Title METHOD OF ETCH NG A MULTI - LAYER Background of the Invention 1.
Field of the Invention The present invention relates to a nethod of etching
a multi-layer, especially to a nethod that can prevent excess pol yner
residue on the sidewall and the corrosion of the alum numlayer. 2.
Description of the Prior Art In nodern society, the mcro-processor system
conprised of integrated circuits (IC is a ubiquitous device, being
utilizedlitke such diverse fields as automatic control electronics, nobile
comuni cati on devices and personal conputers. To connect various active or

passi ve METHOROE FOTHING Aeueonducycr  substrate, netal alumnumor its
alloy is usually used as a conducting wire. By sone patterning processes,

a conpl ex interconnection systemis gradually formed. A conventional
met hod of formng a patterned alum numlayer is to deposit a photoresist

| ayer om,.t i I r...and then performng a photo-etching-process
( PEP) wﬁ#@‘@%&%@b‘* ﬁﬁ‘%{g'%sk, then transferring the pattern of the
phot oresi st | ayer onto the alum num|ayer. Please refer to FIG 1 ,

illustrating a cross sectional schematic diagramof a 1 conventional

met hod of formng a patterned alum numlayer. As shown in FIG
1. Field of the Invention

The present invention relates to a method of etching a multi~layer,
especially to a method that can prevent excess polymer residue on the sidewall

and the corrosion of the aluminum layer.

2. Description of the Prior Art

In modern society, the micro-processor system comprised of integrated
circuits (IC) is a ubiquitous device, being utilized in such diverse fields as
automatic control electronics, mobile communication devices and personal

computers.,

To connect various active or passive components on the semiconductor
substrate, metal aluminum or its alloy is usually used as a conducting wire. By
some patterning processes, a complex interconnection system is gradually
formed. A conventional method of forming a patterned aluminum layer is to
deposit a photoresist layer on the aluminum layer, and then performing a
photo-etching-process (PEP) with a patterned photo mask, then transferring

the pattern of the photoresist layer onto the aluminum layer.

Please refer to FIG. 1, illustrating a cross sectional schematic diagram of a



1, a sem conductor substrate (not shown) is provided and a dielectric |ayer
10, a barrier layer 12, an alum num |l ayer 14, an anti-reflection coating
(ARC) layer 16 and a photoresist |layer 22 are disposed in series thereon.
The barrier layer 12 is an optional structure and may include Ti/Ti N or
TaN. The barrier layer 12 is usually used in a conventional via plug
formng process to cover the external |ayer of the via plug or to increase
i ts adhesdmentimal Arethey of faemiisg aspattemed etlirouindayef.l &< s hownpinefiG@renon
during the exposure process. Due to the different materials of each |ayer

in the nuldkehdyenduttor subgieaes@atshownisie shovi @seahded ahilagrieRyeeqicnes
to accurately renove the ARC |ayer 16 and the alum num | ayer 14. The

etchi ng PBArMECINES 195ud Ml dgye Chh 0ah B AR flcL AR atjrid IAREL layer

hydr ocarbon. The chl orine gas an 13 ate used “as gas

ani sot r opi I I r. 16 and the_ alum num |ayer, 14 when they
re trands aRcd PRI ey e ARGRRR AR A el Hht R n. S et fsh der
to maintajn the good directionaljty, a passivation gas i sed to produce
pol yrrer ln! 8 O RISt Ugs RAFHMAY el 48 BEANI Ot aNe EhESIRMTRY 2% Tichéwn
that BCLl3 can not only function as an etching gas but also has passivation
ef f ect . i UsHalYMseddnor eoneentianakyip nivgdormingrprogesaid soveophe exteretilng
processes. However, using 1303 may al so bring sonme shortcom ngs such as

excess llagmeopohgmia plegialut fncreade dts teesialevibhé ART |ayrs] 6his usat tesi on
of the alum num |l ayer or other shortcom ngs. As shown in FIG 1, it 1is

known t ratiuBEltBe raslcRb®%i yiakhOmMedEat rinthd Exﬁ@%ér@woeéﬁer passivation

substances are used at the sanme tine, excess polyner residue 24 is fornmed
on

Due to the different materials of each layer in the multi-fayer, it is
necessary to use different etching gas recipes to accurately remove the ARC
layer 16 and the aluminum layer 14. The etching gas recipes usually include
chlorine gas, BClz N2, CHF3 or hydrocarbon. The chlorine gas and BCls are used
as the etching gas to anisotropically etch the ARC layer 16 and the aluminum
layer 14 when they are transferred to radical by the plasma in the etching
chamber. In order to maintain the good directionality, a passivation gas is used

to produce polymer on the sidewall to obtain a good sidewall protection.

