheligdinéd &hﬁaeg?ﬁsﬁu{@)am&mﬁrmssﬁgmaﬂw dnd)pREitibSing i MBstrdd 9. 5
is a graph illustratin he rel ati onship between the residue and the flow

rate of 2(havinggbere¢rethplayssstackainchidingthesinmipamdontaing tayed and|thwphoderesistf t he
210y Wb i e A e B SR ™
etchant source gas that comprises HC, a chlorine-containing source gas, and an oxygen-
10  containing source gas into the plasma processing chamber. The flow rate of the oxygen-
containing source gas is less than about 20 percent of a total flow rate of the etchant source
gas. There is also included striking a plasma out of the etchant source gas, wherein the

plasma is employed to etch at least partially through the aluminum-containing layer.

In another embodiment, the invention relates to a method for etching selected

15  portions of an aluminum-containing layer of a layer stack. The layer stack is disposed on a
substrate, and the aluminum-containing layer is disposed below a photoresist mask having
a pattern thereon. The method includes providing a plasma processing chamber that is
configured to form a high density plasma through inductive coupling action. There is also
included positioning the substrate having thereon the layer stack, including the aluminum

20  containing layer and the photoresist mask, within the plasma processing chamber. There is
further included flowing an etchant source gas that comprises HCl, Cl,, and CO, into the
plasma processing chamber, with a flow rate of the CO, being less than about 20 percent of
a total flow rate of the etchant source gas. Additionally, there is included striking a plasma
out of the etchant source gas, wherein the plasma is employed to etch at least partially

25  through the aluminum-containing layer. Furthermore, there is included maintaining a

pressure of between about 6 mTorr and about 14 mTorr in the plasma processing chamber

during etching.

These and other advantages of the present invention will become apparent upon reading

the following detailed descriptions and studying the various figures of the drawings.

-5-



‘'Fig. 6'is a graph illustrating the relationship between the photQQeBFEtmmz‘
etch rate and the flow rate of oxygen (expressed as a percentage of e
.total flow ratewwostehe3HCI | Cl ZI Oz m xture) 25 whil e etching thrauahu®mwi4026
al um num contai ning | ayer for one exenplary etch enploying the inventive

di scl osed etch regine. ., WD 99167443 17 D E C 2002 PCC/ US99/ 14026 Fi g.
7 is a graph illustrating the relationship between the photoresi st
selectivity and the flow rate of oxygen (expressed as a percentage of the
total flowrate of the HCI/CO ,/0, m xture) while etching through an

al um num contai ning | ayer for one exenplary etch enploying the inventive

di sclosed etch regine. S Fig. 8 is a graph illustrating the relationship
between the profile mcroloading and the flow rate of oxygen (expressed as
a percentage of the total flowrate of the HC/C z/0, m xture) while
etching through an al um num containing | ayer for one exenplary etch

enpl oying the inventive disclosed etch regine. g_ ,. 17 D E C 2002 WO
99/ 67443 PCT/ US99/ 14026 Detail ed Description of the Pr~; ~erre Enbodi nents
The present invention will now be described in detail with reference to a
few pzeferred enbodi nents thereof as illustrated in the acconpanying
drawings. In the follow ng description, nunmerous specific details are set
forth in order to provide a thorough understandi ng of the present

invention. It will be apparent, however, to one skilled in the art, that
the present invention may be practiced without sone or all of these
specific details. In other instance r steps andl or R
structures have not been descri bed F%T gg‘%“alishﬁ?\rypggfg??ﬁ not unnecessarily’
obscure the present invention. 10 In accordance with one aspect of th.e
invention, the etch through the alum num containing |layer is optimzed by
etching the substrate in a plasnma processi ng chanber using an etchant
source gas that includes HCl, a chlorine-containing source gas, and an
oxygencont ai ni ng source gas. As the termis used herein, the

chl ori ne-contai ning source gas represents any chl ori ne-containing gas such
as, for exanple, Cl2, CCl4, or the like (but not 15 HO). The
oxygen-cont ai ni ng source gas may include CO COZ, NOx, Oz, or the like
(either alone or in conbination with a diluent such as N' Ar, or preferably
He, or the like). In one preferred enbodi nent, the etchant source gas

enpl oyed includes HCl, Cz, and O, with the O flow being limted to bel ow
about 20% of the total gas flow into the plasnma processing chanber. In the
di scl osed regi ne of etch paranmeters, it has been found that in the presence
20 of exposed alum num the addition of the 02 gas surprisingly reduces the
phot oresi st etch



ratre. .The reduction of the photoresist etch rate is said to Ei surprising
since the photoresist nmask is typically organi c-based, and 1 ddi28on of
an oxygen-contai ning gas that dissociates and forns oxygen glasdte uld

t herefore ‘39@3’%&3% t he burning or renoval of 25 the photoresi st/.l)?dlaﬁ fact,
oxygen is wdely enployed in the prior art as one of the source gases

enpl oyed i n downstream photoresi st stripping processes, i.e., the processes
designed to quickly etch away the photoresist mask. Thus, one skilled in
the art would not at all exm@@%&m oxygen-cont ai ni ng
gas woul d actually reduce t — WO 99/ 67443 17 D
E C 2002 PCT/ US99/ 14026 The inventor has also confirnmed that when a test
waf er that is blanket deposited with only photoresist (i.e., without an
under | yi ng al um numcontaining |ayer), the addition of O into the HC/Cl2
m xture does indeed accelerate the photoresist etch rate) This expected

«~ result is showlhe prebengy invéntidneis dlustritaébyvay of example, etidivt by tveayast lanitatioh, waf er
havi ng t hereon onl a layer of blanket deposited I-line photoresist is

