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EPOXY ENCAPSULANT AND ORGANIC SUBSTRATE BY GRAFT
COPOLYMERIZATION TECHNIQUE

| BACKGROUND OF THE INVENTION
A conventional integrated circuit (IC) package typically comprises several

_ different types of materials. These materials include organic polymer encapsulants,

metal frames, silicon dies, polymeric die attach materials and organic laminated
substrates, as in the chip-on-boérd (COB) and Ball Grid Array (BGA) packages. The
reliability of the package is intimately connected with the integrity of _1:he. interfaces

between dissimilar materials. The presence of these different materials with vastly

different thermal and chemical properties makes the interfaces vulnerable to |

delamination. For example, thermal expansuon properties of silicon die and organlc die-
attach polymeric adheswe are qutte dlfferent silicon has a much lower coefflment of
thermal expansion (CTE). Thus, when the package is exposed to a temperature
excursion, thése materials expand- .at different rates ahd the interface is sut_:jecied to
stresses. Often, the stresses lead to debonding at the': interface and resultant packz_alge
failures. o |

The natur-al propensity of an IC package to absorb ﬁoisture has been known to
create reliability problerﬁs. it has been shown by many reseérChers that polymer-metal
interfaces are degraded by the absorbed moisture.” Absorbed moisture ih IC packages

has aiso beeﬁ known to lead to ' pop~corn " failures. This occurs when the absorbed
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different thermal and chem cal properties nmakes the interfaces vul nerable
to del am nation. For exanple, thermal expansion properties of silicon die
and organic die- attach polymeric adhesive are quite different; silicon has
a nmuch lower .coefficient of thermal expansion (CTE). Thus, when the package
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t o debond] at the interf resul t.ant package failures, .The natural
br openet B temberetle e 2208 Kelsits. Rekefell (A mater defah belbw) diatising
reliability problens. It has been shown by many researchers that

pol yner-deéminahoeazmdetyaake indhe package hady.absor bed noi sture. Absorbed
noi sture in | C packages has al so been known to lead to "pop-corn" failures.
This occurs WAKES! heA<€llboitlusttate pop-corn cracking in a surface mount packaged

-5 serﬁiconductor device 10. The surface mount package of device 10 includes é
package body 12 which in this example is formed from a resin molding compound. :
The package bddy 12 encapshlaies a éerﬁiconductor integtated circuit 14 bonded by
a aie-auach adhesive to a die pad 16. The package body 12 also supports leads 18,
20 which are.part of a Ieadfra.me and allow electrical con.nection §f the integrated
10 circuit 10 to external éircuitry.
FIG. 1A illustrétes moisture absorption by the package body 12; The moisture
"is shown by arrows 22 and_ may be diffused into the package body 12 from an
.ambient or controlled environment while the device 10 is being stored between
manuf-acturing' operations. | |
15 : FIGS. 1B—1 D show a'pqssible mechéhism of pop-corn cracking during a solder |
reflow dpera.tion. The“;s'older reflow operation is carried out at a temper'atﬁre in tHe
“ range between about 229° C to 260° C such that solder used in prior l"nanufacturing _
steps will reflow. The reflow improves the strength and c_onduptivity of any solder
connections within the device 10. FIG. 1B shows that heating device 10, during tﬁe
20 solder reflow oberation, to a temperature of 220° C or more créatés a high water
vapor p.reésure in the pores of packége body 12 at the interfaces with die attach pad

z . _
16 as well as in the bulk resin molding compound material. The interfaces tend to be

-
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noi sture expands at high tenperature (e.g. during SMI sol der reflow which
occurs at tenperature above 220[err] Celsius, discussed in greater detail
‘bel ow) causi ng del am nati ons and cracks in the package body. FIGS. 1A-1 D
illustrate pep-cern cracking in a surface nount packaged sem conduct or

devi ce feakBiethan ftﬁ&%tim%téﬁ’élké@@ tof f4a¥rs 3udh - bé‘cdd{ﬂ'eﬁdﬁeﬂaﬁkfl%he Heshs

12 which in this exanple is formed froma resin nolding conpound

rckage gtk oS AMHAET SRR GRRSHEN i afh 1 oSt 3AREA,
| eads 1%xpansmn (CTE) of the resin package body 12 and the die attach pad 16. The
interface between-the die-attach pad 16 and package body 12 is generally one of the
5  weakest interfaces in the device 10. FIG. 1B indicates that peeling can occur at the
interface 24 between die-attach pad 1 6 and pa.ckage body 12 during the soldé'r reflow
operation. |
FIG. 1C shows that the evaporaﬁon of absorbed moisture in combination with
the peeling shown in FIG. 1B leads to a dom'ing effect in region 26. A crack é8 begins
10 to form in package body 12 ét an interfaée with die-attach pad 16. FIG. 1D shows
that the combination .of high pressure steam exerted by vapo_rizfng moisture and the
accompanying thermal stfesses become greatér tl'_lah the package. body 12 can
withstand, and the crack 28 then extends to an outer surfacé of the package to
thereby vent the steam. It is apparent from FIGS. 1A-1 D that moisture absorption by
15 é' plastic surface mount package can cauée package failure,. and that the relatively
weak interface between the encapsulant and die-attach pad is often the point.at which
the failure. originates. However, a reduction in moisture permeation 'And absorpﬁon in
the package will reduce .pop-coi'n failures |
| These issues of material mismatch and moisture are partlcularly relevant to a
20 Ball Grid Array (BGA) package. FIG. 2 |Ilustrates a typical schematic dlagram of an

overmolded plastic (OMPAC) BGA package 30, wherein an epoxy based_encapsulant

{molding compound) 34 is molded on one side of the glass/epoxy substrate 38
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20 which are part of a |eadfrane and allow el ectrical connection of the
dintegrated circuit 10 to external circuitry. FIG 1 Aillustrates noisture
rabsorption by the package body 12. The npisture is shown by arrows 22 and
may be diffused into the package body 12 from an anbient or controlled

envi r ONERRYINEHAE sIRBNURK! OPhd DMPALCBIMA pheksdh RRINESS afACUEriptas | nted

gperations.ld IB—l D show a p0ﬁ5|b F n pop-corn crac !ng
out a 2nv .l s 4y ¥RRla%b S and SBnbBrtel s Fie, SHo 8P FOREL PERbR ST R e
that solder used in prior manufacturing steps will reflow The reflow

i mpr ovedonds 44 A Jurthen soldarFesist\AQ ys lavesag antha bottom afisubsirate 38 andne

device 10. FIG 1 B shows that heating device 10, during the
includes a plurality of solder balls 36. Main interfaces with which molding compound

5. | 34 contact include the soldér resists and the IC chip. It is important for molding
- compound 34 to adhere closely to each interface and in particular, it is desirable that
adhesion to the rholding compound - solder resist interface of the surface of substrate

38 be as high as possible. |

~ The adhesion strength or integrityl of these various interfaces ultimately decides -
iO the reliability of the package. Degradafion of the interface leads to defects such as
delami.nation and cracks, especially at solder reflow temperatureé.. The robustness pf
the package is therefore critically linked to the integrity of these interfaces.
Accordihgly, a superior adhesion strength-between the interfaces lead to better
reliability. It follows that a weak adhesion between the molding Compoun'd and the
15 solder resist renders the _packag_e suscebtiblé to delaminatidn', and especialfy to
cracking during solder reflow.

Overmolded BGA packages are not the only examples where adhesion of the
epoxy based IC encapsulant and solder fesist layer is crucial. Other examples of
susceptible packages include Glob Top BGA, chip-on-board (COB),. tape aufqmated

20 bonding (TAB_),— or indeed any package wherein a solder resist film is used in
conjunction with an. epoxy based encapsulant. These _include the use of und.e'rfill

encapsulation for flip chip and die attache substrates.
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sol der reflow operation, to a tenperature of 220[err]or nore creates a high
~water vapor pressure in the pores of package body 12 at the interfaces wth
"die attach pad 16 as well as in the bulk resin nolding compound nateri al -
The interfaces tend to be This is the replacenment sheet Date: 01 MAR 1997

5 reaker e ! SR i VAT eiHane ARRIor 68 bt i
coef f-l Cleigatbliosfheh mem lead frame based packages, such as QFP. In general, overmolded
BGA packages barely meet IPC level 3 requirement. For example, as described in
"Reliability and Moisture ~Sensitivity Evaluation of 225-pin, 2 Layered Overmolded
.5 (OMPAC) Ball Grid Array Packagel". by B. Poborets, Q.S.M. llyas, M. Potter and J.
Argyle, 45fh ECTC, 434-439 (1 995), a_typit:al-moisture experiment subjected a BGA
package to a temberature of 30°C and a relative humidity of 60%l for 192 hours;
followed by three solder reflows. The BGA package éxperienced 50% delamination
~under the die due to mo'isture-im.:luced package delamination cracking that occurred
10 ~ during the three solder reflows. | .
To overcome such typical delarriination, prior art sqiutions have bee'n primarily
limited to experiménti_ng with different solder resist and molding compound m'ﬁterials.
For example, in the article ."Develbpment of Molding Com.pounds for BGA™ by K. Oota
and K.. Shi"g"eno, 45th ECTCl, 78-85 i1995), four different moiding compounds were
16 tested with varying results. Unfortunatelil, the list of available molding compounds
for packaging applica'tions is very limited. Out of the handful of compounds that are
commércially available, most do not fare very well in terms of strong adhesion
properties at the molding éompound - solder resist infer.face. This has been one of the
major reasons for the poor reliability of packages involving overmolded BGA. Further,
20 the choices in the solder resist material_s are even more limited.