It is known that BCl3 can not only function as an etching gas but also has
passivation effect. It has therefore been widely used in various anisotropic
etching processes. However, using BClz may also bring some shortcomings
such as excess loose polymer residue formed on the sidewall and thus the
corrosion of the aluminum layer or other shortcomings. As shown in FIG. 1, it
is known that BCl3 has passivation effect, but if BCl; and other passivation

substances are used at the same time, excess polymer residue 24 is formed on
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2 the sidewall which is not conpact. And because of the excess |oose

polymer residue 24 on the sidewall, lots of O plasna generated by the
plasma is easily attached onto the pol yner residue 24 and reacted with the
alumnumlayer 14 in the sidewall. Please refer to FIG 2, illustrating a

schematic diagramof a conventional alum num corrosion reaction fornmed by
the G plasma. Please refer to FIG 2. Wen the alumnum (Al (,)) in the

al umi nunthepedewall veaichsiswethcompact. AnadbeeaduCof phassralessaogas gmolynand
aqueous internediate product AICIx is produced. If the agqueous AlICIx cones
in cont acdsidie 2 dvatrethd IsDdwall t lotk | df CDBIQQH(C%Q@M@@LW tydivxd g icAdds@y) x)

and gaseous and aqueous hydrochloric acid Cl (g) +(aq)). Forned aqueous

hydr ochl gtthehedichtbher é@l‘?ﬂaéﬁ%ﬁévWZWaﬁBerea@{éUThfPﬁmHé‘XﬁfmiWu r?ﬂgyer 14

regenerates with AICIx. So the cycle re-entries the ftoregoling an
ceri ously o Feefalg it Lo scT G on oPSsPatili i Cpad ol
oSS Al RS b ST iR P
b1 ocess. (0P et-ch WhenanamnHiy By LAlcarD (e nRNUajayer Hhroacts WitbuBaiCl

excess pol yner residue production and corrosion of alum numlayer is still

needed. ierdr YChfolabhe, | aveardours Tived paasends | invenhedmatpr pvodest aAl@ higd of

etching a multi-Iayer,
produced. If the aqueous AIClx comes in contact with water (H;0), it will
produce aluminum hydroxide (AI(OH)y) and gaseous and aqueous hydrochloric
acid (HClg)+@q). Formed aqueous hydrochloric acid then soon reacts with the
aluminum layer 14 and regenerates with AIClx. So the cycle re-entries the
foregoing and continues to cycle indefinitely, making the aluminum layer 14
being etched seriously and leading to the phenomenon of aluminum layer
corrosion. Although the action can be avoided by blocking of H20, but it will

further increase the burden of the controlling factors required in the etching

process, making it become a complex process.

As a resuit, a simple etching process to etch the aluminum layer and the ARC
layer that can prevent excess polymer residue production and corrosion of

aluminum layer is still needed.

Summary of the invention
The present invention provides a method of etching a multi-layer,
especially a method that can reduce the phenomenon of excess polymer

residue and can produce more compact polymer residue so as to prevent the
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especially a nethod that can reduce the phenonenon of excess pol yner

resi due and can produce nore conpact polynmer residue so as to prevent the
3 corrosion of alum numlayer in the nmulti-layer. According to the present
invention, a method of etching a nmulti-layer is provided. The nulti-I|ayer
conprises an alum num | ayer disposed on a sem conductor substrate and an
anti-reflection coating |ayer disposed on the alum numlayer. The nethod
conpr i se§OITRSIFHAMakgmang N Ryestiohegnuldekeyert o etch the anti-reflection
coating layer by providing a first etching gas, wherein the first etching
gas conprises a chlorine-containing substance; then performng a second
etching process to etch the alum num |l ayer by providing a second etching

gas, wherei AcdcbedFRE eBdhet Siiseat GAve HI96R, A0 etRBR 4S8t Ring a multi-laver is
chl ori ne-cont ai ni ng conpound. According to the present invention, a nethod

