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ROLYI M DE PROCESS FOR PROTECTI NG | NTEGRATED ¢ REDETEPY
S) FIELD OF THE | NVENTI ON The present invention rel ates

eneral | y to the field of seniconductor -processing. Mre specifically,
the invention relates to methods for protecting the surface of the

sem conductor substrate agai nst necham dal- damage 10 BACKGROUNG OF THE

| NVENTI ON Pol yi m de processing is a well understood

sem conductor art designed to give extra protection to the surface of

the silicon chip against scPalL¥IMIDF RRQCESHGFAQRI ot her types of

mechani cal danmage. Most PROTECTING INTEGRATER! CHRCBIS occurs assenbly,
packagi ng, or any subsequent 15 handling of the die. As a passivation .

| ayer, polyimde al so guards agai nst thin filmcracking which
frequently results fromthe‘}oacka ing of very large dies into plastic
packages. 3 W@gl yi ni de processes are conpatible with:
standard forms of the present invention relates generally to the field of semiconductor

processing. More specifically, the invention relates to methods for protectin_g

the surface of the semiconductor substrate against mechanical damage.

10 ACKGROUN F _THE INVENT
Polyimide processing is a well understood semiconductor art
designed to give extra protection to the surface of the silicon chip against
+ - scratching, cracking and other types of mechanical damage. Most often,
mechanical damage occurs assembly, packaging, or any subsequent '
15 handling of the die. As a passivation layer, polyimide also guards against
thin film cracking which frequently results from the packaging of very large
dies into plastic packages. ' |

Existing polyin‘iide proéesses are compatible with standard forms ‘of
wire bonding technology. Normal defects such as cracks or flakes which

20  arise from the interaction of the polyimide with photoresist, do not normally"
pose a problem for this stanaard bodding technology. However, as newer
forms of bonding technology come into use -- such as tape automated
bonding (TAB) which utilizes gold bumps formed on the bonding pads of the
semiconductor substrate -- the brdblems associated with prior art polyimide

25 processes have become more troublesome. .

For example, one of the main difﬁculties with prior art p;olyimide’
processes is that the profiles (i.e., slopes) ofa polyin;lide at the bonding pad
edges is not consistent. Rough edges or films having numerous flakes and
other defects are pervasive throughout the prior art. In other cases, pieces of

30 photoresist can sometimes become deposited on the surface of the bonding
'pads causing spikes of unetched passivation layer to be left behmd on the
bonding pad itself. Although these problems have not prohibited the use of
conventional polyimide processes in conjunction with standard wire bondmg

techniques, these shoﬂcommgs are unacceptable in the newer, more



Vii re bondi ng technol ogy. Normal defects such as cracks or flakes which 20
arise frgmthe interaction of the polyimde with photoresist, do not

ror mal | y pose a problemfor this standard bondi ng technol ogy. However,
as newer forms of bonding technol ogz come into use -- such as tape
aut onmat ed bondi ng (TAB) which uttTl#zes gold bunps fornmed on the

bondi ng pads of the sem conduct or substrate -- the problens associ ated
with prior art polyimde 25 processes re trouhl esone.

For exanpl e one. RVARFRS PRI FEes-dASTTPoRE SPOLEMPIAaNg: do
processes is that gbdibealgrreawee%oﬁslstem po@inﬂa@sag@;sromemhaehméifélaamelyhe bondi ng
pad edges is not consistent. Rough edges or filns having nunerous

fl akes and odpfeet-fepss ddaraovar, éh%)%"PRP&sﬁf V@ PolyiToide, ﬁEﬁ!’ﬂ"Q‘sﬁé“‘ﬁrqd@PS att. In
th d
Che surtace’ of - & nrrhgf gabe RLALE rhled 8 B Urg D 6 IR f6RPR6A °F O,

| ayer to be | eft etdl ooverayet [{Puring the MMagegpfmimTAB ﬁlebéss tderiidiwtl.@bstbdﬂese
probl ens have not ﬁwghl bited the u nventi onal polyi m de
g

processes in conj f%ﬁ’”ﬁ?’?ﬂ%?é’ﬁﬂﬁf ﬂ'ew 'Pée'ﬂo'ﬁ@?rwj"s of the P@‘&'ﬁ?’ﬁ"ﬂé% t hese

