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ELI M NATI ON OF VO D FORVATI ON | N ALUM NUM BASED

| NTERCONNECT STRUCTURES BACKGROUND OF THE -

| NVENTI ON (1) Field of the Invention : The present
invention relates to nethod used to fabricate sem conductor devices, and
nore specifically to a nethod used to elimnate the formation of voids, in
al um num based interconnect structuréss created during photoresist renoval
pr ocedur es. (2) Description of the Prior Art Al um num or
al um num based netal | i zati ons,. have been extensively used by the

sem conductor industry, for wiring or interconnect structures. The ability
to easily deposit alumnum using either sputtered or evaporation
procedures, as well as the ability to easily pattern alum num | ayers,

usi ng high density plasnmg etchin HDPE),, _procedures, have resulted in
the recurrent use of thi§L¥HﬂN%TI&ﬂ‘éﬁygﬁ%e RO GNREMEPNe product s,

such as netal oxide seni congughornfiRicingbt estrdcr@ngEst ors, (MOSFET).

However the inability of alumnumto w thstanhd high current

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to method used to
fabricate semiconductor devices, and more specifically to a method
used to eliminate the formation of wvoids, in aluminum based
interconnect structures, created during photoresist removal

procedures.

(2) Description of the Prior Art

Aluminum, or aluminum based metallizations, have been
extensively used by the semiconductor industry, for wiring or
interconnect structures. The ability to easily deposit aluminum,
using either sputtered or evaporation procedures, as well as the
ability to easily pattern aluminum layers, using high density
plasma etching, (HDPE), procedures, have resulted in the recurrent
use of this metal in advanced semiconductor type products, such as
metal oxide semiconductor field effect transistors, (MOSFET).
However the inability of aluminum to withstand high current
densities required the addition of small levels of copper, usually

between about 1 to 5 %, to be included in the aluminum layers. The



densities required the addition of small |evels of copper, usually between

-‘about 1 to

- 2- Al -Cu alloy resulted in dramatic inprovenent
resi st ance,

5% to be included in the alum num |l ayers. The

when conpared to pure al um num counterparts. In addition

copper in alumnumlayers, small levels of silicon, between about O.
1.0 %are also added to the alloy, tdo feduce the rlsk of al um num
penetration, into the sem conductor substrate, that can occur during

el evated tenperature cycles.

The addition of copper, t

al um num | ayers, although resulting in electromgration resistance
| nprovenents, increased the risk of specific type of corrosion nechani sns,
of the Al -8U-Caldldpy cesphiedl ihodidmatiicskmpfovantenasinnelectaunigeradon t h
pure alum num |l ayers. For exanple during the deposition of Al -Cu al
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result in adegrbymniinoused!s ivy mheaha&aeals% heBed Qb RheCADIdAt €6 hetree as
t he cat hode, while the surrounding alum numrich regions behave as the

anode. Thetbeorisk b qllumsnmepenetrmml,emm)ltpeesananonm“esm.atnatue,

galvanic c
whil e the

r osi on, a _redox reactlon in which Al will be oxidize

aF‘sc?récﬁﬁ,cé‘H duping glerted EENRCTRRRF&ICHRTi ng this react

can be | eached away

The addition of copper, to aluminum layers, although
resulting in electromigration resistance improvements, increased
the risk of specific type of corrosion mechanisms, of the Al-Cu
alloy, compared to the risk of corrosion encountered with pure
aluminum layers. For example during the deposition of Al-Cu alloy,
a theta phase of Al,Cu precipitates are formed, highly rich in
copper, and surrounded by regions of aluminum, tha;_have almost
been completely depleted of copper. This inhomogeneity, in the
aluminum based layer, can result in a galvanic cell in which the
Al,Cu precipitates behave as the cathode, while the surrounding
aluminum rich regions behave as the anode. Therefore the presence
of an electrolyte can then result in galvanic corrosion, or a redox
reaction, in which Al will be oxidized, while the Cu is reduced.
The Al** ions produced during this reaction, can be leached away
during subsequent water rinses. Since this galvanic reaction is
localized near the Al,Cu precipitates, the result of this galvanic
reaction is the formation of voids in the aluminum layer. The

aluminum based layer, containing voids, is now less resistant to
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during subsequent water rinses. Since this galvanic reaction is |ocalized
near the AlCu precipitates, the result of this galvanic reaction is the
formati on of voids in the alum numlayer. The alum num based | ayer,
containing voids, is now less resistant to

- 3- deleterlous el ectrom gration phenonena as well as exhibiting a
decrease in conductivity. - 3 -The electrolyte needed to initiate
t he gal vani c reaction, can be water, used for post-clean rinsing
procedures. For exanple patterning of an alum num based | ayer, conprised
of Aferr]Cu precipitates, as well as aluninun1rich regions, is usually

performed u HDPE procedures, and usj ng hotore i.st sh a nask.
After conpl e‘%ﬁ eTEOtH L LESEFRRHITAT L5P ORRYYINTE dﬁg‘llotaés?’gf Pbé‘lrréﬁg

removed vi a LR o) an H[err]O vapor passi vation strlp, and
t han an CIer&ﬁéﬁﬁ asngaég%%£Ct£%{§¥ These procedures are followed by a
water rinse, perfornmed at a tenperature between about 20 to 25C. The
exposed sides of the alTns electasiotesheedsadite, ini-ttiatt&l@hexsp)@sm}im Cu
precipitates, and the exposed alum numrich re in a water EnV|ronnent,

can result FIRGHEM nfIR é’ﬁ YRACBY. (UREIJEPERASSS eb’%ﬁi’éﬁl&gr%ﬁ’cﬁe Bhes
greating thepen grgﬁev 43k 0nd 6 UL HHRRARELL N BleCONDGRIri 8l St LT e.