of ani sobfapieal | t ghipg ] | ayer, | s vided. [The nethad
conpri seé:&gggéi d-mg gﬂhgt Lﬁ{éﬁg%ééﬂbﬂ%‘% e@ghg‘ihl@'@{'ﬁm’%f% Idd§/§?§efé\hgpeian
t he et ching. ri se ch| ori ne-cont ai ni ng subst ance,, but does not
conpr i se SPISKEITAER suFRiate it BBiATtin cHBEeRIBOIRYE distiped On the
mul ti-layer in the rerﬁt i nvention excludes chlorine-containing conpound
as an etTHMNGUGAdaysot enMethpE\smMRgisesrpeeforanimgl @ fissbetddnguarogess to
reduci ng the phenomenon of excess polynmer residue and corrosion of
al uni nurtchytée, anrtidrafiediagcoatiaghaye ebyqiravidigg afirkst etching gas, wherein
the first etching gas comprises a chlorine-containing substance; then
performing a second etching process to etch the aluminum layer by providing
a second etching gas, wherein the second etching gas does not comprise a

chlorine-containing compound.

According to the present invention, a method of anisotropically etching an
aluminum layer is provided. The method comprises: providing an etching gas
to etch the aluminum layer, wherein the etching gas comprises a
chlorine-containing substance, but does not comprise a chlorine-containing

compound.

The method of etching a multi-layer in the present invention excludes
chlorine~containing compound as an etching gas, not only providing a more
simple process but also reducing the phenomenon of excess polymer residue

and corrosion of aluminum layer, and leading to a better etching resuit.

These and other objectives of the present invention will no doubt become

obvious to those of ordinary skill in the art after reading the following detailed
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These and ot her objectives of the present invention will no doubt becone
obvious to those of ordinary skill in the art after reading the follow ng
detailed 4 description of the preferred enbodinent that is illustrated in
the various figures and drawi ngs. Brief Description of the Drawings FIG 1
Illustrates a cross sectional schematic diagram of a conventional nethod

of formng a patterned alum numlayer. FIG 2 illustrates a schematic

di agr am 6¢S%f|1@6ﬂ0é?ftlih§?r19reférﬁml pothasimesi drat is ddestrated on bieel vayiotise C
Plasma. FIG 3 illustrates a flow chart of etching a nmulti-layer in the
present figuees aod.dramiGgs4 to FIG 7 illustrate the structure schematic

di agrams of each step of etching a nulti-layer in the present invention.

Det ai | edBr@@SQ@s@hb@l@erﬁﬁ&@Urﬁw (o FIG 3, illustrating a flow chart of
etching a nulti-layer in the present i nvention. As shown in FIG 3, the

e b SN PSR
wherein I ti-la ri | Ses at I east an alum num [ ayer and an
anti - ref d ch%ﬁﬁﬁeg'n(:ﬁ% 8Y¥posed on the al umi numlayer. Step

102: utlhllzmgly atterned mask to performa first etching process to etch
the ARC lGyérl ’t&gﬁt%ﬁs\‘/@dw@erﬁamr@a@amh@ng c@aveational pluminpassPesiam gas,

reaction formed by the Cl plasma.

FIG. 3 illustrates a flow chart of etching a multi~layer in the present invention.
FIG. 4 to FIG. 7 illustrate the structure schematic diagrams of each step of
etching a muliti-layer in the present invention.

Detailed Description

Please refer to FIC. 3, illustrating a flow chart of etching a multi-layer in
the present invention. As shown in FIG. 3, the method of etching a multi-layer
in the present invention comprises:

Step 100: providing a multi-layer disposed on a semiconductor substrate,
wherein the multi-layer comprises at least an aluminum layer and an
anti-reflection coating (ARC) layer disposed on the aluminum layer.

Step 102: utilizing a patterned mask to perform a first etching process to
etch the ARC layer by providing a first etching gas and a first passivation gas,
wherein the first etching gas comprises a chlorine~containing substance.

Step 104: after step 102, performing a second etching process to etch the
aluminum layer by providing a second etching gas and a second passivation
gas, wherein the second etching gas does not comprise a chlorine-containing
compound.