Currently, plasma is used for surface cleaning and treatment of organic

laminated substrates to improve the adhesion of the substrate to an to epoxy IC
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expansion (CTE) of the resin package body 12 and the die attach pad 16. The
I nterface between the die-attach pad 1 6 and package body 12 is generally
one of the weakest interfaces in the device 10. FIG 1 B indicates that
peeling can eccur at the interface 24 between die-attach pad 16 and package

b d 12 o f:
Lo 2 HeAbERahR HA e AR St o ol of

nation W th the p

FI G 1Blead ng _effect A cr 28, to farm
' pack BRSD8 dypeted éﬂrﬁ?eqﬁtvm SHrue fiebRAtat - aéﬁﬁc,si’&‘ﬁfe SRRl
that the conbi natlon of high pressure steamexerted b ROI’I zi ng noi sture
and the MgisshﬁantacﬁgAsﬁgaMn ,sMasgbégswm N at985- Qart eHdapmakagtivatedy
12 can withstand, and the crack 28 then extends to an outer surface of the
package sueface is unstable, causing the benefits of surface activation to disappear in a matter

5 of hours.

In COB, TAB, and ‘.underfiII/fIi-p- chips,. the same situation exists; namely,
édhesi_on optimi'zatibn is sought primarily by a mix and match of the constituting
ma'terial.s. Process parameters have also been varied but have been limited to curing
températures—profiles parameters, molding-dispersion péramete_rs, and the like.

- 10 In any of the above adhes‘i.on t'ec'hniques, the adhesion betweén the molding
compo.(m'd - solder resist interface arises from relatively weak Van-der Wall type of
interacfcion between the two materials. These Van der Wall interactions are
insufficient to prevent uhdue stress due to thenﬁal mismatch of the di_fferent ma’teriéls
or pop-corn faﬁures due to moisture.

15 It is known to chemically mddify t'he. surface of synthetic polymer sUBs;crat_es to
incorporate  specific physicochemicai properties, such as. hydfdphilicity,
biocompatibility, adhesion ahd lubricative properties. Such cherﬁical madifications
include acid etching, X-ray irradiation, ultraviolef irradiation, electron beam
bombarc!ment, ozone treétmeht, corona discharge and plasma t'reat;nents'. Recehtly,

- 20 surface :modificéti_on of syhthetic polymer substrates have béen' performed using .a
method known as "surface draft_p'olyn'llerization"'. For exémple, the artiﬁlé entitled,

"Surface Structures of Fluoropolymer, Polyolefin,ahd Polyester Films After Modification
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thereby vent the steam It is apparent. fromFIGS. 1 A-1D that noisture
absorption by a plastic surface nount package can cause package fail ure,
~and that the relatively weak interface between the encapsul ant and
die-attach pad is often the point at which the failure originates. However,

a reductjon inh i sture.per kon and~aksonrpti pnl |
reduce %’&palaﬁ r'?gfyaﬂ‘Fﬂf%"é.“TrrE?el'ﬂ%é‘?ugGo e??ﬁ?ﬁ'?aﬁ% Egtwgﬁg%nggaﬂ 'e5
are particularly relevant to_a Ball id Array (B _package. ..FI G, 2
| T uSEr dalma Ady: Jarhaehe a7 84 Lo dIesorPESIRCRBAGIPLSIEE Sf dRpeer
BGA package 30, wherein an epoxy based encapsul ant (nolding conmpound) 34 is
nol ded truptares tivat have been trestéd paittytha graft polynesgizatiop precess: Heyexesthat
sheet Date: 01 MAR 1997
Kang et.al. article does not describe any specific relationship between graft
5 ' polymerization and adhesion, nor does Kang et al. suggest a workable technique for
increasing the adhesion properties in a semiconductor package between the molding -
compound - solder resist interface.
It is therefore ah object of the present i_nvention to provide a process that

enhances the. adhesion properties between an organic substrate and an epoxy

10 encapsulate,: .

o -
[

Anot . 'e.r object of the ihventfon is to.provide a bpndjng-process for IC pa.ckages
by graft copolymerization. |
A further object of the invention is to enéure fhaf the surface of the' grafte_d
' organic substrate is substantially permanéntly stable.
15 An additional object of the invéntioﬁ is to reduce stress arising from thermal
mismatch betwéen différeht materials in IC packgges. |
Yet :a further ob'ject' of the invention is to reduce pop-corn failur;a ariéing from'
moisfure absorption in IC packages. | |
Various other objects, advantages .a_nd features of the pr_esenfc invention will
20 become readily épparent from the ensuing detailed description and the novell features

which will be particularly pointed out i.n the appended claims.
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4 carrying the silicon die. The OWPAC BGA package includes an I C chip 32

- mount ed
'resists

on the top side of substrate 38 and connected to the upper sol der
40 by wire bonds 44. A further solder resist 40 is |ayered on the

bott-om of substrate 38 and includes a plurality of solder balls 36. Main

interfa ' [ npound 34 contact include the sol der

rfasi S][S hv rm N’ﬂof\P ortant. for nolding corrpound 34 to adhere
closely to e inte d in particu n
tothe mid Fivessih saher SblastiveB e et e Rt of Sofebfia, aREsioR
Substrate

propertres between an organic substrate, such as a solder resist, and an epoxy

e_ncapsulant, such as a molding compound, in an integrated circuit package, by graft

- copolymerization. The surface of the org_anic substrate is first optionally activated by,

for example, treating the substrate with ozone. The activated substrate is then -

10

15

- 20

grafted with a predetermined monomer ‘solvent, such as a solvent having glycidyl
methacrylate, so that the encapsulant, when bonded to the substrate, v_viIl adhere
securely thereto.

In another embodiment of this invention, a method of enhancing adhesion
properties betwe_en an organie substrate and an epoxy encapsulant by graft
copolymerization, first-coats the surface of the substrate with a predetermined
monomer in vapor form. The coated substrate is then grafted by exposing th_e
substrate to near-1V iIIumination. Thereafter, the encapsulant is .bonded to the graft
modified substrate with chemicall_'y .enhanced adhesion.

These embodiments describe a prooedure whereby the adhesion strength of
epoxy' based solder resist and epoxy based encapsulants can be significantly enhanced
by an inventive graft copolymerization technique for IC p_ackages, in. order to improve
the package reliabil.ity This procedure is based on a chemical modification of the

substrate/solder resist surface and therefore, offers the most versatlle solutlon to the

- mterface adhesion deficiencies in package interfaces. Grafted polymers with epoxide

//
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38 be as high as possible. The adhesion strength or integrity of these
various interfaces ultimately decides the reliability of the package.
Degradation of the interface |eads to defects such as del am nati on and
cracks, especially at solder reflow tenperatures. The robustness of the

package fubctiBRARL VR it sbick rbist FdHERY vﬁé’c&@&eb?(@%ﬂpk{ with % drdener in the

I nterfaces perior adhesron’s etvveen t
interfaces |le to bette reI|ab| t fo]lows that weak adhe5|on
bet ween ?WVN@E 8f‘ﬁ§p§'t’}ﬁﬁ o strangly h8¥‘§oq ‘éﬂ‘g?p?@ﬁﬂgr s the package
susceptible to del am nati on, and especi al I y to cracking during solder
refl ow. Over @hm@mm&tﬁbgaﬂmetﬂamteféa@]cqn%tﬂumthﬁ bestrossibie sneansof
t he epoxy based | C encapsul ant and sol der resist layer is crucial. Oher
exanpl esofoddhesion between two surfaces and is typically orders of magnitude stronger than

5 | conventional Van der Wall type of interaction. Another major advantage of the graft
copolymerization method is that surface modification after grafting treatment is
permanently stable, in sharp contrast to the time-dependent characteristic of surface

activation by plasma treatment and etching.

10 BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description, giving by way of example and not intended .
to limit’_,-.-_ft.-_he'.present invention Solely thereto, will best be understood in conjunction |
i _
| with the accompanying drawings in which: ..
FIGS. 1A-1D illustrate exemplary "pop-corn" cracking in a surface moﬁnt
15 integrated c'ircdft package; | |
| FIG. 2 shows a conventional overmolded BGA package;
FIGS. 3A-3D s-chematically -illustfates the chemical reactions formed by the
grafting hrocess in accordance with the préseni invention; and

FIG. 4 illustrates a grafted integrated circuit package in accordance with the

20 present invention.

\\'
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suscepti bl e packages include G ob Top BGA, chip-on-board (COB), tape
,automat ed bonding (TAB), or indeed any package wherein a solder resist film
lis used in conjunction with -an epoxy based encapsul ant. These include the
use of underfill encapsulation for flip chip and die attache substrates.

Tl Tal s@@m@ﬁﬁhﬁﬁmw o oarabl | shed motall
reliabil of the establ i shed netal | ead

frame based
- ' p FIG gfi 3D schemat%:ally |llusﬂ'gt]eesr ?hé c%\é%lca reactlons leading to the

bonding of the graft-modified solder resist layer to the IC epoxy based encapsulant.
In the graft copolymerization process employed here, glycidyl methacrylate monomers
5 (GMA) with an epoxide function group was used to react with the solder resist layer..
However, other monorners such as glycidyl acrylate and methallyl glycictyl ether, and -
the like, may be used as well. During transfer molding and curing of the epoxy
molding compound, the amine curing agent in the hardener of the epoxy molding
compound will react with the gratted' epoxide function groups of the GMA in the same
10 way as in a normal molding compound curing reaction. As a result, the adhesion of
| ‘the solder resist to the molding compound \_Nill be substantiatly enhanced.
' The mechanism of Qraf_t copolymeriaation is to transplant pdlymers of interest
(for example, ones that will increase adhesion properties) in sufficient quantities and
with enhanced spatlal distribution on the substrate surface to allow subsequent
15 | surfaCe functlonallzatlon The process results in a permanently modified substrate
surface, as described with reference to FIGS. 3A-3D.
.FIG'. 3A shcws the solder resist (SR) substrate 45 prior to any treatmernit or
‘modification. In FIG. 3B, the SR substr'ate is optionatly treated with ozone, O,, 48.
Such treatment activates the SR substrate by causing a chemical reaction on the .
| 20 surface, as shown in activated SR substrate 50 Instead of ozone, the_surface of the
SR substrate may be treated with plasma, corona discharge, UV-irradiation, .X-ray

irradiation or electron beam bombardment.

