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BACKGROUND OF THE INVENTION

Numerous sequential processes are used in the manufacture of semicontiuctor
integrated circuit devices. One such process is the etching of the metallization that has been
deposited on the semiconductor wafer from which the integrated circuit is formed.

Aluminum is the most commonly used metallization on éﬂicon integrated circuits. It
is often alloyed with silicon and/or copper to improve its properties, in particular to meet
the process and reliability requirements imposed upon it by the device manufacturer.
However, such alloying increases the metallization layer’s susceptibility to corrosion. The
most common corrodants are the dissociation products of plasma etch containing chlorine
and fluorine and wet etches containing HF. Since the dimensions of state-of-the art
metallizations are on the order of 0.9 microns or less, the smallest pits resulting from the
corrosion can seriously affect the electrical properties of the device and can even cause
coﬁxplete failure of the circuit. Such conve_nﬁonal etching processes also leave behind

organo-metallic residue that must be removed in a subsequent wafer processing step .that
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further contributes to the problemof pitting. Renoval of the

organo-netal lic residue has conventionally been achieved through

appl i cation Syrthencoptritugges tBébﬁ’quth’é@fBFtt%l utions. The first solution type
is an ethyl ene gl ycol based solution including, for exanple, |ow
concentration HF. Reasovabobthd crganc-memallic residup has sonventiomailybzeendchieved thvough
including, for exanple, a concentration of NH4AF. Wth respect to the
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probl em and has devel oped a net hod and sol uti on for effectively
renovi ng t he respgetstortbel sesondsolution sype, ¢the highen ihe faguequsicenoginteation of thesNH«Hc the
while significantly decreasing the |likelihood and degree of pitting.

more effective the solution is at removing the undesired organo-metallic residue from the

wafer. However, higher concentrations of the NH4F also increase the likelihood and
degree of pitting of the metallization layer. Substantial pitting from the NH4f‘ has also been
obsefved at low NHF concentrations.

The present inventor has recognized this problem and has developed a method and
solution for effectively removing the undesired organo-metallic residue from the wafer

surface while significantly decreasing the likelihood and degree of pitting.
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a netallization etching process includes post-3- etching residue that is

removed using a fluorine containing solution having a substanti al
amount of CJerr] dissolved therein. Alternatively, or in addition, a

fl uori ne contai ni ng solution that has been used to renpove the residue
is rinsed fromthe wafer using a sol vent cont ai ning a substanti al

amount of 03 dissolved therein. In each instance, pitting of the

metal | i zation |ayer is reduced. BRIEF SNM3BABYSQF THE INVENTION
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BRI EF DESCRI PTI ONA @emi¢dndbEidERAlfer subject to a metallization etching process includes pYi- OF
THE DRAW NGS FIG 1 is a flow diagramof a post-etching

residue renmpyl ¢ {8 9 fluoritle! brbfifing TBRIoHHAVINE a fddRtantial
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solution that has been used to remove the residue is rinsed from the wafer using a solvent

containing a substantial amount of Os dissolved therein. In each instance, pitting of the

metallization layer is reduced.
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illustrating one enbodi ment of a process incl-ukt ng effective renpval of

post -etching residue while concurrently reducing and/or elimnating
pitting that would otherwi se result therefrom As shown, a sem conduct or

wafer with a metal lization layer is provided at step 10. The

metal lization |layer may, for exanple, be any one or comnbination of a
nunber- of metallization materials. Such materi aI S i ncI ud al um num

al umi num al | oys, etc. Commonly BREF DESGRIBHQN ERAL alloy of

al umi num and copper. At WSQFTHHEeD VJING‘Satl on |ayer is
etched to formthe desired netallization pattern. The etching of the
metallization layer results in a residue that nust be renoved fromthe

sem conduct or wafer. Such residues are typically organo-netallic residues.

Removal of the resgidu tcﬁg]%’gs ce
effective sol ﬁ[gbﬁ%? g@gﬁ@%ﬁéﬁjﬁe sem oltnesfggtg g?m\% g‘f‘rbce@@ﬁx accordan
particul arly, ;an aqueous sol 0 HAF is applied to the wafer. The
aqueous sol uMNiEPNsEMbJIRERto é%%eféﬁ?'}‘éﬁe OBf at | east about 2 x
10[err] or greater and contains an amount of CJerr] dissplved therein. The
amount  of di sFGvads edjosv dipgram efip PPYrEking resiugICHEVINgRTOPESE {1 AL

the netallization layer is substantially reduced when conpared to an
aqueous NHAF wied alfireher ehidodimens ofitite presenfiinventiarsol ved C err].