Step 106: after etching the aluminum layer, performing an over etching
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wherein the first etching gas conprises a chlorine-containing substance.
Step 104: after step 102, perform ng a second etching process to etch the
al umi num | ayer by providing a second etching gas and a second passivation
gas, wherein the second etching gas does not conprise a chlorine-containing
compound. Step 106: after etching the alum numlayer, perform ng an over
etching 5 process to etch a barrier |ayer disposed under the alum num

| ayer. Horooessdodarhid bdrdes vieptdispesed veakdr tieeplynpineas dayefer to FIG 4
to FIG 7, illustrating the structure schematic diagrans of each step of
etching a multi-layer in the present invention. As showmn in FIG 4 and
step 100, a nulti-layer on a sem conductor substrate 108 is provided. The

nul ti-| ayerFé)PmoSr%rd@c%illﬂ:?%f%%‘?%tﬁ)ﬁ?%ﬁ%@%%@%&[%ﬂ%l%ésé}gfeﬁ{oqf}g 48% #1@1’?{2

112, an al um num | ayer and a mask | ayer

The di el; i.c..layer 10.1 ncl udes i SIN, SiC tetraethoxysilane
(recs) * TsERed Rk S tgrulE {iREpatt Hiadiabie, 2i5iaacBorth agt Y Bor on
phosphorus, silicon glass (BPSG,, other |owk dielectric material or the
conbi natNBHIdavabd0eths dlfé§enfrﬁe\f%%?lpnem &hown 1moFiGcfuard siePriliQo, Tan,

other suitable material or the conbination of above gr ougz. The al um num
| ayer 1TauktnjayecPoce sesrigenduore suestahteall 08 isupratided! The ot layer stich
as copper-alum numalloy. The ARC |layer 1 16 includes Ti/Ti N or other
sui t abl senseinicilide sThed BRE triaykayet 116 Ovay bareleudayer MRo-dragRrmimimultyere or
a doubl e-layer structure, for exanple, a bottom ARC | ayer and a
114, an ARC layer 116 and a mask layer 122. The dielectric layer 110 includes
Si02, SIiN, SiC, tetraethoxysilane (TEOS), undoped silicon glass (USG),
phosphorus silicon glass (PSG), boron phosphorus silicon glass (BPSG), other
low-k dielectric material or the combination of above groups. The barrier layer
112 includes Ti/TiN, TaN, other suitable material or the combination of above
groups. The aluminum layer 114 may include conventional metal aluminum or
aluminum alloy such as copper-aluminum alloy. The ARC layer 116 includes
Ti/TiN or other suitable material. The ARC layer 116 may include a mono-layer
structure or a double-layer structure, for example, a bottom ARC layer and a
top ARC layer. The bottom ARC layer includes TiN. The top ARC layer may
include the same material as the bottom ARC layer or include different
materials, such as an organic anti-reflection material, or inorganic
anti-refection material like silicon oxynitride (SiON). The mask layer 122
includes a patterned structure, such as a photoresist, wherein the pattern of

the mask layer 122 will be transferred to the ARC layer 116 and the aluminum

layer 114 in the subsequent etching steps.

Please refer to FIG. 5 and step 102. A first etching process is provided to
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top ARC | ayer. The bottom ARC | ayer includes TiN. The top ARC | ayer may

I ncl ude the sane material as the bottom ARC | ayer or include different
materials, such as an organic anti-reflection naterial, or inorganic
anti-refection material like silicon oxynitride (SiON). The mask | ayer 122
I ncludes a patterned structure, such as a photoresist, wherein the pattern
of the mask layer 122 will be transferred to the ARC layer 1 16 and the
al umi nunftcnaferARClayen i pebwiulss e Goeich éhe kilmmisuaplyer 1dak fitef stept bOEI G
5 and step 102. A first etching process is provided to 6 etch the ARC

|l ayer 1 is@drfiormess mosteARE laker ali Gnisnetthkeayway bhd Sfdren sshel pkdRof ithe
performed, nost ARC layer 1 16 is etched away and even a snall part of the

al um nunaluayieun 1dyé s 1 6aNEUEESS U R dS IR drhE fththe
ARC | ayer 116 mayégti |1 be ret aLi! ned on the ﬁ@@ggﬁlﬁgég\ﬁi&”?h&?gﬁpﬁg

