
A METHOD TO PREVENT CORROSION BOND PAD STRUCTURE HELD OF THE. INVENTION
[000.1;jTheTresent mvenhon relates gi):IeiiiiFt to ,itegratfabnca
ticarucue:tno1s that n)!"-. ofpad nrm)cq ar BACKGROUND OF THE INVENTION
[00021Integrated circuits are used in many portable electronic products,
such as cell phones, portable computers. voice recorders, etc. as well as
in many larger electronic systems, suchcars, planes, mdustnal control
systemted circuits may include a combination devices, passive devices and
then interccnnecttons, In order to electrically connect the im.egated
circuit components to a point external of it, bond pad structures are
provided. [0003jThe schematic crc.sssection of FM-um 1 illustrates a
knownintegrated chtutz 100 eto 101 baying a top metal iavembedded withn an
mteriaycr dielectric 110. Attached r surface of the top metal layer 112 is
a via 114 which may be connected to an underhing me al layer or circuit.
components (not shown). A bond pad formed, at an upper surlace of the top
metal layer 112. The bond pad is conductive and may comprise metals such.
as iduminum bared alloys (such as Al-Cu. or -C A passvaiaon layer 140 is
formed over the interlayer dielectric 110 and the bond pad 120,
opening created in the passivation layer 140 so that an upper surface
portion of e bond pad 120 is exposed. As illustrated in 1, a ball bond 160
orttact with the exposed portion of the bond. pad. The ball bond 160 has a
wire bond 162 attached thereto fin connecttng the bond pate 120 and he d
circuit to a location external of it. The location external of the nt
"grated circuit may include packagmg leaas, a circuit hoard or another
corrosioi phicit issk"is, used fsa thenophenomenon is 



undesfra a because it aec.the a:erasion re to the bond nsa. There.
cc)?TOSP$n are desnante,                      ales at the upper surface of
s, bond soise sent thrainst contacts such as ball bonds n processes that
can in  SUMMARY OF THE INVENTION              The present invention relates
generally to methods for fabricating integrated circuits din particular, to
methods for preventing the corrosion of bond pads. [00061In accoroance with
one aspect of the invention, there is provided method for fahricatirm ar
integrated circuit co.mpnsing prodng a. substrate, with a bond pad. formed
thereover, the bond pad having a iop surface Rsr the formation of bonding
COMICO. passivation layer is provided over the bond part" followed by the
toiation of nasking Dyelayer. The parsivation layer is subsequently etched
rn accordance with the masking layer to form a patterned passivation layer
with an opening that. exposes a portion of                 bontipad.. After
etching the passivation layer, the masking 1.ayer is remoyed and a bond pad
protectlye layer is subsequently formed on the exposed top surface portion
of the bond pad. Mr]These and other objects, along with advantages and
features of the present loveotion herein disclosed, win -become apparent
thrimgh mfetenee m no Ibilowi ig 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. 



BRIEF DESCRIPTION OF THE DRAWINGS           In the drawings, like reference
numbers generally refer to the same parts .ouifhout the dillbrent views,
Alsodrawings arev tosxme, emph                       0-gres 1 to c ate
schematic --toss-sectional views illustrating the results of progressive .
in fabricating an integrated circuit system in accordancewith one
embodiment of the inventiont and. 100 I1Figure 6 is a. schematic
cross-sectional view illustrating an integrated circuit dance with another
embodiment of the invention. DESCRIPTION OF THE INVENTION [00121The present
nvention will now be described with reidrence to he attached figures,
titcherei. dke ref:Cr:since numerals are used to refer to like elements
threngbont. t) I:31 Figures 2S fte eros. see.tionai views iUest.natin.g t
way of example and not by      ion, an exemplary process flow for the
flimia: on of an ii. tegrated circuit system 200 according to an embodiment
of the present ention. It is to be understood. that a plurality of
conventional processes that are Jell known in ihe art and not repeated
herein, may precede or follow 'Figures 2- 5, [09141Referring tow to FIG, 7,
therein is shown a pattial cross sectional view of a  ntegrated circuit
system :2.00 in an intermediate manufacture. The / -e. Mt svsteni comprises
a substrate 201 having a top metal layer 212. embedded within an inter
as..r dielectric 210. Although not illustdated in Figure 2. the substrate
typic  