10
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BGA packages barely neet IPC level 3 requirenent. For exanple, as described
in "Reliability and Mdisture Sensitivity Evaluation of 225-pin, 2 Layered
Overnol ded (OMPAC) Ball Grid Array Package" by B. Poborets, QS M Ilyas, "
M Potter and J. Argyle, 45th ECTC, 434-439 (1995), a typical noisture

experinment sybject el ackage a.t erat.ure of 30Ler -
relative hum'Li'g‘{rfh s r@ﬁ%’%go &?ﬂﬁbgﬁss,uqsgﬁ%ﬁ\ﬁ&&fvﬁ °FhF"éeeb§o+‘lPés?&Sﬁ?llsoW§y
The BGA package exper.ienced 50% del am nati on under the die due tq.
moi st ur 429 atehedd ihdesicash bierhamical iosplasmalatahing inotshaynkte Atgvide ainesgh
three solder reflows. To overcone such typical delamnation, prior art _
sol ut i.oraurfecectd anther enbande friction addtadhesien betweenghei 3R stibstrateand the
sol der resi-st and nol ding conpound nmaterials. For exanple, in the article
"Devel 'OnﬁBlHinQEoWdﬂrﬁﬂ Compounds for BGA" by K Oota
5 FIG. 3C illustrates the grafting procedure in this inventive process. Monomer
glycidyl methacrylate (GMA) 54 is illustrated for use as the grafting monomer solvenf
to be "grafted" onto the activated SR substrate 50. As previously stated, other
monomers may also be used provided that they bond with the activated SR substrate
and subsequently bond with the rholding compound. As shown by graft-modified SR
10 substrate 55, GMA 54 is chemically bonded with activated SR substrate 50. This
chemically modified surface of the SR'sub.strate will subsequently form covalentbonds
to the _ep_oxy'molding' compound (EMC) 58 in FIG. 3D. To expedite the grafting step,
UV light 52 may be concentrated on the substrate. Addifionally, thermal light may
provide the excitation necessary to spéed up the grafting process.
15. "EMC 58 is shown having an inherent amine curing agent' from th_e-EMC
hardener, chemically illustrated as CH,-O-NHRNH,. As shown by reference numeral
60, the amine curing agent compound reacts with the graft-modified SR substrate 55
to form strong covaient bonds therebetween.
The brocess of FIGS. 3A-3D, employed a graft copolymerization technique
20 _carried out by the so-called solvent process, i.e. grafting monomers onto the SR

substraié using a GMA grafting solvent. Example 1, 'd_eécribed below, recites the

results of ar'\.‘experiment utilizing the solvent process of FIGS. 3A-3D. Further, a

11
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and K. Shigeno, 45th ECTC, 78-85 (1995), four different nolding conpounds
‘were tested with varying results. Unfortunately, the list of available

nol di ng conmpounds for. packagi ng applications is very limted. Qut of the
handful of conpounds that are com*re'rci ally avail able, nost do not fare very

well in sloiYéfft ?Z’SHT},Q;QQS qﬁlﬁ Heeﬁtlﬁiei%ﬁﬁl e Qﬂnlfé?”ﬂpliﬁé solvent

sol der ace one 0 e mgj or reasons for the

0t nepgers Httatbicke ?f"é%%’é B B Gt nBPbffEr ' PacAE fC°

used for surface cleaning and treatnment of organic | am nated ? bstrat es to
i npr ove tramsfeciedsonto the substraie in vaper fasmhy va@pepaation instaad of Hy;3monomer
repl acenent sheet Date: 01 MAR 1997

solvent as described hereinlater with reference to Example 2. Whether the solvent

5 | or solvent-free process is used, the resultant grafted polymers are stable in nature
which subsequently stabilizes the bonded mterfaces. |
EXAMPLE 7 |

In this experiinent, the approximate process conditions of an ovérmplded BGA

substrate test specfm_en_were as follows:

10 Activation:
Ozone p_retfeatment in an ozone generator.(Fischer, Model 500)
Oxygen ﬂow.rate: 50 liters/hour |
Ozone generatioh rate: 2.5 grams/hbur
Temperature: Room temp_eréture '
'1 5 Treatment time: | .10 minutes

Graft Copolymerlzatlon

_Graft copolymerlzatlon ina photochemlcal reactor

Grafting solution: 20 vol.% GMA in 1,4-dioxane
UV lamp: ‘Schoeffel 150W |
20 : ~ Temperature: | Room temperatufé
Grafting time: 40 or 60 minutes
12
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encapsul ant. This process is called surface activation. However, the
properties of a plasma treated surface is very tinme-dependent. As described
in "Plasma Processing Notes: Surface Activation", March Instrunent, Inc.,
995-70, the plasma activated surface is unstable, causing the benefits of"
surface acti yajst @urbMeidiagPear in a matter of hours. In COB, TAB, and
underfill/flip chips, the Same situation exists; nanely, adhesion

optim zation is sought ' ' by a mx and ' t he. constituting
materials. Process par é‘%{‘w@%@?e al so been vgﬁzg“éﬁt have been limted
to curin ' : : T

' g Bonding time: ' 5 hours

5 | After grafting, the samples were dipped in 1,4-dioxane solvent for cleaning and
to remove the-urigrafted homopolymers. The transfer time from activation to graft
copolymerization may be up to 3-4 hours resulting in good stability broperties of the

- activated substrate. However, the grafting time ca-n. be greatly reduced if a high
: power UV or thermal lamp is employed. |

10 The graft-modified substrate.samples were subsequently overmolided using
commercially ay'ailable molding cdmpounds-. Standard transfer molding conditions and
equipment were employed. FIG.. 4 ill_ustr#tes the completed BGA package 65 having
“superior adhesion pfoperties between the molding compound 74 and the solder. resist
layer 68 via grafted polymer layer 66. .As shown, the solder resist layer is' mounted
15 on top of coppér clad layer 70 (Which _'provides a moldihg compoﬁnd - copper

interface) on glass/epoxy substrat'e.72-. N
After the standard post mold cure step, the molded samples were subjected to

a "pull t‘_e_st'j_.by,using- an Instron Tensile Tester. This.test methodology has been
?.:.s—-.____ ) ) .o

e

developed in order to quantitatively measure the interface adhesion strength between
20 _thé molding corﬁpound and the substrate. These measurements record the adhesion

strength of the interface. The recorded values and the failure Ioc':atjons provide

13 .
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tenperatures-profiles paraneters, nolding-dispersion paraneters, and the
like. In any of the above adhesion techni gues, the adhesi on between the
mol di ng conpound - solder resist interface arises fromrelatively weak Van
der Wall type of interaction between the two materials. These Van der Wl

i nter aCtih%ﬁnﬁt;&a b@ﬂsﬁﬁ.hg ®thel ftfitaes 3HhEsENe SE e GHTABLE He\Rére "SR

m smat ch of t ifferent materials or pop-cofn fallures due to noisture.

Subst r ot BErogSTRATE et reBigh a4 S KarBEhn i MokdbersFBedUBh., o

hydrophilicity, bioconpatibility, adhesion and |ubricative properties. Such
chem cal nodifications include acid etching, X-ray irradiation, ultraviolet
irradi ation, electron beam bonbardnment, ozone treatnent, corona discharge

and plasma treatnents. Recently, TABLE 1
5 S. No. Pristine Treatment 1 Treatment 2
No Treatment | Grafting time: 40mm | Grafting time: 60 min.
: Adhesion, Failure | Adhesion, Failure = | Adhesion, Failure
N/cm? Mode | N/ecm? Mode N/cm? Mode
1 77.5 SR/MC | 386.0  Mixture of | 442.3  Mixture of
' ' Cu/SR and ' Cu/SR and
| SR/MC .~ SR/MC
2 73.5 " 545.5 " 703.4 . —l
|3 72.8 REZZEE 211.1 "
10 4 318.1 " | 734.2 787.4 "
5 { 208.2 " 1006.0  * 1 131.2 Cu/SR |
6 41.9 - 619.1 0379.7 . "
7 56.8. " |6948 @ " 1004.0 - |
s 153.3 » J10080 " |220.3 " |
15 9 187.5 " 160.2 " 845.1 " | JI
10 135.4 " 18430  Cu/SR 412.3 "
11 | 1 470.5 "
| Mean | 132.5 6131 513.7
20 Std 86.7 | 279.1 | | 301.6
Dev : _ _
|| Min | 41.9 160.2 131.2 . ﬂ
) || Max [318.1 | 1008.0 1004.0 | ||
14
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surface nodification of synthetic polyner substrates have been perforned
~using a method known as "surface draft polymerization". For exanple, the
rarticle entitled, "Surface Structures of Fluoropol yner, Polyolefin and

Pol yester Films After Modification This is the replacenment sheet Date: 0 1

LT o AR, AT o i el e et o
: he cha a(i&ﬁtrgl g(t)rln%%u% IOsoléfer resist interface was increased by at least four times over.
the mterface involving prlstme test coupons without the inventive process

Accordingly, the puII test confirms that the failure interface of the BGA test

5 coupon shifts from the solder resist/epoxy molding compound interface in the pristine
sample, to the solder resist/copper interface or to a mixture of solder resist/cepper and

solder resist/epoxy moIdihg compound interfaces in the graft-modified sample. The

failure interface corresponds to the weakest interface in the adhesion strength. The
shifting of the failure interface. from the solder resist/epoxy -molding compound

10 interface to other interfaces in the graft-modified substrate supports_the adhesion
strength test results, it also indicates that good adhesion of the solder resist to the -

epoxy molding compouhd is achieved through the graft copolymerization

technique.

15 EXAMPLE 2
! | In the alternative solvent-free process for surfaee graft copolymerization, a BGA
substrate with a pre-activated surfase is ftrst coated With a thin layer or thin film of
liquid GMA monomers, for example by exposing the‘sixbstrates_to a monomer vapor
under reduced pressure in an inert atmosphere chamber. Surface graft
20 copolymerization is achieved by exposihg the monomer-coated substrates to near-UV
iltuminatiort for a period of about 30'mir|utes i.n the same inert atmospheric chamber.