Preferably, the solution is substantially saturated with CJerr]. The
CJerr] may be dissolved in




t he agueous sol ution through, for exanple, sparging. Such sparging may take
pl ace at enperature, at a rate of 1 liter/mnute a r
about 1 hrw%’if@gg‘tﬂt ution may be applied, for exanple, i’ﬁ@’é@@’“@
solvent systemor a spray acid system -5- After treat ment with the
foregoing solution, the solution is renoved fromthe sem conduct or

waf er at step 25. For exanple, the wafer may be cl eaned using a spray of
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de-ionized water, or the like. Alternatively, the solution my be renoved
by an i nt er medi at e PEFASLERJRESGRIRTMIN £F THE INVENTION FIG 2 is a
flow diagramillustrating a further enbodi nent of a process including

effective renoval FIG. {10 ta 6w didpgarh dhusttating/ont embodinent ©fialproceds iivhuting
and/or elimnating pitting that would otherwi se result therefrom In

accordance Wig tqac&\tu VAP of %t chihg residd€ WHIRHIMEHPE tgﬁxfeﬁﬁcﬂ‘kgtaﬁd/%r eliminating

netal lization layer Is prov at step 30. As note bove
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al l oys, etc. Commonly used al um num al |l oys i ncl ude an al l'oy_of al um num
and copper . metalhzatlon layéy isqrayjdedat step, 10 (The metallization layet may; for exampley be
formthe desired netallization pattern. The etching of the

met al | i zat i oranjy aperorcombinationrof a mushed wf medtaltizationt miteriaks et material$ includene

sem conduct or wafer. Such residues, as previously noted, are typically

or gano- alEhiblub, GQhirfifodi/ffoys, etc. Commonly used aluminum alloys include an alloy of
aluminum and copper.

At step 15, the metallization layer is etched to form the desired metallization
pattern. The etching of the metallization layer results in a residue that must be removed
from the semiconductor wafer. Such residues are typically organo-metallic residues.

Removal of the residues ensues at step 20. At step 20, a novel and effective
solution is applied to the semiconductor wafer. More particularly, an aqueous solution of
NHG4F is applied to the wafer. The équeous solution has an NH4F concentration of at least
about 2 x 10! or greater and contains an amount of CO: disst)lved therein. The amount of
dissolved CO: is sufficiently large so that pitting of the metallization layer is substantially
reduced when compared to an aqueous NH<F solution that does not contain dissolved CO:.
Preferably, the solution is substantially saturated with COz2. The CO:z may be dissolved in
the aqueous solution through, for example, sparging. Such sparging may take place at
room temperature, at a rate of 1 liter/minute at 20 psi for about 1 hr. The solution may be
applied, for example, by a spray solvent system or a spray acid system.

After treatment with the foregoing solution, the solution is removed from the

semiconductor wafer at step 25. For example, the wafer may be cleaned using a spray of




Renoval of the residues ensues at step 40. At step 40, a fluorine

cont ai ni Ngye ogr32s36ll€0ous solution is applied to the sem cond .
O her solutions suitable for such use include: ethylene glycol and
fluorine solutions, propylene glycol and f1 uor Prie sol uti ons,

hydr oxyl am ne sol utions, dinethylsul foxide solutions, nonoethanol am ne

solutions, and the like. In the particular enbodinent illustrated
here, an aqueous solution of NH4F is applied to the wafer. The aqueous
sol ution has an NH4F concentration of at |east about 2 x 10[err] M or

reater and, .npy.cqontain a copncentratiqon as large as 0.5 to 1.Q M

%ol utions w 4%‘0¥11Rd Watgher tﬁ%ﬁg%né“%’inﬁwﬂy’e%lsgg‘ﬁé@i%y beyr iNAD he
post-etching residue nore effectively than those with | ower
concent r at i oimtdrmediase rinse elamjpalsych aetBAsary, the sol uti on nmay be one
such as the one described above in connection with FIG 1 and contain an
anount of CJ err] FIG. 2 i¥\©ffo%/ Jidgrhtn illustrating a further embodiment of a process including
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the solution Is renmoved fromthe sem conductor wafer at Step 40 using a

