A METHOD TO PREVENT CORROSION OF BOND PAD STRUCTURE
FIELD OF THE INVENTION [0001] The present invention relates generally to
integrated circuit fabrication methods and particularly, to fabrication methods
that mitigate the problem of bond pad corrosion. BACKGROUND OF THE
INVENTION [0002] Integrated circuits are used in many portable electronic
produdtMEIFhGR Tel PREINEN THCORREOSHON (TEB ONMNIT B AECS IS BYRES
well as in many larger electronic systems, such as cars, planes, industrial
control systems, etc. Integrated circuits may include a combination of active
devices, passive devices a [ IRIEORNGE [ n order to electrically
connect the integrated circuit components to a point external of it, bond pad
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illustrates a known integrated circuit system 100 comprising a substrate 101

atByiRg@dap meisliayrh Hansmhpddad Mithin sroiigrizyrndiglectifodidh.
Attached to a lower surface of the top metal layer 112 is a via 114 which may
be connected to an underlying metal layer or circuit components (not shown).
A bond pad 120 is formed at an lﬁjﬁ\ﬁsr surface of the top metal layer 112.
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opening created in the passivation layer 140 so.that.an upper surface portion
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160 has a wire bond 162 attached théreto for connecting the bond pad 120
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of the integrated circuit may include packaging leads, a circuit board or

cametheheintegiatet] di@uitcdmponents to a point external of it, bond pad structures are
provided.

[0003] The schematic cross-section of Figure 1 illustrates a known integrated circuit
system 100 comprising a substrate 101 having a top metal layer 112 embedded within an
interlayer dielectric 110. Attached to a lower surface of the top metal layer 112 is a via 114
which may be connected to an underlying metal layer or circuit components (not shown). A
bond pad 120 is formed at an upper surface of the top metal layer 112. The bond pad is
conductive and may comprise metals such as aluminum-based alloys (such as Al-Cu or Al-Cu-
Si). A passivation layer 140 is formed over the interlayer dielectric 110 and the bond pad 120,
with an opening created in the passivation layer 140 so that an upper surface portion of the bond
pad 120 is exposed. As illustrated in Figure 1, a ball bond 160 is formed in contact with the
exposed portion of the bond pad. The ball bond 160 has a wire bond 162 attached thereto for
connecting the bond pad 120 and hence integrated circuit to a location external of it. The

location external of the integrated circuit may include packaging leads, a circuit board or another

integrated circuit.



[0004] A problem often encountered in the fabrication of integrated circuits is
bond pad corrosion which is the depletion of materials used in the bond pad.
This phenomenon is undesirable because it results in the formation of pits or

inholes at the upper surface of the bond pad which can affect the adhesion
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a method for fabricating an integratéd circuit comprising providing a
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surface for the formation of bonding connections. A passivation layer is
cqrovigiedousitivebond pad followed by the formation of a masking layer

over the passivation layer. The passivation layer is subsequently etched in

accordance with the masking layer to form a patterned passivation layer with

an opening that exposes rtion of the t urface of the bondpad. After

etching the passivation |§Jﬁm§%ﬁi{j‘%®@fﬁ8§ved and a bond pad
ctive layer is subsequently formed on the exposed top surface portion of
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through reference to the following description and the accompanying
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embodiments described herein are not mutually exclusive and can exist in
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thereover, the bond pad having a top surface for the formation of bonding connections. A
passivation layer is provided over the bond pad followed by the formation of a masking layer
over the passivation layer. The passivation layer is subsequently etched in accordance with the
masking layer to form a patterned passivation layer with an opening that exposes a portion of the
top surface of the bondpad. After etching the passivation layer, the masking layer is removed
and a bond pad protective layer is subsequently formed on the exposed top surface portion of the
bond pad.
[0007] These and other objects, along with advantages and features of the present
invention herein disclosed, will become apparent through reference to the following description
and the accompanying drawings. Furthermore, it is understood that the features of the various

embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.



[0008] In the drawings, like reference numbers generally refer to the same
parts throughout the different views. Also, the drawings are not necessarily
to scale, emphasis instead generally being placed upon illustrating the
principles of the invention. In the following description, embodiments of the
invention will now b&8BEEE B Y WANPELAHRIIR Mt Neference to the

rawings of whjch [0009] Figure 1 s a schematic cross-sectiopal view of a
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progressive stages In rabrica Iﬁg an Integrated circuit SySstem In accordance
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cross-sectional view illustrating an integrated circuit system in accordance

dawithraoetherpmbedinentRf the imvanian (36 RECHRY @F WHEof example with
INVENTION [0012] The present invention will now be described with

refeferenceio drevattachiedhifigures, wherein like reference numerals are used
to refer to like elements throughout. [0013] Figures 2-5 are cross-sectional
[06@9s illustriigng Byiwaychérexaneples smactinotlbyefinoitatiooyanexgmelarycuit system
process flow for the formation of an integrated circuit system 200 according
cqmpiis @ghp beh e fuplarpresent invention. It is to be understood that a
lurality of conventional processes that are well known in the art and not
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FIG. 2, therein.isfsﬂBQWn a partial cross sectional view of an integrated cir ui&_
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Ots%stlen@egg(r)rr}lpris&as a substrate 201 having a top metal layer 212 embedded
within an mt’e?l%lyer dielectric 210. Although not illustrated in Figure 2, the

[(ﬁﬁftrate tyﬂiﬁﬂjéyélgoacgmgﬂg‘@cc‘ @ro’s)’s—sectional view illustrating an integrated circuit

system in accordance with another embodiment of the invention.