5
shown rel 39 @@H@S@f;/mreaopmamg@rﬁvmaw@@h aedwplawade sede 19 syplfythaige of the
total f£lo f. - ] . nin Fig. A4A
i ncreaéi n%@tgg%t%/nélelg ((gilvxll{krgaé/(e3 |%@%%%é§}%f%@5‘ﬁg%?§§n§s “etch rate in this
situation. However, experinmental data shows that given the disclosed
process condit iFnd itlsstatcl @ crdsokection vizwessl lager stack, étpresentdigethe layiehsefofiredyas i n
the inventive and disclosed etch regine actually hel ps decrease the
phot or esi sthuriag & fabricationeha tRicakemgondwstetdlt ai ni ng | ayer is the target
| ayer to be etched. This can be seen in the plot of Fig. 4B wherein the

al um num etch r 1 [ I un3A6m-

I(2?<errpI4§r yt f‘; cﬁﬁ? @gﬁliéfidgftﬁ\%ﬁtﬁ géﬁ;ﬁ&%}@%&crﬁ?Sf?eQ?%%?e gx%rrrlpl e of
ig, , t ayemnis e usaigen @B emisdtyor esi s etch rate behave as
expect ed when the oxygen flow rate is above a break point (about 5% of the

total flow vol [N the exanple of Fig._4B). That is, the alunm num etch
rate d reasesu%r‘gu%&c“émftf’ﬁea ‘?rggﬁs&?ti‘%"‘% °f@Fla”(yF’i/%?‘i} %ﬁ:é%llé%% WYY he
phot oresi s ok o gﬁﬁg k i J i ously, the
al um num e{:%lﬁiﬂrhgg é@gﬁg e’?b%é&p 0 %%{}ggl%{hgﬁﬁrﬁgggg eﬁg&gw&cﬂ%«fl y

unexpect edcomanag sodree gishandmnyoyepert-taminisg bedraegashe break poi nt (about 20
5% of total flow volune in the exanple of Fig. 4B). That is, in the regine

wherein the oxygen flow r is below the break point,. the alum numefch
rate does not dglfc’r ééé%amﬁﬁl%ﬁwﬁg? H‘ﬁaé'é’ pg"tt\‘,’g‘f’“r'gfgh%@ieé‘é? ¢t _EPé‘E:?Iégtg‘%s.
In accor da%gﬂ %202 Shj?égnfléipr&%a%ta pafcehfaBe BFtRS R ﬂon%{Edf%{b HEVCY,P0, mixture)

pr ef er abl e,
15  when no aluminum is present.

Fig. 4B is a graph illustrating the relationship between the aluminum etch rate, the
photoresist etch rate and the flow rate of oxygen (expressed as a percentage of the total flow

rate of the HCVC,/O, mixture) when the aluminum layer is etched.

Fig. 5 is a graph illustrating the relationship between the residue and the flow rate of
20  oxygen (expressed as a percentage of the total flow rate of the HCI/C),/O, mixture) while
etching through an aluminum-containing layer for one exemplary etch employing the inventive

disclosed etch regime.

Fig. 6 is a graph illustrating the relationship between the photoresist etch rate and the
flow rate of oxygen (expressed as a percentage of the total flow rate of the HCY/C1,/O, mixture)
25  while etching through an aluminum-containing layer for one exemplary etch employing the

inventive disclosed etch regime.



not absol utely necessary, that the etchant source gas be substantially fréee’
of BCl,. In other 25 words, good etch results in terns of the faf BEQ@PHY2t ch
rate, phot oresk;égﬁﬁj‘ﬁcti vity, profile mcrol oadi ng, m cromaskimernesiifiie,
and the |ike, have been achieved with the addition of Oz using the

di scl osed etch reginme and in the absence of BCl,. This is so even though
BC13 is not present to passivate the etch features, as in the case of the
prior art Cl,/BCIFiget sh grdfieiilafisging theatlatdnshiprbetiveexitishephoanéstit seléctivay s the
anot her surprising finding of the 30 inventive etch process. _1n general,
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corrosi on dapre@ivideistdecktdgalée coating of al um num oxide, which is
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surprisingly little, if any, residue formed on the substrate surface after
etching. 10 Vivendve disqlasedgichaegiicet el y under st ood why the photoresist etch
rate would increase in the absence of al um num and decreases when al um num
is present, the inventor herein specul ates that the surprising absence of o
al um num oxi de residues may be explained by the relatively low flow of the:
oxygen-cont ai ni ng source gas (which limts the rate of formation of any

al um num oxi de residue) as well as the appropriate setting of the chuck

el ectrode bias 1 S (which controls the rate at which the substrate surface
i s bonbarded during etching). By striking a careful bal ance between the
rate of alum num oxide (as well as other residue) formation and the rate at
which the residues is sputtered off the substrate surface, a substantially
residue-free etch result nay be obtained. In fact, it is believed that the
flowrate of the oxygen-containing source gas plays a 20 crucial role in

t he success of the alum numetch. To avoid the presence of residue after
etching, the flow rate of the oxygen-containing source gas is preferably
bel ow about 20% (but not at 0% of the total etchant source gas flow rate,
nore preferably bel ow about 10% (but not at 0% and nost preferably between
about 2% and about 4% Figs. 5-8 illustrate sonme of the etch results for an
exenplary etch wherein a mxture 25 of HCI1Clz, and 02 is enployed as the

et chant source gas in an inductively coupled, |ow pressure, high density

pl asma processing chanber. Fig. 5 depicts the relationship between residue
remai ning (shown in an arbitrary scale on the y axis) and the flow rate of
oxygen (expressed as a percentage of the total flowrate on the x axis) for../
one exenplary recipe. As can be seen, the residue increases significantly
when the flow rate of oxygen increases. 30 Below a certain flowrate (4% in

t he exanple of Fig. 5), the residue is however surprisingly -11
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rel ati onshi p between the photoresist etch rate (in angstro p
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flowrate). As can be seen in the exanple of Fig. 6, the photoresist etch
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7 depicts the rel ati onshr p betvveen the photoresr st seI ect| vity (i.
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exanple of Fig. 7 shows, the photoresist selectivity increases as the flow
rate of oxygen is increased in the exenplary regine of the figure (i.e., 10
bet ween about 2% and about 6% . Fig. 8 depicts the relationship between the
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pressure ﬁ%ﬁ*&ﬁ FP&P@“‘XB‘%& °£§W&°ﬁ$8§€‘§% Fofge %fr%htﬁéﬁ‘ sﬁﬁ% a &n
9600PTX,  ayfigdr lui’s"t‘.in@céc RRMkhewh FRBEA DS Gal/ft str@btufes BERHot b&%‘ deb@fRl & de‘tﬁl the
terms are 20 enpl oyéd herein, high density refers to a plasma density above
about 10" morrtctmm)tmécoessmmobscrm&ssmsentnmfeenmto the fact that the
pressure w thin the plasma chamber is bel ow about 100 mforr during etching.