- The unreacted monomers, o_Iigomers and ungrafted homopolymers on the substrate

| 15
—_—
This Sheet Has Been Rep

- MW B




structures that have been treated with the graft polynerization process.
~However, the Kang et. al. article does not describe any specific

‘rel ationship between graft polynerization and adhesi on, nor does Kang et
al.. suggest a workable technique for increasing the adhesion properties in

a sem Cgﬂlq"dfi% fte tagﬁ%ﬁgfoo&g?%?ﬂ 1iBR dFB!tAEAFeRfyURAURENT tHePsulsstraesduiface by

I nterface an o Ject of the present invention.to provide a

rocess { hat. en ces t he. adhe ro e

b an_ SR lsen-cAﬁ%Iv bf." Ihecfioblrt slbREE R s s o%?“s‘%?%“ﬂ%
bondi ng process for C packages by raft co nmerization, A fur |c()bj ect
of the pﬁ\sehterﬁrforsf,he@l\éﬁse? Mefating Hé'%ﬂf‘g'é‘ ’fﬂ"et Gegtongy and t the

While several embodiments have been chosen to illustrate the invention, it will
5 be understood by those skilled in the art that various changes and modifications can

be made herein_without 'dep'artihg from the scope or spirit of the invention as defined

in the.appended claims.

\
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organim antially permanently stable. An additional object

of the i duce stress arising fromthermal m smatch between
'd| ffere maﬂtmi““ m‘ “ packages. Yet a further object of the invention
-6ors *al lure arising from noisture absorption in IC
packages Various other objects, advar¢|?gﬁ§ and features of the present
hnvent fon will be(r:]ome I’ei'idl l'y apparent™Tromthe ensuing detailed
escrip n,.and t he,novel features which will be particularl oi nted out
in the é[gﬁ@hlfe Wﬁﬁ’rﬁ This is the repl acenent sﬁeet Dat e: yo? MAR 1997

1. A method of enhancing adhesion properties between an organic substrate
and an epoxy encapsulant, having an amine curing agent, in an integrated circuit
5 pac_kage 'by graft copolymerization for reducing cracking and delamination in said
package, comprising the steps of:
grafting by graft copolymerization predetermi'ned rnonomers, having an epoxide
functlon group, on the surface of said organic substrate to produce a graft modified
substrate havmg said epoxnde functlon group, and
10' | bonding said epoxy encapsulant to said graft modified substrate;
wherein said amine euring agent in said epoxy encapsulant chemicaHy- reacts
' to said epoxide function group on said graft modified substrate to form covalent bonds

which substantielly enhances said adhesion properties.

15 2. The method of claim 1, further comprising the step of activating the
surface of said orgartic substrate to stimulate said surface for subsequent

polymerization.

3. The method of claim 2, wherein said organic substrate is an epoxy solder

20 resin.

17
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SUMVARY dmmruumnmIMEese and other objectives are realized by a

nmet hod of n properties between an organi c substrate, such
as a sol der* ré&si&t,"antd d&n epoxy encapsul ant, such as a nol di ng conpound,
in an integrated circuit package, by graft copolyrreri zation. The surface of

the organi c sgpstrhe hiethodSéf AMinP Bl Whetein ¢atRdsald, mdtiorEan®! & glycidyl
treati ng t he substrate with ozone. The activated substrate is then grafted

with a &.g r solvent, such as a solvent having glycidyl
met hacryl ate, so that t e encapsul ant, when bonded to the substrate, wll
adhere securely thereto.

5. The method of claim 4, wherein said epoxy encapsulant is one of an
5 epoxy molding compound encapsulant, an epoxy top-dispensing and printing

encapsulant, an underfill encapsulant, and a die attache encapsulant.

6. The method of claim 2, wherein said step of acttvating activates said
organic substrate by one of said ozone treatment, acid etching, X-ray irradiation, U-V

10 radiation, electron beam bornbardment,_ corona discharge, and plasma treatment.

7.” " "The method of claim 2, further comprising the step of surface roughing

the ndn-activated'organic substrate by one of chemical and plasma etching.

15 8. The method of claim 7, further coniprisi'ng the step of stripping. any

inherentunreacted monomerfs; qligomers and ungrafted homopolymers with.an organic

solvent.
9. The method of claim 8, wherein said organic solvent comprises at least
20 one of 1,4-dioxane and acetone.
18
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In anoth m gmm his invention, a method of enhancing adhesion
propert| | elm nic substrate and an epoxy encapsul ant by graft
-copol ynerizatd ort, i rét toats the surface of the substrate with a

predet erm ned nononer in vapor form The coated substrate is then grafted

by exposi ng t1be stipet atifod of *edim RY vihérein Baid graftingestepffuether ifcludes the
encapsul ant is bonded to the graft modi fied substrate with chenicall y

h
dnest ofte PERkRHmet MG Eoid EROGNIFRIO.IER Wi g O IARRHY el P8 aiblint of o

can be shg&lflcantly enhanced by an i nventive graft copol ynerization

t echni q@EaHa l@G’packages in order to inprove the package reliability.
This procedure is based on a chemical nodification of the substrate/sol der
resist surface and therefore, offers the nost versatile solution to the .

5 11. A mefhod of enhancing adhesion properties between an organic'substrate
and an epoxy. encapsulant, having an amine curing agent, in an integrated ci_rc'uit'
-packagé by graft copolymerization for reducing cracking and delamination in said
- package, comprising the steps of:
coating the surface of said organic substrate with predetarmined m_onomérs,
10 having an epoxide function group;
grafting by-graft cppolymeriiation _tne monomer coated substrate by exposing
the substrate to near-UV illumination for a predetermined period of time to produce a
graft modified substrate having said epoxide function group; and
bondmg said epoxy encapsulant to said graft modlfled substrate,
15 '_ wherein sald amine curing agent in sald epoxy encapsulant chemlcally reacts
to said epoxide function group on said graft modified substrate to form covalent bonds

which substantially enhances said adhesion properties.

12. The method of claim 11, further comprising the step of activating the
20 surface of said organic substrate to stimulate said surface for subsequent

polymerization.

19
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[ nterm encies in package interfaces. G afted polyners
with e “ﬁ“‘“l“‘mu“ﬂmtal ity on the solder resist reacts via covalent =~
bondi nam : r in the epoxy I C encapsulant to strongly bond to
the | C encapsul afit. “Chemical coval ent .bonding at the interface constitutes

‘the best.possi IeIFEa kOng be : ; éﬁ.ﬁ ubatrgts i '
orders of. magsglr:#l?tu e sﬁ%&ﬁég?@ﬁ%#%c%ﬁﬂ/en |§H\ta\fég\9:ﬂf ere\%\al I tdﬁ)(-:!ggéfH %ﬁbky
i nteracti pn.. Anpot her maj or advantage of the graft copol ynerization .nmet hod
i s that sg%déé'"m)di fication after grafting treatnent is-pernanently

‘st abl e, ‘in sharp contrast to the time-dependent characteristic of surface

14. The method of claim 13, wherein each said monomer is a glycidyl

5 methacrylate monomer.

.1 5. The method of claim 14, wherein said epoxy encépéulant is one of an
epoxy molding compound, an epoxy top-dispensing and printin_g encapsixlant, and an
underfill material. |

.10

16. The method of claim 11, wherein said coating step cdmpfises the step

of exposing said organic‘ substrate to. a monomer vapor in an inert atmosphere

chamber under a pressure lower than the standard atmospheric pressure.

.15 "~ "17.  The method of claim 15, wherein said organic substrate is exposed to

said monomer vapor in said chamber for approximately 30 minutes.
18. The method of claim 1.1, further comprising the step of stripping any

inherent unreacted monomers, oligomers and ungrafted homopolymers with an organic

.20 solvent.

20
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activatj treat ment and etching. BRI EF DESCRI PTI ON OF THE
DRAW NCH“?I nljﬂ ﬂa!mmq"?et ail ed description, giving by way of exanple and
not inten Rthe present invention solely thereto, will best be-

understood in conjunction with the acconpanying drawi ngs in which: FIGS
1A-1D il llustrede e Rlethd¥d of SR ) [ ' :

integrated circuit package; FlI %l@%ﬁg&éﬁ%&%é{h@ﬁ%ﬁf\%&eF %isaesﬂeast
package;. El C tically illustrates the chem cal reactions

f or med ﬁﬁt%&g&?ﬁ@%@e gﬁggaé:?gori“ﬁ accordance with the present invention;
and FIG 4 illustrates a grafted integrated circuit package in accordance
with the ' : : : :

21
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present invention. This is the replacenent sheet 10 DETAI LED DESCRI PTI ON
'OF THE | NVENTI ON FI GS. 3A-3D schematiically 'illustrates the chem cal
‘reactions |eading to the bonding of the graft-nodified sol der resist |ayer
to the I C epoxy based encapsulant. In the graft copol ymerization process
enpl oyed: here, glycidyl methacrylate nonomers (GVA) with an epoxide
function group was used to react with the solder resist |ayer.

Abstract

A process which enhances the adhesion properties between an organic

substrate, such as a solder resist, and. an epoxy enca_psulant, such as a molding

5 compound, in an integrated circu-it padkage is desirable.. The inventive rhethod
provide_s.such enhanced adhesion properties by applying graft copolymerization .

techniques to the fabrication of the integrated circuit package. The method first

pfovides that the surface of fﬁe orgahic substrate is actfvated by, for example, treating

the substrate_ with ozone. The activated substrate is th.en grafted With a

10 predetermined monomer, such as glycidyl methacrylaté, having an epoxide function

group. The encapsulant inch._ldes an amine curing agent that, when bonded to the

grafted substrate chemically reacts to the epoxide function group on the grafted

substrate to form covalent bonds which substantially enhances adhesion.