DESCRIPTION OF THE INVENTION

[0012] The present invention will now be described with reference to the attached
figures, wherein like reference numerals are used to refer to like elements throughout.

[0013] Figures 2-5 are cross-sectional views illustrating by way of example and not by
limitation, an exemplary process flow for the formation of an integrated circuit system 200
according to an embodiment of the present invention. It is to be understood that a plurality of
conventional processes that are well known in the art and not repeated herein, may precede or
follow Figures 2- 5.

[0014] Referring now to FIG. 2, therein is shown a partial cross sectional view of an
integrated circuit system 200 in an intermediate stage of manufacture. The integrated circuit
system comprises a substrate 201 having a top metal layer 212 embedded within an interlayer

dielectric 210. Although not illustrated in Figure 2, the substrate typically also comprises a
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plurality of active and passive devices formed below the top metal layer 212

and interconnect structures linking some of the devices to the top metal layer

212. The interconnect structures typically comprise metallic traces and vial

embedded in one or more layers of dielectric material. Attached to a lower
PRy Oty s Rty fageri et Xosnedibelom Whier Mk HavebAhe cfkipseEgennect

underlying interconnect or circuit components (not shown), [0015] A first
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metﬁl Ia(yer 212 In fQne embodjment th first.dielectric Iaey r 220fc(9m(prises )
tyg a ?flC Mprise cta 1c.ra<ies a v1a(§.e'r|n e? 1n one or I‘HOI’ %_Egg 1el Clric rBatenal.
llicon oxide. ernatively, other dielectric layers such as may also be
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with a bond pad 260 the bottom surface of which contacts a top surface o

ukb&KARMRR! daN& S dirdve SHRPEhEAKE IABTSHdwtie top surface of the bond
pad 260 is situated above the height of the first dielectric layer 220. The bond

[ooas] electricalfytandetativadpenanore aaeinay semfpeseatdreialsddalioy210 and top
thereof such as Aluminum copper or aluminum silicon copper. Alternatively,

methielagandiittivia st eriple dmagnal sioe biersiséidleatnt theeb @30 padprisss aisodpeoxide.
a laminate structure made up of additional layers of material such as copper,

Afigapatine] Yitaterdiplieeides byesrbihat kO haraotl{ode shiteblasshiadiesiag sy created
280 is formed over the bond pad 260 and first dielectric layer 220 such that

thiaghdhe Habds erHireddeitat ! phlsdivation 1aye Pabact i PR atdr fagfethich
280 protects nderﬂI ing com q ents_of the integrated system 200 from
RSO A S R SRAPEET USRI and T BEHA R RIHRad 1P GHace of the
pSIR0gImeant, the pagsiyation layer 280 comprises; SIEONNIMIAS,,  The bond pad
KItePnatlve Y, ot]her materials suchas silicon oxynltrldce an(?}bolylmide may P
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[0017] A photoresist layer is depoSited on the entire surface of the

chppesvatiomiaYarsAR0n angneleativalR¥rosast AashdRYRIORREIRIENM Also be used

masking layer 290 for patterning the passivation layer. As shown in Figure 2
atbehmbskingdayey 290 vacludesan openirgnsitisaipddditoaaltianeavef iyimngrial such
the top surface of the bond pad 260.
as copper, titanium, titanium nitride or combinations thereof.
[0016] A passivation layer 280 is formed over the bond pad 260 and first dielectric layer
220 such that the bond pad is embedded in the passivation layer 280. The passivation layer 280
protects underlying components of the integrated system 200 from external contaminants such as
moisture and mechanical damage. In one embodiment, the passivation layer 280 comprises
silicon nitride. Alternatively, other materials such as silicon oxynitride and polyimide may also
be used as a passivation layer in addition to or in place of silicon nitride.
[0017] A photoresist layer is deposited on the entire surface of the passivation layer 280
and selectively exposed and developed to form a masking layer 290 for patterning the

passivation layer. As shown in Figure 2 the masking layer 290 includes an opening situated at a

location overlying the top surface of the bond pad 260.



4 [0018] Figure 3 shows the semiconductor system 200 of Figure 2 after the
passivation layer 280 has been etched in accordance with the masking layer
290 by a reactive ion etching (RIE) process. The masking layer 290 prevents
@asswatlon layer regions underlying it from being etched while exposed
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based chemistry comprising CF4, SF6, or C4Fs or a combination of two of

ct0Me pbthesegrses dtamnatively, athelconmbinatensueh 4asesdpat@i€e portion of
suitable for selectively etching the passivation layer 280 without damaging

