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(1) FIELD OF THE | NVENTI ON The present.j.nyention relates to a

technique for sem conductor integratedThl
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t he sem conductor chip industry to reduce cost by increasing chip density,
(circuiits per-.chip), while still maintaining reliability. The nmajor factor
in increasing chip densities has been the ability of the industry to

drastically reduce the image size of specific chig features. Advances in

| i t hography, via use of nore BUUANEER WBFEKETCHS

of nore sensitive photoresist materials, have led the way for

RREESEs t he devel opnent

nLcroniniturazaf:oP. FbMBVﬁr form ng the smaller inage pattern in %he
broduci ng thi s smal | | mage onBPRECRBHNBoRRudrEy TN TEER, arca wher e

difficulty can arise is the transfer of this small imge in photoresist, to

an underlyi g,aky@ RUEE FY 1nOBRNFRBNSEM conduct or .

The present invention relates to a fabrication

technique for semiconductor integrated circuitss and more

specifically to dry etching of aluminum films, used as part

of the integrated cifcuits.

{(2) DESCRIFTION OF PRIOR ART

Very large scale integrationi: (VL8I), has

allowed the semiconductor chip industry to reduce cost by

increasing chip density, (circuits per chip), while still

maintaining reliability. The major factor in increasing chip
densities has been the ability of the industry to drastically
reduce the 1mége size of specific chip features. Advances ;n
lithographys via use of mofé‘advanced cameras, as well as the
development .of mnré sensitive photoresist materials, have

led the way for microminiturazation. However forming the
smaller image pattern in the photoreéist still leaves the
process engineer with the situation of producing this small
image on the semiconductor. One such area where difficulty
can arise is the trénsfer of this small image in hhotoresist,

to an underlying aluminum layers on the semiconductor.
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The use; of reactive ion etching, (RIE), has allowed the ind 15??'9 EEEE!TiH:AS BEEN

successfully transfer small images in photoresist, to underl

—_

| ayérs. A major advantage of RIE-processing is the anisotropic conponent of

this etching techni que. The Iom1prﬁ§s res .associated with RIE drastically
reduces nost isotropic aspects, and% W ‘FWS a less tapered or |ess

n Repl
tundercut profile to be obtained. Ho ﬁ‘ eﬂmaﬂ f RIE al so denands that a

hi gh- sel ectivity exist between the patterned, alum numin
this case, and the underlying material, silicon dioxide in this case. It is
al so desirable that the renoval rate of the masking photoresist be nuch
smal Fer then the renoval rate of alum num  Therefore the_chem stry used
with R E processing hasPBo“BE ehr ERAFFyVEciebt BHcBAR9de{BEBpedhes

successful_l roduce the inages needed with_VLSI technol ogies, One
sol uti on, abxge’eg, g%f éﬂguﬂrgogﬁyﬁé‘ﬁF??’éfb‘lléi”n TRERTE s FAELE AMREESpiBCcess

achi eves hapes t hayt ch tapering_or undercut .and gl so, w t hout
degradatigﬁ{:’%%‘r-g 6§%ﬁucﬁ ?8%%53?189 Pﬁgahnggyﬁ§an ﬁa?@PFEI?ggﬁPFEBﬁ

di oxi de. Il RiESpRGEAURLNANEL RLNUnd<BEHipiEl oaBRelt GRCRhSL Y. However

in this case the masking Or patterning matgrlal S not photoresist, but

silicon deexhdfig ¢EBANLHBES The low pressures associated with RIE
drastically reduces most isotrupic aspectsy and therefore
allows a less tapered or less undercut profile to be
cbhtained. However the use of RIE also demands that a high
selectivity exist between the material being patterned,
aluminum in this cases and the Qnderlying material,
silicon dioxide in this case. It is alsq desirable that the
removai rate of the masking photoresist be.hﬁch smaller then
the removal rate of aluminum. Thefefare the chemistry used