Sol uti ons to C corrosion reaction, during photore5| st renoval
procedures, NBME bﬁ@dhpift‘aEée,d dyy wikabnas amahym rich regions, is usually

L€

performed using HDPE procedures, and using a photoresist shape as
a mask. After completion of the patterning procedure the
photoresist shape is removed via a strip process; first an H,0
vapor passivation strip, and than an O, plasma ashing step. These
procedures are followed by a water rinse, performed at a
temperature between about 20 to 25°C. The exposed sides of the
aluminum based structure, with the exposed Al,Cu precipitates, and
the exposed aluminum rich region, in a water environment, can
result in the initiation of the deleterious galvanic reaétioh,
creating the unwanted voids in the aluminum based interconnect

structure.

Solutions to the galvanic corrosion reaction, during
photoresist removal procedures, have been offéred by Konno, et al,
in U.S. Pat. No. 5,397,432, as well as by Chen, et al, in U.S. Pat.
No. 5,545,289. These inventions offer passivation of the exposed
sides of the aluminum based interconnect structure, during
photoresist post-clean procedures, via the creation of a

passivating oxide layer, formed prior to exposure to water post-



in US’ Pat. No. 5,6397,432, as well as by Chen, et al, in US. Pat. No.
5,545, 289. These inventions offer passivation of the exposed sides of the
al um num based i nterconnect structure, during photoresist post-clean
procedures, via the creation of a passivating oxide |ayer, formed prior to
exposure to water post- -4-

cl eans. However the creation of these-passivating |ayers can be thin, and
porous, with the quality of the native oxide layer, fornmed during the

H err] O vapor passivation step, being marginal. Therefore these
passiavting |layers may not totally protect against galvanic corrosion
during the water post-clean steps. This invention will describe a

phot-or esi 1e88DVafowl,ac el &=l YU g}?i gPe%’éo f‘g%%&hﬁ@iﬁﬁc g% 85! Sad Or med

in a high pressure oxygen anbi ent, err apor passivation

step, and ghinorasd gdreussukiRtRet qaRitRgost e nkllige piciceduagetr s perforned
at a tenperature, and for a tine, needed to create a passivating layer on
the sides JFMEAcIWRNGs EHe HLOnVaRAR BASBHVALHOS: 6RPeReisgr BRYIHRL . | n

addi tion thy 'Q¥ ion will. _offer.a post-clean_ DI ter rinse, .at_a
ere )
t enper at ure Rer we%%aig o= S5 FE-Ith é?}’%f m%’_f'rf%og FRERT YR P e e 29ainst
appr oxi natgallyadosddoshibh &ManhYy I Qatke pod Ra%8n thpdiseTristhis | ower
tenperature will reduce the galvanic corrosion rate by about 2 to 4 tines,
i f porosi thpvgsesorwidl desaribepmpbovendsigtsiemnalll préeedure in which a
pre-heat procedure is performed in a high pressure oxygen ambient,
prior to the H,0 vapor passivation step, and prior to the
subsequent ashing step. This procedure is performed at a
temperature, and for a time, needed to create a passivating layer
on the sides of the exposed aluminum based interconnect structure.
In addition this invention will offer a post-clean DI water rinse,
at a temperature between about 5 to 10°C. Since reaction rates
approximately doubled with every 10°C inérease, the use ©of this

lower temperature will reduce the galvanic corrosion rate by about

2 to 4 times, if porosity does exist in the passivating sidewall

© layer.

SUMMARY OF THE INVENTION

It is an object of this invention to form aluminum
based interconnect structures, for semiconductor devices, using a
process that does not result in void formation in the aluminum

based interconnect structures.



SUMMARY COF THE | NVENTI ON It is an object of this invention to
form al um num based interconnect structures, for sem conductor devices,
using a process that does not result in void formation in the al um num
based i nterconnect structures. - 5-

It is another object of this invention to forman alum num based

i nt erconnect structure, using a photor®sist shape as a nmask, to allow an
HDPE procedure to pattern an al um num based |ayer, and then to subject the
al um num based i nterconnect structure to a high pressure oxygen anbient,

at an elevated tenperature, prior to renoval of the photoresist |ayer.