Th t t | t dto t | a f
phot oria! st B ARARIgEe 1 pe amesfl ofdininpetot, e fitp b ebe By,
i nvention &BYauYiﬁ%; lag@texs Bgﬁﬁ{z'e@ 8¢ ctcfhn HRESbEYRER dQflasPladRERsRh OB HeP Ssing

reactors, 1nclud tho havi hg her 25 pressures "and nedi um or ow
density pI asetehant spurdecgaa flot swbudes Hﬁ‘hcﬁ cﬁmﬂe-léd'n(mpingsmc@ goc esbamaxygyst em

t he bottom el ectrode r % be bet Php 80 wat t.s, and about 300
watts, nor eo%%lpgﬁ%r geemgﬂ te‘é‘Bb%‘tse E)“"Wa IoRBe-SORIHRNE SPURE £S5, and
pref er abl y tesahonly diftitRkhfind g0k ANl 19%%% 58 1ke S hibF 2

par anet er cause |t Contro s thé“rate of residue uttéring, as nentioned
-12 V8 O YU 7Pedxygen-containing source gas may include CO, CO,, NO,, O,, or the like (either

alone or in combination with a diluent such as N,, Ar, or preferably He, or the like). In one
preferred embodiment, the etchant source gas employed includes HCI, Cl,, and O,, with the
O, flow being limited to below about 20% of the total gas flow into the plasma processing
chamber. In the disclosed regime of etch parameters, it has been found that in the presence
20  of exposed aluminum, the addition of the O, gas surprisingly reduces the photoresist etch

rate.

The reduction of the photoresist etch rate is said to be surprising since the photoresist
mask is typically organic-based, and the addition of an oxygen-containing gas that
dissociates and forms oxygen plasma should therefore accelerate the burning or removal of

25  the photoresist. In fact, oxygen is widely employed in the prior art as one of the source gases
employed in downstream photoresist stripping processes, i.e., the processes designed to
quickly etch away the photoresist mask. Thus, one skilled in the art would not at all expect

that the addition of an oxygen-containing gas would actually reduce the photoresist etch rate.
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wel | as other values disclosed herein, nay be optimzed to suit 1 20
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source gas (é&lgyer Oﬁéta}’@%@“gf‘gi Pholgesist 1 ggwﬁﬁ‘itiatﬁ’é t‘%&’ﬁﬁﬁ’@‘ﬁ%ﬁ‘y%
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about 150 scanmFigHd, imréasingfthe dxygahfiow rabeincremestheiphgtoldsiss etoli eate ipahis( e. g. ,
Clz) to HO may be between about 0.1:1 and about 10:1, nore preferably

bet ween aboutSi®a¥en.1 and about 4:1, and preferably at about 2:1. The flow
rate of the oxygen-containing gas (e.g., Oz) as a percentage of the total

flowrate may be % ‘950[31 ;00 2 0% 4
preferably bet vveegﬁg out’%g/o 2 E%Jtﬁ’a{ﬁ(%{%%got O/Sta%%eg a%glggos%g%gcg%%&éc\l}gﬁﬁ%rae
pr ef er abl 30 bewhsleninafeasitg Aioflowdariadtie GL%us Ashapwentdradd 2idciessd etabrreginite
oxygen flowrate js a critical paraneter since it produces the surprising

resul t of | owestRaly helps dsprspssitbephotoresist gich 53te Whenthe GhHmIpYD-SORIBIDING Iavarys the

little, Iif an ' i e t B anl.
tenper at ur e nEyEaBE R Ao TE S BORER BECHIDEH IE anWherbin B i ech
about 40C andra®ent the @hotosssidt ctefaey abplytied fopbreixebPGry étoh diiploging tieinositive

some exenplary etch results for an alum numetch using the 25 HC1/Cl_/Q
chenistry ar eﬁﬂlé%(.oz resipee Saptie exanplp of Hgsds the gheminppretehagteiand thenhetdresist

usi ng simlar QCess r anet t [ Z e e ant <o
U1 19 S TS PSRRI ARSI i TR B9, B AR 0 s of
subst anti al | y t©totg oAU 1iBER thS exiip® of € BN IThat 183 the M BMGIhAdtel dedrefkes C
2002 PCTI US9911402G PROCESSO zBCl , H |,/ QZAl um num Etch Rate in Angstrons

Per M nute abddee tbahefmmatenuef reigtivdp e 44,65) and thet phiotaresist eich ratg insteasessvitter
M nut e

increasing oxygen flow. Curiously, the aluminum etch rate and the photoresist etch rate

behave in a totally unexpected manner when the oxygen flow is below the break point (about
20 5% of total flow volume in the example of Fig. 4B). That is, in the regime wherein the

oxygen flow rate is below the break point, the aluminum etch rate does not decrease while

the photoresist etch rate actually decreases.

In accordance with another aspect of the present invention, it is preferable, althongh
not absolutely necessary, that the etchant source gas be substantially free of BCl,. In other
25  words, good etch results in terms of the aluminum etch rate, photoresist selectivity, profile
microloading, micromasking residue, and the like, have been achieved with the addition of
O, using the disclosed etch regime and in the absence of BCl,. This is so even though BCl,
1s not present to passivate the etch features, as in the case of the prior art C1,/BC], etch.

The absence of aluminum oxide residue is also another surprising finding of the

30 inventive etch process. In general, aluminum oxide is a very stable compound. OQutside of
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' (For 1-1ine photoresist) about 4,400 about 3, 200Phot or esi st
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anot her enbadi t of the present invention, the etchant s

" includes V2P gl%? ~wth the COZ representing the oxygen- mgﬁ?ﬁg gas.

