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FLIP-CHIP PACKAGE WITH OPTIMIZED ENCAPSULANT 

ADHESION AND METHOD 

Background Of The Invention 

1. Field of the Invention· 

This invention relates.to the manufacture of electronic 
modules, · nam~ly flip chip packaging, utilizing an· improved 
method of assembling the module. The improved method 
provides enhanced adhesion between a chip and a substrate by 
treating _the passivation coating of the chip. The result is 
a more robust. electronic module .. 

2. Description of Related Art 

Typi~ally, in flip chip packaging, one or more 
integrated circuit chips 

comprise the electronic 

are mounted 

module. Pads 

on a 

on 

~lectrically an~ mechanically connected to 

pads on the substrate by a plurality 

substrate 

the chip 

to 

are 

corresponding 

of electrical 
connec;tion~ .such .. as solder joi~ts. The chip: and substrate 
are then subjected to a hig~er)'."' temperature causing th~. 
solder to melt ~nd wet each pad in'the·module. The assembly 
is coo le?- 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 nonconducti ve 
underfill to reduce the fatigue of the solder joints, 
provide better· adhesion between the chip and the substrate, . . 

and protect the module 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. 
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However, it is difficult to promote adhesion between 

the chip and the underfill material. A layer of passivation 

on the_ chip once C'.ur~d is substantially inert. Thus, it 

would· be desirable to treat the cured passivation of the 

chip.such that· it is reactive and will bond to the underfill 
material •. 

Bearing i.n mind 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-adhe~ion between the ~hip .and substrate. 

It is another object of the present invention to 
. -·. 

provide a method of assembling. a robust electronic module 

having en~anced adhesion between the chip and substrate. 

Still other objects and advantages of the invention will 

in part be obvious and· will in part be apparent from the 

:Specification. 

Summary of the ·In~ention 
-.. \o." 

The above and other objects .. ·~nd advantages, which will 

be apparent to:one.of skill in the art, are achieved in the 

present invention which is d~rected to, in a first aspect, a · 
. . . 

method for prov~ding enhanced adhesion comprising the steps 

of: 

(a} providing a polymeric· film; 

(b} modifying the polymeric film by oxidizing a · 

surface of the polymeric film to form a modified 

polymeric; film; 

(c} tr~atin9 the modified polymeric film with a 

polyamine; 

(d) · providing a polymeric. material for adhesion to 

the polymeric film; and 
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polymeric material to the 

In another aspect/ the present invention-is directed to 
a method of .~orming an electronic module comprising the 
·steps of: 

(a) providing an integrated c·ircuit chip having a 
passivation layer thereon; 

{b} modifying the _passivation layer by oxidiziric a 
surface of the passivation l~yer forming a modified 
pas~ivation·layer; 

(c) treating tl~e modified passivation l?J:yer _,with a 
polyamine; 

(d) providing a substrate; 

{e) 

{f) 

contacting the chip to the substrate; 

·underf illing a gap between the chip and the 
substrate·with·an encapsulant; and 

{g) curing t~e .encapsulant. 

, ·. ~·:re;fe~aJ;>ly, step (b) may comprise modifying the 
passivatiori --laye~ with an 02 ~la~~~ a't about 200 to about 
400 Watts for about 0.2 to ab9ut 5 minutes at about 0.1 to: 
about 1 Torr with an 02 flow rate of about· 25 to ·about 200·,. 
cc/minute to 

Alternatively, 

form a modified passivation layer. 
step (b) may comprise modifying the 

passivation layer with ultraviolet l~ght and 0 3 for about 1 
to.about 30 minutes at wavelengths of 184.9 nm and 253.7 nm 
to form a modified passi vat.ion layer. J:'.referably, step ( c) 
comprises treating the modified passivation layer wi tr.. a 
solution of about 0.1 to about 50 wt.% of a polyamine hav~ng 
a molecular weight of up to about 500,090. 

Preferably, the polyamine comprises a cyclic am~ne 

h~ving one of the following structures:· 
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wherein R may comprise a suitable alkyl group having the 

formula CxH2x-1·, where X is 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: ·-=. 

· .. 