I't is still another objegt;Ofanobhsridbianti en EH&sVQhaéﬁémﬁetShf@ﬁ d@s
trapped in the ditches of the grain bdundries of the alloy, during the

hi gh pressurduniyge baseéintapdomear stxmuctiire, hsing] Ophaporegizssshage an
step, reducing corrosion as a result of  reducing the |evel of chlorine,
whi ch funct |aoﬁ‘§5155 &0 @aiayyan HDORE PFRESCYFRoS? RRCFEER R Ahuminum based
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to the alunln ased I nterconn structure, oreS|st renova
at a terrperaatturuecvbﬁé WRER had0Predstife iygen]dmbient, at an elevatdd accor dance

with the present invention a process for patterning of an al um num based
i nt er connectteypeyaturs, prépngo removal of the photoresist layer.
It is still another object of this invention to
volatilize chlorides trapped in the ditﬁhes of the grain boundries
of the alloy, during the high pressure oxygen step, and prior to
the H,0 vapor passivation step, reducing corrosion as a result of

reducing the level of chlorine, which functions as a catalyst in

the corrosion mechanism.

It is still yet another object of this invention to
provide a water rinse, to the aluminum based interconnect
structure, after photoresist removal, at a temperature between

about 5 to 10°C.

In accordance with the present invention a process for
patterning of an aluminum based interconnect structure, using
photoresist masking and HDPE, and featuring a post-HDPE, oxygen
treatment, and a post-photoresist removal, low temperature water
rinse, is described. A blanket, aluminum based layer, containing
copper and silicon, is deposited on a underlying semiconductor

structure. Patterning of the aluminum based layer, creating an



phot or esi st masking and HDPE, and featuring a post-HDPE, oxygen treatnent,
and a post-photoresist renoval, |ow tenperature water rinse, is described.
A bl anket, al um num based | ayer, containing copper and silicon, is
deposited on a underlying sem conductor structure. Patterning of the

al um num based | ayer, creating an _ 6 - 6-
al um num based i nterconnect structure, Ts perfornmed using an overlying
phot oresi st shape as a mask to allow a HDPE procedure to transfer the

i mage of the photoresist shape to the underlying alum num based | ayer. An
insitu photoresist strip is next addressed. First the al um num based

I nterconnect structure, in a plasm ashing tool, is subjected to a high
pressure oxygen anbient, at a tenperature greater than 225[err]C, and for
a time of ARRHbLuASHaSEE inclbidaie! berittare! £ Hlcielined Qlding0agn al um num
oxi de layer on the exposed sides of the al umi num based i nterconnect

struct ur e.oveldliydng pHorbrestst Bhapbas a wskutstaliyjow a¢DFE phecqgmieotesi st ,

in the sane plasna ashing tool, with the introduction of Herr]O vapor,
fol I | owed HRAREE éFr}h$ﬂ¥ﬂ§ﬁﬁ ofithe PYOROTRSISENFBARE tODERe WRdSHLYiPdse is

used for I e I f 10[err] C
5R1 £F DESCH BIFEN T 2oty R e L locBELIRGD SRR 19 et 00
advant agesaddresiaed . i nMeRt 9k A18mikesbades Grtkedohfedthetpietefd,en a
enbodlnent with reference to the draw ngs that include:

plasma ashing tool, is subjected to a high pressure oxygen ambient,

at a temperature greater than 225°C, and for a time of about 25
sec., without the use of a plasma, forming an aluminum oxide layer
on the exposed sides of the aluminum based interconnect structure.
This is followed by the in situ stripping of the photoresist, in
the same plasma ashing tool, with the introduction of HK,0 vapor,
folllowed by O, plasma. Finally a de-ionized, (DI), water rinse is

used for a post clean, at a temperature of hetween about 5 to 10°C.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are
best described in the preferred embodiment with reference to the

drawings that include:

Figs. 1 - 2, 4 - 5, which schematically, in cross-
sectional style, show the key stages of forming a voidless,

aluminum based interconnect structure.

Fig. 3, which schematically, in cross-sectional style,

shows the result of a photoresist removal process, other than the



Figs. 1 - 2, 4 - 5 which schematically, in cross- sectional style, show
the key stages of formng a voidless, alum num based interconnect
structure. Fig. 3, which schematically, in cross-sectional
style, shows the result of a photoresist renoval process, other than the
-7- process used in this invention, resulting in the creation of voids
in the patterned al um num based st ruet dr-e. DESCRI PTI ON
OF THE PREFERRED ENMBODI MENTS The nethod for formng a
voi dl ess al um num based interconnect structure, using an in situ

phot oresi st renoval process, used to create an al um num oxi de | ayer on the
exposed sides of the alum num based interconnect structure, prior to the

pl asma ashppecsd LRsedSidRhk s ashvenik I6n 2 regh Tk iR BRI @ld/ teation'BE 8Foids
post-clean, after photoresist renmoval, will now be described in detail.

Thi s i nventirobh¢ pagitemnedsalngnianmabaradnehrbetse®. i nt er connect structure as
a first netal level, also used to contact regions of an underlying
sem conduct or substrate, however thi's invention can al so be used for

creation of voidl ess uppe§F§§§%%510+qﬁghﬁm ﬁ%?é%#ﬁbbiﬁﬁbéﬂym%N&QVe”ti0” S

shown being applied to a nne metal oxide sem conductor field effect
transistor, (MOSFET), device. However this invention can al so be applied
to P channel MOSFET deuecesthodofipt i fremingya woGkDEss alawmices, bd&ied\VOS

interconnect structure, using an in situ photoresist removal
process, used to create an aluminum oxide layer on the exposed
sides of the aluminum based interconnect structure, prior to the
plasma ashing step, as well as using a cold temperature, DI water
post-clean, after photoresist remeoval, will now be described in
detail. This invention is shown using an aluminum based
interconnect structure as a f£irst metal level, also used to contact
regions of an underlying semiconductor substrate, however this
invention can also be used for creation of voidless upper metal
levels. In addition this invention is shown being applied to a N
channel, metal oxide semiconductor field effect transistor,
(MOSFET), device. However this invention can also be applied to P
channel MOSFET devices, complimentary, (CMOS), devices, BiCMOS

devices, as well as to bipolar devices.