shortcomngs are HF&GE@% Dds8n 56mb BordAVréoessBd! fhe b
-2- advanced bondi ng s'F?)r I ngt arnc\tlaﬁ o_le/s&B c:oe g{rzegpgtaégy%rugﬂrr}%t bondi ng

general | y requi r egdiasepropedinto the polyimideesusldes profil es which are relatively



defect-free. Mreover, the slopes of the polyi mde openings at the edges of
t he bondi ng pads nust be fornmed at such an angle so as to allow good step 5
netal coverage. (During the first stage of the TAB process titanium

FTungst en (TiIW is sputtered as a barrier netal layer.) If the walls of
t he polyi m de | ayer are too steepr 8s~in sone prior art processes, the
barrier netal |ayer will not adhere properly to the polyimde surface.

- 3- SUMVARY OF THE | NVENTI ON ' " The above probl ens

characteristic ofWom in the present invention
which utilizes sellected rmdrzation of a deposited pol yi m de | ayer.
Accordi ng to the.inveThd atmve pobless, cheractedstic of Hwi prios ah are duercome ipdieyi ni de
l'ayer are imdized whjle athers. are not. The resulting pol.yim de

process produces P®% "8{'?1‘%8%1‘”5'!?{‘-“;'&@3 SBIBFS‘?PI’W'S'éa?"%ra?d%g?'{eldcul arly at the
boundary of the tbb!}@l-hiag 1dya ARERINAAS the Ivbhtive Procds8VeunaRtefibRSEBe | S hi ghly
conpati ble with nodern gold bu bondi ng technol ogi es. In one

enbodi ment, tHe rolymide fyeparedmidized whilhethpiscase net. i Theepaulting polyimide ncl udes
(he Stepe o1 deotsh Lo S Al BbH BB RS VBB LYS |
pol yani ¢ aci d | aysunday otthe Gomdingapaceonsamgs.uTkusitiisdivenmdyirbdess isshighti o r educe

the etch rate of L Re afiis with Modern o bump oring leckinciodies: - 0. @ devel oper. A
In one embodiment, the polyimide process of the present invention
10  includes the steps of depositing a layer of polyimide acid over an insulative
layer. The insulative layer covers the bonding pads on the die. Next, the
polyamic acid layer is cured at a temperature which is sufficient to reduce
the etch rate of the acid layer when subsequerltly éxposed 16 a developer. A
layer of photoresist is then deposited over the polyamic acid layer. A |
15 developer solution is then applied to the photoresist layer to define a -
plurality of openings therain. Be'éause ‘of the previous curing step the etch
rate of the underlying acid layer is lowered so that the developer removes
only a negligible amount of the acid layer. Instead of removing the
underlying acid layer, the developer permeates into the regions beneath the
20 openings and transforms the polyamic acid layer therein to a salt.
Once the photorasist layer has been completely devsloped, the
. substrate is baked in order to imidize the polyamic acid layer. Imidization
occurs everywhere except in those regions whera salt had been formed.
The next step in the process is to remove the photoresist layer. Atthe
25 same time, the salt regions are removed, leaving only the polyimide layer
behind. Etching the insulative layer in alignment with the openings exposes
the bonding pads and produces a smooth, d'efect-fréé polyimide edge

profile.



t-ayer of photoresist is then deposited over the polyamc acid layer. A 15
devel oper solution is then applied to the photoresist |ayer to define a
plurality of openings therein. Because of the previous curing step the etch
rate of the underlying acid |ayer is |owered so that the devel oper renopves
only a negligible anmobunt of the acid l-ayger~ |Instead of renoving the
underlying acid layer, the devel oper perneates i'nto the regions beneath the
20 openings and transforns the pol yam c aC|d | ayer therein to a salt.

