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FLIP-CHIP PACKAGE WITH OPTIMIZED ENCAPSULANT
ADHESION AND METHOD

Bacgground Of The Inventlon

1. Field of the Inventlon
This invention relates to the ﬁanufacture of electronic
modules, namely flip chip packaging, utilizing an'improved
method of aésembling the module.. The improved method
prov1des enhanced adhesion between a chip and a substrate by

treating the pa351vatlon coating of the chip. The result is

‘a more robust. electronic module.

2. Deécription of Related Art

Typieally,' in flip chip packaging, one or more
integfated circuit chips are mounted on a substrate to
comprise the electronic module. Pads on the chip are
electrlcally and mechanlcally connected to corresponding
pads on the substrate by a plurality of electrical
connectlons such.as solder 301nts. The chip: and substrate
are then subjected to a hlgherr temperature cau81ng the.
solder to melt and wet each pad in the module. The assembly
is cooled causing the solder to solidify, thereby ‘providing’
one or more electrical connections between the chip and the
substrate to_form the electronic module.

Subsequently, the module may receive a nonconductive
underfill to reduce the fatigue of the solder joints,
provide better- adhesion between the_chip and the substrate,
aﬁd protect the moduie from contaminants. In underfilling
the electronic module, a polymer, typically an epoxy resin,
with ceramic or glass filler, is allowed to flow under the

chip, between the solder joints, and heated at an elevated

~temperature to cure the underfill material.



-However,.it is difficult to promote adhesion between
the chip and the underfill material. A layer of passivation
on the chip once qu;éd is substantially inert. Thus, it
would be desirable to treat the cured passivation of the
chip.such that it is reactive and will bend to the underfill
material. | '

Bearing in.nind the problems and deficiencies of the
prior art, it is therefore an object of the present
invention to provide a robust electronic module having
enhanced -adhesion between the Chlp .and substrate.

It is another object of the present invention to
provide a method of assembling a robust electronie medule
having ennanced.adhesion between the chip and substrate.

Still other objects and advantages of the invention will
in part be obvibns and will in part be apparent from the

specification.

Summary of the Inventlon

The above and other objects and advantages, which will

Pe apparent to-one of skill in the art, are achieved in the

present invention whlch 1s dlrected to, in a flrst aspect, a-
method for prov1dlng enhanced adhe51on comprising the steps
of:
(a) nroviding a polymeric-film;
(b} modifying the polymeric film by oxidizing a -
surface of the polymeric film to form a modified
polymeric film;
(c) treating the modified polymeric film with a
polyamine;
(d)’ providing a polymeric. material fon adhesion to

the polymeric film; and



(e) contacting the polymeric material to the
polymeric film. '

- In another aspect, the present invention- is directed to

a method of forming an electronic module comprising +the

'steps of:

(a) prov1d1ng an 1ntegrated 01rcu1t chip hav1nc a

pass1vatlon layer thereon;

(b) modifying the ‘passivation layer by oxidizing a

surface of the pass1vat10n layer forming a modified

pa351vat10n layer; _

_-(c) treatlng the modified pa531vat10n layer _with a

polyamlne,

(d) providiné a substrate;

(e) contacting the chip to the substrate;

(£) 'dnderfilling a .gap between the chip and the

substrate with an encapsulant; and

(g)! euring the .encapsulant. ' _

Preferably, step (b) may comprise modifying the

pa531vatlon layer with an O, plasma at about 200 to about_

. 400 Watts for about 0.2 to about 5 minutes at about 0.1 to:
about 1 Torr with an 0, flow rate of about 25 to -about 200°
cc/minute to form a modified passivation layer.
Alternatively, . step (b) may comprise modifying the
passivation layer with ultraviolet'light and O3 for about 1
to about 30 minutes at wavelengths of 184.9 nm and 253.7 nm
'to form a modified passivation layer. Preferably, step (c)
comprises treating the modified passivation layer with a
solution of about 0.1 to about 50 wt.% of a polyamine having
a molecular weight of up to about 500,000.