gas 126apndagef itr rrp%ﬁ e [,OVI fpre. . The, £i

et chi ng gas a?%G i’ﬁ: u egt’@éf ggtsaqﬁléﬂgéﬁotﬁec%q%ﬁ?%%aéﬁc;gﬁt/gifﬁisﬁﬁg&wg ééée

but doe t...include a chlorine-containin oynd, for . nstance, using

ont y on % Rod ARV n REERR Bk b BRER Gt ot Liet GRCk i FAsoant

inventio& t.he first etchjng gas 126 used to etch the ARC | ayer 116 but

| ess to et@HNEes VATRYS Kinklse of 1aoRine -gpasainkeg bsrnce but does not

chl ori ne-cont ai ni ng substances, which neans wusing the chlorine gas and

var i ous IREhigle dhbaine + erntedming cdmepotorthdondssamincet beirmponiyt chiprifogas

exanpl e, using chlorine gas and BCI3 at the same tine. The first

passi vatdiuimataasimyg Batesnhyrdstheardiabodimehlest el padentmatentiah, tha fike
etching gas 126 used to etch the ARC fayer 116 but less to etch the aluminum
layer 114 may also include all chlorine~containing substances, which means
using the chiorine gas and various kinds of chlorine-containing compounds at
the same time, for example, using chlorine gas and BCls at the same time. The
first passivation gas includes hydrocarbon or other suitable material, in the

preferred embodiment of the present invention, the first passivation gas is

ethylene (CaHa).

The first etching process is carried out in a plasma etching chamber. Table
1 provides a preferred etching recipe and operation condition when the first
etching gas 126 is chlorine gas. As shown in Table 1, the first etching process
is performed under a condition as follows: a pressure between 12 and 18
mTorr, a RF power between 1200 and 1600W, a bias power between 250W and
350W, a period between 120 and 180 seconds, a flow rate of chlorine gas
between 150 and 210sccm (standard cubic centimeter per minute) and a flow
rate of ethylene between 120 and 180scem. The reaction time of the first

etching process may be adjusted depending on the material or thickness of the
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preferred enbodi nent of the present
The first etching process is carried out i
1 provides a preferred etching reci pe and operation

et hyl ene (C2H4).
et ching chanber. Tabl e

condition when the first
Table 1 ,
fol | ows:

the first etching process
a pressure between 12 and 18 mlorr,

i nventi

on,

etching gas 126 is chlorine gas.

a RF power

the first passivation gas is

n a plasm

As shown in

is perforned under a condition as
bet ween 1200 and 1

600W a AR@dapenél 6bkt amebelbbdtand stri®\dhdaispeoi hchibet vedabl@q .and 180

seconds,

cubic centineter per m nut

180sccm_The reaction tine of the first

a flowrate of chlorine gas

e) and a fl ow

between 1 50 and 21 Osccm (standard
rate of ethylene between 120 and
et chi ng process nay be adjusted

onger |orBhort and 15 not SIP 8d to Tabl|lotw? 04iey S ep | 6353 T04
o 00 FLLS! oD, SSSORELT BB e GLEDe Bpiest iess Hake
1200 Bi as power (W 300 Sogrolceigo Pr essureérg'gggg) 15 10 8 process
Time(sec) 150 End point | 120
detection { max =
400)
RF power(W) 1400 1500 1200
Bias power(w) 300 300 1500
Pressure(mTorr) 15 10 8
BCl3(sccm) 0 0 100
Clz2(sccm) 180 150 100
C2Ha(sccm) 150 150 150

Table 1

Please refer to FIG. 6 and step 104. After etching the ARC layer 116, a

second etching process to etch the aluminum layer 114 is provided. A second

etching gas 128 and a second passivation gas are provided. In order to avoid

forming excess polymer residue that results in serious etching and corrosion

of the aluminum layer 114 by using BCls in conventional arts, the second

etching gas 128 in the present invention includes a chlorine-containing

substance but does not include a chlorine-containing compound, for example,

using only chlorine-containing substance such as chlorine gas but avoiding

conventional chiorine-containing compound such as BCls. The second

8



BCl 3(sccm) 0 0 100 d 2(sccm 180 150 100 C2H4(sccm 150 150 150 Table 1
Pl ease refer to FIG 6 and step 104. After etching the ARC | ayer 116, a
second etching process to etch the alum numlayer 114 is provided. A second
etching gas 1 28 and a second passivation gas are provided. In order to
avoid form ng excess polyner residue that results in serious etching and
corrosion of the alum num |ayer 114 by using BCl3 in conventional arts,