thihieohe padassd matptaldaay alsevbhg vsadctivna ukefased esidedimenitadaighcouple
frequency megasonic rinse in de-ionized (DI) water may follow after the
theontgetiohspftthe tpassivalibrwatchs prédedssndhenrttedasdiadrinse helps to
remove etch by-products such as floating residue and/or polymer that has
[08dAon andfuernendmsiarntobe 0laritaren e theosariies ridlifcimitride and is
s stem 200 of Figure 3 after the masking layer 290 has been removed. In
ol #H@ﬁ?%ﬁ@?ﬂé&ﬂ?ﬂé%}?@%@% él’fé’tépésfgtca‘\]\:él qf ACoBRIBYRnLS) two of

an o y en based asma s. Preferahly, the oxygen based plas
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may include hardened photoresist material, etch residue generated as a

afi@SHE beRiBalf IBAGHNA6R UIEING BLIING The RIASKIRAIEIEROIRERS® remove etch
sputtered on materials, re-deposited materials or combinations thereof. A

byegsistustdpptn@ylosessthatus gdretpaxyge thbased dbes andtfassist irontbe.
removal of these etch residues and as such the inclusion of a second gas

[(lﬂﬁ@}nistry fdii@tciy shows the semiconductor system 200 of Figure 3 after the masking layer
290 has been removed. In one embodiment, the masking layer 290 is photoresist and it is
removed by an oxygen based plasma process. Preferably, the oxygen based plasma process
comprises a combination of a first oxygen containing gas chemistry and a second gas chemistry
that aids in etch residue removal. During the RIE process for patterning the passivation layer
280, etch residues, a by-product of the plasma etching process are formed. These etch residues
may include hardened photoresist material, etch residue generated as a result of chemical
reactions occurring during the plasma etch process, sputtered on materials, re-deposited materials
or combinations thereof. A resist stripping process that is purely oxygen based does not assist in
the removal of these etch residues and as such the inclusion of a second gas chemistry for etch

residue removal is preferred. In one embodiment, the etch residue removal gas chemistry is a

fluorine based chemistry such as but not limited to CF4 or SF,.
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residue removal is preferred. In one embodiment, the etch residue removal
gas chemistry is a fluorine based chemistry such as but not limited to CF4 or
SF4. 5 [0021] Following the removal of the masking layer 290, the integrated
circuit system 200 is subjected to a wet solvent clean process to further

[‘m%ﬂove anyraMiRgIGcattRo S idhile BHkiRsdARIRP Sy At BiesEHehticait system 200
ents such as EKC-265, Aleg3 10 and NE-111 may be used in the wet
lss% ﬁ{egletﬁn p?vc?éesé’ V%&eﬁlﬁ%’iu\PéR?eﬁsnht& %ﬁ%’ﬁﬂéﬁ?’&ﬁ%ﬁ%’s THRTAHRe S5 A bR idue-

Shgmarind Siehresidue witiou damaging dhe AOmEOneyS (B0E AP ke wca

egra CII’CUI may SO be SUI a%lll In pfoce ses where t

mpﬁ?é:‘%%'{‘QORQQFOJE%%%@M”V%{SMH% 56 Qe HURLRR:, PASEIABFES MEWEble of

clean process also has the added advantage of removing residual fluorine

re Oy cech Bysthg: Usenefsuiahagasese LogpR &R b tacasiRf INeERe @8 cuit may

undesirable as they may react with the bond pad material to bring about
albe@Bbé gpaabtorrosion. For example, if the bond pad is composed of aluminum
(Al) or an alloy thereof, the residual traces of fluorine may cause
[0033}ine-indbicpdobonsek pattteotite Fitaddynpeplotingg sist stz iakhvizsutire tostopfnfluorine-
aluminum fluoride (A1Fx) on the surface of the bond pad. If moisture is
basedsggsesatbenivit relfaarisecesxide (mis Yoyl dadagdsinain b Fo Fameyipgoegflual fluorine
Figure 5 shows the integrated circuit system of Figure 4 after a bond pad
IngstaraiV Y 195 e1s8 9D e AT I gprerestid dr gé‘ﬁ%%eﬁé?ﬂ’é‘ﬁeé*rﬂ%ﬁ BoHtgy may

pad 260. The bond. pad protective | 0 protects the top.s rface
reﬁﬁtn‘éil R CEH BB Oué%%dﬁ% U Borl pa e | he bond

MpoRSaof Afauhﬁ‘l%ﬁ‘ma (KS“C @E %‘éli AR A0S é"%'%e's;}égr ause
215 grown is aluminum o E)rfﬁﬁ possible reason ad
ﬂff&ﬁ'ifésfﬁ’&h&%chgntp c%@%%?&m%l%tﬁ%g%ﬁﬁhﬁﬁ Ild’\flaﬁﬁ L‘ﬂﬁ’mnum fluoride

electrochemically dissimilar metals are placed in contact. When the

(Alegsacheniealcaltis sxrosar tor walatrfarRxamPIRINMARR Afokads Kiasedl,F,0,)

in water during
may also be formed.

[0023] Figure 5 shows the integrated circuit system of Figure 4 after a bond pad
protective layer 520 is grown on the exposed top surface portion of the bond pad 260. The bond
pad protective layer 520 protects the top surface of the bond pad from being corroded. In one
embodiment, the bond pad is composed of Aluminum alloys (such as Al-Cu, Al-Cu-Si) and the
oxide layer 520 grown is aluminum oxide (Al,O3).