The N channel, MOSFET device, used in this invention,
is schematically shown in Fig. 1. A P type, semiconductor
substrate 1, comprised of singie crystalline silicon exhibiting a
<100> crystallographic orientation, is used. Thick field oxide,

(FOX), regions 2, comprised of thermally grown silicon dioxide, at



devi ces, as well as to bipolar devices. The N channel, MOSFET
device, used in this invention, is schematically shown in Fig. 1. AP
type, sem conductor substrate 1, conprised of single crystalline silicon
exhibiting a <100> crystallographic orientation, is used. Thick field
oxide, (FOX), regions 2, conprised of thermally grown silicon dioxide, at
- 8- a thickness between about. 3000 to 5000 Angstrons, are used for

i sol ati on purposes. A gate insulator layer 3, of silicon dioxide, is
thermally grown to a thickness between about 50 to 200 Angstrons, followed
by the deposition and doping of a polysilicon |layer, and patterning of the
polysilicon | ayer, creating polysilicon gate structure 4. |nsulator
spacers 5, are next created by first depositing as insulator |ayer such as
silicon oxide, or silicon nitride, to a thickness between about 1000 to
3000 Angstrons, and than followed by an ani sotropic R E procedure, using
CHF[ err] a3 ERidmsssnbetwisny iabyutciidd, thl $90E Angstiroms arctednsed £awegi on 6,

is forned vigléon igglantation of ejther arsenic or phosphoraqus. Another

3 TRY§55corf* SRFAS-PD-2CSF 13368 i fi 8150 dipeideed

i nsul at or Mayef-r~n

using eithegg I;qu§s§{.&gg%nhc%ic ggrbg?%?ingbt&ﬁ%ngd_@g\@b@ or plasm

enhanced chem cal vapor position, (PECVD), pl'anari zed, using
cheni cal mdopstraw, £phlowdd by, tHCBpositiau aud dopingoptd) pbps SLidorce

t opogr aphy _f or
layer, and patterning of the polysilicon layer, creating
polysilicon gate structure 4. Insulator spacers 5, are next created
by first depositing as insulator la&er such as silicon oxide, or
silicon nitride, to a thickness between about 1000 to 3000
Angstroms, and than followed by an anisotropic RIE procedure, using
CHF, as an etchant. ZHeavily doped, N type, source and drain
region 6, is formed via ion implantation of either arsenic or
phosphorous. Another insulator layer 7, of silicon oxide, or
silicon nitride, is deposited using either low pressure Ehemical
vapor deposition, (LPCVD), or plasma enhanced chemical vapor
deposition, (PECVD), and than planarized, using chemical mechanical
polishing, (CMP), to provide a smooth top surface topography for

insulator layer 7.

A contact hole 8, schematically shown in Fig. 1, is
opened in insulator 7, exposing the top surface of source and drain
region 6, using conventional photolithographic and RIE procedures.
After removal of the photoresist pattern, used to define contact
hole 8, via conventional plasma ashing and wet clean procedures, an
aluminum based layer %a, is deposited. Aluminum based layer 9a,

schematically shown in Fig. 1, is comprised of aluminum, including



I nsul ator |ayer 7. A contact hole 8, schematically shown in
Fig. 1, is opened in insulator 7, exposing the top surface of source and
drain region 6, using conventional photolithographic and Rl E procedures.
After renoval of the photoresist pattern, used to define contact hole 8,
via conventional plasma ashing and wet clean procedures, an al um num based
| ayer 9a, is deposited. Al um num based Fayer 9a, schematically shown in
Fig. 1, is conprised of alum num including bet ween about
1to5 %copper, used to inprove electromgration resistance, and

I ncl udi ng between about 0.5 to 1.0%silicon, used to decrease the risk of
al um num penetration into the source and drain region 6. Wen the al um num
based structure is used for upper netal levels, the addition of silicon is

not neede | um num based | a er i s .de oslted usjngq r.f.. utterlng,
to a thi gqmess b%%eﬁ ‘éBo%t" FEBBEE 1 59008 WRFY Foﬁ'#s g‘rﬁm'i"?ﬁaF Sar

used as ance¥ilscaned | gk i(x?cl@i?@ pdtifecAN QY UNEOERRN0E PLOCRAYT €Sed IS
first deposited on al uni num baséd | ayer 9a, followed by the formation of

phot or esi stto slegpeadd) thieorbsk usk dlatimumpeket rataldmodntd hﬂxells:eureel amhge to
be transferred to al um num based | ayer 9a. 2, shows the
resul t of FIBPESFHYE Edur Bhen sihegalapfmy Paged frcsnantis é’iséﬁt £#% al uni num

based 'ntgﬁﬁﬁgnﬁgﬁal levels, the addition of silicon is not needed. The
aluminum based layer is deposited using r.f. sputtering, to a
thickness between about 48000 to 52000 Angstroms. A TiN layer 20,
used as an anti-reflective layer, for photolithographic procedures,
is first deposited on aluminum based layer 9a, followed by the
formation of photoresist shape 10, to be used as a mask to allow

the desired image to be transferred to aluminum based layer %a.

