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-1- COATI NG FOR ENHANCI NG ADHESI ON OF MOLDI NG COVPOUND TO SEM CONDUCTOR
DEVICES 5 Field of the Invention The present invention relates to the
packagi ng of electronic devices, and nore particularly, to the

encapsul ation of electronic devices conprising integrated circuit chips
together with their carriers, such asltead franes or other substrates. 10
Background and Prior Art After wafer fabrication, sem conductor chips or
integrated circuit (1C chips have to undergo several steps to be prepared

for eventual utilization. After inspection 15 and singul ation, individual
1 C chips are picked g@ﬂm&m&m&mgmmm such as' | ead f rares.
()

Then, the respe mgonnect ed to inner
rmng W re-bonded

| eads of the | ede ;

| ead frame assenblles Af t er war ds, the W re- bonded | ead frane assenbly wll
be encapsulated with _a plastic rml di ng conmpound, and the 20 encapsul at ed
Ieacﬁfr&lﬂﬂﬁﬂlﬁﬂﬂ&?ﬂmﬂl further be trimed, marked and tested before they
are mounted to other devices for utilization. The encapsul ants commonly used
to encapsul ate el ectronic devices or 1C chips are plastic conmpounds,

i ncl udi Theggrexgntaindestidn eslarsploathiel sackeRirg. 6 elestroRic ddvités,! & miret 0 80 %
by wei ght. The pl astic nol di ng conpound serves four basic f'uncti ons: (1D

Physi caPpiticslashortei the gnrapsulajen «f elgetreniscdeviees |opmuising tiniegratad
|ntegra t ich will
i 1 2o RAE LR toodfer il BLiP ool SHBn it Bad RGN ARRr SURHERY e
mect@ni cal damage or breaking; (3) Chem cal I y protecting the chips from 30
envi ronrrent aI hazards, such as noisture, dust and gases that would interfere
LS L dor A Ae | C chips; and (4) Providing a thermal path for
di ssi pat| ng the heat generated when the |1 C chips are functioning. Conpared
to

After wafer fabrication, semiconductor chips or integrated circuit (IC) chips have
to undergo several steps to be prepared for eventual utilization. After inspection
15  and singulation, individual IC chips are picked up and attached to their carriers,
such as lead frames. Then, the respective conductive pads on the IC chips are
connected to inner leads of the lead frames through fine conductive wires,
forming wire-bonded lead frame assemblies. Afterwards, the wire-bonded lead
frame assembly will be encapsulated with a plastic molding compound, and the
20 encapsulated lead frame assembly will further be trimmed, marked and tested

before they are mounted to other devices for utilization.

The encapsulants commonly used to encapsulate electronic devices or IC chips
are plastic compounds, including epoxy and silicone plastic compounds with
25 fillers up to 80 % by weight. The plastic molding compound serves four basic
functions: (1) Physically supporting a lead system for electrically connecting the
integrated circuit on the chips with an outside component system which will
utilize the chip; (2) Protecting the IC chips from contamination, abuse,
mechanica! damage or breaking; (3) Chemically protecting the chips from
30 environmental hazards, such as moisture, dust and gases that would interfere
with the performance of the IC chips; and (4) Providing a thermal path for
dissipating the heat generated when the IC chips are functioning. Compared to

some other encapsulation technologies, plastic encapsulation has major



sone ot her encapsul ati on technol ogi es, plastic encapsul ati on has major -2-
advant ages such as being light in weight, high in fabrication efficiency and
|l ow in manufacturing cost. However, one di sadvantage of plastic

encapsul ation is concerned with its non- 5 hernetic sealing around the
encapsul ated el ectronic device or | Gxhip, which may result in water
adsorption by the plastic conpounds or noisture perneation through the

conpounggvantagés 8u¥e s ety fightan WeiGhte RigromTfaBtivatsrsemiciney afdtibw igur r ent
nmol di ng conpound technol ogy. The probl em can be exacerbated by a |arger

di f f er emM@AUfactemRg 6%k fi ci ent of thermal expansion (CTE) between the 10
pl astic conpounds and carriers |like |lead frames. As the encapsul ated
assenbly undergoes | arge and qui ck tenperature changes, thermal stress
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sone | C chigé, Eut can also lead to device failure in applications or even
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normal | C flunctio e connection of IC "chips wth an out’side circuit
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15 penetration by moisture. Consequently, it is easier for water to enter and
accumulate in the encapsulated body. The adsorbed water not only speeds up
chemical or metallurgical interaction for some IC chips, but can also lead to

device failure in applications or even mounting processes.