Preferably, the polyamine comprises a cyclic amine

having one of the following structures:
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whereln R may comprise a suitable alkyl group hav1ng the
formula CygHyx-1, where X 1s from to 1 to 10 and n is about 90
to about 5000. )

In yet another aspect, the present invention is
directed to . a method of forming an electronic module
comprising the steps of: T

(a) providing an integrated circuit chip having a

polyimide layer tbereonh a surface of the polyimide

. layer -modified to form a modified polyimide layer;

(b) treeting the modified polyimide layer with a 1 to

5% solution of pol§(4—vinylpyridine); !
. (e)' "providing a. substrate hav1ng interconnect pads
correSpondlng to solder 301nts on the Chlp,

(4) contacting- the chip to, the substrate,

:'(e) formlng an electronlc modu;e by reflowing the,
solder'ﬁoints to electrically and mechanically connect
"the chip to the substrate;

(£) underfilling - the electronlc module with an

encapsulant; and

{g) curing the encapsulant for a sufficient time and

temperatufe.
Preferably, step (b) comprises treating the modified
polyimide 1layer with an about 5% solution of poly(4-
vinylpyridine) at about 0°C for about 5 minutes such that
the poly(4-vinylpyridine) substantially coats the modified

polyimide layer. Preferably, during reflowing of the solder



joints in step (e}, the poly(é—vinylpyridine) substantially
reacts with the modified polyimide layer.

;n still yet anther aspedt,'the present invention is
directed. to a.method of treating a wafer to provide chips
having enhanced. adhesion in an electronic module comprising
the stebs of: _ | )

(a) prbviding a wafer having a plurality of

.electrical devices formed and a passivation layer

théreon{ . _ _

(b) - patterning ‘and etching tﬁé passivation layer to

_form 'bbndiqg pads corresponding to the. electrical

- devices; - o ‘ . |

(c) applying solder to the Sonding pads;

.fd) oxidizing a surface of the passivation layer to

‘form a modified passivation layer:;

(e} treating the modified passivation layer with a

" solution of about Q.i_tq about ‘50 wt.% of a poiyamine;

ﬂ'(f) ,igflowing the solderh and . .
(9) :dicing the wafer to foiﬁfindividual chips.
Préferably, the polyamine ' comprises a cyclic amine

.

having-one of the following structures:.

——R — — R—

¢)

NH
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wherein R may comprise a suitable alkyl group having the
formpla_Cﬂhxq,.where.X is from to 1 to 10 and n is about 90
to about 5000.  Most preferably, the polyamine comprises
poly(4—vinylpyridine) having a molecular weight of about
20,000.



In a final ‘aspect, the present invention is directed to
an electronic -module comprising a substrate; an integrated
circuit chip aligned te the substrate through a plurality of
solder. joints, the chip havinc a layer of passivation
thereon, the layer of pa351vat10n having an oxidized surface
and treated w1th a polyamine; and an underfill material
. dlsposed between the chip- and the substraue, wherein . upon
heating the module .to reled the solder joints, the oxidized
surface of said passivation is adapted to react with said
polyamiheL and during curing of said underfill material,
said underfill material is adapted to react. with said
poiyamine. _

Preferably, the éolyamine comprises poly (4-
vinylpyridine). ‘

Brief Description of the Drawings

. The features of the innention believed to be novel and
the elements characterlstlc of- the -invention - are set forth
with partlcularlty in the appended clalms The figures are
for illustration purposes only and are not. drawn to scale.
The invention 1tself, however, - both .as to organization and
method of operatlon, may best be .understood by reference to
the detalled descrlptlon which follows taken in conjunction
with the accompany;ng draw1ngs in which:

Fig. 1 is a flow diagram of a preferred embodiment of a
method of-the present invention at the chip level.

Fig. 2 is a flow diagram of a preferred embodiment of a
method of the present invention at the wafer level.

Fig. 3 is a cross-sectional view of an electronic
module assembled in accordaace with a method of the present

invention.



-Fig. 4 is a comparison of the amount of force needed in
Chlp pull tests to delaminate flip chip test samples treated

~in accordance .with a method of the present invention Wlth
untreated samples.

.Description of the Preferred Embodlment(s)

In descrlblng the preferred embodiment of the present
inventlon, reference will be made herein to Figs. 1-4 of the
drawings 1n wh1ch like numerals refer to like features of
the 1nventlon. Features of the invention are not
necessarily shown to scale in the drawings. -

The present 1nventlon is dlrected to a laminate flip-
Chlp package structure that is robust with high fracture and
delamlnatlon re31stance at the - chip  passivation and‘
Ainderfill 1nterface. This is accompllshed by modifying the
chip surface, preferably, in accordance with the steps
outlined in the flowchart of Fig. 1 for forming a robust
electronlc module or flip chip package.