[0024] A possible reason for bond pad corrosion is due to the formation of an
electrochemical cell when two electrochemically dissimilar metals are placed in contact. When
the electrochemical cell is exposed to water, (for example, when an IC is rinsed in water during
processing steps subsequent to bond pad formation or moisture in the atmosphere), water acts as
an electrolyte which facilitates the occurrence of galvanic corrosion. During galvanic corrosion,
one of the metals acts as an anode that loses electrons and metal ions while the other metal acts

as a cathode that gains electrons. Using the example of an aluminum-copper bond pad as an
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processing steps subsequent to bond pad formation or moisture in the
atmosphere), water acts as an electrolyte which facilitates the occurrence of
galvanic corrosion. During galvanic corrosion, one of the metals acts as an
_anode that loses electrons and metal ions while the other metal acts as a
ustRgaR tAatsecrautne UsIHgrtRed eddamprebit o thfuAiRtinsheapp differences
bond pad as an 6 illustration, an electrocheml al ceII %formed as a result of

Oiheegh WBBWM%%F%‘RE’%& LB AR S AR ULt chBaémeﬂ]ét?Man acts

as &Uaﬂ cpe ﬂglg (la()r}IdO % g)ealji {a Iar li‘lgrsnrégtngoac('):s as € mettafi S are exposed to
ally Feipghatend 24

COI’I’O es preferentl resp Ct tO copper w alS are expose

miSsNOISIUGQF B%@L%EJ)S%H%&o‘?@ﬁe%&ﬁ%%ﬁ@&i%ﬁi’ﬁo‘?éﬁﬁ&ﬁ'%%Hb%[r@ﬁ‘t{é"copper As

compared to copper. As illustrated in"equations (3) and (4), aluminum loses
iIRIRRHQNS @ﬁﬁ@éﬁﬂ@%ﬂ'%?awﬁ@ﬁ{mﬁewgﬁc@ﬂs |ﬂﬂ§aﬂﬁlﬂ’ﬂ§ﬁ%§ {onfosPeacting with
aluminum hydroxide (Al(OH)3). Copper, on the other hand, acts as a
OtRibaeda thatgaifsrelatirinsm hibisxsikt sAinoHalNMDbipecasiatie stastemdants as a
it would compared to when pure aluminum is used while copper, which acts
cabodecdth@dascdecodes rhotessiowdioicorpanec toopudesdoppethdd ovwewdd compared
aluminum is typically mixed with copper to form an alloy that is used for the
tohyhen prienabitaMiizat oh Wed avkite soriers vieelo b atitiesathedc sppereramere slowly
the prevention of electromigration. [0025] Galvanic Corrosion (Al-Cu) Anode

IEPE?,@@#@ePﬂF(E’PPei 682N th) e RtAYEd ORIy PR cpreRE i 2 alloy
O +4e t= + 0.401 V) (3).4A1 + 302 + 6H20-*4A1+3 +
th%llf-e-- e ShSitH) ST ROV o ORBEOB IAYrf L AR e i he
reve %5 1 q32 5%101 on the the surface of the bond pad, aluminum in the bond
g8 shielded Trom ex exposure to moisture or water thus preventing the

[d&gjltant cogﬁ%\ﬁgcr@gggggn(@f_r@ﬁ@ occurring. This is illustrated in equation
(5) below.

Anode : Al’*+3e & Al (E°=-1.662 V) (1)
Cathode: Cu?*+2e¢ < Cu (E°=+0.337V) ()
0, +2H,0 + 4e & 4 OH (E”=+0.401 V) 3)
4A1 + 30, + 6H,0>4AI™ + 120H > 4A1(OH); 4)
[0026] By providing a protective layer of aluminum oxide (Al,O3) 520 on the surface of

the bond pad, aluminum in the bond pad is shielded from exposure to moisture or water thus

preventing the resultant corrosive reaction (4) from occurring. This is illustrated in equation (5)

below.
O, +2H,0 + 4e > 4 OH
+ ALOs /Al > No Reaction to form AI(OH)sl 5)
[0027] In one embodiment, the aluminum oxide layer 520 may be formed via a plasma

oxidation process involving oxygen or oxygen based gases. Preferably, the plasma oxidation

process occurs at a chamber temperature of at least 200°C so that moisture trapped at the edges
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02 + 2H20 + 4e 3 4 OH + A1203 /Al 3 No Reaction to form AI(OH)3J (5)

[0027] In one embodiment, the aluminum oxide layer 520 may be formed via

a plasma oxidation process involving oxygen or oxygen based gases.