Once the phot or eskElRD Sl HEsile ) ;> gevel oped, the

substrate is baked in | di zati on
occurs everywhere excggé g‘% @ﬁ])m)seg%o?‘e‘éﬁgé]ts]ﬁvﬂi%{)ye@@g tfgﬁ}a@"teen a'olrbfn:ed

The next step in did’senplibommfolbm/smndm\/tbehd:uenmhwmgmwmgsl a‘yer At the 25
same tine, the salt regl ons are renoved, .| eavjn { he pol 1. de | ayer

behi nd. Etching tf@wingsioweyereshoyiddpot P?ﬂaﬁ?'? Ej’r{'ﬁ‘?éﬁf'e mvgw'%% ﬁF I&)s exposes
:) fg f Ibfgd' N9 PGS §Bodihes! St b3 ERE foh exlétatBh ahd sﬁde?aéaa.ﬁa Sty eﬁ&gRl -
DESCRI PTI ON OF TI—BWthlanve layer thucknefm qhows énthe dmmwl shouldinbt bde
under'st ood nore full om.t he ile cription . which foll ows and
fromthe accorrpan éuq#%ﬁmeﬁtagen '?ﬂg" cgual ﬁ‘l‘cg éipreﬁ %é?/'é‘? °u§rﬂ'3ul d not be

taken to'limt thgrotéséention to the specific.

10 Figure 1is a cross-sectional elevation view of a substrate processed
in accordance with the teachings of the present Invention. The view of
Figure 1 shows the substrate following deposition of insulative and polyamic

acid layers overlying a metal bonding pad.

15 Figure 2is a cross-sectional view o_f the substrate of Figure 1 after

an opening has been defined in a photoresist layer.

Flgure 3 is a cross-sectional view of the substrate of Figure 2 after

selected imidization and removal of the photoresust layer.

20
Figure 4 is a cross-sectional view of the substfate of Figure 3
‘following etching of f_he insulative layer to expose the underlying bonding
pad.
25 . Figure 5 is a graph showing the eich rate of polyimide as a function -

of cure temperature.

Figures 6A and 6B arg¢ SEM photographs of a semiconductor
substrate processed in accordance with the present invention. Figure 6A
30 illustrates a cross-sectional side view of a polyimide edge region. Figure 6B

isatop perspectivé view of same region.



6 enbodi nents shown, but are for explanation and understanding only. For
exanple, the relative layer thicknesses shown in the draw ngs should not be
construed as representing the actual thicknesses .present in the current

process. 10 Figure 1 is a cross-sectional elevation view of a
Substrate processed *in accordance W th the teachings of the present
I nvention. The view of Figure 1 shows the substrate foll ow ng

deposition of i nﬂﬁﬂ'ﬁﬂkﬁﬂ.ﬂﬁ&ﬁﬂ&l&ﬂc aci d I ayers overlying a netal
bonding pad. 15 £ prpgess Sy eéxnb gneasu%&s 'doﬂ@@t?r%hﬁéc’}’rag the |

substrate of Figure enin as peen defined In a
phot or esi st | ayeagainst mechanical damaé% ngldtseloged sinahecfotineing deseripionl,  vi ew of the

substrate of Figure 2 after | ect ed i m di zat@)n and. renoval of the
phot or esi st | ayePumorgus specific dstails arp,s@hf,oghguq SSPEFILEMPEEY Bhal vi ew of the

substrate of §' 94biBtichs, and sr@x@ﬂén&%ﬁ" ., g:tﬁrW&BJa tHordugh uhﬂ&ﬂl’aﬁ&nhg’ef thayer to

expose the underlying bondi gure 5 is a graph
showi ng t he et ch presest mfenpm'l yt will e oawws. howawverl, dmone sknledﬂn theragt thatnper at ur e.

e A Ao A TP o B PR b pasg, 3o
il lustrates a crQgfer &ﬁ@ht@%u-ﬁmaﬁm Pro€ussiag skpd ahd stiictizeshy® nokbéem. Fi gure
08B ' set forth in detail in order to avoid obscuring the present invention.

10 IEfgure 1 iliustrates a cross-sectional view of a substrate 20 on which
is ‘formed a metal bonding pad 22. Bonding pads are commonly used in
semiconhuctor processes to provide a terminal connecting the integrated
circuit forméd within the silicon substrate, to the external pins of the package.
Covering bonding pad 22 is a layer Qf silicon nitride 21. Nitride layer 21

15 encapsulates bonding pad 22 in an insulative tayer which prevents elsctrical
shorts from occurri-ng. ‘Deposited above nitride layer 21 is a layer of
polyamic acid 25. The thickness of layer 25 is typically in the range of
50,000-60,000 A thick. Praditioners in the art will appreciate that the
processing steps needed to form the substrate of Figure 1 are well

20 understood in the art.