uni que rinsing.solution re .narti ar the Ll NSk sol uti.on

Compr ses a SRR pilid PBECUSEIE hlbil, | Woaconniahtd itins Tnitodier, 2
solution; the rinsing solutiqQn having an anmount of 03 di ssqlved therein.
Preferably, fgfaicondu Wikt Wit ajmefallizatien Tasr as provided: st sepridh ahs pgiedyabove, the

saturated with 0 3. The 03 may, for exanpl e, be introduced into the
sol uti on t hr metgllizatiopdaysirmaysrfor examplybaigiyngne oif combinatiomof a numbemef on,
pitting of the nmetallization |ayer is substantially reduced when conpared
to the _ metallization materials. Such materials include aluminum, aluminum alloys, etc.
Commonly used aluminum alloys include an alloy of aluminum and copper. |

At step 35, the metallization layer is etched to form the desired metallization
pattern. The etching of the metallization lajrer results in a residue that must be removed
from the semiconductor wafer. Such residues, as previously noted, are typically organo-
metallic residues.

Removal of the residués ensues at step 40. At step 40, a fluorine containing
aqueous solption is applied to the semiconductor wafer . Other solutions suitable for such
use include: ethylene glycol and fluorine solutions, propylene glycol and fluorine solutions,
hydroxylamine solutions, dimethylsulfoxide solutions, monoethanolamine solutions, and the
like. In the particular embodiment illustrated here, an aqueous solution of NH.F is applied
to the wafer. The aqueous solution has an NH4F concentration of at least about 2 x 10" M
or greater and, may confain a concent;ation as large as 0.5 to 1.0 M.  Solutions with
higher concentration levels assist in removing the post-etching residue more effectively than

those with lower concentration levels. Although not necessary, the solution may be one

such as the one described above in connection with FIG. 1 and contain an amount of CO2




pitting that woul d ot herw se occur if a solvent, such as de-ionized water,
al.one were_used in the rinsing process. Nurme

modi fi cat i S¥R? e made to the foregoing process wthout dkﬁi’i{s?”"“"”
fromthe basic teachings thereof. Although the present invention has been
described in substantial detail wth reference to one or nore specific
enbodi nents, those of skill in the art will recognize that changes nmay
be nmade thereto wi thout departing fromthe scope and spirit of the

i nvention as set forth in the appended cl ai ns.

8 CLAI M5 1. A solution for renoving residue froma sem conduct or
waf er havi ng dissohtedithereiron, the solution conprising an aqueous

sol ution of NH4F havi ng an NH4AF concentration of at least 2 x

10[err] Mor greatRfter trBftnidhéwithane ftﬁ‘egblﬁglbélhﬁﬁﬁlmb solucion 1§ femhoved foém the
CJerr] di ssol ved therein. : Asolutlon as claimed in Caim1l

;Ef ?TL..]S - o aPiedF St ﬁ’?a‘f‘ﬁ??%%?”“ tolyich MorP pRigHlarBy o
err].

4r'insing L&stmn coml)rises a solvent that is capable of removing the fluorine containing
solution; the rmsmg solution having an amount of Os dissolved therein. Preferably, the
solvent is de-ionized water that is substantially saturated with Os. The O3 may, for
example, be introduced into the solution. through a sparging process. By using this rinsing
solution, pitting of the metallization layer is substantially reduced when compared to the
pitting that would otherwise occur if a solvent, such as de-ionized water, alone were used in
the rinsing process.

Numerous modifications may be made to the foregoing process without departing
from the basic teachings thereof. Although the present invention has been described in
substantial detail with reference to one or more specific embodiments, those of skill in the
art will recognize that changes may be made thereto without departing from the scope and

spirit of the invention as set forth in the appended claims.
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an aqueous sol ution of NH4F haV| ng an NHAF, concg@ig

of at least 2 x 10[err] Mor greater, the solution containin : :
a substantial amount of CJerr] dissolved therein. 8. A proces"é“"'é'é"“"‘
claimed in Claim7 and further conprising the step of renmpving the

sol ution fro&%urface of the wafer after application thereof. 9.

A process as din daim7 wherein the netallization |ayer conprises

al um num A process as clained in Claim7 wherein the

metallizatiod.| at e;ﬁr sQlutipn foraemgiing residue from a semiconductor wafer having metallization,
the solution comprising an aqueous solution of NH<F having an NH4F concentration
of at least 2 x 10" M or greater, the NH«F having a substantial concentration of COz

dissolved therein.