Preferably, the plasma oxidation process occurs at a chamber temperature
ofofthg @a%%/ ddcrady st fiBIRYSHe tPAppEENEY tHaBdthes o7t tROBBhd fagalternative

may be removed@%)( currently with the oxide %rowth. In alternative
[

R BB e Ate a1 Eys 5B B PRt L7 ift ghhigAperature thermal
temperature ther, idation process. Preferabl e.alumjnum oxide layer .
O)gi%“l)f)onrrﬂlgaegil egg]'gtlergl))(l ,atthe aluminu OXIS e& (C)Iy forl%leclnbyAf(%ﬁ(er ro%esses 1S

C
er processes Is between 5 angstrom. ernatively,

bQHRHVAIUES 3T AYHIHM RKIGR.IAX ,“B'H%EP‘%ﬁﬁxeswg%ﬂ{&ﬁﬁf@‘iiﬁ@th{g@ GhilRness,

act as a barrier to water while still allowing the successful formation o

whlegticaleeniasts thihe iopsuitage atiielbansdpadhmayalsoibMsedle successful
[0028] As evident from the above description, the bond pad protective layer

fdv2@tisnostlylarne doafiettherie mop walfat loe faboterepist maskio@dayed. 290 in
a plasma strip process followed by a wet solvent clean process to remove
[092§]remainifg etidanteEuchornpoty miexctaftide hirecbbyd tive passiviatidnykaye is only
280 RIB. This sequence of steps is critical as the plasma strip and wet clean
foraegikatie e oo b tharhewreal imartn s lpeaddBtich at B stopaxiatess followed
residue that may inhibit the growth of a uniform bond pad protective layer. A

D 8 e HROYRR A FR ﬁ&&%ﬁ%ﬁ%é@ﬂ)@ﬁ%ﬁ@? 5B HAY ?%fé%‘il)‘%ﬁ@rpl&]ﬂ&%% bt pghind by
bond pad syrfac rotected and more vulnerable to galvanic corrosjon.

RO AT thE S HOMATESE] P oUAT A o LN BB et lon

fafccffftﬂ%ti n steps (I)§o make§ Iiltli[aossible toin r%du%e 2 fluorine-baéed

the femova aﬁ contaminants such as etch an otoresist residue that may inhibit
component into the photoresist removal step. As discussed earlier, a

lURENE BRI GHi R BAREPAAIS LR HNE LG ROXA Q- GIRR G - Redingd 1R¥%: 520

preceding RIE steps but can cause bond pad corrosion if the bond pads are
mAPIEHRSSAlaIM oieANRIdoh e Ve FiONINE pRiduR BY FRFROVIMEHSe to galvanic

photoresist in a separate step and subsequently performing a wet clean to

céemre fluahnentiecesheafoetioghand dadeptoigicindpassivation layer formation steps
also makes it possible to introduce a fluorine-based component into the photoresist removal step.
As discussed earlier, a fluorine-based component aids in the removal of etch residues left behind
by preceding RIE steps but can cause bond pad corrosion if the bond pads are not subsequently
cleaned to remove fluorine residue. By removing the photoresist in a separate step and
subsequently performing a wet clean to remove fluorine traces before the bond pad protective
layer is formed, the risk of fluorine induced bond pad corrosion can be mitigated.

[0029] Turning now to Figure 6, therein is shown a partial cross sectional view of an
integrated circuit system 600 in accordance with an alternative embodiment of the present
invention. The integrated circuit system comprises a substrate 601 including a top metal layer
612 and an overlying bond pad 620 embedded within an interlayer dielectric 610. A via 630

contacts a lower surface of the top metal layer 612 while the bond pad is attached to the opposed

upper surface of the top metal layer 612. The via 630 may be connected to an underlying
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layer is formed, the risk of fluorine induced bond pad corrosion can be
mitigated. [0029] Turning now to Figure 6, therein is shown a partial cross
sectional view of an integrated circuit system 600 in accordance with an
_alternative embodiment of the present invention. The integrated circuit
INESTERIRF o A pFIERY! £ STRSHEE 60 ifRMding AltBpUstefiatidleiresd dhdighre 6. the
verlying bond pad 620 embedded within an interlayer dielectric 610. A via
S‘g“é a% 5% FSWBP%ﬁrfa@é“%’f‘ﬂ‘fﬁeofo?f‘ilﬁ{St&‘F‘Fa?/%ﬁg’é’i Wiife ﬁ%’é”b%‘n@“’]c% e top

m%‘%g(l:r%%g ‘?z”&%aoBE’e%gcg%g‘éEHﬁﬁgng%r%ﬁn%eoéfﬁnee ipR;metal fay ?Jgﬁ?l%%fam;?é{ri%l . The

€ connec an un erconnect or Cir components

intBRbERANN omPRQUAR AREIIHRIAIH I EIGHEE Qe NG SHOSIHS AN ASSf dielectric

comprises a plurality of active and passive devices formed below the top

mAekal [ayer 69 pad interreansetsilinkingsamenal ingavices d& thR KOR aluminum,
metal layer 612. The interconnects comprise metallic lines and vial

alemibeadesparaneidsynoredayergwindislegiriehenatedatiThenberdipadyslso be used
conventional in the art and may comprise metals such as aluminum,

argluhaihomd-pappey olsalteys ltnerecf siitennathwdly ppthferddonuattayermaterigdsal such
may also be used and the bond pad may also be a laminate structure made

ayfypifeadérivmal iHyeirotifidearaoaiuptenehseLt. titanium, titanium nitride or
combinations thereof. [0030] A first composite layer is provided over the