Following the deposition of polyamic acid layer 25, the substrate is
subjected to a curing proceés. In the currently preferred embodiment, the
curing process comprises a two-step bake. The first step is performed at
épproximately 90°C and is for the purpose of ramoving any solvent which

25 may be present on the substrate surface from prévious processing steps.
The next step in the curing process is performed at approximately 1'45°C; a
temperature used which is significantly higher.than the curing 'temperature in
many prior art processes. '

Figure 5 illustrates a graph showing the etch rate of polyimide in a

30 ' developer solution versus the cure temperature. As can be seen, the etch
rate drops off rapidly at a characteristic temperature, Tc, which is '
approximatsly betwaen 134°-137°C. It is within this temperature range that

most prior art processes perform the curing step for thé polyamic layer. This



+S a top perspective view of sane region.

-5- DETAI LED DESCRI PTI ON A process for protecting the
surface of a sem conductor substrate agai nst nechani cal danmage is
di sclosed. In the follow ng description, nuner ous specific details are

set forth such as specific tenperatures,65 solutions, and di nensions,
~etc., to provide a thorough understandi ng resent invention. It

| of the _ .
wi || be obvi ous is /BfREEed by 1he gRiet A Rrp phe&gathpffwgrﬁ.tlnﬁﬁgt{ast. the {he present
i nvention may b ' ' g&ué fsifip o witich 19 8igRifikSntiy IWhh ot her
i nst ances, wel | ﬁkér%gamﬁﬁ%eﬁg%egs@é‘ng sfﬁergs anezagt r uét ureggah'aveyr?gbt 'e[)een _

set forth in dettsnithe tempechture To. Thisisreptesenied indriguneS py eeistB on theent i on. 10

Figure 1 illustrates crass-sectignal, vi f . on whi ch
is formed a net &2 Or@m‘lsgh'%h[fﬁ _9’%%'ﬁu‘f’ﬁ§%§/§%8 °g$h§$g§¥'n§"r§gnﬁ}g%sed in

sem conduct ors Prya¢asser Sollifonls Sghificanty lokerihBA Et SoMtIPe CAtithgcdrieatly nt egr at ed
circuit forned within the silicon substrate, to the external pins of the

package. Covelemreshcusio tAMpgrasera op »45°C, e jelphdate of theiROYABYE #id r i de 21.

L de Tayver 23ok2in ng BEARHY Sicin e BS-BImBRY 1860 WheBShd. "RHIBAdKE | aver

whi ch prevents rom occurr.i ng. posi ted above
nitride | ayer 2Xoimadecidgayesichirate of the pplylmideriageraxiil becdme apperenhi ckness of

| ayer 25 is typically in the range of 50, 000- 60, 000 A thi ck.
~Practitioners i rF"PR¥% art will appreci ate that the processi ng steps

needed to fofgn the SuRStEAbRingbrdch&HaR bheRESmYIBle, 2ByeroRRdiSlesigczs N t he

art ..
is deposited over the surface of the substrate. The photoresist layer is then

. patterned and exposed to a developer solution which forms opening 29 in
the photoresist layer. In conventional processes, this developing step
normally etches the underlying polyamic acid layer all the way down to the

15 nitride layer. However, due to the higher curing temperature, the etch rate is
lowered sufficiently such that the underlying polyamic layer beneath
opening 29 is not removed during the developing step. Insfead. the

~ developer permeatss into the underlying layer to form a salt. The déveloper
currently being used comprises a solution of tetramethyl ammonium

20 - hydroxide (TMAH) known as NSDTD-ZX, which is commercially available
through TOK Corporation. Note that this developér solution includes a -
surfactant (the noté.tion "2X" refers to the level of surfactant). ‘A number of
other commercially a\)ailable developérs may also be used with satisfactory
results. The net outcome of the developing step is that a salt is formedin

25 region 30 directly beneath opening 29. The remaining regions underneath
photoresist masking layer 27 are unchanged during the developing step.