(a} pr~viding an integrated circuit chip having a 

'·;polyimide layer thereon, a surf ace of the polyimide 

layer-modified to form a modifie~ polyimide layer; 

(b} treating the modified poiyi~ide layer with a 1 to 

5% solution of poly (-4-vinyJ,.pyridine} ; 

(c) · providi~g a. substrate having interconnect :pads 

·corresponding to solder jclint_s..-on the chip; 
. . "":~::' . 

(d) cont~cting·the chip to.~p~- substrate; . . ~ . . 
(e) foiming an electronic module· -by re.fl<.>wing the., 

solder·joints· to electrically and mechanically connect 

the chip to the substrate; 

(f} uz:iderfilling · the electronic module with an 

encapsu_lant; and 

.(g) curing the encapsulant for a sufficient time and 

temperature. 

Preferabiy, step (b) comprises treating the modified 

polyimide layer with an about 5% sol~tion 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 reflo~ing of the solder 
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joints in step (e), the ~oly(4-vinylpyridine) substantially 

reacts with the modified polyimide layer. 

In still ,yet anoiher aspect, the present invention is 

directed. to a.method of treating a wafer to provide chips 

havi~g enhanced. adhesion in an electronic module comprising 

the steps of: 
. . 

{a} providing a wafer having a plurality of 

.electrical devices formed and a passivation layer 

thereon; 

(b) patterning and etching the passivation layer to 

form . l?ondin:g pads cor'responding to the.. ele.ctrical 

· devices; . · 

(c) applying solder to the bonding pads; 

(d) oxidizing a surfa6e of the passivation layer to 

·form a modified passivation la¥er; 

-(e} treating the modified pa~sivation layer with a 

·solution of about 9.1 to abo~t:so wt.% of a polyamine; 

(f") .reflowing the solder;, and . 

(~) :d-icing the ~afer to ~~rn\.:lridividual chips. 

· · Preferably, the polyamine · comprises a cyclic amine 

having·. one of the fc;>llowing structures: . 

n NH 
n 

wherein R may .comprise a suitable alkyl group having the 

formula CxH2x-1 , . V?here 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. 
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In a final ·aspect, the present ~nvention is directed to 

an ~1E7ctronic ·modul_e . comprising a substrate; an integrated 

circuit chip aligned to the substrate through a plurality of 

solder. joints, the chip having a layer of passivation 

thereon, the la¥~r of passivation having an oxid~zed surface 

and treated wi~h .a polyarnine; and an underfill material 

disposed betw·een the chip· and the substrate, wherein . upon 

heating the moqule.to reflow the solder joints, the oxidized 

surf_a~e of said passivation is adapted to react with said 

polyamine,. and during curing of said underfill material, 

said underfill material is adapted to react. with said 

polyamine. 

Preferaply, 

vinylpyridine). 

the polyamine comprises 

Brief Description of the Drawings 

poly(4-

The f~atures of the invention believed to be novel and 

the. elements characteristic. of·.!the--invention. are set forth 
. . -~--

with particularity in.the app~nde~: ~laims. The figures are 
. ' : ... 

for illustration purposes only and are no~. drawn to scale. 

The. invention i_tself, however,· both .as ~o organization and 

method Of Ope~ation, may best be ;Understood by reference to 
. .. - - . 

the detailed ~escription which follows taken in conjunction 

with the accompany~n~ drawings 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 inven~ion at tpe wafer level. 

Fig. 3 is a cross-sectional view of an electronic 

module assembled in accorda~ce with a method of the present 

invention. 
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·Fig. ~ is a .comparis~n of the amount of force needed in 

chip-pull tests to delaminate flip chip test samples treated 

in acc;:ordance . with a method of. the present invention with 
untreated samples . 

. Description of the Preferred. Embodiment ( s). 

·rn descr_ibing the preferred embodiment of the present 

invention, reference wi11· be made herein to Figs. 1-4 of the . . 
drawings _in which. like numerals refer to like features of 

the invention. Features of the invention are not 
nec~ssarily shown to scale in.the drawings . 

. . ·.The ·present· invention is dire·cted to a laminate flip-
. . 

chip ~ackage structure that is robust with high fracture and 

d~lam~·nation resi"stance at the . chip . passivati~n and 

.underfill interface. This is accomplished by modifying the 

chip surf~ce, preferably,. in acco~dance with the steps 

outl.ined i:(l. the £:lowchart of Fig. 1 for forming a robust 
ele6tr~nic ·:.-modµle. or flip chip pac.k.age. 