" with RIE processing has to be carefully selected and

developed to successfully produce thé images needed with VLSI
technologies; One solutiony U.S. 5,211,804 by Kobayashi,
explains how a specific RIE process achieves metal shapes
without much tapering or undercut and.also without
degradation, ar.too much removal of the underlying material,
silicon dicoxide. This is accomplished using a BCl3, CIEQ and
02 chemistry. However in this case the masking or patterning
material was not photoresist, but silicon diexide. (The image
was initially formed in silicon dioxide using photoresist as
the mask, follnwed by remocval of the photoresist). The use

of D2 is critical to this invention for without it the

a2



o o o . _ THIS SHEET HAS BEEN
was initially fornmed in silicon dioxide using photoresist ag the gBskacep

followed by renoval of the photoresist). The use of 02 is cH

i nvéntion for without it the REPI ACEMENT SHEET Date: 11 JAN 1997 desired
characteristics would not have been achi eved. However the use of 02 as part
of the RIE chenistry demanded. the hest Has Besn Replagéhani ¢ nmaski ng fil m
silicon dioxides and all the additi m m ,’ g and cost associated with
t he' addi ti onal steps. The purpose o [ on is to achieve the
desired profile in alum num w thout undercut or tapering, and with a
chem stry that exhibits the desired selectivity between al um num and t he
masking and _underlying naterials, using the |l ess, expensjve process, direct
photoresig =ha§ iﬁé?r%ﬁgﬁgfgpécﬁ ﬂFE&grBSESE?VﬁiPﬁgutaﬁblggggne of its
component foulR: MG SUMINEL o IHEr WENRINCHodie 3 dlathiedf {11 S
for th ghlng, ,

invention to provide a metho e reactive ion et ), of neta
films, usikhg PRR! @FeEhShofScPglRIK me@KkRRGUFEdn,N<lRE cBRNUEBRE HE, NAnd

all the additicnal processing and cost asscciated with the

additicnal steps.

The purpose of this invention is to achieve the
desired préfile in aluminumy without undercut or tapering.,
and with a chemistry that exhibits the desired selectivity
between aluminum and the masking and underlying materials,
using the less expensive process, direct photoresist masking.

Therefore a RIE process, without O2 as one of its components,

was invented.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a
methoed for the reactive ion etchings: (RIE), of metal films.

using photoresist aé a mask, to be used in the manufacturing

of semiconductor integrated circuits.

It is ancother ebject of this invention to
provide a method of reactive ion etching of metal films,
containing aluminum, with & non—-tapered proefile, or without

undercut in regards to the overlying masking material.

It is still another cbject of this invention to
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of sem conductor integrated circuits. It is another object |bf tthEPLACED
i nvention to provide a method of reactive ion etching of e

cont'ai ning aluminum wth a non- taperet—prefi-e;—or—w thout undercut in

regards to the overlying masking F¢H§§$é4hs £ S st|II anot her object of
this invention to REPLACENMENT SH . 1997 4 provide a nethod
of reactive ion etching of netal fi 'w@ croI oading effects are
reduced. In accordance with this pr a nmethod is described

for reactive ion etching of alum num corrprl si ng t he 'steps of: depositing
the alumnumfilmon a sem conductor substrate, which has the desired
patterni NG, & ded to form equired circuit design; using. standard

phot ol i tHogY 2FRi 2 PrEaeds? r?%‘:'fb\“’r’n 1hR qbshing phirebali hilme toerlyi ng

phot or esj,§{ -, U ve tch| ng_t nsfer the desired pattern in
t he photore‘é?s‘tﬁi?gogﬁg%h e‘FJFQFﬁg at Ut nﬁ%‘ Mmvia the use of a RIE

etching m xture of BC13, Cl2, and N2; and using standard processing
I accordance with this present invention,s &

method is described for reactive ion etching of aluminum
comprising the steps of: depositing the aluminum film on a
semiconductor substrate, which has the qésired ﬁatterning
reeded to fbrm the required circuit.dasign; using

standard photolithographic processing to form the desired
pattern in the overlying photoresist; using reactive ion
etching to transfer the desired pattern in the photoresist tco
the underlying aluminum film vié the use of a RIE etching
mixture of BCI3, Cl2, and NR; and using standard processing
to remove the masking photoresist and the polymer formed on

the sidewall of the etched aluminum.
BRIEF DESCRIFTION OF THE DRAWINGS

The object and other advantages of this
invention are best explained in the preferred embodiment with

reference to the attached drawing that include:

Fig. 1 - 3 schematically illustrate the cross-—
section representation of the fabrication steps and stages

prior to the RIE of aluminum.