Next, a hard bake is performed at a sufficiently high temperature so as
to imidize the acid regions beneath the photoresist layér 27. Practitioners in
the art will understand that imidization transforms the polyamic acid into a

30 hard, rigid substance. This substance -- referred to as polyimide -- is
indicated in Figure 2 by regions 31. Note that the imidization step is
sélective: that is, salt region 30 is unchanged while regions 31 afe hardened

or imidized. In the currently preferred process, the hard bake step is



-Foll owi ng the deposition of polyamc acid |ayer 25, the substrate is
subjected to a curing process. In the currently preferred enbodi nent, the
curing process conprises a two-step bake. The first step is perfornmed at
‘approxi mately 90[err]C and is for the purpose of renoving any sol vent which
25 - may be present on the substrate-surface from previ ous processing

st eps. The next step in the curing process is perfornmed at
approximately 145[err]C, a tenperature used which is significantly

hi gher than the curing tenperature in many prior art processes.
Figure 5 illustrates a graph showi ng the etch rate of polyimde in a 30

devel oper sl Ut pafenSl st poriindy IobRIPRIABHESanSaiRInkg pakEN. Lhe of ch

rate drops off rapi eristic tema)erature, err], which is
appr oxi mat-el y beontesiathd 8ttheate pf thd pplyimidedn the sutsequenhpmcadsing stepaper at ur e

range that o TO%ndythdboirhic BGTSRPR S sGeEhelimiitg valeP O the

I's represented Ibgkikdlehddstiotdrestst Biyet FEis@trpphd 0éind a 8bluent5Thd phaterakieast , the
present invention enmploys a cure tenger ature ich Is significantly higher

than the temSer &tigper irgurrent pse is knpwpbythemagg RASIPOGANG iscammersialit B on t he
graph. At this RQj t : L Q0 in the 5
devel oper sol ut f&ké%gusfg té@gﬁﬁfcéa%g [ ‘yzBJPg’\?gé&m%ﬁg‘g%’%'S? rl%tf:=s 0%.9 LéA?ﬁE[tﬂg currently
pref erred- curi n@xpesep @olyimides Tfe régBlingraryss;sectinnakprotie aflerstigpingandool yani ¢

?glr_(rj] / secolr]g?lefrﬁlég?@grg%ig%xg&&%g eﬁusré)égh\'ﬁaﬂ'e?hggegﬁngﬁsggﬁjgﬁrépjtgﬂlge pol yi m de
layer will becogagedtdoithide regions 31. The edge profile of the polyimide layer
10. exhibits a smooth surface 33 which gradually slopes from the surface of -
nitride layer 21 to the full thickness of polyimide layer 31. Such a graded
" edge profile is commonly referred to as a "wet etch” proﬁle.' This type of
profile is extremely desirable when performing sputtering steps. As
explained earlier, sputtering TiW onto the substrate is a necessary step in
15 . the well-known tape automated bdnding (i.e., gold bumping) p'rocess.
Figure 4is a g:ross-sectio.nal view of the substrate fdllowing a vertical
etch of nitride layer 21 that exposes the underlying bonding pad 22. During
the nitride etching step, polyimide layer 31 functions as a masking layer for
maintaining the size of opening 29. At this point, other wall-known
20 processing steps may be performad, depengling upon the pa‘nicuiar
semiconductor procéss utilized. These steps, however, are not essential to.
the present invention. o _ |
Figures 6A and 6B show photographs taken by a scanning electron
_micrOscopé (SEM) of an integréted circuit which has been processed' in
25 accordance with the present invention. Figure 6Ais a cross-sectional view
showing the wet etch profile produced by the process of the present
invention. Figure 6B shows a perspective view of the same bonding pad
region. As can be seen, the polyimide surface is characterized as being by
defect-iree, smoothly graded slopes that provide good step coverage for
30 subsequent sputtering steps.