- ... · • c.. • 

A ·typical integrated circui"':- ··~hip havi·ng a plurality of" 

:~lectrical devices thereon may be ~ounteq ori a s~ngle or 

multi-layer substrate. Generally, pads on the chip are 
electrically and mechanically 

pads on the substrate by 

connected to corresponding 

a plur~lity 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·. 

Generaily, prior to forming the solder joints, the chip 

is preferably coated with a suitable passivation layer and 

cured. ·Exampl"es of suitable passivation materials may 

-include polyimide, _ benzocyclobutene, and polyimide-

polysiloxane co'-polymers. A preferred passivation material 
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comprises polyimide. The passivation is typically patterned 
and etched acco1:'ding to known methods in the art at the 
sites· requirin·g s<;>l9.er joints. 
pref~rably a cured· polymeric. 
unreactive arid must be treated 

Since·· the passivation is 
material, it is fairly 
in order to react with 

another polymer. Thus, to enhance the adhesion of· the 
passivation to the underfill, the surface of ~he passivation 
must ·be modified to prov_ide the i:iecessary reactive sites. 

The present invention utilizes chemical.modification of 
a s1:1rface_ of the. passi~ation ~ateri.al to form a modified 
passiva.tion ·foll.owed by treating the m;odified ... pas.s.:Lvation 
with a non-silane coupler, in particular, a polyamine 
coupling agent. Preferably, exposure to an oxidizing 
atmosphere is used to chemica1ly modify the passivation to a 
sufficient depth making it more reactive than the cured 
passivation material. Of course, other chemical 
modification te~hniques may- be .used such as ion beam 
bombardment of the passi vatiqn ;Layer.. It is suspected that .. • • ' ·1.: :: . • the chemica1 modification of the-p4ssivation material allows 
··:formation of free carboxyl groups. ·on the surface of the 
passivation mater~al by su~ficiently oxidizing a· top surface 
of the passiv~tion. 

Preferably, the oxidizing a~osphere may comprise an 02 
plasma at about 200 to about 4o"O Watts for about 0. 2 to 
about 5 minutes under the following conditions: about 0.1 to 
about 1 Tori.with an 02 flow rate of· about 25 to about 200 
cc/minute. Most preferably, the 02 plasma conditions occur 
at about 300 Watts~ at about 0.35 Torr with a flow rate of 
about 7 5 cc/minute for about 1 to ·about 3 minutes in a 
plasma reaction chamber. 

Another embodiment utilizes an ultraviolet (UV) light 
source which is able to produce 0 3 from the air surrounding 
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the chip in a UV/03 reaction chamber. The chip is typically 

placed at a distance of about 2 to about SO mm away from the 

UV light source a~d exposed to the UV and.03 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 chip is piaced about .5 to 6 mm away from the light 

source for about·5 to about 10 minutes. 

Once the chip passivation has been modified, a dilute 

solution of a non-silane coupler, in particular, a polyamine 

coupling ·agent in ·.a suitable solvent is applied to the chip 

surface,. e:. g:· •. , . by dipping the ·. chip. Preferabl.y, the 

poly_am~ne coupling agent _has a molecuiar weig~t in the range 

of up. to about ~00, 000, most preferably about 20, 000. The 

polyamine may include satu':'=ated and unsaturated aliphatic 

and cyclic· amine~, and quaternary salts of the amine. 

~referably, the· polyamine has an aliphatic backbone for 

flexibility in solut1on with the amine . functionalities 

brancih.ing J:>~f· the aliphatic Rackb~ne . The polyamine is 

preferably.used in about 0.1 to ab~ut 50 wt.% solution using. 

ai:iy suitable solvent which dissolves· the amine, and most 

prefe~ably at a concentration of about 1 to 5% .. 