piurahtv of active and passive devices formed below the top metal layer 212
and interconnect St,inn of the devices to the top metal 1The interconnect,
structures                      c traces and via:: embedded in one of more
layers of dielectric material. Attached io a lower surface of the ;op metal
layer 212. a via 214 which ma be connected to an anoerlvtna interconnect or
mrcufl contaments (not shown)" 100151A first dielectric Iaye.r 220 s
provictect over the interlayer thei,ectnc. 210 and top metal layer 212. Jr
one embodiment,first dielectric layer 220 comprises silicon oxide.
Alte.rnat.tveiy, other dielectric layers such as TEOS may also be suitable.
An opening is created through. th.e first dielectric layer 22.0 and hiled,
with a bond pad 260 the bottom surflice of which contacts a top surface-op
metalshown in Figuresurface of the bond pad 260 is situat& above the height
of the first. dielectric layerThe bond pad electrically conductive in
nature and ma.y comprise metals ox alloys thereof such asAhiminum copper or
alununum silicon oppe.r. Alternatively, other conductive materials may also
be used          and pad may also be a laminate sti iep of additionalof
material such as copper, titanium, ittanium ni.tr.de or conThmation.s
thereof, [00161A pass Yation layer 280 is :firmed over the bond.260 and.
first dielectric layer     such that the bond pad n bedded in the
passivatice layer 280. The passivation layer 280 protects underlying
components of the integrated system 700 from external contaminant- such as
mosture and mechanical damage. In one embodiment, the passivation layer 280
comprises silicon nitride Alternatively, other materials such is silicon
oxw.i.trde and polvimide may also be used sa passivation layer addition to
or in place of silicon nitride. 1:00171A photoresist layer is deposited on
the entire surface of the passivation layer 280 and sele elesed and
developed to fbrin a masking layer 290 for patterning the 



passiyation layer. As shown. in gu 2 the masking layer 290 includes an
opening situated at a  I0018]Figure 3 shows the senaiecinductor system 200
of Figure 2. after the passivation Iayer MO ha3 11$ecil etched in
accordance with the masking lasier 290 by a reactive ion etching (RIB )
process. The masking laver 290 prevents pass: vation layer regions
underlying it from bN ing etched :virile exposed portions of the
:3:ass:iv:Mon layer 2P0 are removed during N etching procikis creates an
opening 282 in the passivalion tayer tirich that a top srefface portion of
the bond pad 260 is exposed thus allowing connections such as ball bends
that electrically couple the me. rate. mitstern m external to nuns to be
fonned on the bond pad. t001.91In one embodiment, the passivation layer 280
comprises silicon nitride and is etched using a fluorine based chemistry
comprising CF4. SP& or C4F4or a combination of two of more of these gases.
Alternatively, other combinations of gases that are suitable tbr
selectively etching the passiyation layer 280 without damaging the bond pad
material may also be used. In a preferred embodiment, a high frequency
megasonic rinse in de-ionized. (DI) water may fithow after the completion
of the passivation etch process. The megasonic rinse helps to remove etch
byproducts such as floating residue andior polymer that has carbon and
fluorine content, I0920-1 Figure 4 shows the semiconductor system 200 of
Figure 3 after the masking layer 290 has been removed, in one embodiment,
the ;masking layer 290 is photom,.i.st 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
chenaisa that aids in etch residue removal. During the RIF, 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 snipping 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 ba-sed chemistry such as hut not limited to F4
or  [00211Following the removal of the masking layer 290, the integrated
circuit system 200 is subected to a wet solvent clean process to iiirther
remove,  Corniiter in tbe wet solscmt dean process. Alter removing eteb
residue without damagingcomponents accrired.is also be  3CeSSeil
'Vprect3itiresistthe use of fteetine, gases, he wet cleanprocess also has
the added advantage of removing introduced by the tete of such gases. These
residual traces of fluorine are undesirable as they may react with the bond
pad material to bring about bond pad corrosion. For example, if the bond
pad is composed of aluminum (Al) or an alloy th cot the residual traces
fluorin- may 