. A- typical integrated c1rcu1t chxp having a plurality of:
electrlcal devices thereon may be mounted on a 31ngle or
multi-layer substrate. Generally, pads on the Chlp are.
electrlcally and mechanically connected to corresponding
pads on the substrate by a plurality of electrical
.connections such as solder joints. The solder joints may be
formed on the chip by any means known in the art, for
example, by plating or evaporation.

Generally, prior to forming the solder joints, the chip
is preferably coated with a suitable passivation layer and
cured. Examples of suitable passivation materials may
-include polyimide, - benzoéyclobutene, and polyimide-

polysiloxane co-polymers. A preferred passivation material



.comprises polyimide. The passivation is typically patterned
and etched according to known methods in the art at the
'siteé-requiring solder joints. Since "the passivation is
preferably a cured- polymeric materlal it is fairly
'unreactlve and must be treated ‘in order to react with
another polymer. Thus, to enhance the adhe51on of the
passivation to the underflll the surface of the passivation
must ‘be modified to provide the necessary reactive sites.

The present invention ‘utilizes chemical modification of
a surface of the. pass:.vatlon material to form a modified
pa331vatlon ‘followed by treating the modified. .passivation
with a non-silane coupler, in particular, a polyamine
coupling agent. Preferably, exposure to an oxidizing
atmosphere is'used to chemically modify the passivation to a
sufflc:Lent depth maklng it more reactive than the cured
passivation material. Oof course, other chemical
modification techniques may be used such as ion beam
bombardment of the passivation layer. It is suspected that
the chemlcal modification of the.- pa551vatlon material allows
formation of free carboxyl. groups :on the surface of the
passivation mater;al by sufficiently ox1dlzlng a top surface
of the passivation. . -

Preferably, the.oxidizing atmosphere'may comprise an O
plasma at about 200 to about 400 Watts for about 0.2 to
about 5 minutes under the following conditions: about 0.1 to
about 1 Torr.with an 0, flow rate of about 25 to about 200
cc/minute. Most preferably, the 0, plasma conditions occur
at about 300 Watfs; at about 0.35 Torr with a flow rate of
about 75 cc/minute for about 1 to ‘about 3 minutes in a
plasma reaction chamber: '

Another embodiment utilizes an ultraviolet (UV) 1light

source which is able to produce O; from the air surrounding



the chip in a UV/O; reaction chamber: The chip is typically
placed at a distance of about 2 to about 50 mm away from the
UV light source and exposed to the UV and.O; generated for
about 1 -to about 30 minutes-. The wavelengths generated by
the UV light source ‘are 184.9 nm and 253.7 nm. Preferably,
the Chlp is placed about 5 to 6 mm away from the light
source for about 5 to about 10 mlnutes

Once the_ chip passivation has been modified, a dilute
solution of a non—silane coupler, in particular, a polyamine
coupl:Lng agent in-'a suitable solvent is applied to the chip
surface, €. g , - by dipping the ‘Chlp Preferably, the
polyamlne coupllng agent has a molecular welght in the range
of up. to about 500,000, most preferably about 20,000. The
polyamine may include saturated and unsaturated aliphatic
a’nd cyclic. amines, and quaternary ealts of the amine.
Ereferably, the polyamine has an .aliphatic backbone for
flexibility in solution .\.nlith the amine functionalities
branchlng off the aliphatic bac.kbone. The polyamine is
preferably used in about 0.1 to abeut 50 wt.% solution using .
any suitable solvent which dlssolves the amine, and most
prefefably at a concentr_ation of about 1 to 5%. -
Preferably, t]_ne pol-yamine comprises a cyclic amine

having one ‘of the following structures:

— “R— —f—R = — R
=
. 0
. N _n | M —n L. N _J,
pyridine pyrrolidone piperidine

wherein R Iﬁay comprise a suitable alkyl group having the

formula CyxHzx-1, where X is from to 1 to 10, most preferably
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where X is 1 (methyl) or 2 (ethyl), and n is about 90 to
about 5000.. Most preferably the cyclic amines comprise
poly(3—v1nylpyr1d1ne), poly(4- v1nylpyr1d1ne), 2-methyl-5-
Vlnylpyr;dlne,h- . 5—ethyl—2—vinylpyridine, poly (3-
vinylpyrrolidone), _poiy(4-vinylpyrrolidone), poly (3-
vinylpiperidine), -and poly(4—vinylpiperidine). The " most
preferred'polyamine comprises ooly(4—vinylpyridine) due to
its demonstrated effectlveness . The poly(4—vinyloyridine)
is used as a methanollc -solution at a concentration of about
1 to adbout 5%, even.more preferably at about 5%. Suitable
- quaternary salts of the polyamlnes.such as poly(N-methyl-4-
pyridium bromide), may-also be used in'the present invention
to prov1de better solublllty of the polyamine when preparing
the solutlon. '

Monitoring - of a chip surface having a polyimide
.passiv.ation coating was performed by X-ray Photoelectron
Spectroscopy (XPS) .using a Physical Electronics 5500 Multi-
probe Spectrometer. The follow:Lng table shows the atomic
. percentages ‘of carbon, nitrogen and oxygen of the polyimide
surface prior to ‘treatment, aftér’ chemical modification of
the surface and also after treatment w1th the polyamlne.
The sample chip had' a PMDA-ODA polyimide coating. The
surface modlflcatlon technlque employed an 0Oz plasma at
about 0.35 Torr for about 3 minutes with an O, flow rate of
about 75 cc/mlnute followed by treatment with a 5% solution

of poly(4—vinylpyridine) in methanol.
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TABLE T
~Sample . 3 TEN 30
polyimide T 79.1 6.3 - 14.6
w/surface ' 61.4 7.5 31.2
modification ) ] )
w/surface " 82.6 10.3 6.7
modification & T h
amine treatment

Expo_sing- the po'lyir_n:i'.de'to the 0, pla'sm.a increases the oxygen
concentration of ‘the surface of the polyimide due to
oxidation of' the polyimide structure. Oxidation _of the
polyimide r1ng forms free carboxyl groups on the surface to
. provide the’ reactlve s1tes needed to attach .the polyamine.
After ‘treatment with the polyamlne, the nitrogen and carbon
concentratlons 1ncrease as expected since the polyamine is
adsorbed onto the surface of the ‘modified polyimide.

The most preferred ‘eémbodiment of the present method
ut,lllzes a dJ.lute solutlon of poly(4-v1nylpyr1d1ne) of about
1 to about ‘5% in methanol ‘The Ghlp is ‘dipped 1nto the
solutlon at about 0°C for about 1.- to about 30 mJ.nutes,
preferably. about 5 minutes, "to allow the "amine sufficient
time to adsorb onto the modified passivation and form a
quaternary salt. The chip is then rinsed with the methanol
to remove any excess unadsorbed amine. Typically, more than
one appl:ication of the amine solution is preferred to ensure
formation of the quaternary salt on the surface of the
modified passivation. o

Following treatment of the chip with the polyamine
coupling agent, the solder joints on the chip are aligned to
correspond to the interconnect pads on the substrate. The
solder joints may be-fluxed to increase the wettability of

the solder. The solder joints are reflowed by heating for a
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time and temperature sufficient to nelt the solder. While
not wishing to be bound by theory, it is believed that
during reflow,. the_ polyamine-_reacts .with the modified
passivatidn on the surface of the passivation. However,
there are still wunbound amine sites along the polyamine
chain.. for further reaction w1th the underfill material to
provide the adhe51ve strength of the present invention.

After reflow of the. solder joints, the flip chip
package is underfllled with a sultable encapsulant Typical
. encapsulants comprlse polymers, preferably epoxXy resins,
known in the- art. Sultable encapsulants are’ available from
the Dexter Corporatlon of Industry, California, and marketed
as FP4511 and _FP4527. The 'encapsulant is dispensed
accordlng to 'conventional méthods along the edges of the
chip ‘and fills the gap between the Chlp and substrate by
-caplllary' action. ° Upon curing the underflll encapsulant
under the appropriate "condltlons spe61f1ed by the
manufacturer of the encapsulant, the encapsulant chemically
reacts w1th the polyamine coupllng agent. It is bellevedu
‘that the polyamine, while anchored: to the pa531vatlon at one’
end by having reacted with the modified pa331vatlon, reacts
with the encapsulant at the epoxy ring sites with the
remaining free-amine_functionalities on the polyamine.