Preferably, the pol.yamine compri_ses a cyclic amine 

having one·of the_following structures: 

~ 
N n 

pyridine pyrrolidone 

NH 
n 

piperidine 

wherein R may comprise a suitable alkyl grqup having the 

formula CxHzx-1 , where X is from to 1 t·:) 101 most preferably 
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where X is 1 {methyl} or 2 (ethyl}, and n is about 90 to 

about ?000.. Most preferably the cyclic amines comprise 

poiy (3-vinylpyridine} ;··. poly (4-vinyl·pyrldine)·, · 2-methyl-5-
.. 

vinylpyridine, 5-ethyl-2-vinylpyridine, poly(3-
. . . . . . 

vinylpyrrolidc:~me), poly(4-vinyipyrrolidone), 

vinylpiperidin~}, -~rid poly(4-vinylpiperidine). 
. . . 

poly{3-

The ··most 

preferred ·po·lyamine comprises poly ( 4-vinylpyridine) due to 

its d,emons~~ated e~fec_ti venes_s. . The poly ( 4~vinylpyridine) 

is used as· a m.ethanolic -so·lution at a concentration of about 

1 to about 5%, even. ·more preferably at about 5%. Suitable 
. . 

quaternary s?ilts· of the polyamines.· such as poly.(N-Il).e;~hyl-4-

pyri~iuin bromide), may·also b~ used in"~he present invention 
. . 

to provide better solubility of the polyamine when preparing 
· .. 

the s9lution. 

Monitoring · of a chip surfaqe having a polyim.ide 

passivation coating was performed by X-ray Photoelectron 

Spectroscopy (XPS) :using a Physi6al Electronics 5500 Multi­

pr.obe . Spec:tz:ometer. The ~oll<;>~ing . table shows the atomic 
: ., • " .. ,~:'" • a 

perce~tages ·of carbon, nit~ogen app·ox~gen of the polyimid~ 

:surface prior to ·treatment, after' chemical modification of 

the surface and also after treatment with the polyamine. 

The sample chip had· a PMDA-ODA polyimide coating. The 

surface modification technique emp;loyed an 02 plasma at 

about ·Ch 35 Torr fo·r about 3 minute13 w.i th an 02 flow rate of 

about 75 cc/minute followed by trea~ment with a 5% solution 

of p~ly(4-vinylpyridine} in methanol. 
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TABLE; I 

Sample %C %N-. %0 
polyimide 79.1 6 .. 3 14.6 

w/surface 61. 4 7.5 31.2 modification 
w/surface 82.6 10.3 6.7 modification & 

amine treatment 

. . 
Expo_sing the polyi~ide to the 02 plasma increases the oxygen 
concentration of "the surface of the polyimide due to 
oxidation of· the pol"yimide structure. Oxidation of the 
polyimide ring forms free carboxyl groups on the surf ace to 
provide the· re.active· sites~ needed to attach .the polyamine. . . 
After ··treatment with the polyamine, the nitrogen and carbon 
~oncentrations .increase as expec~ed since the polyamine is 
~dsorbed onto t~e surface of the modified polyimide. 

The most ·preferred embodiment of ·the present method . . . 
ut~li~es a.a~lute solutio~ of poly(4~vinylpyridine) of about . .. . . :. 
1 to about :5% in methanol·~ The~/~hip is "dipped into the 
solution at about 0°C for about· 1-· to about 30 minutes, . . 
preferably. about 5 minutes, · to allow the· ·amine sttf f icient 
time to adsorb onto the modified passivation and form a 
quaternary salt. The chip is then ·r.insed with the methanol 
to remove any excess unadsorbed amine. Typically, more than 
one application of the amin~ solution is pref erred to ensure 
formation of the quaternary salt on the surface of the 
modified passivation. 

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 joint~ 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 melt the solder. While 
not _wishing to be bound by theory, it is believed that 
during reflow,. the polyamine· reacts .with the. modified 
passivati<;)n on "tii~ surfac~ of the passivation. However I 
there are st.ill unbound amine s~tes . along the polyamine 
cha.ip.:. for furt.her ··reaction with the .underfill material to . . . 
provide the a~hesive strength of the present invention. 