2. A solution as claimed in Claim 1 wherein the solution has been sparged with COa.

3. A solution as claimed in Claim 1 wherein the solution is substantially saturated with
COs:.

4. A solution for rinsing a semiconductor wafer that has been subject to a residue

removing process after etching of a metallization layer of the semiconductor wafer,

the solution comprising de-ionized water having a substantial concentration of Os

dissolved therein.

5. A solution as claimed in Claim 4 wherein the solution has been sparged with Os.

6. A solution as claimed in Claim 4 wherein the solution is substantially saturated with
Os.

7. A process for removing post-etching residue resulting from the etching of a

metallization layer of a semiconductor wafer, the process comprising:
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al um num al | oy. “IT—Aprocess—-as clainmed in Claim?7 wherein the

metal ljza r of al um nuga.a8 er.
12. A ptrvggggéﬁég cl mwi ﬂ'j“ﬂlwherei n the solution i’s sa?gl?(riog ed
LprQ

with Cerr 13* renmovi $g post -etching residue
resultl ng fromthe etching of a netallization |ayer of a
sem conduct or wafer, the process conpri sing: applying to the

waf er a solution conprising an aqueous solution of NH4F; and

rinsing the solution off of the wafer using de-ionized water that contains
a subst anti al anpunt of 03, di ssolved therein,

14.  (Anended) A 3nphiies o therWaisha sPRIOp sompEISiNg syadueshs selutien of NE+Echaving an
Claim 13 wherein the de-ionized water is substantially saturated
with the Jerr]. 15NHF AZopcentmation fof at leastid/ x 11§ ddir-greathr, rithe selution eontaining
claimed in Caim11l4 wherein the sol ution conprising an agueous

solution of NHAF havi ng satstdMrat amERGST COS dRbIPEd therein, at | east 2 x°
10[err] Mor greater.
8. A process as claimed in Claim 7 and further comprising the step of removing the

solution from the surface of the wafer after application thereof.

9. A process as claimed in Claim 7 wherein the metallization layer comprises

aluminum.

10. A process.as claimed in Claim 7 wherein the metallization later comprises an

aluminum alloy.

11. A process as claimed in Claim 7 wherein the metallization layer comprises an alloy

- of aluminum and copper.
12. A process as claimed in Claim 7 wherein the solution is saturated with COs.

13. A process for removing post-etching residue resulting from the etching of a
metallization layer of a semiconductor wafer, the process comprising:
applying to the wafer a solution comprising an aqueous solution of NH«F; and

rinsing the solution off of the wafer using de-ionized water that contains a

substantial amount of Os dissolved therein.




16. A process for rer—mv—'r-ng---po-s—t—-fe?‘rehi -ng—residue as clainmed in Claim 14

wher ei n t hfyp 9gr32546 SOl u | ' n aqueous sol uti on sérikisfoosvaVi ng
an NH4F concentrati on of !ﬂ]ﬂﬂﬂﬂiﬁﬂ bﬁﬁ [err] M or greater. 17

A process for renoving p ue ds Tal med in Caiml4 wherei

t he metal lization |layer conprises alum num 18] T,_,,,Af.pr—eeeas; BEEN
renovi ng post-etching residue as clainmed in Caim1l1l4 wher =| n the
nmetal lization |later conprises an al um num al |l oy. 19. A_pr Qc,ess...f-ep-—-—-—-

removi ng post-etching residue as clainmed in Caim 14 wherein the
nmetal lization | ayer conprises an alloy of alum num and copper.

11 20. (Anmended) A process for renpving post-etching residue resulting
fromthe etching of a netallization |ayer of .a sem caonductor wafer
the process d8npriAPrgess for removigg pogt-qighipg resi iaseclaimed dn Glaig L4 whbereim thegde-
the wafer and a netallization | ayer di sposed t hereon; and
rinsing the sol ut iiomizexd fvatek is $ubstanfially sattatedovitlethel Q4. zat i on | ayer usi ng a
sol vent for the fluorine containing solution, the solvent

cont ai ning an anmount of (err] di ssol ved t herein.

15. A process for removing post-etching residue as claimed in Claim 14 wherein the
solution comprising an aqueous solution of NH4F having an NH.F concentration of

at least 2 x 10" M or greater. |

16. A process for removing post-etching residue as claimed in Claim 14 wherein the
solution comprising an aqueous solution of NH«F having an NH«F concentration of

at least 5 x 10" M or greater.