The resulting eledtronic-lmodule is shown in Fig. 3
where the semicenductor chip having modified -passivation 5
is connected to the substrate with solder joints 10. An
underfill materlal ‘15 is dispensed between the chip and the
substrate. The "polyamine reacts with the modified
passivation and ‘the underfill material to provide enhanced
adhesion at the chip and underfill interface.

' An unexpected advantage in utilizing the present method

is that the chips may be treated with the polyamine at the
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wafer ' level. Treating the wafer increases the
-manufacturabiliry and decreases the “cosr of flip chip
packaging 'The flow’ diagram of ‘Fig. 2 shows the steps
1nvolved in :melementlng the present method at the wafer
'level. '

A 5111con wafer having one or more devices or circuits
formed thereon is coated with pass1vatlon and cured The
pad areas for each resultlng chip are defined by patterning
and etchlng according to -conventional methods. The solder
301nts for each resulting chip are formed by conventional
.methods, for~ example, plating or evaporatlon. _ -

The wafer is subjected to the chemical modlflcatlon as
'deecrlbed_above and a surface of the passivation material is
oxidized. A polyamine solution is applied to the modified
‘passivation. The solder deposition on the wafer is reflowed
to. form uniform spherical .shapes. .The wafer is diced to
.singulate the individual chips.’ The individual chips are
electrlcally and mechanlcally connected to a substrate and
‘the underflll applied. .and cured . The same process
:conditions employed on the ch1p level dlscussed above are
also used at the wafer level processing. SR

) Another_unexpected advantage is wheére the substrate is
an organic substrate. Organic substrates which may have a
passivation cdating or other polymeric coating thereon may
be sﬁbjected_ to the oxidation and treatment with the
polyamine to provide enhanced adhesion at the underfill and
substrate interface.

The present method of wusing a non-silane coupler,
parficularly the demonstrated effectiveness of polyamines,
unexpectedly provides a substantial increase in the strength
of the flip chip package at the chip” and underfill
interface. Chip-pull tests of f£flip chip test samples
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without solder Joints assembled in accordance with the
present 1nventlon show about 1208 improvement in adhesion
strength over untréated’ flip chip test samples.
Surprrsingly,'the test samples after treatment are so robust
that in fracture experiments, the interface between the
underflll and chip remains 1ntact wnile ths layers of a
lamlnate substrate tear. |

Flg: 4 shows a comparison of the-chip—pull force of a
flip chip test .sample assembled ih accordance with the
present invention and untreated flip chip test samplies. On
average, where there was no treatment of the test _sample,
about 14 1bs. was required to pull apart the test sample.
Where ‘the test sample was" merely treaeed with an 0O, plasma,
the average force required to pull the -flip chip apart was
about 25 1lbs. However, in practicing the present invention
Qhere-the test sample was exposed to an 0, plasma at about
0.35!Torr_for about 3 minutes with an O, flow rate of about
75 é;c/_miﬁu_ﬁe_'followed by treatment with a 5% solution of
po;y(4—vin§ipyridine) in_methanelpﬁfhe-force required was on.
the average pf about 32 1bs.

The present-invention achieves the objects cited above.
- It has been unexpectedly found that altering the surface of
the passivation coating on the chip of an electronic module
with a chemical modifier followed by treatment with a
polyaﬁine coupling agent provides enhanced adhesion at the
chip aﬁd underfill interface. The resulting electronic
module is more robust since the aﬁine acts as a chemical
anchoring site for both the modified passivation and the
underfill material.

While the present invention hzs beer particularly
described, = in conjunction with & specific preferred

embodiment, it is evident that many alternatives,
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modifications and \fariations_ will be apparent to those
_skilied in the art in liéht .of fhe foregoing description.
It is tr}ere'fore'c:'ontéiﬁpl_ated that _the éppended claims will -
embrace any such alternatives, modif_-_icat':ions and variations
as falliﬁg within i':.he' true scope.ar_l'd spirit of the present
-invention. _ - . | |

Thus, having described the invention, what is claimed
Cisc:o
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T

~ Claims

A method. for providing enhanced adhesion comprising the

steps of:

" 2.