_ Fig. 2, shows the result of a HDPE procedure, using
Cl, as an etchant, creating aluminum based interconnect

structure 9b. The removal of photoresist shape 10, performed using
specific H,0 vapor rinsing, oxygen plasma ashing, and DI water
post-cleans, can result in the creation of voids in the aluminum
based interconnéct structure. Fig. 3, shows an aluminum based
interconnect structure 9b, after the use of a photoresist removal
process, using oxygen plasma ashing, and a room temperature, DI
water rinse, resulting in the creation of voids 9¢, at the sides of
aluminum based interconnect structure 9b. The aluminum based
interconnect structure 9b, is comprised 6f copper rich regions of
theta phase Al,Cu precipitates, surrounded by regions of aluminum,

that have almost been depleted of copper. This inhomogeneity in



structure 9b. The renoval of photoresist shape 10, perforned using
specific Herr] O vapor rinsing, oxygen plasma ashing, and DI water
post-cleans, can result in the creation of voids in the alum num based

I nterconnect structure. Fig. 3, shows an al umi num based i nterconnect
structure 9b, after the use of a photoresist renoval process, using oxygen
pl asma ashing, and a roomtenperature!l®Di water rinse, resulting in the
creation of voids 9c, at the sides of alum num based interconnect
structure 9b. The al um num based interconnect structure 9b, is conprised
of copper rich regions of theta phase Al[err]Cu precipitates, surrounded
by regions of alum num that have al nost been depl eted of copper. This

i nhonogeneity in - 10 - t he
al um num based i nterconnect structure will in effect manifest itself in
t he form dfhedalémimmt baked itk roaiimttcat noahire, wileria ehfectAmpaL féda

preci pitates behave as a cathode, while the Al rich regions serve as the

anode credtiS§§LaihaPe AT b GHEEerad-adr eERGiEOcHembgr]l ErAEE r ypre thauch as
t he roomt r 0. f.ar resjst t-cle .result in
| boal | sou SAFS FhediBLIE skl Y 5 EIHRCHLZL PIRE £ B POOLES T et

and the coppee aedheeanodelbee@Xinl deghldtanitnetiplAl.[ efrd pk@sendy eftdien
| eached away by the DI  water rinse. The oxygen plasma ashi ng procedure,

used to r RPEETolyRe pisuchrasitie shapdemprdaperd orted psedrforo t he

del eteri Oup%ort%%rensist post-clean, ca;n result in localized galvanic corrosion,
or void formation, where the Al is oxidized and the copper reduced.
The oxidized aluminum, Al* ions are then leached away by the DI
water rinse. The oxygen plasma ashing procedure, used to remove
the photoresist shape, and performed prior to the deleterious room
temperature rinse, does create an aluminum oxide layer on the
exposed sides of the aluminum based interconnect structure, however
the thin aluminum oxide layer can be porous, thus still allowing
exposure of the sides of the aluminum based interconnect sﬁructure,
during the room temperature DI rinse. The veoids 9c¢, created in
aluminum based interconnect structure 9b, shown in Fig. 3, were a

result of galvanic corrosion, resulting from a room temperature DI

water rinse, applied post photoresist removal.

A process used to eliminate void formation during the
photoresist stripping, and post clean procedures, is now described
and schematically shown in Figs. 4 - 5. The TiN layer 20, may also
be used for photplithograpic purposes, however it is not shown in
in Figs. 4 - 5. The in situ photoresist removal procedure, is

first performed in an photoresist ashing tool, to create an



tenperature rinse, does create an alum num oxi de | ayer on the exposed

si des of the al um num based interconnect structure, however the thin

al um num oxi de | ayer can be porous, thus still allowing exposure of the
sides of the alum num based interconnect structure, during the room
tenperature DI rinse. The voids 9c¢c, created in alum num based interconnect
structure 9b, shown in Fig. 3, were allresult of gal vani ¢ corrosi on,
resulting froma roomtenperature DI water rinse, applied post photoresist
renoval . A process used to elimnate void formation during
the photoresist stripping, and post clean procedures, is now described
and schematically showmn in Figs. 4 - 5. The TiN layer 20, may al so be used
for photplithograpi c purposes, however it is not shown in in Figs. 4 - 5.
The in situ photoresist renoval procedure, is first perforned in an

phot or esi gy ,ashb R %48 %a)ée% q5€4 z’?aﬁ%%me:ﬁ%onﬁ%d sides. g alu%ﬂmtt%%%e%i de

| ayer 11, on the expose 'déS’o asé i nt erconnec cture
9b. Thi s iimitelrabnididserirscteel o5 MEHiPHNAEiAD phiaBé riadget Asridieptl & £hO and
Jerr] plasma. This initial phase is performed in a high pressure oxygen
anbi ent, BFatxeducinsbhe 3,0 0O Topkasma Thig dnpeialt phasddispenfetmag 230 to
250[err]Cﬁ.fgrha time between abo%g. 25 }%535 S§§G7 creating_al um num oxi de
layer 11, At 2a19H SRRESETe SXYIRR ATRABRT ATG¥ESD uﬁmés"c? s ToBT e