(038} myor difblBEH ROBRSSIAEHEH AU IBS0VER KA BAL A SIRSSEFd and bond pad
bodiment, the first compgsite layer comprises a lower. Titanium (Ti) layer
6T BRI ed ot Ao S o B L TR R B Tower

intermediate Titanium Nitride (TiN) laye 0 overlying the Ti layer 640.and
TSR E BRI AT BaENE] GRh ) RS EL KB OADRAR by an

intRAdAIMesi QURMING i [3YRY BRQr c50% RIS, MHIGE LN IBE ARPOYERAS Bermost

passivation layer that protects underlying components of the integrated
p&YRheoT iR RxiRNpbGRNAMINARISBHGHAGMYISIHE) FDNLERANEAITIN layer 650.

damage. In alternative embodiments, other materials such as but not limited
The silicennixideittige 66@sdqpalyiimigpas’ayidisoaper vse @t aPaskivatiQrday@mihts of
addition to or as a replacement of silicon
the integrated system from external contaminants such as moisture and mechanical damage. In
alternative embodiments, other materials such as but not limited to silicon oxynitride and
polyimide may also be used as a passivation layer in addition to or as a replacement of silicon
oxide/nitride.
[0031] An opening 670 is created through the first composite layer so as to allow access
to a portion of the bond pad top surface. This is necessary so that bonding connections such as
ball bonds may be subsequently formed to the bond pad 620.
[0032] As shown in Figure 6, a bond pad protective layer 680 is formed over the top
surface of bond pad 620 and the edges of the titanium layer 640 and titanium nitride layer 650
are also covered by a sidewall protective layer 690. The protective layers 680 and 690 help to

protect the bond pad from corrosion. In one embodiment, the protective layer 680 is an oxide

layer grown over the bond pad 620 while the edges of the titanium and titanium nitride layers
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oxide/nitride. [0031] An opening 670 is created through the first composite

layer so as to allow access to a portion of the bond pad top surface. This is

necessary so that bonding connections such as ball bonds may be

subsequently formed to the bond pad 620. [0032] As shown in Figure 6, a .
Hbaerlgad protettieddpeionna isidenrbarstrstividaus @91%&%138?"(30%%%{6‘““ oxide

620 and the edges of the titanjum |Jayer 640 and titanium nitride layer 65 )
a‘h“‘?é“&%“&?%%?é%“ﬁy a il 8&%?#6 STHRAERSGBY B¥0°FHPBI It eI eorg%‘é‘ﬁmum

and 690 hel rote e bond,pad corrosion..ln one, embodiment .
e N RO RS BRCIBAR B Ao Rr l B TP R ey ovice
( A@z%%dges of the titanium and titanium nitride layers 9 640 and 650 are

oxidized to form a sidewall protective layer 690 composed of titanium oxide

[0839] titaniunAOiSMEHilﬁigerelﬁ(ﬁl prefepsd %H@mﬂ)tm the bNdpackiSormation of an

composed of aluminum copper or alloys thereof and the oxide layer 680
elgtavonaniatioelbonch pad SeatturivuiatyidesiAlRQRYa[O033] A qbistoltact. When
reason for bond pad corrosion is due to the formation of an electrochemical
theallentnarhdwa @l edirocheuadly digsirtfitacraetpls ateplacHd inrogoatact WAlbrieduring
the electrochemical cell is exposed to water (for example, when an IC is
PitaeBE s iRRISHRIGHR pPdeaddiag iorapiicn Bs amiucts Haha patblorehatigar gets as
moisture in the atmosphere), water acts as an electrolyte, which facilitates
anede ey Fe B B HNART AR B STEACDRIr Y AR SOTOTBRroSIH S SRl 4B ¢garrosion,

metals acts as an anode that |oses electrons and metal.ions while the other
O Sfa St %%%é‘ﬁw%%“ﬂ%‘&ttb%{i SETORE bR ¢ Slighipfdal acts

assgogyl (I) eF@gt:_%g ;[V\é(feci%ggst.rowﬁmIr%?el:r(e:eéles [lgl)] at}{engfa%ré]g dsll}r(])vypllsiﬂ Fa%ure 6, two
embodiment. e first electrochemical cell is the one ari Ing rom the e an

IBMRIAYMEORRRT RANHPRL R0 AR dISAHSERR Aar iRk HiG QlREEARRICAL is the

differences between aluminum and copper (illustrated in equations (1) and
ok&) hrigsylfipnihenfornatianalamalectigeheaspicalag! gybereadl Wi carlier, the

corrodes preferentially with

electrochemical differences between aluminum and copper (illustrated in equations (1) and (2))
result in the formation of an electrochemical cell where aluminum corrodes preferentially with
respect to copper when the metals are exposed to moisture or water. In particular, aluminum
loses electrons and aluminum ions by reacting with OH  ions in water to form aluminum
hydroxide (illustrated in equations (3) and (4)) while copper acts as a cathode that gains
electrons.