-shortly. 10 After the curing process has been conpleted, a | ayer of
phot or esi sﬂlm sited over the surface of the substrate The
phot-ore3| S “M”m”ﬂ"mm patterned and exposed to a devel oper
solution whicHl férm8 opentng 29 in t he photoresist layer. In
conventional. processes, this devel opirn@ step normal |y etches the
under | yi ng pol yam c acid layer all the way down to the 15 nitride layer.
However, due toCLAMMBI gher curing tenperature, the etch rate is

| owered sufficiently such that the underlying polyamc | ayer beneath
opening 29 is not renoved during the devel oping step. Instead, the

devel oper perneat es 1i nt G plocessisterdtydting theoguetacd of f sunicandsetbt . The devel oper
~currently being used conprises a solution of tetranethyl anmoni um 20

hydr oxi de ( TMAHFUbSK@aen adichanrformed aphirality ofbopdingrpads; ar*r’yaaas/awnebr e

t hrough TOK gor | I ncl udes a _
surfactant ( hee%fetgtt&r)&rq 'h\%‘ Otlg?éerésﬂjt (E)ro?%‘é%}:ﬁ@ﬁ{m&@k IP?Q& ant). -A nunber
of ot her comredepasiting aamrIoabdlyardeaedowrsaumagulaﬂvedaybe used with
satisfactory results e net corre of the developing step is that a
salt is formed .in 2§“""9r?§15 %caf' Bf'y beneath opening 29. The remai ning

regi ons under neat h deposmngmaﬁrespmoraﬁalevagsdrcayzﬂyaraé’aaaeayunchanged during
t he devel opi ng step. a hard bake is perforned at a -

sufficiently high téﬁﬁ'&é'ﬂﬁtatﬂeée'glber e§§"-‘“°" to sajdpholaresiss layehio defingiar egi ons
beneath the Bhobﬂra‘ﬂgl erﬁﬁfd% tlr'rngm Eﬁré‘ﬁ&r{qﬁ}deogpg{rﬁlehfhg into sai %?d %g& wi

;
under st and t hat |on transf or ns acr 30 hard

ri gi d substancein tﬁbregrmlbah@ameardopérﬁrigemrfﬁm aeala:bmhw thetkin;- - i s
indicated in Figure 2 by regions 31. Note that the indization step is
sel ective: that is, baking saidSuRstratefoiharden spidiagiddaxamiaxeont éyfaids 31 are

har dened - Qé‘g‘d,{s"l dized. In the currently preferred process, the hard
bake step is o ' '
removing said photoresist layer and said salt from within said regions;

15 étching said insulative layer in alignment with said openings to

expose said bonding pads.

2.  The process as defined in claim 1 whersin said curing s_tep is
performed at a temperature which sufficiently reduces the etch rate of said
© 20 acid layer when exposed to said developer so that only a negligible amount

of said _acid layer is removed during said applying step.

3. The process as defined in claim 2 wherain said curing step is
performed at approximately 145°C. |
25
4, The process as defined in claim 1 wherein said developer

comprises a base solution.

5. The process as defined in ciaim 4 wherein said developer

30 comprises tetramethyl ammonium hydroxide.

6. The process as defined in claim 5 wherein said developer

further comprises a surfactant.



~ 7 \prroxi' mately 190[err]C. The tenperature of the
har d bak@ contro etch rate of the polyimde in the subsequent

pr ocessi m Once the polyam c acid | ayer has been
J”JH" r!’[mard baki ng, the photoresist |layer 27 is

‘sel ect i

stri pped u5|ng ‘a $olve The photoresi8t- 5 stripper in current use is
known by the nane PRS3000, and is conmercially avai l abl e through J. T.
Baker Corporation. Resist stripping also devel ops the exposed

polyi mi de. The resulting cross-sectional profile after stripping and
developing is shown in Figure 3. In Figure 3, opening 29 is defined by the
edges of polyimde regions 31. The edge profile of the polyimde |ayer 10
exhi bits a snooth surface 33 which gradually slopes fromthe surface of
nitride layer 21 to #he fnd proédds @k @efifedah claim 5 Wiefbth $aid/Bdkinglstepidch a graded
edge profile is comonly referred to as a "wet etch" profile. This type of
profile is extrepgryedaspppiprimatalyd90fer.f or mi ng sputtering steps. As