exposed Siéjﬁémﬁérature between about 230 to 250°C, for a time between about

25 to 35 sec., creating aluminum oxide layer 11, at a thickness
between about 400 to 800 Angstroms, on the exposed sides of
aluminum based interconnect structure 9b. This is shown
schematically in Fig. 4. The thickness of aluminum oxide formed
during this pre-photoresist removal procedure, offers less risk of
porosity than thinner aluminum oxide counterparts, formed only
during the actual H,0 vapor and oxygen plasma ashing cycle. After
the formation of aluminum oxide layer 11, during the initial phase
of the in situ photoresist removal procedure, the second phase of
the in situ photoresist removal procedure is performed again in the
photoresist ashing tool, by creating a plasma and using an H,0
vapor rinse, followed by the oxygen plasma ashing procedure. The
H;0 vapor rinse is performed at a pressure between about 600 to 800
mTorr, an rf power between about 600 to 800 watts, and using
between about 400 to 600 sccm of H,0, and between about 300 to 500
scem of oxygen. The oxygen plaswma ashing procedure is performed at
a presssure between aboﬁt 1000 to 1400 m’forr, an rf power between
about 800 to 1200 watts, and using between about 1600 to 2000 sccm
of oxygen, thus removing photoresist shape 10. An additicnal layer

of aluminum oxide 11, is formed on the top surface of aluminum



al um num based i nterconnect structure 9b. This is shown schematically in
Fig. 4. The thickness of alum num oxide formed during this pre-photoresist
renoval procedure, offers less risk of porosity than thinner al um num

oxi de counterparts, fornmed only during the actual Herr] O vapor and oxygen
pl asma ashing cycle. After the formatjon of al um num oxide |ayer 11,
during the initial phase of the in 5it “phot oresi st renoval procedure, the
second phase of the in situ photoresist renoval procedure is perforned
again in the photoresist ashing tool, by creating a plasma and using an
Herr]O vapor rinse, followed by the oxygen plasma ashing procedure. The
H err] O vapor rinse is perfornmed at a pressure between about 600 to 800
mrorr, an rf power between about 600 to 800 watts, and using between about

400 to 600bscc of H e%égC)and betmegg about 300 to 500 sccm of oxygen.
The oxygen pFa n’d”'%%f’ T SEEUETES oW e iPaOxvges 88RERF e bet ween
about 1000 gtg r £ 200 ﬁéggg itts, and
usi ng betmé%nca oufn%gd%“%gg§%%3£§%§%1q%%Mg§€3§%§9FEus rg%§ ng 6%%toresist
shape 10. Nexadalintl enakr|siyee isfusddifonuthephdeocddsists rénovalr] @osthe top

surface of alum num ) ) - 12 -
based i nt eCE6ARERT S5EP udoHREeD Fhig BEOTGILFR I§xBRRiorashidfga FRTRBEFGHES at

the conp! biedlegl ARePIYLTEL S 1k TR L) EEFRR1 e Nl Bp Dl BT | 1o

;
is used for ep resi st “renpval ,” post *cleani owever IS
procedur e ilayper{Dr @godind thanBeded WrealBRineeBa s Utnrarkenddderr] C. | f

porosity did exist in alumnum oxide
structure 9b, the galvanic corrosion rate, at this temperature,
would be reduced by a factor of between about 2 to 4, compared to
counterparts subjected to a room temperature DI water rinse. The
reduced temperature of the rinse reduces the extent of galvanic
corrosion. Fig. 5, shows the result of a aluminum based
interconnect structure Sb, in which the removal of a masking
photoresist shape was removed using the in situ photoresist removal
procedure, and the cold water rinse, resulting in an absence of

galvanically formed voids.

While this inven;ion has been particularly shown and
described with reference to, the preferred embodiments thereof, it
will be understood by those skilled in the art that various changes
in form and de:.ails may be made without departing from the spirit

and scope of this invention.



| ayer - 11, exposing the sides of alum num based interconnect structure 9b,
the galvanic corrosion rate, at this tenperature, would be reduced by a
factor of between about 2 to 4, conpared to counterparts subjected to a
roomtenperature DI water rinse. The reduced tenperature of the rinse
reduces the extent of galvanic corrosion. Fig. 5 shows the result of a
al um num based interconnect structur® ¥b- in which the renpval of a
maski ng photoresist shape was renoved using the in situ photoresist
removal  procedure®“4R% the cold water rinse, resulting in an absence of
gal vanically forned voi ds. Wil e this invention has been
particul arly showni addmetlesicof fadhricatingeanradnmnénto basked jnweonsect
enbodi nents thereof, it wll be understood by those skilled in the art
that various chang®sFRGtRTEoFar thHCGEERJ iRy FRMRFIFLDEF t hout departing

fromthe spirit and sco f LN S | m&t'o .
- 13 - CLAI V5 1. A m%?ﬁg'ﬁdlo’% %aE?I ca :rnaa%% t:a a&%lﬁﬁ‘ﬁ%‘ba%“eé i nt er connect