&
DO
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However, other nononers such as glycidyl acrylate and net hal Iyl gl ycidyl
ether, and the like, may be used as well. During transfer nolding and

' curing of the epoxy nolding conpound, the amine curing agent in the
hardener of, the epoxy nolding conpound will react wth thg,geafte@ epokede
function’ groupss%gne GVA in the-sane way aRess a ne#nt&‘#d-i- g npound

&

curing reacti onyoifure olressdstiyta he adhesi on of tRe sql dr resps
nol di Nng conpouneroKiGE OYFNGTREAGt i al | y enhanced. M Trefmam
copol ynmeri zation is t.n.—xrans‘? t pol yners of /1t

that will increase aeyFreQ;Qn ;zgertles) I Nc QS
enhanced spatial distribution on the su aCe'to' Al m blZeq ep),
surface functionalization. The process resuPESAPIT a permaleent |y nddi fi ed
substrate surface, as -deseri-bed w +h—+eference t—o—Fi—GS—-;';‘-E) ——————

AEFLOW SOLOEAING (220°-260°C):
PEELING OCCURS AT INTERFACE
DURING HEATING: SHEAR STRESS
« MOISTURE CONTARIBUTION

— s = . :
'/_IG:JB . ) N\ 20

4 (NTERFACIAL PEELING

-/\O

DOMING OCCURS AFTER PEELING
1S COMPLETE OUE TO H20 VAPOR
FILLING THE GAP. CRACKING BEGINS.

Fr¢6. 1¢C | : : A

——— e e o — —— . o—— ———  Sv—— ———

CRACK EXITS PACKAGE [ . ~ 10,
VENTING STEAM  °. .

7L . J‘D | N cmack |

o 253 b 35

FiG.1 (PrioR ART)

%; . Solder Kesist

38 |
ti Solder [@esisT o Glass/Epoxy 36
0 . _ Substrate Solder Balt

Fi6. 2 (Prur ART)
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FIG 3A shows the solder resist (SR) substrate 45 prior to any treatnent or
‘nmodification. In FIG 3B, the SR substrate is optionally treated with
"ozone, 03, 48. Such treatnent activates the SR substrate by causing a

chem cal reaction on the surface, as shown in activated SR substrate 50.

I nstead of ozone, the surface of the SR substrate. nmay be treated with

pl asma, corona discharge, UV-irradiation, X-ray irradiation or electron
beam bonbardnment. This is the replacenment sheet Date: 01 MAR 1997 '
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Further, prior to the optional SR substrate activation, the SR substrate 45
may be etched, if desired, by chem cal or plasma etching (not shown) to

" provide a rough surface to further enhance friction and adhesi on between
the SR subsirate and the nol ding conmpound. FIG 3C illustrates the grafting
procedur,e in-this inventive process. Mnoner glycidyl methacrylate (GVA) 54
_is illustrated for use as the grafting nononer solvent to be "grafted" onto
"the activated SR substrate 50. As previously stated, other nononers nay

al so be used provided that they bond with the activated SR substrate and
subsequently bond with the nol ding conpound. As shown by graft-nodified SR
substrate 5.5, GVA 54 is chemcally bonded with activated SR substrate 50.
This chemically nodified surface of the SR substrate will subsequently form
coval ent bonds

6S

7Y

molding compound

grafted polymer

solder resist

77////////////////////////////////////////////////////////////// copper

alass/cpc'{j substrate
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4610393 -2
t& thé epoxy mol di-ng conpound (EMC) 58 in FIG 3D. To expedite theﬁwgraftl ngi

step, W light 52 may be concentrated on the substrate. Addi ti ond

thermal |ight may provide the excitation necessary’to speed up the graft
process. EMC 58 is shown having an inherent am ne curing agent fromthe EMC
hardener, chemcally illustrated as [err].1 As shown by reference nuneral

60, the am ne curing agent conpound reactsswith the graft-nodified SR -~
substrate 55 to formstrong coval ent bonds therebetween. The process of

FI GS. 3A-3D, enployed a graft copolyrrerl zatlon technl que carr| ed out by the
so-cal | ed sol ventMETHOH Fl RE HE A WEEN r at e
using a GVA grafti ANID OaGchICbSUBBERAWE B‘é(ﬁR@ETt he

results of an experinent uti IGQPOQYM&IZAWW@I-WW Eof FIGS. 3A-3D.
Further, a

BACKGROUND OF THE INVENTION

A conventional integrated circuit (IC) -package t\.fpically comprises several
different types of materials. These materials include organic polymer encépsulants,
metal frames, silicon dies, polymeric die attach materials and organic laminated
substrates, as in the chip-on-board (COB) and Ball Grid Array (BGA) packages. The
reliability of the package is intimately connected with the integrity of the interfaces
between dissimilar materials. The presence of these different materials with vastly
dlfferent thermal and chemical properties makes the interfaces vulnerable to
delamlnatlon For example, thermal expansu)n properties of silicon die and organic die-
attach polymeric adhesive are quite different; silicon has a much lower coefficient of
thermal expansion (CTE). Thus, when the package is exposed to a temperature.
excqrsion, these materials expand at different rates and the interface is subjected to
stresses. Often, the stresses lead to debonding at the interface and resultant package -
failures.

The natural propensity of an IC package to absorb moisture hés been 'known to
create reliability problems. Ithas been. shown by many researchers that polymer-metal
ipte.rfaces are degraded by the absorbed moisture. Absorbed moisture in IC packages

" has also been knowh to lead to "'pop-corn" failures. This occurs when the absorbed

REPLACEMENT SHEETS SG
\.gDescnpt,on paged ... 10 paged U"
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A Drawin
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This i's the replacement sheet Date: 01 MAR 1997 12 solvent-free process
(not shown) may be utilized which is simlar to the solvent process
illustrated in FIGS. 3A-3D, except that the GVA nbnoner in FIG 3Cis
transferred onto the substrate in vapor form by vaporization instead of by
~a nononer solvent, as described hereinlatey with reference to Exanple 2.
Whet her the solvent or solvent-free process is used, the resultant grafted
polymers are stable in.nature

moisture expands at high temperature (e.g. during SMT solder reflow which occurs
at temperature above 220° Celsius, discussed in greater detail below) causing
delaminations #nd crécks in the package body.

FIGS. TA-1D illustrate pop-corn crackihg in a surface mount packaged
semiconductor device 10. The surface mount package of device 10 includes a
package body 12 which in this example is formed from a resin molding compound.
The package body 12 encapsulates a semiconductor integr.ated circuit 14 bonded by
a die-attach adhesiye to a die pad 16. The package bddy 12 also supports leads 18,
20 which are part of a leadframe and allow electrical connection of the integrated
circuit 10 to external circuitry.

FIG. 1A illustrates moisture absorption by the package body 12. The moisture
is shown by arrows 22 and may be diffuségl into the package body 12 from an
ambient or controlled environment while the device 10 .is being stored between
manufacturing operations.

FIGS. 1B-1D show a possible mech.anism of pop-corn cracking during a solder
reflow operation. 'The solder reflow operation is carried out at a temperature in the
range between about 220° C to 260° C such that solder used in prior man.ufacturing
steps will reflow. The reflow improves the strength and coﬁductivi_ty of any solder
connections within the device 10. FiG. 1B éhows that heafing device .1 0, during the
solder reflow operation, to a temperature of 220° C or more creates a high water
vapor pressure in the pores of package body 12 at thé interfaces with die attach pad

¥ . .
16 as well as in the bulk resin molding compound material. The interfaces tend to be

This is the replacement sheet
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Whi ch ‘subsequent |y stabilizes the bonded interfaces. EXAMPLE 1 In this
experinment, the approxi mate process conditions of- an overnol ded BGA
substrate test specinmen were as follows: Activation: Ozone pretreatnent in

an ozone generator (Fischer, Mdel 500) Oxygen flow rate: 50
liters/hour Ozone generation rate: 2.5 grams/ hour ' Tenper at ur e:
Room t enperature Treatnent tine: —~ 10 mnutes Gaft

Copol ymeri zati on:

weaker tha;1 the bulk material due to factors such as poor adhesion, high pore
densities and interfacial stress resulting from mismatch in the coefficient of thermal
expansion (CTE) of the resin package body 12 and the die attach pad 16. The
interface between the die-attach pad 16 and package body 12 is generally one of the
weakest interfaces in the device 10. FIG. 1B indicates that peeling can occur at the
interface 24 between die-attach pad 16 and package body 12 during the solder reflow
operation. | :
FIG. 1C shows that the evaporation of absorbed moisture in combination with
the peeling shown in FIG. 1B leads to a doming effect in region 26. A crack ée begins
. to form in package body 12 at an interface with die-attach pad 16. FIG. 1D shows
that the combination of high pressure steam exerted by vaporizing moisture and the
accompanying thermal stresses become greater than the package body 12 can
withstand, and the crack 28 then extends to an outer surface of the package to
thereby vent the steam. It is apparent from FIGS. 1A-1D that moisture absorption by
a plastic surface mount package can cause package failure, and that the relatively
weak interface between the encapsulant and die-attach pad is often the point at which
the failure originates. However, a reduction in moisture permeation and absérption in
the package will reduce pop-corn fai_lures.
These issues of material mismatch and moisture are particularly relevant to a
Ball Grid Array (BGA) package. FIG. 2 illustrates a typical schematic diagram of an
overmolded plastic (OMPAC) BGA package 30, wherein an epoxy based encapsulant

{molding compound) 34 is molded on one side of the glass/epoxy substrate 38 -

This is the replacement sheet
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G7af t icopol ynmeri zation in a photochem cal reactor Grafting solution:

20 vol .% GVA in 1, 4-di oxane W | anp: . Schoef fel 150W
Tenper at ur e: - Room tenperature Grafting time: 40
or 60 m nutes This |s the repl acenent sheet Date: =~ 13
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carrying the silicon die. The OMPAC BGA package includes an IC chip 32 mounted
on the top side of substrate 38 and connected to the upper solder resists 40 b;/ wire
bonds 44. A further solder resist 40 is layel;ed on the bottom of substrafe 38and
includes a plurality of solder balls 36. Main interfaces with which molding compound
34 contact include the solder resists and the IC chip. [t is important for molding
compound 34 to adhere closely to each interface and in particular, it is desirable that
adhesion to the molding compound - solder resist interface. of the surface of substrate
38 be as high as passible.