It has been found that when COZ is enpl oyed as the oxygen-containing gas in
the Clz/HA 1Oz etch of the 5 alum numcontaining |ayer, a w der process
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bet ween ab ut watts and about 250 watts, and preferably about 100 watts
t o about %, w th about 150 watts being the preferred val ue.

Al ternatlvel y or additionally, one can control the sheath voltage, and the
sheat Rgvol t age wiRl PR ndt clifbtbly udder¥bd Sl teiitBidresist 4Rh Ewﬂ

pr ef erred val ue atelabélutc-115 \%ﬁ 5 % gottom e Séctro e pomedr/\ﬂngljr%%ﬁe

sheat h volthagissenrcs of a}unnmmmancbdemmasds Ivd;en(ahmgeﬂxﬂ‘nerpxesen’t nik myehited Heygin cont r oI
the rate of r srdﬁ egutte s _contenpl ated that thes vaI ues,

wel | as ot heFuldf Sﬂ@refﬂmﬁw I TsEioHFS Ay Poexplained by the, E C
2002 WO 99&@?16&?3; 1&@5#%98&%48%% -beinihd Souke (@ﬁ%ﬂhﬁu&fth@ra%ftfbr?ﬁﬁ'n]@

pl asma processi hg system a | cul ar” substtate size, or a particular type

of phot or esf @ty ahmndhwn omikie ndsitiug) asomdliedsnthagpprapyrate seting oftierdhuck elbcttdde bias
relative
15

(which controls the rate at which the substrate surface is bombarded during etching). By
striking a careful balance between the rate of aluminum oxide (as well as other residue)
formation and the rate at which the residues is sputtered off the substrate surface, a

substantially residue-free etch result may be obtained.

In fact, it is believed that the flow rate of the oxygen-containing source gas plays a
20  crucial role in the success of the aluminum etch. To avoid the presence of residue after
etching, the flow rate of the oxygen-containing source gas is preferably below about 20%
(but not at 0%) of the total etchant source gas flow rate, more preferably below about 10%
(but not at 0%) and most preferably between about 2% and about 4%.

Figs. 5-8 illustrate some of the etch results for an exemplary etch wherein a mixture
25  of HCVCL,, and O, is employed as the etchant source gas in an inductively coupled, low
pressure, high density plasma processing chamber. Fig. 5 depicts the relationship between
residue remaining (shown in an arbitrary scale on the y axis) and the flow rate of oxygen
(expressed as a percentage of the total flow rate on the x axis) for one exemplary recipe. As
can be seen, the residue increases significantly when the flow rate of oxygen increases.

30 Below a certain flow rate (4% in the example of Fig. 5), the residue is however surprisingly
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- ratios of paraneters disclosed herein. The top el ectrode power -{n?y%ge Zﬂg%'
bet ween about 300 watts and about 900 watts, and S preferably at a t 0
watts. The pre ofs7hdy the plasma chanber during etching may bepdgty®adee

- about 6 nTorr and about 14 mflorr, and preferably at about 10 mTorr. The
pressure is a critical paraneter since it inpacts the resident tinme of the
pl asma. The total flow rate of the HCO/chlorine-containing source

gas/ oxygen cabent. rHigg dapictehe gadationship betwideh thelpliotobR)st ettle hasenlin axpstroras gas nay
be between abqut SO standard cubic 10 centi mstgrs per. m nut gﬁéscc%and
about 300 scEHPUtRLANE (e BPWralp PLORYBERASRIN FBBRGESEY 6D2 BeErRtags P! Hsdete! ragle m

and preferabl t: c raki : qsqﬂ.&g' - 1.0l

source gas (é%g gdja%l b%?&')z\ Tg&%é?& ?rfapf fgghe B’e‘tﬁ%gﬁg‘féﬁ%ﬂbﬁ"%&ﬁ 1 an]élg boﬁgtc 168:9‘1th
mor e pref er alpkygdiefiove eate lereades th S rdgima shavrnelg., betweenabowy 2¢f adabbyr 634 irndaeut
2:1. The flow rate of the oxygen-containing gas (e.g., CO~) as a percentage
of the tofal Wﬁ‘@wer"zﬁﬁg-ﬁéy be between 1 S about 0% (but not at 0% and
about SO% nore preferably between about 0% (but not at 0% and about 20%

even nore preferal; ahat 6 ande2 ek ?é’é?tﬁgg ONEF fiai
preferably bet meﬁilgb’};ﬁép\‘%ﬁﬂgﬁ%ﬂa %UP/ 7% V\Il{ﬁt% g%’outs 6% lt)lel:{}ﬁg'e?ﬁe pre gtrcped
m dpoi nt. As raentlativew phatdrésist etch kete)fand ther fidveratd ofi dxggédQagdin expressed ascal
paramnmeter since it produces the surprising result of |owering

h
phot or esi st dressenfage of thedolabilaw mée)s dsthe exampgleofiFig.(7 %PWF’@%PWFJYQQGSSWS%@F@&W
in the discl i : [ :

ot 20 o S e g RS HAE RS hYGS SRcif dERRE T o

and pr ef ereabl yeraterpdbout 2%@ad abdig 6%)anber tenperature is, in one enbodi mant:; ;

about 70 C, with the He clanp pressure at about 10 Torr. While this

i nvention has been_described in terns of several preferred enbodi nents, 2S
there are alterati Bis3 dpRitithedelatonshipdishvesy thepirflsrmicigloadmerand theflawraie ethe
scope of this ! | i r i do ] j , i o] n,
o add a dil ugsyie-B Rt SesRle BB Sec bt RIS el ASHE bl i8S PRORT™
Such a m xt ur ghddws, thePprixfiledmnicidioatiing eetrdases d3the floweate 00y geh istibdréased itetht i on.
As a further exanple, although the exanples are given with reference to an

i nductively c&xgmplarypeamepiihedigse (igg beteenaout 2% and aho 60 d DeprsesingroSip

ystems (459, mipRiRRll8 o I EER kel Riihe! ARE3aR o ARTRLAE SR BRIEE.
are ECR based, MORI-based, or diode-based). It should al so be noted that

there are many al t §hoa¢ exenphay stchf a 200phaneafer aginghkerssi dhodeminost laypar at uses
of the present invention. It is therefore intended that the follow n

appended cl ai redpdying e degi BV atotgsesishemrikd ichds pbost 8900, prastramiteiels, is ctched in 2
permut ati ons, ﬁgﬁ‘ flﬁﬁ%#&)’i%?}éﬁurg%uﬁg{i\l/elﬁgugieia pldfraprdlRssilY dHahb@oRmIE AR Of

t he present inveén
9600PTX, available from Lam Research Corp. of Fremont, California. As the terms are

20 employed herein, high density refers to a plasma density above about 10" ions/cm’ while low
pressure refers to the fact that the pressure within the plasma chamber is below about 100
mTorr during etching. The invention is of course not limited to any particular type of
photoresist material or wafer size, and it is contemplated that the invention may well be
practiced in other types of plasma processing reactors, including those having higher

25  pressures and medium or low density plasma.