(a) providing a polymeric film;

(b} modifying said polymeric film by oxidizing a surface
of said polymeric film to form a modified polymeric film;:
(c) treating said modified polymeric film with a
pquamine cogpl;ng agent;

(dy 'p;oﬁiding'a polymeric material for adhesion to said
polymeric film; and ' o

(e) contacting said polymeric matérial to said pSlymeric
film.

The method of claim 1 'wherein step (a) comprises

providing a polyimide film. -

3.

f.:The -method of claim'zl wherein  step (b) comprises

ex‘pési‘;hg said 'polyme'ric film -to  an O plasma to form a

modified poiymeric film,

4.

" The method of claim 1 wherein step (b) éomprises.

exposing said polymeric film to ultraviolet light and O3 to

form a modified polymeric film.

5.

The method of claim 1 wherein step (c) comprises

treating said modified polymeric film with a 'polyamine

having a molecular weight of up to .about 500,000.

6.

. A method of forming an electronic module comprising the

steps of:
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(a) providing an integrated circuit chip having a
passivation layer thereon;
(b) - modifying the"passivatlon layer by oxidizing a
surface of . sald passivation layer formlng a2 modified
pa551vatlon layer,
(c)' treatlng the modlfled pass1vatlon layer .with a
polyamlne, _ ' _
(d) providing a substrate;
(e} contacting said chip to said substrate}
(£f) underfilling a gap between said chip and said
~ substrate With-an_eneapsqlant; and

-

(g) ‘curing said'encapsulant;

7. The method of claim 6 whereih step (a) comprises
prov1d1ng an 1ntegrated c1rcu1t chip having a polyimide
layer thereon.

8..- The method of clalm 6 whereln step -(b) comprises
modlfylng the pa831vatlon layer w1th an 02 plasma at about.
200 to about 400 Watts for about.0.2-to about 5 minutes at ’
about 0.1 to about 1 Torr with an O; flow rate ‘of -about 25
to ahout 260 cc/minute to form a modified passivation layer.

9. -The _ méthod of . claim- 6 wherein step (b) comprlses
' modlfylng the pa531vatlon layer with ultraviolet 1light and
O3 for about 1 to about 30 minutes at - wavelengths of 184.9

nm and 253.7 nm to form a modified passivation layer.

10. The method of claim 6 wherein step (c) comprises
treating the modified passivation layer with a solution of
about 0.1 to abéut 50 wt.% of a polyamine having a molecular

weight of up to about 500, C00.



OO

11: The method of claim 6 wherein step (c) comprises
treatlng said modlfled organic film with a polyamine having
'the following structure:

=K

AN
N

b —ln

wherein R hag-the'formulé Cﬂhx4'énd-x is equal to 1 to 10
and n is about 90 to about 5000. -

12. The method of cla1m 6 whereln step (c) comprises
treatlng sald modified organic fllm with a solution of about

0.1 to 50 wt.% poly(4—v1nylpyr1d1ne) having . a molecular
welght of about 20 000.

13. The method of claim 6 whereln step (c) comprlses
treatlng said modified organic fllm w1th a polyamine hav1ng

the following structure

-

NH

— —in

wherein R has the formula Cﬁbm; and X is equal to 1 to 10
and n is about 90 to 5000.

14. The method of claim 6 wherein step (c) comprises
treating said,mqqified organic film with a polyamine, having

the following structure
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_T.-NH -—Jn_
wherein ﬁ has.the formula CyHyx, and X is equal to 1 to 10
and n is about 90 to about 5000.

15. ‘A method of forming an electronlc module comprlslng the
steps of: .
(a)' providing an integrated -circult chip~ haVving a
polyimide layer thereon, a surface of the polyimide layer
modified to form a modlfled polylmlde layer:;
.(b) treating the modified polyimide layer with a 1 to 5%
- solution of poly(4-vinylpyridine);
’ (c) - providing a substrate having interconnect pads
correspondlng to solder joeints on said chip:;
(d) ° contacting said chip to- said. substrate; '
_(e) forming an electronic module- by reflowing said
solder joints to electrlcally' and lnechanlcally connect
said Chlp to said substrate;
(f) underfilling said _ electronic module with an.
" encapsulant; and - )
(g) curing said encapsulant for a sufficient time and

temperature.