fluorine-induced bond pad corrosionreacting with the aluminum to form
ahimin n fluoride (AIFX) on the swine of the bond pad. if moisture is
present, aluminum fluoride o(Alx13,0") may also he formed, l0O23Figure S
shows the integrated circuit system of Fitturt, 4 afier a bond pad
layerprotective 520 is grown i on the exposed top surface portion of the
bond pad 260. The bond. pad protective layer 5 protects the top surface of
the bond pad from being corroded. In a embodiment:, the bond d is composed
of Aluminum. alloys (such as Al-Cu. Al-Cu-Si) and the oxide layer 520 growr
is aA.1203), [0024/A nosstble reason for bond pad concision is due to the
fbnnation of an electrochemical cdielectrochemically dissimilar metals are
placed in contact. When mical cell is exposed to water, (ft ixample, when
anis rinsed in water during processing steps subsequent. to bond pad
formation or mo3srure in the atmosphere, water acts as an eh.ctrolyte which
facilitates thence of galvanic corrosion. During galvanic corrosion, one of
the metals acts as n anod.e that loses electrons and metal ions while the
other metal acts that gains electrons. Using the example of an
alu.minumoopper bond pad as an  illustration, an dee:totter:neat cell is
limited as a result of the electrochemical difkrences between aluminum and
copper (illustrated in equations (1) and (2)). In particular, aluminum acts
as an anode that corrodes preferentially with respect to copper when the
metals are exposed to moisture or water because t has a more negative
electrical potential compared to copper. As illustrated in equations (3)
and (4), aluminum loses electrons and aluminum ions by reacting with OW
ions in water to limn aluminum hydroxide (All0H)3). Copper, On the other
hand, acts as a cathode that gains electrons, In this Morahan, atommum
corrodes taster than it would compared to when pure aluminum is used while
copper, which acts as a cathode, corrodes more slowly compared to pure
copper. However, aluminum is typeatiy mixed with copper to Mon an alloy
that is used for the bond pad metallization because of tile superior
traudities that cooper has in the prevention of clectromigration.
[00251Galvanic Corrosion (Al-Cu)  



Anode+ 3e<=>Al (E=-- 1,662 V) (1)  Cathode;Cu?' -4- 2e c-r-> Cu (E-i- 0.337
V) (2)  02+ 2H20 + 4e <at> 4 Oft- =  1401 V) (3)  4 A, L6i-1-,0 $4 A LH"'I
20b  (4)   100761By providing a protective layer of aluminum oxide (Al200
5:20 on the staince of the bond pad, aluminum M 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, 021
2H20 + 4e 4 4 Oft 



Al202 /Al 4 No Reaction to form A1tOH)31,(5) 100:27jIn one embodiment, the
aluminum oxide layer 520 may be fanned -via a plasma oxidation process
involving oxygen or oxygen based gases. Preferably, the plasma oxidation
process occurs at a chamber temperature of at least 200C so that moisture
trapped at the edges  of the bondlie removed concurrei lv with the.growin
alternative embodiment, die oxidegrown then:nallerupetat ore thermal
nrocits,.. Preferably, the amurniriurn o.xade iaer 20 Mimed by either
processes is between 50 is0-.citornA it'''rnnt`NrciV, ether a -s of
alumiiiueko-sis winch are sufficiett11-4-1t.aut as a bat to water while ine
success:Cid catanation ofedectrical contacts to the tog s :face o the.
:mind ad. may also be used. 110)2R1As swap-, fromdescrilation, the boric520
is formed after tileon, of the photoresist masking lave 290in a plasma.
strip process killowed cat clean process to remove any remaining etch
residue ii poMner left behind by ssivation layer 280 RIE. Ibis sequence of
stem is critical as the plasitna strip and wet clean             removal of
any contarnh and. photoresist residue that may inhibit the growth of a
uniform bond pad. protective layer. A notwuniform bond pad protective
layer520 



some portions of the bond pad surface less protected and more vulnerable to
galvanic corrosion. Furthetmorc, separating the photoresist temoval and
passivatior layer formatior also makes it possible to introduce a
fluorine-based component into the photeresist removal step. As
difluorinebased component aids in the removal of etch residues left behind
by preceding RIE stops but can cause bond pad conosn)n if the bond pads are
not tbsequently cleaned, to remove fluorine re,S;nosing the photoresist in
a separate step and subsequently perfotra et clean to remove fluorine
traces before the bond pad protective layer is fanned, the risk of fluorine
induced bond pad corrosion can be mitigated. [00291Turning now to Figure 6,
therein is shown a partial cross sectional view in a integrated. circuit
system 600dance with an alternative embodiment of the present invention.
The integrated circuit system comprises a substrate 601 including a top .1
612 and an overlying bond pad 620 embedded within an interlayer dielectric
610. A via 630 contacts a lowof the top metal layer 9 while the bond pad is
attached to the opposed  Eft:ere:3a ':X.t. or tar(compoteAtthoughdedS. the
substrate may also comprises aactive and passive devices di-aeci below the
asp metal,1teteorurects imkmg some Of.> The imercentiects comprise
tnetidlie Ihtes and ViaS embeade6mie o mre taw:3:eC't matee hand pad is co
i'": and. rem; comprise metals sui a- adianinum coppeother COndetatiValsio
be used 