In the aforementioned 9600 PTX plasma processing system, the bottom electrode
power may be between about 80 watts and about 300 watts, more preferably between about
100 watts and about 220 watts, and preferably at about 160 watts. The bottom electrode

power is a critical parameter because it controls the rate of residue sputtering, as mentioned
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. 17 CLAI M5 17 December 2002 1. A nethod for etchi ng sel ected portions of an
al um num containing |ayer of a |ayer stack, said layer st aci ?)eﬂﬁ*fg Zﬂﬂ%posed
on a SUb'StWr?élﬁﬁagl d alum numcontaining |ayer 5 bei ng di spy sPAky a
phot oresi s S aving a pattern thereon, conprising: providing a plasma
processi ng chanber; .positioning said substrate having thereon said | ayer
stack, including said alumnumcontaining |ayer and said photoresist mask,
Wit hin saieghiiet. G6i¥RoMEMPRES tHE (5B M6 25 well af lofist PPuUiRIdEEERéreBOMEE Be Jas
that conprises HCl, a chlorine-containing source gas wherein said
chl or i ne- optimizedtogyitgherequirgments of apastseuiariplasmaprioessingfystem, 3 partinelamn
oxygen-cont ai ni ng source.gas i nt i d as racessi ng. chamber flow

- rate of séPW%W&@nqrm%ﬁ@esog@ﬁgt@m@gg% SE-CRA a%ﬁ?r' §Baber cent
of a tot algfilomisRistyitin BRI MilR) HGRIFIRUAES sKIS in the ast lafvel kK19 dRclBh@S ™ Out
of said etchant source gas, wherein said plasma is enployed to etch at

v least partially through said al um numcontaining |ayer. 2. The nethod of
cl ai m § wher ei The&dpcelentsoge powentmay br bagweamabowt 4pQ9vdtis agpabomy 1,200 Wats, et hod

et hod of VARl or v a5 A e CA¥ S Rt o ehgeBa ce
gas IS | esgattName BRAMIre HAhe BlasBR hhbe? dlutng &Eidhg la§ e bétween Aoub2 mileer Met hod

of claim4 wherein said plasma processing chanber represents an inductively
coupl ed pl aslimbowr26aeEet,myore ipeaftrably bétweth ebont 8 mikbméndcdbaitth 25mThery amdn sai d

pl asma processi cha r further represent.s | ow pressure, hi density
pl asma prw@@bﬁ&teﬁg\ﬁﬁﬁﬂ%% QRFoSHIeris & SFEH PHOBSIOT SIRaeH THRACHIAE of ol ai m
6 whergin j g f sai d oxygen-containing source gas i s between
about pelr%gfggrtmg%\é&g@%@?ﬁﬁa'per cent of said total flowrate. 8 The nethod

of claim?7 wherein said etchant source gas is substantially free of 5 BC13.
9. The net hod oThatoti fivw rafkeef dierHCliihibrineyogetaimmnsomiaei gas/osypen centginmg

represents a mxture qf d He. 10 10. A nethod for, etching, sel ected
portions oF°‘5?F@F:d‘?T¥'n§=%2 ‘?’i?l}‘i‘&“f"é‘ff@rgaﬁfnag%f" 9%‘?“%?%?&‘&%?&3@“? $ stack
bei ng di spesgagh 1 i ) 'ele'bliEQb i

di sposed bgl ow cgé}% g?%i?éfgi(gc%%aagfh%g?%%@dgﬁgg{b ?ééélgft hereééﬁgéiaggngﬂr%isﬁ%?
provi di ng anghzsn20(ecomearsi progfeciiyniieboutdaD deqm.aEiarafio of the shiogine-bantiiaingbei ng

configured to forma hjgh & nsit | asma t hr ough inaguctive coupl ing action;
15 posilfi ofPHEe gaéi(agsebgfq Eé%&é?gﬁ“fﬁ%?%hoé' i 220w 0y groke PrefrEdbliti ng
sal d alum 'B‘é{@e%{?%% B-'%Eg‘ An%yﬁ%u@d?f‘ aﬁﬁ‘bfktf&ﬁﬂ%%{ ?o%h?ﬁ:ﬂ”i‘ﬁ@ﬂoﬁ"r%ﬁé'o?m%a! d

pl asma processi ng chanber; flowi nd an“etchant source gas that conprises
HCl, Cl2, anggéiicontiining gasiefpl, A5 as Pparcdspe of thehatabfisw rae by be bettveerndbonai d

02 being less than about 20 percent of a total flow 20 rate of said etchant
source gas;07% (butnot at 0%) and about 20%, more preferably between about 0% (but not at 0%) and

about 10%, and even more preferably between about 2% and about 4%. As mentioned

20 earlier, the oxygen flow rate is a critical parameter since it produces the surprising result of
lowering the photoresist etch rate and forming surprisingly little, if any, residue in the
disclosed etch regime. The electrode temperature may be between about 20°C and about

80°C, more preferably between about 40°C and about 60°C, and preferably at about 50°C.

In Table 1 below, some exemplary etch results for an aluminum etch using the
25  HCVC1,/O, chemistry are shown. For comparison purposes, the etch results obtained using
similar process parameters but employing C1,/BCl13 as the etchant source gas is also shown.

Both processes have been adjusted so that substantially no residue remains after etching.