16. The method of claim 15 wherein in step (a) a surface of
the polyimide layer'is modified by exposing the polyimide
layer to an 0; plasma.at about 300 Watts for about 3 minutes

at about 0.35 Torr at an O, flow rate of about 75 cc/minute.
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17.-'The method of claim 15 wherein in step (a) a surface of
the polyimide layer is modified by'éxposing the polyimide
-layer to ultraviolet light and O3 for about 5 minutes.

18. . The method .of claim 15 wherein step (b) comprises
treating  the- modified polyimide layer with an about 5%
solution of poly(4-vinylpyridine) having a molecular weight
of up to about 500,000 at about 0°C for about 5 minutes such
that the poly(4—vinylpyridine) substantially coats the
modified polyiﬁide layer.

19. - The method of claim 15 wherein in . step (e)— during
reflowing of_said;aolder joints, the poly(4-vinylpyridine)
substaﬁpially reacts with the modified polyimide layer.

20} A method of treatlng a wafer to prov1de chips having
enhanced adhes:Lon in an electronic module comprising the
-steps of'-
(a) prov1d1ng a wafer hav1ng a plurallty of electrlcal.
dev1ces formed and a passivation layer thereon;
~ (b) patternlng and etching said passivation Jlayer to
form bondlng pads: corresponding to the electrical
'dev1ces, '
(c) applying solder to said bondlng pads;
(d) oxidizing a surface of the passivation layer to form
a modified passivation layer;
(e) treating the modified passivation layer with a
solution of about 0.1 to about 50 wt.% of a polyamine;
(£) reflowing said solder; and
(g) dicing said wafer to form individual chips.
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21. The method of claim 20 further including the steps of:
(h) providing a substrate and allgnlng the individual
chips. on said substrate, -

"(i) forming an electronic module by reflowing said
solder to _electrically' and mechanically connect said
_individual chip to said substrate; -

(j)- .underfill.ing said® electronic module with an
en_capsulal;xt_; and . | _

(k) Curiﬁg- .said encapsulant for-‘a sufficient time and
temperature.- | o

22. .The method of claim 20 wherein step (d) corﬁprises

oxidizing a -surface of the passivation layer to form a

‘modified passivation layer by e-Xposing the .passivation layer

1_:6 an O plasrﬁa.-

23. The method of claim 20 wherein step (d) comprises
OdelZlng a _ surface of the pass:LvatJ.on layer to form a
modified pass:.vat:l.on by exposing.s the pass:.vat:.on layer 'to
ultraviolet light and Oz

24. The method ‘of claim 20° whérein in step (e) said

polyamine has the following structure:

— .F.'
“/
L__\N _In

wherein' R has the formula CxHx-1 and X is equal to 1 to 10
and n is about 90 to about 5000.




L mmm

25. The method of claim' 20 wherein in step (e) said
polyamine has the following structure: '

— R =

NH ©

. —in

whe;ein R has the formula CxHsx-1 and X is equal to 1 to 10
and n is about 90 to 5000.

26._ The method of claim. 20 wherein in step (e€) said

polyamine has the following strpcture:

NH

e —In
whereiﬁ'R has the formula Cﬂh#& gﬁa X is equal to 1 to -10
and n is about 90 to.about 5000. - : ‘

27. An éiectrdnic module comprising
a substrate; . ’
an integrated circuit chip aligned through a plurality of
- solder joints to-said substrate, said chip having a
layer of passiﬁation thereon, the layer of passivation
"having an- oxidized surface and treated with a
polyamine; and '
an underfill material disposed between said chip and said
substrate, ' .
wherein upon hea;ing the module to refiow the solder joints,

the oxidized surface of said passivation is adapted to react



o

with said polyamine, and during curing of said underfill
material, said underfill material is adapted to react with

said polyamine,-

28." . The electronic module of claim 27 wherein said layer of
modified-passivatiqn is'treatéd"with a polyamine comprising
poly (4-vinylpyridine).

29. An electronic module made_by the process of claim 6.

30. BAn electronic module made by the process of claim 15.