to renove the masking photoresist and the pol yner formed on HQ“%Q* E %ﬁEa“J
t he etched al umi num BRI EF DESCR| PTI ON OF THE DRAW NGS The ofject

advant ages of this invention are ined in the preferred enbodlnent
with reference to the attachedTHmaMk hat include: Fig. 1 - 3.

schematically illustrate the cr i e’ pt esent ati on of the
fabrlcatlon steps and stages- prr of alum num REPLACENMENT
SHEET - "5 - Fig.4 represents the Rl E process w thout the use

of N2 as part of the etching: gas,nlxture Fig.5 schematically represents
the result of a RIE process-using N2 as part of the etching gas m xture.

Fig. 6 schematical |y shows the_final_net h L P OF_THE
PREFERFED EVBCDI VENTS THed Nt O FBPREB: A1 | ﬁ%s%ﬁE PLohr B oPTRERTR
patterns 0{;11%5.&6%‘ %RQdHEEOEfSHESéfsabSrBeg'r”gh %efa@naegageamuﬁe' on

etching, (RE rocess, is now descri

Fig.5 schematically represents the result of a

RIE process using N2 as part of the etching gas mixture.

Fig.é schematically shows the final metal shape.
DESCRIFTION OF THE PREFERRED EMBODIMENTS

The method for ocbtaining non—tapered aluminum
patterns on a semicoﬁductnr substrate, using an enhanced

reactive ion‘etching, (RIE)s processs is now described in

detail.

Fig.l1 -3 briefly illusﬁrates the key stages and
steps used in the fabrication sequence of a semiconductqr
devicey up to the peint where the RiE etching of aluminum is
to ccocur. In fig.uls a silicon substrates 1, with active
device regionss 2, to be subsequently contacted by aluminum,
is shown. The active device regions, 2, were formed by
patterning a_silicah dioxide film to cbtain silicon dioxide
islands, 3. These islands in turns; were used as a mask to

form the .active device regions, 2.

.~

Nexf an aluminum film, 4, shown in fig.2 is
deposited using sputtering at a pressure of 1 to 4 mTorr.,

S



Fig.1 -3 briefly |Ilustrates t he key st ages and steps used
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Fr—WRere—t e
Rl E*etching of alum numis tOHmQﬁ Hﬂe 1 a silicon substrates 1, with
active device regions, 2, to b& c‘i‘,'ontacted by al um num is
shown. The active device regu@ rned by :patterning a silicon
di oxide filmto obtain S|I|coh "3." These islands in turn,

were-used as a mask to-form.the actlve deV|ce regions 2. Next an al uni num
film 4, shown in fig.2 is dep05|ted usi ng sputtering at a pressure of 1 to
4 mlorr REPLACEMENT SHEET -.6 - and to a thickness of about 5,000 to

10, 000 Angndr basa Thickhessnum sayutofitabn bet noe0oabarys8r8ms0 1TAK -
coppers and between about Q.5 to 1.0%silicon. The alumnumfilmcovers the
exposed aBippéngsyimgy repteas, betweant Rbositl DeBn tas 1wl cagpehe siahicon

di oxi de islands, 3. Fig.3:shows the result of. standard photolithographic

pr ocessi ngeEe8aNt 8beYEaPnSt ke YeStredlpaener nThe, alumt hemofgami covers

photore5|%& As a conse%uence t he exposed reglons of the alumnumfilm not
e exposed active evxce reglons, in the silicon as well

as the silicon dioxide islands, 3. Fig.3 shows the result of
standard photolithdgraphic processings used to obtain the
desired patterns S5s in the organic photoresist. As a
consequence the exposed regions of the aiuminum films nat
covered by the over;y;ng phetoresist images S, will be

subéequently removed by the enhanced RIE process.