-13-



striking a plasma out of said etchant source gas, wherein said plasma is '
enpl oyed to etch at least partially through said al um num cont a‘{)ﬂi DEC! 2008r ;

and mai ntai ni ngygeflATsuUre of between about 2 niforr and about 2PcHii8§9/1405%
sai d plasma processing chanber while said alum numcontaining |ayer is

etched. 25 11. The nethod of claim 10 wherein said etchant source gas is
substantially free of BC13. 12. The nethod of claim 1l wherein said flow
rate of said 02 is | ess than about 10{30 percent of said total |[flow rate.
19 17 Decenber 2002 13. PRQCERS hod of |cl &MBCL whey eHRVESRI@, f| ow rat e of

said 02 is betmeen_abaul?Q—;ﬁ;—G%M—abguM—peLgenL—gL—sa-d-tot al flow
rate. 14. The met hodASmigmyEicRatiner di n sai

i espure i t wgen about 8
mrorr and 5 about | 12 Angstrems Bey Minuiget hogb‘?‘%:lgpm)ron E)“tpl%éﬁ) redi st
selectivity whil eetsiiiT S5 {—portTons—of —am gt omrmomrcomtial ni ng | ayer
of a layer stack, s.a?lé lf";’?fgﬁtg%%g% E:bei ng, . di si)é)s%ed DN ;8 zgggérate, sai d
al um num cont ai ni 1911‘:33 E;%%f?ﬁ ol %pose bBBtI oW a p1o'f10|’1 1 mgsk 10 havi ng
a pattern thereon PH-2R¢ “"*’d‘m ng performed inla plasm prdcessing
chanber, conprising:_flow ng an _etchantf source gasjithat conprises HCl, Cl2,

and 02 into said pl aBratorss 1Y chahber 318 flow|rat 8%t said oz being
| ess than about 2@¢—percent—of totat—ftowrate—ofrsad—etchant]y source gas;

1 (=}
15 striking a pl ag mﬂb‘ﬁe%ic it chapt squg.ce gag, vvhg%ei n sajd plasnma is
enpl oyed to etch at Ieaslt partlaﬂiy t hfough Sai d aljum num cont aj ni ng | ayer;
and mai ntaining a pressure of between about 2 mlorr and about 20 mTorr in

sai d plasma processing chanber while sai TABLE® num contai ning | ayer is .
etched. 20 16. The nethod of claim 15 wherein said etchant source gas is (M

substantially free of BCl13. 17. The nethod of claim 16 wherein said flow -
rate of said Oz i sImassardappgio anathar empodiment of the present invention, the etchant source gas

includes C1,/HCVCO, with the CO, representing the oxygen-containing gas. It has been

)

found that when CO, is employed as the oxygen-containing gas in the CL,/HCV/O, etch of the
5  aluminum-containing layer, a wider process window can be achieved, i.e., the process is

more forgiving by yielding good results, particularly with respect to residue issues, while
allowing a wider range of parameters. In preferred embodiments, the etchant source gas
preferably consists essentially of the aforementioned C1,/HCL/CO, component gases and is
substantially free of BCl, or consists essentially of the aforementioned CL,/HCL/CO,

10  component gases and a diluent gas (such as N,, Ar or preferably He) and is substantially free
of BCL;. A low pressure, high density 9600 PTX™ plasma processing system is employed
for the exemplary etch although it is contemplated that the invention may well be practiced

in other types of plasma processing reactors, including those having higher pressures and

medium or low density plasma.

15 In the aforementioned 9600 PTX plasma processing system, the bottom electrode
power may be between about 50 watts and about 300 watts, more preferably between about
50 watts and about 250 watts, and preferably about 100 watts to about 200 watts, with about
150 watts being the preferred value. Alternatively or additionally, one can control the sheath
voltage, and the sheath voltage may be at about -85 volts to about -145 volts, with the

20

preferred value at about -115 volts. The bottom electrode power and/or sheath voltage is
important since they (together or individually) control the rate of residue sputtering. It is

contemplated that these values, as well as other values disclosed herein, may be optimized to

-14-



. percent of said total flowrate. 25 18. The method of cl aiéraf shepghn said
flowrate of said OZ i s between about 2 percent and about eB 0 f said

~total flo 9. The method of claim 18 wherein said p o) 2@
density o:‘%é?&%étéét 10" ~ 30 ions/cnB. 20 17 Decenber 208?@% A et hod

for etching selected portions of an alum num containing |ayer of a |ayer
stack, said |layer stack being disposed on a substrate, said

al uni num genthatdhRembRy 6f a PeiidlarPlERA PR AR gONsBmMPR PirEEE sabstibSsizd)dYi N9 a
pattern thereon, conprising: providing a plasnma processing chanber; 5
posi t i oni apgarsailar typdef phataesish andior almemomrcontaindng Byencogsistent, withnbe relitig sai d

al um num cont aj niaprg | ayer ancng:sai d photoresist mask, wthin said plasm
. processi nﬁ’@ﬁ&#ﬂfé Heters 5el03° P 8 chant  source gas that conprises HO, a
chl ori ne-contai ni ng source gas wherein said chlorine-containing-source gas

i's substantial ie fohRFectbddelwdr niibe BBtwken (I SOD G AdALAL PDOWES, @S | Nt O
sai d plasma processing chanber; Striking a plasm out of said etchant

sour ce5 gagrefahigy ef aboutipQ wittss (e peesswpindheplasma dtaptbenduringaetehingmey be | y

t hrough said al um num.contai ni ng |ayer. 21. T t ho f . claim 20 wherein
ol 0 oxy o RO AR P b L ALoR L e Pioscrady SEgp o CmSErmoiE PEbs S
wher ei n - Sad Mgt P driBete PRI iMinifcS N E8IGR BmeDf HePlastnd. The method cl ai m 22
wherein said plasna processing chanber is an inductively coupled plasma

processing chanber. 20 24. The nethod of claim23 wherein said plasma is a
| ow pressure hilghtatelfiow jatgnitbed Clcigorimgeontaining spuste gasQKygRSLonfaming n sai d

crChan, SSULEE 18 SRR bt b ee 0l e e oy TSR ERL g

;"g m:C 'ﬁgz) A ccﬁtuﬁét@%p@y fnirfifee (s@éﬂuﬁdﬁ@b@tﬁ-ﬂ Rechh, %r@ﬁefé?énlﬁbé@éeﬁﬁﬁouﬁm fcin