expl ained earlier, sputtering TiWonto the substrate is a necessary step in.
15 the well -knovvn t ape automated bonding (i.e., gold bunping) process.
Figure 4 is & cross-&ect Tonplocessay dafinddina clin Jtwhatein said insulativp layerer t i cal
etch of nitride layer 21 that exposes the underlying bonding pad 22. During
the nitride etcﬁPW@"%eﬁéHm'bB‘F’Wm de layer 31 functions as a masking Iayer

for mai ntaining the size of opening 29. At this point, other
wel | -known 20 processing steps nmay be perforned, dependlng .upon the
particul ar senf.conbhucprocessrierdalericaling 4n intedratepirouit en 8ps, however, are

not essential to he prese res 6A and 6B
show phot ogr aphssepéﬁ?gﬂu%v sﬁ‘%@%’n ﬁ'lﬁ g%ﬁagﬁonnecnon t?ns%‘f!(? ‘gétqg (SEM of an
i ntegrated cig cuhddevihioQdh §pRirdligest bphding padstispdsed on said substrate, a

method of protecting said circuit from mechanical damage cémprising the
steps of: |
depositing a layer of polyamic acid over said substrate over said
substrate; |
15 curing said acid layer;
depositing a layer of photoresist over said acid layer;
. patterning said photoresist layer: |
exposing said photoresist layer to a developer to define a piurality of
openings therein, said developer permeating lnio said acid layer in the
20 regions beneath said openings to form a salt therein; .
baking said substrate to imidize said polyamnc acid Iayer, thereby
converting said acid layer to a polyimide layer;
removing said photoresist layer and said salt from within said regions,
said removing step forming smooth and graded edges on said polyimide

25 layer around said regions.

10.  The process as defined in claim 9 fur{ﬁé} éomprising the initial -

step of forming an insulative layer over said bonding pads.

30 11.  The process as defined in claim 10 further comprising the final

step of etching said insulative layer exposed in said openings.



25 acce%dWsent I nvention. Figure 6A is a cross-sectional
Vi ew the wet etch profile produced by the process of the
_present U!!]i m"ﬂ MHFLgure 6B shows a perspective view of the sane

‘bondi ng As can be seen, the polyimde surface is
characteri zed as bei ng By def eet 1free, snoothly graded sl opes that
provi de good step coverage for 30 subsequent sputtering steps.

- 8- - CLAI M5 1. A process for protecting the surface of
a sem conduct or substrate on which are forned a plurality of bonding
pads, said pads being!% Eea/RPeessIAF defingd s glaim dd whavé{)?a'%aﬁsa' %‘f"ocess

conprising the s cc?ﬁpnses silicon nitride. d€POsi ting a layer of .polyamc acid
over said insul at I‘'ve curing said polyanmc acid layer;

depositing a | ayer of phot oresi st. over said pol yam c acid | ayer;
applying a developer olutjon to sai esi ISt er..to.define a 10
plurality of openings 3t'he{r 9 procesyi &y %g&ﬂo. W%%Fﬂﬁcy?ﬂgost%ﬁsd aci d
| ayer ing h%el‘f@tﬂie@%? a RgtReR&tlreSRich ;ee@mém t& fdlisd 1He atcharkie ot eargound
t herei n; baki ng said substrate to harden said acid | ayer,

except in said acid lam whas exposed to said developabsq gt iy a npoligitle ampent | ayer
and said salt fromitin, Sl dehSHLoRing said applying step.

| 14. The procsss as defined in claim 13 wherein said curing step
10 comprises the steps of baking said substrate at a first temperature and

baking said substrate at a second temperature.

15. The process as deéfined in claim 14 wherein said hrst
temperature is approximately 90°C.
15 _
16. The process as defined in claim 15 wherein said second

temperature is approximatsly 145°C.

"17.. The process as defined in claim 14 wherein said develope_r

20 comprises a base solution.

18.  The process as defined in claim 17 whersin said developer
cofnprises,a solution of tetramethyl ammonium hydroxide which includes a
surfactant. -

25 |
19.  The process as defined in claim 18 wherein said baking step is

performed at a temperature of approximately 190°C.