After reflow of the solder joints, the flip chip 
package ··is .uriderfilled with a sqJtable encapsulant. Typical 
encapsula.nts comprise polymers,· preferably epoxy resins, 
known in the"art. Suitable encapsulants are· available from . . . . . .· ~ . --. 
the ·De~ter CorP-oration of Industry, Cali.fornia, c:ind marketed 
as FP4.511 and . FP4527. The en~ap-~ulant is dispensed 
according to ·conventional methods ·along the edges of the 
chip and fi..;I.ls ~he· gap between "the <?hip and substrate by 
_capillary ac;:tion. · Upon curing the underfill encapsulant 

i 
under the ·appropriate conditions specified by the . . 
manufacturer of the encapsulant_, . th~ encapi;:ulant chemically 
~eact~ with··· the polyamine cou~~i.ifg·. agent. It is believed_.. 
:that the polyamine, while anchored' t0" the passivation at one· 
~nd by having reacted with the modified p·assi vation·, reacts· 
with the encapsu_J.,an-t: at the epoxy ring sites with the 
remaining free.a~ine_functionalities on the P?lyamine. 

The resulting_ el~ctronic · module is shqwn in Fig. 3 
where the semiconductor chip having modified ·passivation 5 
is connected to the substrate· with solder joints 10. An 
underfill material ·15 is dis.pens~d between the chip and the 
substrate. T_he · polyamine reacts with the modified 
passivation and "the underfill material to provide enhanced 
adhesion at the chip and underfill interface. 

An unexpected advantage in ~tilizing 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 
manufact.urability and decreases the cost of flip chip 

packaging. ·The flow· diagram o~ ·Fig.. 2 shows the steps 

involved in implementing the present method at the wafer 
level.· 

A silicon wafer having one or more devices or circuits 

formed ther~on is coated with passivation and cu~ed. The 

pad areas for each resulting chip ~re defined by patterning 

and etching according to ·conventional methods. The solder 

joints for each resulting chip are formed by conventional . . . . . . 
methods_, for ·e~ample,. plating or evaporation. 

.-:. 

The w~fer is subjected to ~he chemical modification as 

des.cribed. above and a su·rface of the passivation material is 

oxidized. A polyamine solution is applied to the modified 

passivation. ·.The solder deposition on the wafer is ref lowed 

_to. fo~m uniform spherical . s_hape_s. ..The wafer is diced to 

singulate the i~di vid~al ·chips. The indi victual chips are 

ele~t;-icalJy_· and mechanicc;;_lly _9onnected to a substrate and 

:the uride~flll applied . .and ?u~'~f.. · The same process 

:eondi tions employed on the chip level discussed above are 

also used at the wafer level processing. 

Another unexpected advantage is· where the substrate is 

an o"rganic substrate. Organic substrates which may have a . 

passivation coating or other polymeric coating thereon may 

be subjected to the oxidation and treatment with the 

polyarnine to provide enhanced adhesion at the underf ill and 

substrate interface. 

The present method of using a non-silane coupler, 

particularly the demonstrated effectiveness of polyarnines, 

unexpectedly provides a substantial increase in the strength 

of the flip chip package at the chip- and underfill 

interface. Chip-pull tests of flip chip test samples 
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without solder .joints·. assembled in accordance with the 

present invention show· about 120% improveme:it in adhesion 

strength over untreated· flip chip test samples. 

Surprisingly, ·the test samples after treatment are so robust 

that in fracture experiments~ .the interface between the 

~nderfill_ a~d chip remains intact while the layers of a 

laminate ~ubstr~te"tear .. 

Fig. 4 show_s a comparison of the ·chip-pull force of a 

flip chip test . sample assembled in accordance with the 
. . 

present i·nve?tion and untreated _flip chJ..p test samples. on 

average, where . there was no treatment of the t~st -~ample, 

about 14 lbs.. was required to pu~l apart the test sample. 

Ylhere ·the test sample w:as .. merely treated with an 0 2 plasma, 

the average force required to pull the·flip chip apart was 

about 25 lbs. However, in practicing the present invention 

\_llhere the test sample was exposed to an 0 2 plasma at about 
I • 

0. 35 ···Torr for about 3 minutes with an 02 flow rate of about 

75 ~:c/minu:fe. ·followed by treat~ent with a 5% solution of 

po1:y ( 4-vinyipyridine) in .methan~l,)"t.he force required was ·on. 

the .average of apout 32 lbs. 

The present -invention achieves the ob].ects cited above. 

It has been u~expectedly found that alt~ring the surface of 

the passivation coating on the chip of an electronic module 

with a chemical modifier followed _by treatment with a 

polyamine coupling agent provides enhanced adhesion at the 

chip and underfill interface. The resulting electronic 

module is more robust since the ·ami~e acts as a chemical 

anchoring site for both the modified passi7ation and the 

underfill material. 