The adhesion strength or integrity of these various interfaces ultimately decides
the reli'at':'il'ity of the package. Degradation of the interface leads to defects such as
delamination and cracks, especially at solder reflow temperatures. The robustness of
the package is therefore critically linked to the integrity of these interfaces.
Accordihgly, -a superior adhesion streng'th between the interfaces lead to better
reliability. [t follows that a weak adhesion Between the molding compouﬁd and the
solder resist renders the package susce.ptible to delamination, and especially to
cracking during solder reflow.

Overmolded BGA. packages are not the only examples where adhesion o':f the
epoxy based IC encapsulant and solder resist layer is crucial. Other examplés of
susceptiblé packages includé Glob Top BGA, chip-on-board (COB), tape automated
bonding (TAB), or indeed ahy package wherein a solder resist film is used in
conjunction with an epoxy based encapsulant. These include the use of underfill

encapsulation for flip chip and die attache substrates.

This is the replacement sheet
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Post Cure Mol ding: Tenperature: - 175[err] Bonding ti nme:

5 hours After grafting, the sanples were dipped in 1 ,4-di oxane solvent for
cl eaning and to renove the ungrafted honopol yners. ‘The transfer tinme from
activation to graft copolynerization may be up to 3-4 hours resulting in
good stability properties of the activatedgsubstrate. However, the grafting
time can be greatly reduced if a high poweI UV or thermal lanmp is enpl oyed.
The graft-nodified substrate sanples were subsequently overnol ded using
commerci ally avail abl e nol di ng conmpounds. Standard transf-er nol ding

condi tions and equi prent were enployed. FIG 4 illustrates the conpleted
BGA package 65 havi ng

However, BGA package reliability is considerably inferior to fhat of the
established metal _lead frame based packages, such as QFP. In general, overmolded
BGA packages barely meet IPC level 3 requiret"nent. For example, as described in
"Reliability and Moisture Sens_itivity Evaluation of 225-pin, 2 Layered Overmolded
(OMPAC) Ball Grid Array Package" by B. Poborets, O.é.M. llyas, M. Potter and J.
Argyle, 45th ECTC, 434-439 (1995), a typical moisture experiment subjected a BGA

- package to a temperature of 30°C and a relative humidfty of 60% for 192 hours,
followed by three solder reflows. The BGA package experienced 50% delamination
under the die due to moisture-induced package delamination cracking that occurred
during the three solder reflows. | '

To overcome such typical delamination, prior art solutions have been primarily.
limited to experimenting with different'solder resist and molding compound materials.
For example, in the article "Development of Molding Compounds for BGA” by K. Oota
aqd K. Shfg‘eno, 45th ECTC, 78-85 (1995), four different molding compounds were
tested with varying results. Unfortunately, the list of available molding compounds
for packaging applications is very limited. Out of the handful of compounds that are
commercially available, most do not fare very well in terms of strong adhesion
pfoperties at the molding compound - solder resist interface. This has been one of the
major reasons for the poor.reliability of pﬁckages involving overmolded BGA. Further,
the cﬁoices in the solder resist materials are even more limited. | |

Currently, plasma is used for surface cleaning and treatment of organic

laminated substrates to improve the adhesion of the substrate to an to epoxy IC

This is the replacement sheet

Date: (1 MAR 1897



superi‘or adhesi on properties-between the nol di ng conpound 74 and the sol der
resist layer 68 via grafted polyner |ayer 66. As .shown, the sol der resist

| ayer is nounted on top of copper clad layer 70 (which provides a nolding
conpound - copper interface) on gl ass/epoxy substrate 72. After the
standard post nold cure step, the nol ded 8anp|es were subjected to a "pul
test".by using an Instron Tensile Tester. -This test nethodol ogy has been
devel oped in order to quantitatively nmeasure the interface adhesion
strength between the nol di ng compound and the substrate. These neasurenents
record the adhesion strength of the interface. The recorded val ues and the
failure | ocations provide This is the replacenent sheet

encapsulant. This process is called surféce activation. However, the properties of a
plasma treated surface is very time-dependent. As described in "Plasma Processing
Notes: Surface Activation”, March Instrument, Inc., 995-70, the plasrha activated
surface is unstable, causing the benefits of surface acti\_/ation to disappear in a matter
of hours. .

In COB, TAB, and underfill/flip chips, the same situation exists; namely, -
adhesion optimization is sought primarily by a mix and match of the constituting
materials. Process parameters have also been varied but have been limited to curing
temperatures-profiles parameters, molding-dispersion parameters, and the like.

| in ‘any of the above adhesion techniques, the adhesion between the molding
compound - solder resist interface arisés from relatively weak Yan der Wall type of
interaction between the two materials. These Van ‘der Wall interactions are
insufﬁc_:ient to prevent undue stress due to thermal mismatch of the differ_ent materials
or pop-corn failures due to moisture.

N Itis known to chemically modify the surface of synthetic polymer substrates to
incorporate  specific physicochemical properties, such as hydrophilicify,
biocompatibility, adhesion and lubricative properties. Such chemical modifications
include acid etching, X-ray irradiation, ultraviolet irradiation, electron beam
bombarc!menf, ozone treatment, con;ona discharge and plasma treatments. Recently,
surface .modification of synthetic polymer substrates have been performed using a
method known as "surface draft polyrﬁerization". For example, the article entitled, -

*Surface Structures of Fluoropolymer, Polyolefin and Polyester Fillms After Modification
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14 information pertaining to the interface adhesion, as shown in TABLE 1,
where "SR' represents the solder resist and "MC' represents the nol ding

conmpound. TABLE 1 S. No. . Pristine Treatment 1

Treatnment 2 No Treat nent Gafting time: 40mm "Grafting time: 60 mn.
Adhesi on, Failure Adhesion, Failure f\dhesi on, Failure N[err]

Mode N[err] Mode N[err] Mode 1 77.5 SR/ MC

386.0 M xture of 442.3 M xt ur e of

by Graft Polymerization”, E.T. Kang, K.G. Neoh, K.L. Tan, F.C. Loh and D.J. Liaw, §
Polym. Adv. Technol.; 837-842 (1994), describes the characteristics of polymer
structures that have been treated with the graft polymerization process. However, the
Kang et.al. article does not describe any specific .relationship between graft
polymerization and adhesion, nor does Kang et al. sug.ges't a workable technique for
increasing the adhesion properties in a semiconductor package between the molding
compound - solaer resist interface.

it is therefore an object of the present invention to provide a process that
enhances the adhesion properties between an organic substrate and an epoxy
encapsulaté.{,.

Ano':;.er object of the invention is to provide a bonding process for IC packages
by graft copolymerization.

A further object of the invention is to ensure that the surface of the grafted
organic substrate is substantially permanently stable.

' - An additional object of the invention is to reduce stress arising from thermal

mismatch between different materials in IC packages.

Yet a furiher object of the invention is to reduce pop-corn failure arising from
moisfure absorption in IC packages.

Various other objects, advantages and features of the present invention will
become readily apparent fi'om t!?e énéuing detailed description and the novel features |

which will be particularly pointéd out in the appended claims.
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Cu/ SR and Cu/ SR and |

SR/ MC SR/ MC 2 73.5 oo 545.5 .

703. 4 "3 72.8 ! 277.2 - " 211.1 !
4 318. 1 " 734.2 787.4 5 208. 2 "
1006. 0 ! - 131. 2 CU SR 6 841. 9 ' 619.1 !
379.7 7 56. 8 ! 694. 8 - 1004.0 8 153. 3

! 1008. 0 ! 220.3 9 . 187.5 160. 2 N
845.1 10 135.4 " 843.0 Cu/ SR 412. 3

SUMMARY OF THE INVENTION

These and other objectives are realized by a method of enhancing adhesion
properties between an organic substrate, such -as a solder resist, and an epoxy
encapsulant, such as a molding compound, in an integrated circuit package, by graft
copolymerization. The surface of the organic substrate is ffrst optionally activated by,
for éxample, treating the substrate with ozone. The activated substrate is then
grafted with a predetermined monomer solvent, such as' a solvent having glycidyl
methacrylate, so that the encapsulant, when bonded. to the substrate, will adhere
securely thereto.

In another embodiment of this invention, a method of enhancing adhesion
properties between an organic substrate and an epoxy encapsulant by graft
copolymerization, first coats the surface of the ‘substrate with a predetermined
monomer in vapbr form. The coated substrate is then grafted by exposing the
substrate to near-1V illumination. Thereafter, the encapsulant is bonded to the graft

" modified substrate with chemically enhanced adhesion.

These embodiments describe a procedure- whereby the adhesion sirength of
epoxy based solder resist and epoxy based encapsulants can be signifiéantly enhanced
by an inventive graft copolymerization technique for IC packages, in order to improve
the package reliability. This procedufe is based on a chemical modification of the
substrat.élsolder resist surface and therefore, offers the most versatile solution to the

interface adhesion deficiencies in package interfaces. Grafted polymers with epoxide
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1:1 = - 470.5 Meam—132.5 T 613,177

513.7 Std 86. 7 , 279. 1 - 301.6 Dev Mn 41.9
160. 2 131. 2 Max 318.1 -+ 1008.0

1004.0 15 After nodification by graft copol ynerization, the adhesion
strength at the 9 '

-

functionality on the solder resist reacts via covalent: bonding with the hardener in the
epo'xy iIC encapsulaht to strongly bond to the IC encapsulant.