Y~ysni d_ZUind Bhp w0 atwm)and preddildz hrabbot] Wabom] Thé méipodjieahaine&bputainieg ca) ca

Jcha] chal Cs% ?ceag%ﬂ {:e'.'ge.‘,] (Sllg)at]o %{]ngagf be between about 0.1:1 and about 10:1, more preferably
between about 0.25:1 and about 4:1, and preferably at about 2:1. The flow rate of the
oxygen-containing gas (e.g., CO,) as a percentage of the total flow rate may be between

15  about 0% (but not at 0%) and about 50%, more preferably between about 0% (but not at 0%)
and about 20%, even more preferably between about 1% and about 12%, and even more
preferably between about 5% and about 7%, with about 6% being the preferred midpoint. As
mentioned earlier, the flow rate of the CO, is a critical parameter since it produces the
surprising result of lowering the photoresist etch rate and forming surprisingly little, if any,

20  residue in the disclosed etch regime. The electrode temperature may be between about 20°C
and about 80°C, more preferably between about 40°C and about 60°C, and preferably at

about 50°C. The chamber temperature is, in one embodiment, about 70 °C, with the He

clamp pressure at about 10 Torr.

While this invention has been described in terms of several preferred embodiments,
25  there are alterations, permutations, and equivalents which fall within the scope of this
invention. For example, it is possible, and in fact common, to add a diluent such as He into
the oxygen-containing source gas flow. Such a mixture or a similar mixture is within the
scope of this invention. As a further example, although the examples are given with
reference to an inductively coupled plasma processing system, it is expected that the

30  inventive etch technique also applies in other types of plasma processing systems (e.g., those
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109& ()-ff: 109%& $,0,R {\=Sf 10% & ()- F10% & ()-!0 10%14&'()
10 16 dzemgmpqsyd belpw1zpkptqrpsistrnaskdiaying a pattexn-thargog,gomprising:

f10% & ()-10

10% & ()-" 10% %’?ﬁng, SRIATRRPFeneghamer | (ee\ —1008 & ()- &1 10% & () -, $10% & (
)-Y10% & () - pok@idn®ig )said b0B&dte( having6hépédnl Mid E{dyer- 19086k&’ inghuliing0%4i&' () -
Y(910% &

( al Slr)nmum containing layer and said photoresist mask, within said plasma processing

chamber;

10 flowing an etchant source gas that comprises HCI, a chlorine-containing source
gas wherein said chlorine-containing source gas is substantially free of BCl;, and an
oxygen-containing source gas into said plasma processing chamber, a flow rate of said
oxygen-containing source gas being less than about 20 percent of a total flow rate of said
etchant source gas;

15 striking a plasma out of said etchant source gas, wherein said plasma is employed

to etch at least partially through said aluminum-containing layer.

2. The method of claim 1 wherein said oxygen-containing source gas is O,.
20 3. The method of claim 2 wherein said chlorine-containing source gas is Cl,.
4. The method of claim 2 wherein said flow rate of said oxygen-containing source

gas is less than about 10 percent of said total flow rate.

25 5. The method of claim 4 wherein said plasma processing chamber represents an

inductively coupled plasma processing chamber.

6. The method of claim 5 wherein said plasma processing chamber further represents a
low pressure, high density plasma processing chamber.
30
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mixture of O, and He.

10 10. A method for etching selected portions of an aluminum-containing layer of a layer
stack, said layer stack being disposed on a substrate, said aluminum-containing layer
being disposed below a photoresist mask having a pattern thereon, comprising:

providing a plasma processing chamber, said plasma processing chamber being
configured to form a high density plasma through inductive coupling action;

15 positioning said substrate having thereon said layer stack, including said
aluminum containing layer and said photoresist mask, within said plasma processing
chamber;

flowing an etchant source gas that comprises HCI, Cl,, and O, into said plasma
processing chamber, a flow rate of said O, being less than about 20 percent of a total flow

20 rate of said etchant source gas;

striking a plasma out of said etchant source gas, wherein said plasma is employed
to etch at least partially through said aluminum-containing layer; and

maintaining a pressure of between about 2 mTorr and about 20 mTorr in said
plasma processing chamber while said aluminum-containing layer is etched.

25
11.  The method of claim 10 wherein said etchant source gas is substantially free of
BCl;.

12. The method of claim 11 wherein said flow rate of said O, is less than about 10

30  percent of said total flow rate.
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100 an aluminum-containing layer of a layer stack, said layer stack being disposed on a
substrate, said aluminum-containing layer being disposed below a photoresist mask
10  having a pattern thereon, said etching being performed in a plasma processing chamber,
comprising:
flowing an etchant source gas that comprises HCI, Cl,, and O; into said plasma
processing chamber, a flow rate of said O, being less than about 20 percent of a total flow
rate of said etchant source gas;
15 striking a plasma out of said etchant source gas, wherein said plasma is employed
to etch at least partially through said aluminum-containing layer; and

maintaining a pressure of between about 2 mTorr and about 20 mTorr in said

plasma processing chamber while said aluminum-containing layer is etched.

20 16.  The method of claim 15 wherein said etchant source gas is substantially free of
BCl;.

17.  The method of claim 16 wherein said flow rate of said O; is less than about 10
percent of said total flow rate.

25
18. The method of claim 16 wherein said flow rate of said O, is between about 2

percent and about 4 percent of said total flow rate.

19.  The method of claim 18 wherein said plasma has a density of at least 10"

30 ions/cm’.