While the present in7ention h~s bee~ particularly 

described, · in conj unction with a sp~c:..fic p::-eferred 

embodiment, it is evide:it that many alter:1.atives, 
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modif ica~ions and variations will be apparent to those 

skilled in ~he .art in light .of the foi:-egoing description. 

It is there.fore . conteinplp.ted that the ~ppended claims will . . . . 

embrace any such alternatives·,· modif_icatio~s and variations 
. . ~ .. . . .. 

as falling within the true scope.a~d spirit of the present 

·invenfion. 

Thus, having described the invention, what is claimed 

is: 
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Claims 

1. .A method.for prov~ding enhanced adhesion comprising the 

step·s of: 

(a) providing a polymeric film; 

(~) modif~ing sa.id pol~eric film by oxidizing a surface 

of sai~ polym~ric film to form a modifie~ pol~eric film; 

(c) treating said modified polymeric film with a 

pqlyamine coupling agent; 

·ccir ·providi~g· .a pol~eric material "for adhesion to said 

polymeric film; and 

(~) contacting said polymeric material to sa·id p6"lymeric 

film. 

· 2. The method of claim 1 . ·wherein step (a) comprises 

.providing a polyimide film. 

~ .. · .. The ·Jl!~tho<;i of claim . 1 whei::ein · step (b) comprises 

exposing s"aid polymeric film · :to. _.an . 02· plasma to form a 

modified polymeric film. 

4. The method of claim 1 where.in s_tep (b) comprises 

exposing said po~ymeric film to ultraviolet light and 03 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 soo,090. 

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 · passivation layer by oxidizing a 
surface of . _said pas~i vation laye:i; forming a modified 
passivation .-layer;. . . . . . 
(c)· ·treating · t~e modified _passi-yatioh layer . with a 
·polyaini~e; 

(d} provi~ing a substrate; 

(e) contacting said chip to said substrate; 

{f) under_filling a gap betwe~n said chip and said 
substrate with-an encap_sU:lant; and 
(g) .. curing sa_id encapsulant. 

7. The method of claim 6 wherein step (a) comprises 
providing·· ·an integrated circuit cl:iip having a polyimide 
~ayer thereon-. 

··. 

8 .. · .. Tpe method. of claim · 6 wherein step (b) comprises .. 
modifying ·the. ·passivat:;ion layer WJ.:th ~n 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 02 flow-·rate ·of··about 25 
to about 200 cc/minute to form a modified passivation layer. 

9. -The methoc;i of . claim. 6 wherein step. (b) comprises . . 
modifying the passivation_ layer with. ultraviolet light and 
0 3 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 m~di.fied pas_sivation layer with a solution of 
about 0 .·1 to about 50 wt.% of a polya:m;i.n~ having a molecular 
weight of up to.about 500,COO. 
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11~ ~he method of claim 6 wherein step (c) comprises 

treating· said modified organic film with a polyamine having 

:the following structure.: 

~ 
N n 

. . 

~herein R has -the ·formula CxH2x-1· and -X is equa:l to 1 to 10 

and n is about 90 to about 5000. 

12. ··.The method of claim 6 wherein s"tep (c) comprises 

treating sa~d rnodifie4 organic ~il~ with a solution of about 

.0.1 to 50 ~t.% poly(4-vinylpyridine) .having. a· molecular 

weight of abo~t ·20,00~. 

13. The method of· claim 6 . wh~i:e_in. step .... {c) comprises 

treating said modified organic fitm.with a polyamine having 

·the fo+lowing structure 

wherein R has the· formula CxH2x-1 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..mo~ified organic film with -a polyamine. having 

the following structure 
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·NH 
n 

wherein R has. the formula CxH2x-1 and X is equal to. 1 'to 10 

and n is about 90 to about 5000. 

15. A method of forming an el~ctr~nic module comprising the 
step~ of: 

•. 

{a) providing an integrated circuit chip·- having a 

polyimide layer thereon, a surf ace of the polyimide layer 

rnod~f ied to form a modif ie~ polyimide layer;. 