may atsolai a lamnate structure made Upof adchb al layers ofe.riad such as
copper, tttant urn,:3" UM mtrtcte Of (x3m0 hirEZI nas therept. 10030jA
first composite layer is provmed over the intedayer chelectrie 610 and bond
pad 670. In the presently illustrated embodiment, the first composite layer
conpnses a lower Titaniumlayer 640 proximate the bond -  d 620 and
interlayer dielectric 610 followed by an tediate Titanium Nitride (TiN)
layer 650 overlying the Ti layer 640 and on the uppermost portion ofaposite
layer, a siliconnitride layer 660 feinted over the TiN layer 650. The
silicon nitride layer 66'yer that protects underlying components of the
integrated system from external eontammanxs such as moisture and mechanical
damage, alternative embodiments, other materials such as but not limited to
silicon ox nitride and polyimide may also be used as a'vation layer in
addition to or as a replacement of silicon oxide/mtru [00311An opening
bcreated 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 subsequenrated to the bond pad 620.
!il0321As shown in Figure 6, a bond pad protecuve layer 680is formed over
the top surface of bond pad 62-0 and the edges of the titanium 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 tkon
miiiment, the ayer 680 is an  and titanium oxyattride.In a preferred
embodiment, he bond pad is composed of aluminum copper or alloys thereof
and the oxideown thed pad is aluminum oxide (Al203), 



100331A possible reason. for bond pad corrosion is due to the formation of
an electrochemical cell when two eleetrochtxdissimilarmetals are placed in
contact When the eleetrnchemical cposed to water (forTie, when an IC is
rinsed processing steps subsequent to bond pad formation or moisture in the
atmosphere), water acts as an electrotyle, which facilitates the occurrence
nic corrosion. During galvanic corrosion, one of the metals acts as an
anode that loses electrons and meta on" while the other metal acts as a
cathode that ins electrons, With reference to the example shown in Figure
6, is electrochemical cells may former: in this embodiment. The first
dectrochemical cell is he one arising fromthe use an aluminumcopper bond
pad 620. As discussed earlier, the electrochemical differences between
aluminum 3nd copper (illustrated in equations (1) and (2)) result in the
formation of an eleetroche.nncal aluminum corrodes preferentially with
respect to copper when the metals are exposed to moisture or water. in
particular, aluminum S electron nd aluminum ions by reacting with OH-
ion,Ibrtu aluiniraint  hydroxide (illustrated in ectrons r00341The second
electrochemical cell is fornied  from the Ti/T1N layers 640 anWhen the
aluniintnn-tiianiuiri electrocheinical ccii is exposed to water or
nmialuminum h Erg more negative electrical potential acts as an anode thus
losing electrons and mea while titan acts as a cathode that gains
electrons. The electrical potential differences between 8100:0133.3313 and
titaniumshown in ,iations (5) and (6), Specifically, alunrinuin. corrodes
preferentially with, respect to titanium  by reacting withions in water to
form alummuin hydroxide (A1(0n in 



equations (8) and E00351Galvanic Corrosion ' Anode3 t, 0.401 V)
Galvanic corrosion of the bond pad 620 resulting from the eIe.trocnem1eal
cell :Conned between 31(13:63113111 and ti be avoided by provding a
sidewidl protective layer of titanium oxide/titanium oxyttitride 690 at the
edges of the titaniumititandatin nitride layers 640 and espectiyely, and a
bond pad protective layer 680 of aluminum oxide thitned over the surface of
the bond pad.. The bond pad protective la.yer of atumiuwn oxide 680
protects the aluminum-copper bond pad from being exposed to moisture or
water and hence the sultant COITOSiVereactint which follows due. to the
alumiatim-copner electrochemical 00371hi one (bubobe protective layers 680
and 690 maytermed via a plasma provolving oxygen or oxygen based gases.
During the plasma process, the               ably maintained at a chamber
temperature of 200C or more so that moisthre trapped at e edges of the bond
pad may be removed concurrently(3X alternative embodiment, the protective
layers 680 and 690 may he r vn thermally in a high temperature oxidation
proess. Preferably; the aluminum)3) layer 680 grown over the bond pad is
between 50 to 55 angstrom. Alternatively, other ua,aminum oxide layer
thickness which are sufficiently thick to act as a barrier to water while
suceessfid formation of electrical contacts to the top surface of the bond
pa may alsobeused.  