t he secoRdssi¥atpnngagasndideisn hybeopadzentol rotbeti enitabtd udaserdal, in the

chl orine-contai ning substance but does not include a chlorine-containing

conpoundprédferrexkanhedimersi aOtienbye Sdh OIVRATRMN AR YeRD nILPES ADEBOAURR @S
chl orine gas but avoiding conventional chlorine-containing conpound such

as BC 3.cCJhe 'ﬁlﬁf@?@@oné eﬁ@ﬁﬁzi rg}fdeér%{%es?agw n%@gl %E?r%@?ﬁg%pﬁ?u ?h tRE rﬂﬁ’ﬁ%rlngm

suitable material, in the resent I nven

t he seco S| | g 1,S: H4..-The secgond etchi ng process can also be
carried %@thwﬁ-gvgtﬂﬁ'tﬁéf%?@sgmo e?ac@fa‘na s chiaSrbaf COTrbf 8&#1'% PEOFeH €51,

t he second et chin rocess S pe;tf ?Ir med under a condition as follows: a

or essur PHEPHEES Gndpd £ONEREPR asfoliaws ke sseradwiweenod anadl 4 nTHoW aa

bi as power between 250Wand 350W_a flow rate of the first etching gas
bet ween RRgoxed hetwmerchd@RRnd fI760W aa bias powrer étmste rpAS MW atid ab Qs a

bet ween 120 and 180sccm It is noted that the
flow rate of the first etching gas between 120 and 180sccm and a flow rate of

the first passivation gas between 120 and 180sccm. It is noted that the
reaction time of the second etching process is determined by the end point
detection. When the thickness of the aluminum layer 114 or other metal layer
is changed, the reaction time of the second etching process is adjusted as well.
The time listed in Table 1 provides one embodiment and the etching method

of the present invention should not be limited thereto.

When finishing step 102 and step 104, the pattern of the mask layer 122
has been transferred to the aluminum layer 114, forming a patterned
aluminum layer 114, Referring to FIG. 7, as shown in step 106, an over etching
process is in-situ provided. A third etching gas 130 is provided to etch the
barrier layer 112 and some remained aluminum layer 114 on the substrate 108.
A part of the dielectric layer 110 may be consumed in the third etching process
to make sure the aluminum fayer 114 and the barrier layer 112 being etched
away completely. The etching recipe and operation condition are shown in
Table 1, which is not described in detail. After step 106, the polymer residue is
flushed by argon gas and the mask layer 122 is removed, the patterned

aluminum layer 114 is thus completed.



reaction tinme of the second etching process is determ ned by the end point
detection. \Wen the thickness of the alum numlayer 1 14 or other netal

| ayer is changed, the reaction tinme of the second etching process is
adjusted as well. The tine listed in Table 1 provides one enbodi rent and
the etching nethod of the present invention should not be limted thereto.
When finishing step 102 and step 104, the pattern of the mask | ayer 122
has been transferred to the alum num |l ayer 114, form ng a patterned

al um num | ayer 114. Referring to FIG 7, as shown in step 106, an over

etching précedssdribéd-abiove, BQYiidedualytiiddastahefthidgsaddQ passivanbded
to etch the barrier layer 1 1 2 and sone renai ned alumnum |l ayer 1 14 on

t he SUbS@é@hﬁcéﬂ@entiénﬂﬁéffts;?gvﬁrig erﬁg 'r@%{gg%le%(ﬁa%s%@g&eﬁf%(g?&?ﬂgad in