Chemical covalent bonding at the interface constitutes the best possible means
of adhesion between two surfaces and is typically 'orders of magnitude stronger than
conventional Van der Wall type of interaction. Another major advantage of the graft
copolymerization method is that surface modification after grafting treatment is
permanently stable, in sharp contrast to the time-depende’nt characterisfic of surface

activation by plasma treatment and etching.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed déscription, giving by way of example and not intended

“to limif_‘,:{.he present invention solely thereto, will best be understood in conjunction -

with the accompanying drawings in which:

FIGS. 1A-1D illustrate exemplary "pop-corn" cracking in a surface mount
integrated circuit package; |

FIG. 2 shows a conventional overmolded BGA package;

FIGS. 3A-3D schematically illustrates the chemical reactions formed by the
grafting process in accordance with the present invention; and

FIG. 4 illustrates a grafted integrated cirédit package in accordance with the

- present invention.
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mol di ng conpound - sol der resist interface was increased by at |east four
times over the interface involving pristine test coupons w thout the

i nventive process. Accordingly, the pull test confi-rnms that the failure
interface of the BGA test coupon shifts fromthe sol der resist/epoxy
mol di ng conmpound interface in the pristine sanple, to the sol der
resi st/ copper interface or to a mxture oflGsol der resi st/ copper and sol der
resi st/ epoxy nol ding conpound interfaces im the graft-nodified sanple. The
failure interface corresponds to the weakest interface in the adhesion
strength. The shifting of the failure interface fromthe sol der
resi st/ epoxy nol di ng conpound interface to other interfaces in the
graft-nodified substrate supports the adhesion strength test results. It

al so indicates that good adhesion of the solder resist to the epoxy nol ding

compound i< gEfA PBDESE RGN G il InGeRAR" ' 2 "

FIGS. 3A-SD schematically illustrates the chemical reactions leéding to the
bonding of the graft-modified solder resist .Iayer to the IC epoxy based encapsulant.
In the graft copolymerization process employed here, glycidyl méthacrylate monomers
(GMA) with an epoxide function group was used to réact with the solder resist Iayei;.
However, other monomers such as glycidyl! acrylate and methallyl glycidyl ether, and
the like, may be used as well. During transfer moldiné and curing of t'he epoxy
molding compound, the amine curing agent in the hardener of the epoxy molding
compound will react with the graftéd epoxide function groups of the GMA in thé same
way as.in a normal molding compound curing reaction. As a result, the adhesion of
the solder resist to the molding compound will be substantially enhanced.

The mechanism of graft copolymerization is to transplant polymers of interest
(for example, ones that will increase adhesion properties) in sufficient quantities and
with enhanced spatial distribution on the substrate surface to allow subsequent
surface functionalization. The process results in a permanently modified substrate
surface, as described with reference to FIGS. 3A-3D. ' |

FIG. 3A shows the solder resist (SR) substrate 45 prior' to any treatment or
modification. In FIG. 3B, the SR substrate is optionally treated with ozone, Q,, 48.
Such treatment activates the SR substrate by causing a chemical reaction on the
surface,..as shown in activated SR substrate 50. Instead of ozone, the surface of the
SRlsubstrate may be tre‘atéd with plasma, corona discharge, UV-irradiation, X-ray

irradiation or electron beam bombardment.
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techni'que. EXAMPLE 2 In the alternative solvent-free process for surface
graft copolynerization, a BGA substrate with a pre-activated surface is
first coated with a thin layer-or thin filmof Iiquid GVA nononers, for
exanpl e by exposing the substrates to a nonomer vapor under reduced
pressure in an inert atnosphere chanber. Surface graft copol ynerization
I s achi eved by exposing the nononer - coat edlkubstrates to near- W

illumnation for a period of about 30 m nutes in the sane inert atnospheric

chanber.

The unreacted nononers, oligonmers and ungrafted honopol yners on

the substrate This is the replacenment sheet Date:

Further, prior to the optional SR substrate activation, the SR substrate 45 may

be etched, if desired, by chemical or plasma etching (not shown) to provide a rough
surface to further enhance friction and adhesion between the SR substrate and the
molding compound.

FIG. 3C illustrates the grafting procedure in this inventive process. Monomer
glycidyl methacrylate (GMA) 54 is illustrated for use as the grafﬁng monomer solvent
to be "grafted" onto the activated SR substrate 50. As previously stated, other
monomers may also be used provided that they bond with the activated SR substrate
and subsequently bond with the molding compound. As shown by graft-modified SR
substrate’ 55, GMA 54 is chemically bonded with activated SR substrate 50. This
chemically modified surface of the SR substrate will subsequently form cova[ent bonds
to the epoxy molding combound {EMC) 58 in FIG. 3D. To expedite the grafting step,

UV light 52 may be concentrated on the substrate. Additionally, thermal light may

- provide the excitation necessary to speed up 'the.grafti'ng process.

EMC 58 is shown having an inherent amine curing agent from the EMC
hardener, chemically illustrated as CH,-O-NHRNH,. As shown by refereﬁce numeral
60, the amine curing agent compound reacts with the graft-modifiéd SR substrate 55
to form strong covalent bonds therebetween.

.The process of FIGS. 3A-3D, employed a graft copolymerization technique
carried ogt by the so—calied solvent process, i.e. grafting monomers onto the SR

substraté using a GMA grafting solvent. Example 1, described below, recites the

results of an experiment utilizing the solvent process of FIGS. 3A-3D. Further, a
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16 surface after graft copolynerization are then renoved fromthe
substrate surface by stripping with an organic solvent. The stripping
solvents are chosen fromthe famly of solvent for the GVA pol yner,
including 1 ,4-di oxane and acetone, and the |like. Wile several enbodi nents
have been chosen to illustrate the inventipn, it will be understood by
those skilled in the art that various changes and nodifications can be nade
herein wi thout departing fromthe scope or spirit of the invention as
defined in the appended cl ai ns.

solvent-free process (not sﬁown) may be utilized which is similar to the solvent
process illustrated-in- FIGS. 3A-3D, except that the GMA monomer in FIG. 3C is
_transferred onto the substrate in vapor form By vaporization instead of by a monomer
solvent, as described hereinlater with reference to Example 2. Whether the solvent
or solvent-free process is used, the resultant grafted bolymers afe stable in nature
which subsequently stabilizes the bonded interfaces.
EXAMPLE 1

In this experiment, the approximate process conditions of an overmolded BGA
substrate test specimen were as follows:

Activation: |

Ozone pretreatment in an ozone generator (Fischer, Model 500)

Oxygen flow rate: ) 50 liters/hour
Ozone generation rate: 2.5 grams/hour
Temperature: Room temperature
Treatment time: 10 minutes

Graft Copolymerization:

Graft copolymerization in a photochemical reactor

Grafting solution: 20 vol.% GMA in 1,4-dioxane
UV lamp: Schoeffel 150W
Temperature: Room temperature

- Grafting time: 40 or 60 minutes
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This i's the repl acement sheet Clains What is claimed is: 1. A et hod
of enhanci ng adhesi on properties between an organic substrate and an epoxy
encapsul ant, having an amne curing agent, in an integrated circuit package
. by graft copolyrrerl zation for reducing cracking and del am nation in said

‘package, conprising the steps of: graftingsby graft copolynerization
predet er m ned nononers, having an epoxi de —

Post Cure Molding:
Temperature: 175° C

Bonding time: _ 5 hours

After grafting, the samples were dipped in 1,4-dioxane solvent for cleaning and
to remove the ungrafted homopolymers. The transfer time from activation to graft
copolymerization may be up'to 3-4 hours resulting in good stability properties of the
activated substrate. However, the grafting time can be greatly reduced if a high
power UV or thefmal lamp is e'mlpl'oy'ed.

The graft-modified substrate samples were subsequently overmolded using
commerclally available molding compounds. Standard transfer molding conditions and
equipment were employed. FIG. 4 illustrates t!je completed BGA package 65 “having
superior adhesion properties between the molding compound 74 and the solder resist.
layer 68 via grafted polymer layer 66. As shown, the solder resist layer is mounted
on top of copper clad layer 70 (which | pi’ovides a moldioq compound - copper
interface) on glass/epoxy substrate 72.

After the standard post mold cure step, the molded samples were subjected to '
a "pull test by using an lnstron Tensile Tester. This test methodology has been
developed in order to quantxtatlvelv measure the interface adhesuon strength between
the molding compound and the substrate. These measurements record the adhesion

strength of the interface. The recorded values and the failure locations provide
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function group, on the surface of said organic substrate to produce a graft
nodi fi ed substrate having said epoxide function group; and bondi ng said
-epoxy encapsulant to said-graft nodified substrate;-wherein said am ne
‘curing agent in said epoxy encapsul ant chemically reacts to said epoxide
function group on said graft nodified subsjjate to form coval ent bonds

whi ch substantially enhances said adhesi on _properties. 2. The net hod of
claim1l1, further conprising the step of activating the surface of said
organic substrate to stinulate said surface for subsequent polynerization.

3. The nethod of claim2, wherein said organic substrate is an epoxy
sol der resin.

information pertaining to the interface adhesion, as shown in TABLE 1, where "SR"

represents the solder resist and "MC" represents the molding compound.