10* 0o 10' oLY=10% o0& () - Sy5S

10% o0& ()-S3s!10% o0& () -, 2#10% o& ()-fggg! g+g, g?gdF, Cy10%& ()-'yl0%& ()-y1l0

DU () -yl09%&' () -39%40%& ()-3%0% () - 7gWgXgegf gsgt ggoQ7Cy10y10%&' () -' y10%&' ()
y10%&' ()-yl0%&' ()-ylO0%&' ()-yl0%& ()-g9g9ggggggoP2Cy’ y10%&' ()-y10%& ()-y1l0%&

()-y1l0% ()-y10%& ()-y10%& ()-999gghhhoP1Cy10%& ()-y10%&' ()17 pebehis 2002- ' y10%&

"()-yl0%& ()-yl0%& ()-hhh!'hvhh'ifE1Cy39% F9! 1098&' ()- F&S- 109& ()- F
10%?/& ()- FL109®& ()-ylO09%& ()-"'i)iiidjjj|[:1C FsL$10%?/«& ()-%

e, I
F71099&' tackyosk@d lﬁmac(lq bying mgﬂd&bﬁ )a- sultrate nmﬁmﬂtimmmm:cMﬂmg Mager( ) - %

F2! 10%% o FO! -%F,./10 % F, 1099&' F*., 1099&'

BoGoHol f@%ﬁ%ﬁﬁé &%a létgn(gé a “EG%"EG @fl}e& rs?gmw%lg S& 8 =
1 1096E, s& () - aig\/sﬂa sﬁaﬁ%d@ﬁ:r@chm%qqqu vU4 F F3I!1096E, s& ()-F
FS10%E, s& ()-F F U%SE, S& F "109sE, s& ()- F,"10%E, s& ()- ) F3

t 1006%E, s& ()- 1®Slt1qnpngJ-Sm¢1| [sulvsmmt@ having UGyecH, said( Jayer Ritdcks libokdingssgiil- F F
"F'"10%sE F F § O(VE & FF! L09%sE, s& - . )
e $1006BITETY QUL FpLs Pk ey Y’§‘P“|‘-‘) wid pliswe wgegsing

F2s! 10%&aafef) - F F ~010%E, s& ()- F- 10%E, s& ()-) F,

109%8E, s& () - ’\xxyj yoypy y~y| obU4d F10% 2& & ( s& 1OSE s10sE, s10sE, sF
FF=10%E, s& (flowngyan &g %%EO'@&C @s thrat gomwsisesslECt, )a ghlpmneopnainigg (spurogyy 7

Ea1 1000 oot Pyt Sifo bhuite tndhind sGH00 WAL olbidnuuy BAZE el Eﬂlém

$10N® (éxyg‘e?ﬁ&ﬁl%ﬂi]g?so@}cel-_gaﬁxﬁ%&d ﬁ)lasiﬁalf)r(ﬁﬁiﬂ H&nt(e} F9S109%) M&' () -)
FO1098 M () -} y={ 7| [1NAALO [ $1090 & () -2 FLL*1 1094 M ()- F F 10(%M|v& ()-F
FL#1090) M& () StTikingaypiasma 9ut@£ea)@&t ﬁnt@eptgqraaspmhqrelpsmom eyployed

Et 1]3-?;_/02) ogétél) 3&%&4 S}F%QML%QM%%%@%I&? 4! ( n@m &gli-%jc))g‘/’ g{&( § ) - )

Fo! 10(V2) &( yF FF10%2) & ()- F93 llO‘VZ & (

E{& E'I' égi/\og/g 2)° ﬁ‘? ﬁh%’iﬁ}(é@%é‘)gé:eflﬁ‘og/g%?bﬁégféofl alélhég‘%\ﬁ%ga& 1% MRH -410°2)°

FF7 0% 2) & ()- F5110%2) & ()- FLf210%2) & ()- F0'10%2) & ()-
F@10%2) & ()-) FL-10%2) & ()-0ebA410°2)" F FLF !109%) V& ()- F&

109) V&' 23.- FLhe metanl pEclam 2 whetainagidghloyine-containing source gas is Cl,.

F 109 M&' ()-10"2) 10 2) "0'|[:A410 2) " FOmLO%W) V&' () - F$10%/9 M& () -

FO" 110%W) M& ()- F9!109M M&' ()- FL& 10%) M&' ()- FY109%) M&' ()-'VvH| [: A410 2)°
FY" 1090 38 () Thé-meld0d1dvEa £2 Wh&eﬁi%l@t&) obeyinh WMrvBer (i3 an FRAEAYRA MR () -
F@O%\/)N&(i {]|[ A410° 2)° F@loO ) V& () - I‘—pT 109 M& ()- F ,!110%V) V&' () -
FL( 1094V) sapted plasga procssmingghamberFo#1094) Mg () - H} | obU410

FL1 M& ()-10M MLOM MIOM M F 710%W) M&' ()- F y5!10%W) W& () -

FLy oM ME' ()- F 0!109%) M&' ()-F| [ <bW410 Fi 0" $10%p& ()- *I F #10%) 1& () -
| F #10%34.( ) - Thd-dietisdvh MBlajm - 2 F QdeidVdhiliEplagma ks & @O /Mebiré Jnigh [dfndig410 F
FL#!' 1090) M& ()- FL 10%v) M& ()- F109M) M&' ()- FLf 1090 M&' ()- ' $10% & () -
FX $10%W11Wn?') -LCc| [:bW410 F F 21 109 W& ()-z F,/Z109%) M&' () -

FL-110%W) M& ()- FL *109%V) M& ()- FL(!10%) M& ()- F& 109%) M& ()- Nor mal "
"Headi ng 13]c" "Headi ng 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
" Headi ng2%3] cThe methidnaf ci@hc24 Wherai n@d&B:]hant sqae@a:lgasgs Qaﬂ’stﬁnmaflwmmft
Parﬁgﬂ,{]apgclfont Fv(!)ON3p<FPZcl | qv' xG-cp"$, 3?NA\ vhr Kc”_" abcdef ghi j no '

" 32/ ML1335" 6: =p? @BFHI N} PS! T@NJYA\] bef 2gggh’ i j kBoYpOr vAx ~y({}\ Lc
kI mopgr st uvwxyz{| } ~ 6T| mes New RomanAri al Couri er New'h Root

Ent r yWor dDocunent s #$%& ()*+,-./0123456789:

<=>? @GABCREEFGHI b«nmh@p(gi \‘:I]em Saab@wegmoint@umn@p@ﬂrsq G988 Bz Ij Rture

of CO; and He.