(b) treating the· modified polyimide layer with a 1 to 5% 

solution of poly(4-vinylpyridine); 

(c) · providing a substrate having interconnect pads 

correspo~ding ~o solder joints on said chip; 

(a) · conta·cting said chip to ·sa:t.9.-.su]?strate; 
. ~ ....... 

(e) forming an electronic m~dule . by reflowing said .. 
1• • 

sold,er joints_ to electrically and meq_!1anic9lly . connect 

said chip to said substrate; 

Cf) underfilling 

encapsulant; and 

electronic module with an 

(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 2 plasma. at about 300 Watts. for about 3 minutes 

at about 0.35 Torr at an 0 2 flow rate of about 75 cc/minute. 
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17.· The method of claim 15 wherein in ~tep (a) a surface of 

the p"olyimide l"ayer ~s modified by exposing the polyimide 

·layer to ultraviolet light and 0 3 for about 5 minutes. 

18 .. The method .of claim 15 wherein step (b) comprises 

treating the· mod~fied polyimide layer with an about 5% 

solution :of poly(4-~inylpyridine) having a molecular weight 

of up to about 500,000 at about 0°C for about 5 minu~es such 

that the poly ( 4-vinylpyridine) substantially coats the 

modified po~yimiqe layer. 

19. Tl].e method of claim 15 wherein in ·step (e) during 

reflowing of_ -said_- l?Older joints·, the poly(4-vinylpyridine) 
.. 

substantially reacts with the· modified polyimide layer. 

20.~ A· m~thod_ of tr.~ating a ·wafer to provide chips having 

enhanced adhesion- iri an e;Lectronic ·module comprising the 

·st~p~ _of: 
(a) providing a wafer having :l(:.plur~lity of electrical 

devices formed and a 

(b) patterning and 

f onn bonding pads· 

·devices; 

passivation layer thereon; 

etching said passivation .layer to· 

corresponding to the electrical 

(c) applying solder to said bonding pads; 

(d)_ oxidizing a surface of the passivation layer to form 

a modified passivat.ion layer; 

(e) treating the modified passivation layer with a 

solution of about 0.1 to about so.wt.% of a polyarnine; 

(f) reflowing said solder; and . . 
(g) dicing said wafer to form individual chips. 
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21. ~he method of claim 20 further including the steps of: 

(h) provid.ing a· substrate. and ~ligning the individual 
. . . 

chips. on said .substrate; 

(i) forming an electronic module by reflowing said 

solder to .electrically and mecha~ically connect said 

. individual chip to said substrate; · 

(j) .uhderfilling said· electronic module with an 

erl:capsulant_; a_nd 

( k) curing. _said encapsulant for. :a suffic"ient time and 

temperature. 

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

oxidizing a ·surface of· the passivation layer to form a 

·modified passivation layer by exposing the passivation ·layer 

to an 02 plasma. · 

23. The method of claim· 20 wherein step (d) comprises 

ox~diz.ing .a. surface of 

modified p.~~sivation by 

ultraviolet light ·and 03· 

the passivation layer to form a 
.. ; "'c..•:... • 

exposing . .ii:the passivation layer "to 

24. The method of claim 20 · wherein in step (e) said 

polyamine has the following structure: 

~ 
N n 

wherein· R has the formula CxH2x-1 and X is equal to 1 to 10 

and n is·about 90.to about 5000. 
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25. The method of claim 20 wherein in step. (e) said 

polyam~ne has the fo~lowing structure: 

·. 

wherein R has the formula CxH2x.:.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 f~llowing structure: 

NH n 
. 

wherein R has· the formula _CxH2x-1 ati<l 
·~. 

and n is about 90 to.about 5000 .. : 

27. An electronic module _compris~ng 

a substrate; ·. 

x is equal to 1 to ·10 

an integrated circuit chip aligned thr~ugh a plurality of 

·.solder joints to said substrate, said chip having a 

layer of passivation 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, 

wher~in upon heat~ng the module to reflow the solder joints, 

the oxidized ~ur£ace 6£ ~aid passivation is adapted to react 
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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 wh~re_in said layer of 

modified ·passivat~?n is_ treated. ·with a polyamine comprising 

poly(4-vinylpyridine). 

29. An electronic module made b.y th~· pr~_cess of claim 6. 

30. An electroni~ module made by the process of claim 15. 