structure for a MSkkkcheubeer Sid¥REate\For said MOSFEQVAEiwE,a transfer
gate transistor, on a semnm conductor substrate, for said MOSFET devi ce,

conprising: field eRirisiogi ofkelidn oxifiel rpsAPBsNthuciadd semigandactora gate
i nsul ator | ayer on_said sem conductor . subsfrate; a polysilico ate
structure on said GRETIREF AP +ﬁi}gﬁt°5n%ay§5u%es%ﬁdga?"a‘f??dgggiaﬁns in
sai d sem conduct OLysdiskkat £ polysilicon gate structure on said gate

insulator layer; and source and drain regions in said

semiconductor substrate;
depositing an insulator layer on said transfer
gate transistor;
opening a contact hole in said insulator layer,
exposing the top surface of said source and drain region;
depositing an aluminum based layer on the top
surface of said insulator layer, and completely filling
said contact hole;
forming a photoresist shape on the top surface of
said aluminum based layer;
etching of said a;uminum based layer, using said
photoresist shape as a mask, creating said aluminum based
interconnect structure;
using an initial first phase of an in situ
photoresist removal procedure, to form an aluminum oxide
layer on the exposed sides of said aluminum based

interconnect structure;

KA 0 R



depositing an insulator layer on said transfer gate transistor;

opening a contact hole in said insulator |ayer, exposing the top surface
of said source and drain region; depositing an al um num based

| ayer on the top surface of said insulator |ayer, and conpletely filling
said contact hole; formng a Q_otoresist shape on the top surface
of sai d al um num based | ayer; etching of said al um num based

| ayer, using said photoresist shape as a nask, creating said al um num
based interconnect structure; using an initial first phase of an
in situ phot oresi st renoval procedure, to form an al um num oxi de | ayer
on the exposed sides of said al um num based I nt erconnect  struct.ure;

- 14 - usi ng YHegr i fipkhobage faraid dnssity BRetFTESst
rermval pl‘ OCEdUI’E rtegl '[r rgc ?Lllc% p@@%%?n@@ %ala ’or@ggst sgage a‘hﬁ' d

wat er, post- phOt or esi St nova eani ng sal al um num
i nt er connect  struct ure. co’cid Jg@eﬂepb@d-pﬁocekasmdzemmtmesﬂmg alfum num

based Ilayer is conprised of alum num wth between about 1.0 to
said aluminum based interconnect structure.
2. The method of claim 1, wherein said aluminum based
layer is comprised of aluminum, with between about 1.0 to
5.0 % copper, and with between about 0.5 to 1.0 %
silicon, deposited using r.f sputtering, to a thickness

between about 48000 to 52000 Angstroms.

3. The method of claim 1, wherein said aluminum based
interconnect structure is formed via high density plasma
etching, (HDPE), of said aluminum based layer, using Cl,

as an etchant.

4. The method of claim 1, wherein said initial phase of
in situ photoresist procedure is performed in a
photoresist ashing tocl, in an oxygen ambient, without
the use of a plasma, at a temperature between about 230
to 250°C, for a time between about 25 to 35sec., at a
pressure between about 9 to 10 Torr, to create between
about 400 to 800 Angstroms of aluﬁinum oxide on the

sides of said aluminum based interconnect structure.

R 0 ) R



5.0 %'copper, and with between about 0.5 to 1.0 % silicon, deposited using
r.f sputtering, to a thickness between about 48000 to 52000 Angstrons.

3. The method of claim1, wherein said alum num based interconnect
structure is fornmed via high density plasma etching, (HDPE), of said

al um num based | ayer, using C[err] as,an etchant. 4. The met hod of
claim1, wherein said initial phase of N situ photoresist procedure is
performed in a photoresist ashing tool, in an oxygen anbient, w thout the

use of a plasma, at a tenperature between about 230 to 250[err]C, for a
time between about 25 to 35sec., at a pressure between about 9 to 10 Torr,
to create between Sabithe méOBod @f86Daikngstwemeiaf saddifinanphasdeodrint he

si des of said al um num based i nterconnect structure. ) )

- 15 - 5. TheSHEY RAPEOFeEHSE FRTOVIhaTOrRINES d sf pREfomedsEr #2idh  situ
phot oresi st renova Qf%j e, LS ' [ ot ar esi hi ng
tool, first using ghQerrr %E-aglﬁfé%gggfégtmhg af)rugcgsursb g?%/v'e%% about

600 to 800 niforr, atpfesdurfe betpPeayeabbet WeEN tab@od Wit 0a80sh WAL S, and
usi ng between about 400 to 600 sccmof Herr]O and between about 300 to
500 sccm of oxygergoweas betwermbpboke T §enddl xarssoxamemsing between

about 400 to 600 scem of H,0, and between about 300 to
500 sccm of oxygen, followed by the oxygen plasma oxygen
procedure, performed at a pressure between about 1000 to
1400 mTofr, at an r.f. power between about 800 to 1200
watts, and using between about 1600 to 2000 sccm of in an

oxygen ambient.

6. The method of claim 1, wherein said cold water, post
photoresist removal cleaning procedure is performed in

de-ionized water, at a temperature between about 5 to

10°C.