the third etching process re the alumnu and

operat1 o aniTn o € e Rl Toeand dRWSF IR B, SF1B0S

detail. After step 106, th(e%gol erEr res'LH(}H,e is flushed by argon gas and
the mask {83 KD GVET ERERAMON: § tBﬁt%‘ B Malay®irndhe H/epent4nyentings
conpl et e?]. 9 As described above, BCl3 is usually used as an etching and a
passi vattingrefasgspigvidenvaenerdrap metbodwiathavaigs resnpt shiomineccossaimong mer
residue fornmed on the sidewall of the patterned al um num |l ayer and thus
bri ngs ta@rmheusdrisaub ast Bhilngrsarah estehireprgasi amdofint hendhinationmisly es .
The present invention therefore provides an etching nmethod that avoids
usi ng clpasivieicrPda RURG as hydrocarbon. in conventional arts, BCls produces
sidewall polymer by bombarding the mask layer, but the formed sidewall
polymer is usually not compact. In contrast, hydrocarbon has fonger polymer
chains and thus more condensed structure ([C-H]x), it can completely replace
the passivation function of BCls. The sidewall protection is not reduced with
the removal of BCls. On the contrary, removing BCls can avoid corrosion of the
aluminum layer caused by too much Cl piasma trapped in the polymer residue.
As a result, the method of etching a multi-layer in the present invention not
only provides a simpler process by removing chlorine-containing compound

as an etching gas, but also can reduce the phenomenon of excess polymer

residue and corrosion of aluminum layer, leading to a better etching result.
Those skilled in the art will readily observe that numerous modifications and

alterations of the device and method may be made while retaining the

teachings of the invention.
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conpound such as BCI3 as an etching gas, and in conbination with a

passi vati on gas such as hydrocarbon. In conventional arts, BCI 3 produces

si dewal | pol ynmer by bonbardi ng the mask | ayer, but the forned sidewall
polymer is usually not conpact. In contrast, hydrocarbon has |onger polyner
chains and thus nore condensed structure ([CH x), it can conpletely

repl ace the passivation function of BClI3. The sidewall protection is not
reduced with the renoval of 1303. On the contrary, renoving BCl 3 can avoid
corrosion of the alum numlayer caused by too nuch O plasnma trapped in

t he pol yfaimesi due. As a result, the nethod of etching a nmulti-layer in
the present invention not only provides a sinpler process by renoving

chl ori newdmtigiciinge £ prpound as an etching gas, but also can reduce the
phenonenon of excess polyner residue and corrosion of alum num |l ayer,

| eading to a better etching result. Those skilled in the art will readily
observe that nunerous nodifications and alterations of the device and

nmet hod y rhe d i.le retaining the teachijngs of the invention. 10
d ai s étmﬁgﬁ%(ﬁg:%hﬁéﬂﬁ'in& aﬂ“k‘“ﬁ%‘(‘i’f@&hﬁfméltbﬁ?ﬁ%r 50mﬂrﬁsmga@yba{bmwm
mul ti-| a]yer coghpgsié%{ ng an al um num |ayer disposed on a sem conduct or
subst r atl@Y8h4d' PhrfeBUEPBAUEIHT S Hestratermyd lady antidrefpectian caating
al um num | ayer, the nethod conprising: performng a first etching process
to etch JARZet dysprodmd pndviedalogniauim isyer, the method comprising:
performing a first etching process to etch the ARC layer by providing a first
etching gas, wherein the first etching gas comprises a chlorine-containing
substance; and
performing a second etching process to etch the aluminum layer by providing
a second etching gas, wherein the second etching gas does not comprise a

chlorine-containing compound.

2. The method as in claim 1, wherein the chlorine-containing compound

comprises BCls.

3. The method as in claim 1, wherein the second etching gas comprises

chiorine gas.

4. The method as in claim 1, wherein the first etching gas comprises chlorine

gas and BCls.

5. The method as in claim 1, wherein the first etching gas comprises chlorine

gas.

11



etching gas, wherein the first etching gas conprises a chlorine-containing
subst ance; and perform ng a second etching process to etch the al um num

| ayer by providing a second etching gas, wherein the second etching gas
does not conprise a chlorine-containing conpound. 2. The nethod as in
claim1l1, wherein the chlorine-containing conpound conprises BClI3. 3. The
nmethod as in claiml1, wherein the second etching gas conprises chlorine
gas. 4. The nethod as in claim1l, wherein the first etching gas conprises
chlorine gas and BCI3. 5. The nethod as in claim1l, wherein the first

et chi ng @asheonpriicbasdhldddime , valasreid the.firEhetominkodr@se sisnfuetiedrm 1,
wherein the first etching process further conprises providing a first

passi vatddfipeiass providi@g"B¥Hedpassiihti6 8%;5@6 wherein the first passivation
gas conpri sgs hyp7drocar gon. 8. pTﬁeI rrelt ho as in claim6, wherein the first

passi vation gas conprises ethylene (C2H4). 9. The nethod as in claiml1,
wherein the second etching process further conprises providing a second

assi vatl as. . . . . N .
P 7.8 méthod as in claim 6, wherein the first passivation gas comprises

hydrocarbon.