45 etching said |nsulat|ve Iayer in allgnnent with said openlngs to

expose sai d bondi ng pads. 2. The.process as defined in
claim 1 wherein said curing step is performed at a tenperature which
sufficiently reduces the etch rate of said 20 acid | ayer when exposed to
sai d devel oper so that only a negligible anmunt of said acid layer is
renmoved during said applying step. 13 The process as
defined in claim2 wherein said curlng step S performed at

approxi mat el y IﬂSE’E?! 4 The process as defined in
claim1l1 wherein s dg!;'giér nprlses a base sol ution.

5. The process as defined in- cIa|n14 wherein said devel oper 30 conprises
t et ramet hyl amoni um hydr oxi de. -6. The process$ as defined
in claim5 wherein said ifveloper farthner conprises a surtact amt.

- 9- 25
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. The process as defined In claim5 wherein said baking step is

performed at approximately 190[err]C 5 8. The process as
defined in claim7 wherein said insulative |ayer conprises silicon
Ritride. . 9. In a process for fabricating an integrated
circuit on a sem conduct or substrate, wherein electrical
connection to said circuit is 10 made through a plurality of bondlng
pads disposed on said substrate, a met 8 of protecting said
circuit from Me conpLA @ ng the steps of:

depositing a Iayer sai d substrate over said

substrat e; -curing said aC|d|Iayer deposi ting

a |layer of photore5|st over said acid Iayg//' " patterning
sai d photoresist |ayer; p05|n;\\§|d phot t yer to
a devel oper to define a openi ngs fherei gy sai

devel oper perneating into sai aC|d I. er||n the | regi oms beheat h
sai d openings to form a sg het-ei - ' bstrate

to imdize said polyam V/'a ! yr;bx 'rﬁ pd acid
- A Mevmmmatng1§hyqlggéioyeu t |ayer

| ayer to-a polyimde la
and said salt fromw thiy said regions, “sai d renmoving step formng
snoot h and graded edges ¢pn said poninjde
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.25 | ayer around said regions. 10. . The process as

defined in claim9 further conprising the initial - step of formng
aﬁ'lnsulatlve | ayer over said bondi ng pads. 30 11. The .
process as defined in claim 10 further conprising the final step
of etching said insulative |ayer exposed in said openings. - 10 -
12. The process as defined in claim11l wherein said insulative

| ayer conprises silicon nitride. 3/3 - 13. The process as
defi ned |¢p4ﬁji§? ein sai rgng step i s 5 perfornmed at a
tenperature hi:tgl uce the etch rate of said

acid | ayer when exposed to sald devel oper so that only a negligible anpunt
of said acid layer is renmoved during said applying step.
14. The process as de laim 13 wherein said curlng step

31
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<10 conprises the steps of bak| ng sai d .Substrate at a first tenperature and

baki ng said substrate at a second* tenperature 15.
Jhe process as defined in claim14 wherein said first :
tenperature is approximtely 90[err]C. . 15 : g 16.
The process as defined in claim15 wherein said second

tenperature is approximtely 145[err]C _ 17. The
process as defined in claim14 wherein said devel oper - 20
conprises a base sol ution. ABSTRACT 18. The process as
defined in claim 17 wherein said devel oper conprises a
solution of tetra ﬁﬁh&ﬁfﬂﬁ

surfactant . r“?&ﬁ&yﬂﬂ?ﬁﬁkﬁ%k@%ﬂ' ﬁﬂTb%ﬁEEEIUC65b as defined in
clai m 18 wherein said baklng step is perfornmed at a

tenperature of approximately 190[err]C.
A process for forming a protective polyimide layer over a

semiconductor substrate includes the steps of curing a deposited polyamic
acid layer at a temperature which is sufficient to reduce the etch rate of 3he

5 acid layer when subsequéntly exposed to a developer. After formation of a
photoresist masking laysr over the polyémic acid, thp substrate Is exposed
to a developer to define a plurality of bonding pad openings therein. The
developer permsates into the acid layec to form a salt in the regions beneath
the openings. Subsequent hardbaking imidizes the polyamic acid, but not

10 the salt regions. Removing the photorasist layer also develops the

polyimide which removes the salt regions to éxpose the underlying bonding
pads.

(Fig. 2)