.Fig.4 schematically shows the result of a RIE
process used to dry etch aluminum, using the pattern and
structure previcusly sﬁown in fig.3. The RIE process
consisted of between about 15 to 30 scem of BC13, and
between about 40 to &0 sccocm of CL2, at a pressure of about
4 to B_mTorr., and at a temperature of between about
40 to 9000. 1t can be seen that the resulting aluminum
pattern ;4A,; is tapered, and a severe undercut existsy; in
reference to the masking photoresist image, 5. The reason
for the undercutting is believed to be a result of a lack
significant polymer formation on the sidewalls of the etched
aluminum, 4As thus offering little.ur ne protection from the

isotropic components of this RIE praceés, during the etching

procedure. The amount of undercut resultings although not

&



covered by the overlying photoresist image, 5 wll be subseqﬂ%ﬁﬁiﬁfiﬁdﬂﬁ%@ﬁEN
by the enhanced R E process. .Fig.4 schenatically shows t hejuesul

RIE process used to dry etch aluntnun1 usingithe pattern and structure
previously shown in fig.3. Tﬂ'hﬁneRII-Es ﬁﬁ'ﬁ onsi sted of between about 15 to
30 sccm of BC13, and betmee 0 sccmof CL2 at a pressure of
about 4 to 8 mrorr. and at Ei of betmeen ‘about 0-40 to 90 C. It
can.be seen 't hat the resultlng aluntnuntpattern is tapered, and a

severe undercut exists, in reference to the nasklng phot or esi st i mage, 5.
The reason for the undercutting S believed to-be a result of a l|lack

f bwer f I I 4A,
Thas of o ome T Ee art Na" or SLarir s il el asas B IERaRedl 1°0) 1 ¢

RI E processtteHd fhd A& %Q.*wunq;aw W&c@e AR M Mo 1AM
resul ting, al though not REPLACE SHEET shown here, can vary

si gni fi caftfler f ceA BeNFeduedds Bhatierd redleitig THEUQ difp eFatiLe0 e gl fect s,

The m crol oadi ng effect can be reduced by increasing the tenperature of the
etch to between about 60 to 70 C. However the increased
temperature of the RIE process using BC13 and Cl2, although
resulting in a reduction in microloadings (that is similar
aluminum shapes in dense and isclated regions)s s8till has the
adverse effect of creating even greater undercut aluminum
shapes in some chip locations. Again the severe undercut at

elevated temperatures was a result of a lack of significant

polymer on the sidewall of the aluminum shape during the RIE

process.

Rafenring now to fig.S5, the result of RIE
processing, performed cn the structure shown previcusly in
fig.3» can be cbserved. Here the aluminum shape, 4B, was
created using a _RIE process that allewed for identical
transfer of image from photoresist shape: 5s to aluminum
shapes 4B. This was achieved by a RIE procesé using an
etching chemistry of between about 15 to 30 scoem of BC13,

" between about S0 to 70 scem of Cl8, and adding between about
10 %o 30 sccom of NE,'with the preferrad anount being about
20 sccm. The etching was performed at a pressure of about
4 to 7 mTorr., and at a témperature of between about 50 to

o
70 C. The intreoduction of N2, at least 10%, but not greater
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0 etch to bet ween about 60 to 70 C. However the increased teltz tﬂrﬁ;@% BEEN—}
the RE process using BC13 and C12, although resulting in a 51 it ,

m crol oading. (that is sim I . um num sha es in dense and isol ated
regions), still has the adver S |ng even greater undercut
al um num shapes i.n sone chip | JJ the severe undercut at

el evat ed terrperatures was a re of significant polyner on the

sidewal | of the al um nédm shape during the R E process. Referring nowto
fig.5 the result of RIE processing, perforned on the structure shown
previously in fig. 3, can be observed. Here the al-.um num shape, 4B, was

creat ed usiHih gy P ScddHg A iLoMRE f Hed il 11GRlsHd A demge

from phot oresi st shape, 5, to aI um num shape 4B. This was achi eved by a

RI E procese® usdiga B e it DgnesN£as e Of 1 b e B oLlim ihfud GhEhs L an Of
BC13, between about 50 to 70 sccmof Cl12, and addi ng between about 10 to 30

sccm of Nuwiirich the RYRfpromshemsuntTHEINE ol i 20ha qoolt ymihre refiehi ng was
performed at a pressure of about 4 to 7 niforr., and at a tenperature of
bet ween atmtrt&0ts othe 79idewahk -fit toelust iminwh Neapeai Rastrd®ohédut not
greater isctropic components of the dry etch process. In additiah,
the polymer allows for higher RIE temperatures to be used,
thus reducing adverse microloading effects while still
protecting against isotropic components.