[0034] The second electrochemical cell is formed between aluminum from the bondpad
and titanium from the Ti/TiN layers 640 and 650. When the aluminum-titanium electrochemical
cell is exposed to water or moisture, aluminum having a more negative electrical potential acts as
an anode thus losing electrons and metal ions while titanium acts as a cathode that gains

electrons. The electrical potential differences between aluminum and titanium are shown in

equations (5) and (6). Specifically, aluminum corrodes preferentially with respect to titanium
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respect to copper when the metals are exposed to moisture or water. In

particular, aluminum loses electrons and aluminum ions by reacting with OH

ions in water to form aluminum hydroxide (illustrated in equations (3) and

(4)) while copper acts as a cathode that gains electrons. [0034] The second
by | BT teh et PER I8 Yokl Yetivderma R HMHRIRA T WEDSAYPAH3aAt shown in

titanium from the Ti/TiN layers 640 and 650. When the aluminum-titanium
USRS ALARIESD cell is exposed to water or moisture, aluminum having a

negatjve electrical potential.acts as an anode thus losing electrons and

[%ge%r | ions Wslllvea]%lltcaﬁf)urrrﬂgaoﬁér}gg% § cathode that gains electrons. The

electrical potential differences between aluminum and titanium are shown in

equationg (H.and (B)+ Spagifically; aIuminqucc_zr_rqdé%% Q;)eferentially v&'gt)h

respect to titanium 10 by reacting with OH ions in water to form aluminum

hydroxide,(AlgH)3yas. shawnpjm equation?@Larybﬁ%)VBOOSS] Galvagy’;:

Corrosion (Al-Ti) Anode : A13+ + 3e #~ Al (E _ - 1.662 V) (5) Cathode: Ti" +

e Ti3+ (E = - 0.0467%) () T34+ e Ti2+ (EE D.379YV(7) 02 +2H2Q + de

=4 011 (E = + 0.401 V) (8) 4A1 + 302 + 6H20-*4A1+3 + 12011--)

4A1(OH)3I (9) [0086}GHhARIgcONtDeAN Of IR beripad/ 20 resulting from

the electrochemical cell formed between aluminum and titanium can be

avoided biyAprosidlingoH Siceivell’ proative kykoOEditanium oxide/tita®im

oxynitride 690 at the edges of the titanium/titanium nitride layers 640 and

650, respectively, and a bond pad protective layer 680 of aluminum oxide
[0Q¥hed oveFteanig saesismiiod theripprhaad Ad0bsad prdlfrotdiokeqtpehegmical cell

aluminum oxide 680 protects the aluminum-copper bond pad from being

f%%éé@%%%%?%&f&“% Rahectnulsd dyipiRyiding a sidewall protective layer

of titanium oxide/titanium oxynitride 690 at the edges of the titanium/titanium nitride layers 640

and 650, respectively, and a bond pad protective layer 680 of aluminum oxide formed over the
surface of the bond pad. The bond pad protective layer of aluminum oxide 680 protects the
aluminum-copper bond pad from being exposed to moisture or water and hence the resultant
corrosive reaction which follows due to the aluminum-copper electrochemical cell.

[0037] In one embodiment, the protective layers 680 and 690 may be formed via a
plasma process involving oxygen or oxygen based gases. During the plasma process, the
chamber is preferably maintained at a chamber temperature of 200°C or more so that moisture
trapped at the edges of the bond pad may be removed concurrently with the oxide growth. In
alternative embodiment, the protective layers 680 and 690 may be grown thermally in a high
temperature oxidation process. Preferably, the aluminum oxide (Al,O3) layer 680 grown over
the bond pad is between 50 to 55 angstrom. Alternatively, other values of aluminum oxide layer
thickness which are sufficiently thick to act as a barrier to water while still allowing the

successful formation of electrical contacts to the top surface of the bond pad may also be used.
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corrosive reaction which follows due to the aluminum-copper electrochemical
cell. [0037] In one embodiment, the protective layers 680 and 690 may be
formed via a plasma process involving oxygen or oxygen based gases.
During the plasma process, the chamber is preferably maintained ata
(0938 mber teripeititdhsreathodiBemhdrecs8ahat fRbidenre tigpisadar the exgedavers

ond pad m rowth. In

of th ay be removed concurrently with the oxjde _
68&?@?&5@9&“&% gcﬁ%‘é’ﬂt?ffﬁétg?df&?%? VT SEBIANG BV IR YR GYRpHerning the

| lly in a high t [dati . Preferably, the alumi
R AT ST S SR A
remlﬂg mclﬂggfﬁl?et'é/rﬁi?ﬁ?é%? Yéﬂ%ﬁlﬁ& %BU{HJMI 98%%433 %{yépi@iﬁ] C¥fis sequence

which are sufficiently t to act as a barrier to water while still allowing the
oSueeRssiutirmationobplgriricalcaniacts @ matan-anrfacs @kthe-bRRBRAGDF any
may also be used. 11 [0038] Similar to the embodiment described in relation
cdatdrighas 2q0h the cxtidentnyassoe 86 aaddad Qrarenaylyigriewnhafi@o® of a uniform
removal of the photoresist masking layer for patterning the first composite
allayen (640 B50M&0U)660)canct dayet solirentucieen qfrdeebsnitprdsmodenamypniform Al
remaining etch residue and polymer left behind by the first composite layer
ORYE laypigrsedesiscenst Reei ot thichr nirbsplisan lestippeaddvadgsivepinerable
clean facilitate the removal of any contaminants such as etch and _
OpEtaRsisPTesiatie tHATRPIRNASRAMEN SHFPRAar e olrmoX R rAMduRRoMGHY: 1ayer