TABLE 1
S. No. I Pristine Treatment 1 Treatment 2
No Tréatment Grafting time: 40mm | Grafting time: 60 min.
| Adhesion, Failure | Adhesion, Failure Adhesion, Failure
N/cm? Mode | N/em? Made N/em?® Made
1 77.5 SRIMC | 386.0  Mixture of |442.3  Mixture of
i Cu/SR and Cu/SR and
- ' ' SR/MC SR/MC
Irz— 73.5 " 545.5 " 703.4 "
3 72.8 " 277.2 " 211.1 "
4 318.1 " 734.2 .. 787.4 "
ls 2082 « |10080 " 131.2  Cu/SR
Ifs 41.9 " 619.1 " 379.7 "
17 56.8 - | 694.8 . 10040  °
i I[ 8 153.3 " 1008.0 " 220.3 S
l s |1875 = | 160.2 - 845.1
10 1384 . " 843.0 Cu/SR | 412.3" "
l11 | 470.5 "
||
H Mean | 132.5 613.1 | 513.7
“Std 86.7 - 279.1 301.6
Dev
{min |a1.9 160.2 131.2
I Max | 318.1 1008.0 10040
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This i's the repl acenent sheet Date: 4. The nethod of claim3, wherein
each said nononer is a glycidyl nmethacryl ate nononer. 5. The net hod. of

- claim4, wherein said epoxy encapsul ant is one of an epoxy nol di ng conpound
encapsul ant, an epoxy top-di spensing and printing ‘encapsul ant, an underfill
encapsul ant, and a die attache encapsul antj5 6. The method of claim 2,
wherein said step of activating activates said

After modification by graf_t copolymerization, the adhesion strength at the
molding compound - solder resist interface was increased by at least four times over
the interface involving pristine te#t coupons with.o.ut the inventive process. |

Accordingly, the pull test confirms that the failure interface of the-BGA test
coupon shifts from the solder resist/epoxy moiding com;:o'und interface in the pristine

| sample, to the solder resist/copper interface or to a mixture of solder resist/copper and
solder resist/epoxy molding compound interfaces in the graft-modified sample. The
failure interface corresponds to the weakest interface in the adhesion strength. The
shifting of the failuré interface from the solder resist/epoxy molding compound
interface to .pther interfaces in the graft-modified substrate supports the adhesion
strength test results. It also indicates that good adhesion of the solder resist to the
epoxy molding compound is achieved through the graft copolymerization

technique.

- EXAMPLE 2
In the alternative solvent-free process for surface graft copolymerization, a BGA
substrate with a pre-activated surface is first coated with a thin laygr or thin film of
liquid GMA monomers, for example by exposing the substrates to a monomer vapor
under reduced pressure in an inert atmosphere chamber. | ‘Surface graft
-copolymerization is achieved by exposing the monomer-coated substrates to n.ear-UV
illumination for a period of about 30 minutes in the same inert atmospheric chamber.

The unreacted monomers, oligomers and ungrafted homopolymers on the substrate
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organi c substrate by one of said ozone treatnent, acid-etching, X-ray
irradiation, UV radiati.on, electron beam bonbardnrent, corona di scharge,
and plasma treatnent. 7. "The nethod of claim2, -‘further conprising the
step of surface roughing the non-activated organic substrate by one of

chem cal and plasma etching. 8. The met hpgl of claim7, further conprising
the step of stripping any inherentunreacted nononers, oligonmers and
ungrafted honopol yners with an organic solvent. 9. The net hod of claim 8,

wherei n said organic solvent conprises at |east one of 1, 4-dioxane and
acetone. This is the replacenent sheet Date: .

surface aﬁgr graft copolymerization are then removed from the substrate surface by
stripping with an organic solvenf. The stripping solvents are chosen from the farﬁily
of solvent for the GMA polymer, including 1,4-dioxane and acetone, and the like.
While sever;l embodiments have been chosen to illustrate the invention, it will
be understood by those skilled in the art that various éh’anges and modifications can
be made herein without departing from the scope or spirit of the invention as defined

in the appended claims.
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19 10." The nmethod of claim2, wherein said grafting step further includes
the step of illumnating said organic substrate wvill a UV lanp to reduce
the amount of grafting time. 11. A nethod of enhanci ng adhesi on properties
bet ween an organi c substrate and an epoxy encapsul ant, having an am ne

fcg;i pgdam"uc“m u@m‘!“iﬂgrat ed circuit - package by graft copol ynerization

del am nation in-sai d package, conprising the
st eps of :* t

Claims
What is claimed is:

1. A method of enhancing adhesion properties between an organic substrate
and an epoxy encapsulant, having an amine curing agent, in an integrated circuit '
package by graft copolymérization for reducing crackiﬁg and delamination in said
package, comprising the steps of:

grafting by graft copolymerization predetermined monomers, having an epoxide
function group, on the surface of said organic substrate to produce a graft modified
substrate having said epoxide function group; and |

bonding said epoxy encapsulant to said graft modified substrate;

wherein said amine curing agent in said epoxy encapsulant chemically reacts

to said epoxide function group on said graft modified substrate to form covalent bonds

which substantially enhances said adhesion properties.

2. The method of claim 1, further comprisin'g the step of activating the
surface of said organic substrate to stimulate said surface for subsequent

- polymerization.

3. The method of claim 2, wherein said organic substrate is an epoxy solder

' resin.
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coat i ngi the surface of said organic substrate with predeterm ned nononers,
havi ng an epoxi de function group; grafting by graft copol ynerization the

rmnorrer Q,Qaiﬂd,_subsié—#a%e—by- exposing the substrate to near-UV illumnation

a predeternined mtof time to produce a graft nodi fied substrate

or
haV| ng sal m‘m\!ﬂ“ﬁ n group; and bdmdi ng said epoxy encapsul ant to
sai d graf wherein sai€ amne curing agent in said

epoxy encapsul ant anem cally reacts to said epoxide function group on said
graft nodified substrate to form coval ent bonds which substantially
enhances sai d adhesion properties. 12. The nethod of claim1 1, further
conprising the step of activating the surface of said organic substrate to
stinulate said surface for subsequent

4, The method of claim 3, wherein each said monomer is a glycidy!

methacrylate monomer.

5. The method of claim 4, wherein said epoxy encapsulant is one of an
epoxy molding compound encapsulant, an epoxy fop-dispensing and printing

encapsulant, an underfill encapsuiant, and a die attache encapsulant.

6. The method of claim 2, wherein said step of activating activates said
organic substrate by one of said ozone treatment, acid etching, X-ray irradiation, U-V

radiation,. g!ectron beam bombardment, corona discharge, and plasma treatment.

7. “The method of claim 2, further comprising the step of surface roughing

the non-activated organic substrate by one of chemical and plasma etching.

8. The method of claim 7, further comprising the step of stripping any
inherentunreacted monomers, oligomers and ungrafted homapolymers witfz an organic

solvent.

8. The method of claim 8, wherein said organic solvent comprises at least

one of 1,4-dioxane and acetone.
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pol yneri zation. This is the replacenent sheet 13. The nethod of claim
11, wherein said organic substrate is an epoxy sol-der resin. 14. The
. met hod of cI aim 13, wherein each said nonomer is-a glycidyl nethacrylate

. nmononer . Hmmmlmgm [I cl ai m 14, wherein said epoxy encapsul ant is one
of an epoxy ﬂ: u an epoxy top9di spensing and printing
encapsul ant, ' -

10. The method of claim 2, wherein said graﬁiﬁg step further includes the
step of illuminating said organic substrate will a U-V'lamp to reduce the amount of

grafting time.

11. A method of enhancing adhesion propertieé between an organic'substrate
and an epoxy encapsulant, having an arhine curing agent, in an integrated circuit -
package by graft copolymerization for reducing cracking and delamination in said
package, comprising the steps of:

coating the surface of said organic substrate with predetermined monomers,
having an-epoxide function group;

~ grafting by graft copolymerization the monomer coated substrate by exposing
the substrate to near-UV illumination. for a predetermined period of time to produce a
graft modified substrate having said epoxide fﬁnction group; and

bonding said epoxy encapsulant to said graft modified substrate;

wherein said amine curing agent in sald epoxy encapsulant chemtcally reacts
to said epoxide function group on said graft modified substrate to form cavalent bonds

which substantially enhances said adhesion properties.

12. The method of claim 11, further comprising the step of activating the .
surface of said organic substrate to stimulate said surface for subsequent

polymerization.
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underfill material. 16. The nmethod of claim1 1, wherein said coating step
corrpri ses the step of expestng said organic substrate to a nononer vapor in -
i nert atnosphere chanber under a pressure |ower "than the standard

at nmospher i \“‘m ﬂEmm\ ‘M‘\The met hod of claim 15, wherein said organic
substrate { d nononer vapopgi n said chanber for _
appr oxi mat el*y 30 hi nut es. The met hod~of claim 11, further conprising
the step of stripping any |nherent unreact ed nononers, oligoners and

ungr afted honmopol yners with an organic solvent. This is the replacenent
sheet Date: 01 MAR 1997

13. The method of claim 11, wherein said organic substrate is an epoxy

solder resin.

14. The method of claim 13, wherein each said monomer is a glycidyl

methacrylate monomer.

15. The method of claim 14, wherein said epoxy encapsulant is one of an
| epoxy molding compound, an epoxy top-dispensing and printing encapsulant, and an

underfill material.

16. The method of claim 11, wherein said coating step comprises the step
of exposing said organic substrate to a monomer vapor in an inert atmosphere .

chamber under a pressure lower than the standard atmospheric pressure.

17. The method of claim.15, wherein said organic substrate is exposed to

said monomer vapor in said chamber for approximately 30 minutes.

18. The method of claim 11, further comprising the step of stripping any
inhérent unreacted monomefs, oligomers and ungrafted homopolymers with an organic

solvent.
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21°19. ‘ The nethod of claim 18, wherein said organic sol vent corrprl €5 at
| east %ne—ef—%—tt‘droxa‘n—‘and acetone. This is the repl acenent sheet Date:
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19.  The method of claim 18, wherein said organic solvent comprises at least

one of 1,4-dioxane and acetone.
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 METHOD OF INCREASING THE ADHESION STRENGTH BETWEEN

EPOXY ENCAPSULANT AND ORGANIC SUBSTRATE BY GRAFT
COPOLYMERIZATION TECHNIQUE

Abstract .

A process which enhances the adhesion properties between an organic

substrate, such as a solder resist, and an epoxy encapsulant, such as a molding

compound, in an integrated circuit package is desi-r'able. The inventive method
provides such enhanced adhesion properties by applying graft copolymerization
techniques to the fabﬂcatlon of the mtegrated circuit package The method first
provides that the surface of the organic substrate is actlvated by, for example, treating
the substrate with ozone. ‘The activated substrate is then grafted with a
predetermined monomer, such as glycidyl methacrylate, having an epoxide function
group. The encapsulant includes an amine curing Qgent that, when bonded to thf'e? |
grafted subs_trate chemically reacts to the epoxide function group on the grafté_d

substrate to form covalent bonds which substantially enhances adhesion.

FIGURE 4
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