[0038]Similar to the rambodiment described M relation to Figures 2-5, the
oxide layers  680 and. 690 are only grown after the removal of the
photoresist masking layer for patterning the first composite layer (640,
650 and 660) and a wet solvent clean process to remove any remaining etch
residue and polymer left behind by the first composite layer RIE. This
sequence of steps is critical as the plasm.a strip and wet solvent clean
facilitate the removal of any contaminants such as etch and photoresist
residue that may inhibit the growth of a uniform aluminum oxide (A1103)
protective layer on the surface of the bondpads. A non--uniform Al oxide
layer may leave some portions of the bond pad surface less protected and
more vulnerable to galvanic corrosion, Furthermore, separating the
photoresist removal and protective layer formation steps also makes it
possible to inftoduce a flaorine-hased component into the photoresist
removal step. As discussed earlier, a fluorine-based component aids in the
removal. of etch residues left behind by preceding RIB 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 perfonning a we solvent clean to remove I-biotin traces before
the bond pad protective layer is 8)m:tad, the risk of fluorine induced bond
pad corrosion can be mitigated, f00391The 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 ihe included claims. All matters hitherto set forth herein or shown in
the accompanying drawings are to be interpreted M an illustrative and
non-limiting sense,  What is claimed is; CLAIMS A method of fabrication an
integrated circuit comprising:       pna 'ding a substrate with a bond pad
thrmed thereover, the bondpad having a top surthhe foimarion of bonding
connections; providing a passivation layer over the bondpad;        forming
a masking layer over the passivation layer, the masking layer comprising
photoresist; etching the passivation layer inrd c with the masking layer to
form a patterned passivation layer with an opening that exposes a portion
of the top surface of the bond pad;       removing the masking layer to
expose the passivation layer by a. plasma strip process, vhethin, the
plasma ship process comprises a fluorine-based chemistry for removing
etching residues arising from the step of etching the pa .sivation layer;
cleaning the substrate after removing the masking layer by a wet solvent
clean process to remove etching residues and residual fluorine; and
forming a bond pad protective layer on the exposed top surface portion of
the bond pad after the wet solvent clean process  2. fhe method according
to claim 1, wherein the bond pad protective layer comprises an aluminum
oxide. 



3. The method according to claim I, wherein the masking layer comprises
photoresist  oxygen containing gas chemistry. he method according to claim
I.erein the wet solvent clean process removes polymer residues.       The
method according to claim I, wherein at least one of the chemical solvents
EKC-265. Aleg310 or NE-111 is used in the wet solvent clean process.
The method according to claim 1, wherein the bond pad comprises an aluminum
copper based alloy. 8.The method according to rdaim I wherein the bond pad
protective layer is composed of aluminum. oxide.       The method in claim
1 wherein the bond pad protective layer is formed by an oxidation process.
10. The method in claim 9 wherein, the oxidation is a plasma oxidation
process performed at a temperature of at least about 200C. 11. A method of
fabrication an integrated circuit comprising; providing a substrate with a
bond pad formed thereover; providing a passivaiion layer over the bondpad;
forming a masking layer over the passivation layer, the masking layer
comprising photoresist: etching the passivation layer with-ing layer to
Form an op exposes a portion of the top surface of the bond pad;
removing the masking layer to expose the passivation layer by a plasma
strip process, wherein the plasma strip process comprises a fluorine-based
chemistry for removing etching residues from etching the passivation layer;
and 



cleaning the substrate after removing the masking layer with a wet solvent
clean. process to remove etching residues and residual fluorine.  12. The
method of claim Li comprises forming a bond pad protective layer on the
exposed top surface portion of the bond pad after the wet clean process,
13. The method of claim 12 wherein forming the bond pad protective layer
comprises a plasma oxidatioess (POP).  14. The method of claim 13 wherein
the plasma oxidation process (POP) is performed at a temperature of at
[east about 200C.  15. The method of claim [2 wherein the bond pad
proteclive layer comprises aluminum oxide. 16The method of claim [2 wherein
forming the bond pad protective layer comprises an oxidation process.  17.
The method of claim 12 wherein the e bond pad protective layer comprises
oxide. 18. The method of claim 11 wherein the masking layer comprises ho
A-) -i 19,The method of claimhe wet clean sol cut process corn rises at
least one of theical solvents EKC-265, Aleg310 or 20.The method of claim 11
wherein the set clean solvent process removes polymer residue. 



71.A method of fabrication an integrated circuit comprising:
providing a substrate with a bond pad formed thereover, the hondpad having
a top surface for the formation of bonding connections; providing a
passivation layer over the hondpad;       forming a masking layer over the
passivation layer, the masking layer comprising photoresist;       etching
the passivation layer 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 bond pad; and       removing the masking layer to expose
the passivation layer by a plasma strip process wherein the plasma strip
process comprises a fluorine-based ch.emistry for removing etching residues
arising from the step of etching the passivation layer. 