A1203) protective layer on the surface, of the bondpads. A non-uniform Al .
T T AU T TP BTt T R UL rRes o SO B Gt lotpte the

ptgr%gremm‘s’ Syingrable 1o galvan %Oﬁri‘e’é'g%u%%@ 1918 3ERRIRUAR Phe removal

. UusSS
otoresist removaﬁ ana protec%lve ayer rmation steps also makes It

oPASERIGHR INFeduGE AIURENRIRATEE GOPIRANENT MIRLBENPPRIRUGRISTon if the bond

removal step. As discussed earlier, a fluorine-based component aids in the

pdemavabafisish.sagiduesleft b ehinddmpraceding.R B $ieRm Pb 6RN HMSSsist in a

bond pad corrosion if the bond pads are not subsequently cleaned to remove
sdpaeiinede siclieuHSyq nenigvied dhniphotetesigt éntacl separ admete plastthe traces before
subsequently performing a wet solvent clean to remove fluorine traces before
the bond pad protective layer is formed, the risk of fluorine induced bond pad corrosion can be
mitigated.
[0039] The preferred embodiment of the invention is illustrative of the invention rather
than limiting of the invention. It is to be understood that revisions and modifications may be
made to methods, materials, structures and dimensions of a semiconductor structure while still
providing a semiconductor that fall within the scope of the included claims. All matters hitherto

set forth herein or shown in the accompanying drawings are to be interpreted in an illustrative

and non-limiting sense.

12



the bond pad protective layer is formed, the risk of fluorine induced bond pad
corrosion can be mitigated. [0039] The preferred embodiment of the
invention is illustrative of the invention rather than limiting of the invention. It
iS to be understood that revisions and modifications may be made to
Whthsdimethterials, structures and dimensions of a semiconductor structure
while still providing a semiconductom{ﬁ%l within the scope of the included
claims. All matters hitherto set forth or shown in the accompanying
drawings are to be interpreted in an illustrative and non-limiting sense. 12
What is claimed is: CLAIMS 1. A method of fabrication an integrated circuit

1 compiising: Braving ARSI A RANG RAHREmed thereover, the

bondpad having a top surface for the formation of bonding connections;

provigdipg@massivalian iaveh aved pae Rencipari-iRuming BoRBsKING 1Y fop surface

over the passivation layer; etching the passivation layer in accordance with
fdh@diasking ayeoidifereomaaisasned passivation layer with an opening that

exposes a portion of the top surface of the bond pad; removing the masking

layerparviifograimg s oo pad protdethandayér on the exposed top surface

portion of the bond pad after removing the masking layer. 2. The method

accofeingn®acrapking lahierelstHe bavy yiad atective layer comprises an

oxide. 3. The method according to claim 1, wherein the masking layer

compiRdRgGtBRERIation e mietreRidiecoriiHyhs sramns, \Rrrrarqte a patterned

masking layer is removed by a plasma
pass?vatiog la)yer Wls'[h an open?ng ¥hat Fc)xposes a portion of the top surface of the bond pad;

removing the masking layer; and
forming a bond pad protective layer on the exposed top surface portion of the bond pad

after removing the masking layer.

2. The method according to claim 1, wherein the bond pad protective layer comprises an
oxide.

3. The method according to claim 1, wherein the masking layer comprises photoresist.

4. The method according to claim 3, wherein the masking layer is removed by a plasma

strip process.

5. The method according to claim 4, wherein the plasma strip process comprises a
combination of a first oxygen containing gas chemistry and an etch residue removal chemistry

for removing etching residues arising from the step of etching the passivation layer.
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strip process. 5. The method according to claim 4, wherein the plasma strip
process comprises a combination of a first oxygen containing gas chemistry
and an etch residue removal chemistry for removing etching residues arising
from the step of etching the passivation layer. 13 6. The method according to

6 claimBe e ere difthiPedidiie’ rerhovH breaislistRyidbnipresal ghemistry comprises
fluorine-based gas chemistry. 7. The method according to claim 1, further

a HuRBsAy L i iiSYsubstrate to remove etching residues after removing
the masking layer and before forming the bond pad passivation layer. 8. The
method according to claim 7, wherein cleaning the substrate comprises using

78 Wetpsolyemt GlGan Rin ‘%ésclglmwefﬂ?ﬁl‘é}o&)ﬁﬁﬁ% NGB EuBREIET Amove

least one of the chemical solvents EKC-265, Aleg3™10 or NE-111 is used the
ctWgh SAVRINLEIgRR RINCESS. 1O mhbe 1Reihad ae RISt Melb MIGHRID I Gvation

bond pad comprises an aluminum copper based alloy. 11. The method
lagecording to claim 8, wherein the bond pad protective layer is composed of
aluminum oxide. 14

8. The method according to claim 7, wherein cleaning the substrate comprises using a wet

solvent clean process.

9. The method according to claim 8, wherein at least one of the chemical solvents EKC-265,

Aleg310 or NE-111 is used the wet solvent clean process.

10.  The method according to claim 1, wherein the bond pad comprises an aluminum copper
based alloy.
11.  The method according to claim 8, wherein the bond pad protective layer is composed of

aluminum oxide.

14