Finally a post RIE organic sblvent is used, at a
temperature between about 60 to 70ﬁC, toe remove the

photoresist and the sidewall polymer. This is shown

schematically in fig.é.

1t should be noted that this invention, enhanced
metal etch process, although not shdwn as part of any
specific device application can be used for the fabrication
of NFET, (n type field effect transistors), PFET, as well as
for CMOS, (complimentary metal oxide silicon), and

BiC€MOS,s (bipolar-CMOS), type devices.

ey dam

While this invention has been particularly shown
and described with reference toc the preferred embodiments
thereof, 1t will be understood by those skilled in the art

that various chariges in form and details may be made without
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of N2 ‘containing pol ymer, on t he sidewal | of al uni num shape

RI E procedure. The N2 cont ai ning—petywer—now-protects the sidewall of the

al um num shape, 4B, fromthe iﬁggtgﬁpi‘gsﬁﬁﬁmoaegts of the dry etch process.

I n addition, the polymer al]ows tenperatures to be used ,
t hus reduci ng adverse m cr ol oadi g!’H

l e still protecting agai nst

i sot.ropi ¢ conponents. Finally a' nic solvent is used, at a 0

t enper ature between about 60 to 70 C, to renove the photoresist and the
sidewal | polynmer. This is shown schematically in fig:6. It should be noted
t hat t hi 'ﬂwt' hane ed, ymtal : t-h.g;éqﬂc- shown as
part - of Zjnéy spec'?' inﬁcﬂﬁgw ce%bplﬁﬁa?ﬁ%kcﬁ?g@sa%heﬁ flor t e%’bri cation of
NFET, (n type field effect transistors), PFET, as well as for CMOS,
(conplinmentary netal oxide silicon), and Bi CMOS, (bi pol ar-CMOS), type
devices. Wiile this invention has been particularly shown and descri bed
with reference to the preferuest endodi aptmes is:



thereof,, it will be understood by those skilled in the art t,l IHI\§S§iEp§J£éSDBEEN '
changes in formand details may be nmade without departing
spirit and scope of this nv ntlon V\hat |s clained is: REPLACEIVENT
SHEET -10 - 1. A nethod d patterns on a“sem conduct or
substrate conprising the s H ting a netal film “m“l“l
substrate; forming an orga i mage on part ofunlﬂ I“ |
ani sotropically etching the exposed part of said metal filmwthta dass
m xture of BC13, Cl2 and N2 to formspecific nmetal shape; and rermval of
said photoresist. 2. The nethod of claim1l wherein satd netal is alumnum
3. The method df. @ aethbdwrereiarading metall pxtaleutmsnom a
semiconductor substrate comprising the steps of:
depositing a metal film on said substrates;
forming an organic photoresist image on part of
said metal film;
anisotropically etching the exposed part of said
metal film with a gas mixture of BCl3. Cl2 and N2 to
form specific metal shapei and

removal of said photoresist.

2. The method of claim 1 whereiﬁ said metal is

aluminum.

3. The method of claim 1 wherein said metal is aluminum

containing about 0.8 to 1.5 % copper.

4. The methdd of claim 1 wherein said metal is aluminum

containing about 0.9 to 1.04 silicon.

[—4

S. The method of claim 1 wherein said metal is aluminum
containing about 0.8 to 1.5 4 copper, and containing

about 0.3 to 1.0% silicon. -

6. The method of claim 1 wherein said the said etching
mixture is between about 15 to 30 scom of BC13.
between about S50 to 70 scem of Cl2 and between about

10 to 30 sccm of NE.

10



containing about 0.8 to 1.5 % copper. 4. The nethod of cl ai
metal Ts al um num contai ning about 0.5 to 1.0%silicon. 5. .
claim1l1 wherein said mtﬁmalmng about 0.8 to 1.5 %

copper, and contai ni ng abqrmstﬁetﬂasbeeﬁim‘sq licon. 6. The nethod of claim1

wherein said the said etch7\ gﬁé“’gg?v\gggu;béﬁ ﬂmﬂﬂﬂﬁmwmmm

BC13, between about 50 tho
N2. . REPLACEMENT SHEET 7. e nethod of claim 1 whereiin sai d etchf nd
performed using photoresist as a nask. 8. The nmethod of claim 1l wherei n
said etching is performed at a tenperature of between about 50 to 70 C. 9.