17. A process for removing post-etching residue as claimed in Claim 14 wherein the

metallization layer comprises aluminum.

18. A process for removing post-etching residue as claimed in Claim 14 wherein the

metallization later comprises an aluminum alloy.

19. A process for removing post-etching residue as claimed in Claim 14 wherein the

metallization layer comprises an alloy of aluminum and copper.

20. A process for removing post-etching residue 'resulting from the etching of a

N _r;}gt_a_l;ization layer of a semiconductor wafer, the process comprising:
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21.° A process for renpving post=etching residue as clainmed in daim?20

or i Pt e AOMTUAMEUER = o< eost 2GR e
GRIASEDS

greater. 22. A protess fLor ur esm post--ldt-chi ng resi

Claim 20 wherein the fluorine based solution conpri ges_a

sol ution of NH4F having an NH4F concentration of at least 5 X
10[err] Mor greater. 23. A process for renoving post-etching resi-due
as claimed in Caim2l1 wherein the solvent is de-ionized water.

24. (Amended) A process for renoving post-etching residue as clainmed in
Cl aim 23 wanplying te tie wafer adlupsine cane@ining selutipeiand subst antial |y
saturated with the 03. 12 25. A process for renoving

post - et chi ng r esi ritising shecsohutivadofif 0f Gleawafe? Asingar swilvernt fier the fluorine otortaihings
de-ioni zed water. 26. (Amended) A process for renoving post-etching

resi due as clainmed in Ghatidn,48e solvent co‘ﬁﬂ%lﬁg'i suBStafial AYuke 8f 08 URkolved Merein.
| east substantially saturated with the Jerr]

21. A process for removing post-etching residue as claimed in Claim 20 wherein the
fluorine based solution comprises an aqueous solution of NHsF having an NHsF

concentration of at least 2 x 10" M or greater.

22. A process for removing post-etching residue as claimed in Claim 20 wherein the
fluorine based solution comprises an aqueous solution of NH4F having an NH4F

concentration of at least 5 x 107 M or greater.

23. A process for removing post-etching residue as claimed in Claim 21 wherein the

solvent is de-ionized water.

24. A process for removing post-etching residue as claimed in Claim 23 wherein the de-

ionized water is substantially saturated with the Os.

25. A process for removing post-etching residue as claimed in Claim 22 wherein the

solvent is de-ionized water.

26. A process for rerhoving post-ctching residue as claimed in Claim 25 wherein the de-

xon_:zed water is substantially saturated with the Os.
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27. A process for Temoving post-etching residue as clainmed in daim 20

wher ei n t Ro 98r32546 S ﬂ ed wat er . 28. ( Amgigea6RosHodes OCeSS
for removing peareer UMM IMAMMARIIE ™ vee ;o o m 27 EVE e
de-ionized water is at*|ast stibstantially satwrated with L ﬁlo% gg@#EEN

29. A rinsing solution for rinsing a sem conductor wafer hat

subject to a resi due renoving process after etching_af

nmetal lization |ayer of the sem conduct or waf er, the residue
removi ng process using a fluorine containing solution, the rinsing

solution conprising a solvent suitable for rinsing the fluorine containing
sol ution fromthe wafer, the rinsing solution havi ng a substanti al
concentration of 03 di ssol ved therein, A sol ution as
claimed i n Ghi m Apreress dprremying pestirhing Tesidys as Ghm% i Cladm; %) whergin the
wat er . 13 31. A solution as clainmed in Caim29 wherein the rinsing
sol ution is subst solventli$ de-ionizedswater.ated with err]

28. A process for removing post-etching residue as claimed in Claim 27 wherein the de-

ionized water is substantially saturated with the Os.

29. A rinsing solution for rinsing a semiconductor wafer that has been subject to a
residue removing process after etching of a metallization layer of the éemiconductor
wafer, the residue removing process using a fluorine containing solution, the rinsing
solution comprising a solvent suitable for rinsing the fluorine containing solution
from the wafer, the rinsing solution having a substantial concentration of O3

dissolved therein.

30. A solution as claimed in Claim 29 wherein the rinsing solution comprises de-ionized

water.

31. A solution as claimed in Claim 29 wherein the rinsing solution is substantiaily

saturated with Os.
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