8. The method as in claim 6, wherein the first passivation gas comprises

ethylene (C2H4).

9. The method as in claim 1, wherein the second etching process further

comprises providing a second passivation gas.

10. The method as in claim 9, wherein the second passivation gas comprises

hydrocarbon.

11. The method as in claim 9, wherein the second passivation gas comprises

ethylene.

12. The method as in claim 6, wherein the first etching process is performed
under a condition as follows: a pressure between 12 and 18 mTorr, a RF power
between 1200 and 1600W, a bias power between 250W and 350W, a period
between 120 and 180 seconds, a flow rate of the first etching gas between 150
and 210sccm and a flow rate of the first passivation gas between 120 and

180sccm.,
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10. The method as in claim9, wherein the second passivation gas conprises
hydrocarbon. 1 1. The nmethod as in claim9, wherein the second passivation
gas conprises ethylene. 1 2. The nethod as in claim®6, wherein the first
etching process is perforned under a condition as follows: a pressure
between 12 and 18 niforr, a RF power between 1200 and 1 600W a bias power
bet ween 250W and 350W a period between 1 20 and 1 80 seconds, a flow rate
of the first etching gas between 1 50 and 21 OGsccmand a flow rate of the
first passivation gas between 120 and 1 80sccm 12 13. The nethod as in

clai m9,1nhEheimethud asdandaieh Ahiviige i @RS sdco ndPetcdhan ggstodagels a condi tion
as follows: a pressure between 8 and 12 niforr, a RF power between 1 300

and 1 7%0%@6%%%09??%@%5%@%@% ;?I%Q\é\ﬁr@tbgft\lrvg}é"n[ L84 hfeorsegond

et ching gas between 120 an sccm low ra e second

passi vatg n cm .14, A ngthod of L, Sot ropi Gal Ly

et chi ng FgﬁB 8 u%%ﬁ%@y%#&acﬁﬂgg %@@ﬁ‘é‘%b 509Pme@egweg{‘c%wf¢é‘l%$§ﬁ@t &h
the al urg num_| ayer, wherei,n the etchin as _ cqQnprjses a

chlorin -%r{ﬁLﬁ ﬁfﬁ@e §GSQPQrR§éB'%Baa&€gVWg?€P Lol & SRscem el Reflewriade ni ng
conpound._ 15. The npethod as in claim 14, wherein the chlorine-containing
compound®f WeniRGaIEE pREaization gas between 120 and 180sccm.

14. A method of anisotropically etching an aluminum layer, comprising:
providing an etching gas to etch the aluminum layer, wherein the etching gas
comprises a chlorine—containing substance, but does not comprise a

chlorine-containing compound.

15, The method as in claim 14, wherein the chlorine-containing compound

comprises BCls.

16. The method as in claim 14, wherein the etching gas comprises chlorine

gas.
17. The method as in claim 14, further comprising providing a passivation gas.

18. The method as in claim 17, wherein the passivation gas comprises

hydrocarbon.

19. The method as in claim 17, wherein the passivation gas comprises

ethylene.
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16. The method as in claim14, wherein the etching gas conprises chlorine
gas. 1 7. The nethod as in claim 14, further conprising providing a
passivation gas. 18. The nmethod as in claim1 7, wherein the passivation
gas conprises hydrocarbon. 1 9. The nethod as in claiml 7, wherein the
passi vation gas conprises ethylene. 13 20. The nmethod as in claim17,
wherein the etching process is perfornmed under a condition as follows: a
pressure between 8 and 12 mlorr, a RF power between 1300 and 1 700W a
bi as power between 250Wand 350W a flow rate of the etching gas between
120 and 2080keanetmod asfihadaimtle? oiht heinpdesétcaingprogass bepagfenmkep and 1
80sccm 14

under a condition as follows: a pressure between 8 and 12 mTorr, a RF power

between 1300 and 1700W, a bias power between 250W and 350W, a flow rate
of the etching gas between 120 and 180sccm and a flow rate of the passivation

gas between 120 and 180sccm.
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