The-met hod of ¢l arhelnibreg &rsaldiRt hiREr&8nPEL] @7 8BEN fhg 33 Pr essure of
bet ween about 4 to 7 mlorr. 10. A nethod for formng netal patterns on a

sem conduct or pérdetned aeingi phagotbeisteps af magdrRpositing a nmetal filmon
said substrate; formng an organic photoresist inmage on part of

THIS SHEET HAS BEEN
1 WhREPLACED d

8. The method of claim 1 wherein said etching is

[«
performed at a temperature of between about 30 to 70 C.

9. The method of claim 1 wherein said etching is

performed at a pressure of between about 4 to 7 mTorr.

10. A method for forming metal patterns on &
semiconductor structure comprising the steps of:

depositing a metal film on said substrates

forming an organic photoeresist image on part of
said metal film:

anisotropically etching the exposed part of said
metal film with a gas mixture of BC13 and Cl2, and
containing specific amounts of N, to form metal shapes

“ferming a N2 containing polymer on fhe sides of

saild metal shape during the anisotreopic etching of éaid

metal films: and

removal of said photoresist and said polymer.

11. The method of claim 10 wherein said metal is

aluminum.

1E£ The method of claim 10 wherein said metal is

aluminum containing about 0.8 to 1.3% copper.

11
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said netal film anisotropically etching the exposed part o
filmwith a gas mxture ﬁf——BGl—S——&Hd——G]:—Z—-—a-Hd cont ai ni ng spe

N2, to form netal shape; &ﬁhe@ﬂia@BQé%R%B&E@' ni ng pol ymer

said netal shape during th tching of said netal fil
renoval of said photore5| st mmmmma nmer. 11. The nét mm ml ﬁ‘ Eﬂ “}\“\
wherein said netal is alum thod of claim1l

metal is alum num containing about 0.8 to 1.5% copper. REPLA I\/ENT SHEET
13...The nmethod of claim 10 wherein said netal is alum num containing about
0.5to 1.0%silicon. 14. The nethod of claim 10 wherein said - -netal is

al um num cont ailBi.nFhabeaethodS8ofociadt coppeereands@i meth10%ssilicon. 15.
The net hod of claim 10 wherein the said etching m xture is between about 15

to 30 sccm of B@L@lmmmtabmmwabtc@ﬂ@.@m df. 0@1 33 lamebrbet ween about 10
to

14. The methed of claim 10 wherein said metal is
aluminum containing about 0.8 to 1.3% coppers and

0.5 te 1.0% silicon.

15. The method of claim 10 wherein the said etching
mixture is between about 15 to 30 sccm of BClBQ between
about 50 to 70 sccm of Cl2, and between about 10 to
30 scem N2y where the amount of N2 is in excess of 10%,-

but less then 38%, of the etching mixture.

16. The metheod of claim 10 wherein a said N2 containing
polymer is formed on the sides of said metal shape

during the aniscotropic etching of said metal film.

17. The method of claim 10 wherein said etching is

performed using photoresist as a mask.

18. The method of claim 10 wherein said metal shape
exhibits identical shape as said photoresist mask, at

the conclusion of the anisotropic etching procedure.

19. The method of claim 10 wherein said etching is

_ o
performed at a temperature of between about S0 to 70 C.

1
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30 sccm N2, where the anmbunt of N2 is in excess of 10% but}jil ess RERUACED

e

of the etching mixture. 16. _IDQ—HELhDd_OL—GL&inllo wher ei n "2
contai ning polyner is forned on the Sld S said netal shape during the

ani sotropi ¢ etching of sai d *“’edrhe met hod of—c’rai—m'rO—VWTeTFi"ﬁ“'
said etching is perforned u5|

as a nmask. 18
claim 10 wherein said netal |dent|cal shapH! EH |flu“
phot.oresi st mask, at the conclu3|on of the ani sotropi c et omedurer -

19. The met hod of claim 10 wherein said etching is perforned at a
tenperature of between about 50 to 70[err]. REPLACEMENT SHEET 20. The

met od of. cl ai @nl0TweemeitRothefsaindimt abi Rgereipether gsaddaktanphgssyre of
bet ween about- 4 to. 7 nilorr.

performed at a pressure of between about 4 to 7 mT&rr.

13