A



procedure, performed at a pressure between about 1000 to 1400 mrTorr, at
an r.f. power between about 800 to 1200 watts, and using between about
1600 to 2000 sccmof in an oxygen anbient. 6. The nethod of claim1,
wherein said cold water, post photoresist renoval cleaning procedure is
performed in de-ionized water, at a tenperature between about 5 to 10C
- 16 - 7. A method of fabricating!&nal um num based i nterconnect
structure, using a photoresist shape as a mask, in which the renoval of

t he photoresist shape is perfornmed using a two phase, in situ photoresist
renoval procedure, followed by a cold tenperature, de-ionized water rinse,
conprising the steps of: depositing an al um num based | ayer

form ng said photoresist shape on said alum num based |ayer;

patterning of saiqd alumnum based | ayer sin ai d_phot oresi st shape as a
mask, to forms tgﬁ %Pﬁ#ﬁ?nfaﬁﬁé‘éﬁt’i %’?égﬁﬂé ™ SRFEL pFgTConnect i ng

the initial phagen@feu@l didi¥g PRRSEorddist! Lithpe as a mask, in which

the removal of the photoresist shape is performed using
2 two phase, in situ photoresist removal procedure,
followed by a cold temperature, de-ionized water rinse,
comprising the steps of:

depositing an aluminum based layer;

forming said photoresist shape on said aluminum
based layer;

patterning of said aluminum based layer, using
said photoresist shape as a mask, to form said aluminum
based interconnect structure;

using the initial phase of said two phase, in situ
photoresist removal procedurs, tc grow between about 400
to 800 Angstroms of an aluminum oxide layer, on the
exposed sides of said aluminum rased interconneét
structure;

using the second phase of said two phase, in situ
photoresist removal prccédure, to remove said photoresist
shape; and’

using a de-ionized water rinse, at a temperature
between about 5 to 10°C, for a post-photoresist removal

cleaning procedure.

U, O A0



phot oresi st renoval procedure, to grow between about 400 to 800 Angstrons
of an al um num oxi de | ayer, on the exposed sides of said al um num based

i nt erconnect structure; usi ng the second phase of said two phase,
in situ photoresist renoval procedure, to renpove said photoresist shape;
and using a de-ionized water rinse, at a tenperature between about
5 to 10[err]C, for a post-photoresist-riédnmoval cleaning procedure.

- 17 - 8. The method of claim7, wherein said alum num based | ayer
is conprised of alumnum wth about 1 to 5% copper, and with about 0.5 to
1.0% silicon, deposited wusing r.f. sputtering, to a thickness between
about 48000 to 52000 Angstrons. 9. The nethod of claim?7, wherein said
al um num based interconnect structure is forned via an HDPE procedure of
said al um num based | ayer, using C[err] as an etchant. 10. The met hod of

claim7, wherein fgherhdiddidbaPfx@adh 73aiHEAMR PLAS 41 umdndhBh Ot OF esi st
renoval procedure, is perfornmed in a photore5|st ashing tool, using an
oxygen layer is comprised of aluminum, with about 1 to 5%

copper, and with about 0.5 to 1.0% silicon, deposited

using r.f. sputtering, to a thickness between about 48000

to 52000 Angstroms.

9. The method of claim 7, wherein said aluminum based
interconnect structure is formed via an HDPE procedure of

said aluminum based layer, using Cl, as an etchant.

10. The method of claim 7, wherein the initial phase of

said two phase, in situ photoresist removal procedure, is
performed in a photoresist ashing tool, using an oxygen
ambient, without a plasma, at a temperature between about
230 to 250°C, for a time between about 25 to 35 sec., at
a4 pressure between about ¢ to 10 Torr, creating said

aluminum oxide layer.

.



anbient, without a plasma, at a tenperature between about 230 to
250[err]C, for a tine between about 25 to 35 sec., at a pressure between

about 9 to 10 Torr, creating said alum num oxide |ayer.

- 18 - 11. The method of claim7, wherein said final phase of
said two phase, in situ photoresist requ?I procedure, used to renove said
phot oresi st shape, is perforned in a photoresist ashing tool, first using
an Herr]O- (Jerr] vapor, at a pressure between about 600 to 800 niorr,

at an r.f. power between about 600 to 800 watts, and using between about
400 to 600 sccmof Herr]O and between about 300 to 500 sccm of oxygen,
than foll owed by an oxygen plasma ashing procedure at a pressure between
about 1000 to 1400 mlorr, at an r.f. power between about 800 to 1200
watts, and using a oxygen flow between about 1600 to 2000 sccm

11. The method of c¢laim 7, wherein said final phase of
said two phase, in situ photoresist removal procedure,
used to remove said photoresist shape, is performed in a
photoresist ashing tool, first using an H,0 - 0, vapor,
at a pressure between about 600 to 800 mTorr, at an r.£f.
power between about 600 to 800 watts, and using between
about 400 to 600 sccem of H;0, and between about 300 to
500 sccm of oxygen, than followed by an oxygen plasma
ashing procedure at a pressure between about 1000 to 1400
mTorr, at an r.f. power between about 800 to 1200 watts,

and using a oxygen flow between about 1600 to 2000 sccm.
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