20 For example, the adsorbed or entrained water will flash to steam when the
encapsulated lead frame assembly is exposed to rapid heating during
component assembly or device use. This will generate a rapid increase in
volume locally. The rapid expansion may lead to delamination on three pairs of
interfaces: the lead frame/plastic compound interface, the IC chip adhesive/chip

25 attach paddle interface and the IC chip/plastic compound interface. As a
consequence of the delamination, the normal IC functions or the connection of IC
chips with an outside circuit are disrupted. Internal delamination can also disturb
stress and strain distribution within the encapsulated body, which may further
result in the fracture of wire-bonded IC chips or disruption of proper heat

30 dissipation paths, and thereby impair the performance of the encapsulated
electron devices. In more severe situations, the encapsulated body expands and
even ruptures due to rapid hydraulic expansion, especially as the area ratio of
carriers to IC chips becomes smaller in modern electronic packages. This

phenomenon is normally referred to as “popcorn” in solder welding of



result in the fracture of wire-bonded I C chips or disruption of proper heat
30 dissipation paths, and thereby inpair the performance of the encapsul at ed
el ectron devices. In nore severe situations, the encapsul ated body expands
and even ruptures due to rapid hydraulic expansion, especially as the area
ratio of carriers to I C chips become$-snaller in nodern electronic
packages. This phenonenon is normally referred to as "popcorn” in sol der
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to surface nount assenblies. Another problemrelated to plastic
encapsulgsembliebnes from additives 5 incorporated in encapsul ants. The
addi tives include coupling agents, flane- retardants, rel ease agents and
others. A conmonly used flane-retardant additive in plastic nolding
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tribromide, a dense and heavy flame-retardant gas. The gas prevents the flames
15 from spreading. The adoption of the above-discussed flame retardant materials,
as well as other known flame retardant materials, gives rise to another problem
with current plastic encapsulation technologies. Some of these flame-retardant
chemicals, such as brominated epoxy, when brought into contact with the
encapsulated wire-bonded lead frame assembly, tend to degrade the reliability of
20 wire joints. This degradation typically occurs as a result of the flame-retardant
causing a degradation or even failure of the intermetallic joints between the

bonding wire and at least one of the lead and/or the conductive pad on chips.

To avoid the delamination of plastic molding compounds from lead frames or
25 substrates, many means have been proposed to improve the interfacial bonding.
These means include utilizing mechanical interlocks and chemical bonding.
Mechanical interlock involves impressions, such as holes, grooves and semi-
spheres, being made mechanically on the lead frame, as described in US patent
number 4,862,246 entitled “Semiconductor Device Lead Frame with Etched
30  Through Holes” and US patent number 6,501,158 entitled “Structure and Method
for Securing a Molding Compound to a Leadframe Paddle”. It was claimed that
the impressions would increase the surface area of the lead frame and provide
crevices for mechanical interlocking. Therefore, the adhesion of lead frames to

plastic compounds was enhanced.



To avoi d the del am nation of plastic nolding compounds fromlead franes or
25 substrates, many neans have been proposed to inprove the interfacial
bondi ng. These neans include utilizing nechanical interlocks and chem cal
bondi ng. Mechani cal interlock involves inpressions, such as holes, grooves
and sem - spheres, being nmade nechanri«ally on the |ead frame, as descri bed
In US patent nunber 4,862,246 entitled "Sem conductor Device Lead Frane

wi th Etched 30 Through Hol es” and US patent nunber 6,501, 158 entitled
"Structure and Method for Securing a Ml ding Conpound to a Leadfrane
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15
Coupling agents have also been used for adhesion for a long time. Normally, the
coupling agents have two kinds of function groups that can react with substrates
and adhesives respectively, so that they provide strong chemical bonding
between the substrates and adhesives, such as disclosed in US patent number
20 6,369,452 entitled “Cap Attach Surface for Improved Adhesion”. However,
copper-coupling agents may encounter hydrolysis under usual conditions of

packaging.

It would be desirable to address the problem of weak bonding between interfaces

25  without causing the degradation of wire joints of the lead frame assembly.

Summary of the Invention

It is therefore an object of the invention to apply a primer over the lead frame
30 assembly so as to enhance the bonding of plastic molding compounds to lead

frames and IC chips.



and adhesi ves respectively, so that they provide strong chem cal bondi ng
bet ween the substrates and adhesives, such as disclosed in US patent nunber
20 6, 369,452 entitled "Cap Attach Surface for Inproved Adhesion". However,
copper-coupling agents nmay encounter hydrolysis under usual conditions of
packaging. It would be desirable to -aldress the problem of weak bondi ng
between interfaces 25 without causing the degradation of wire joints of the
| ead 11 41 ATSIBR ¥biecPUIR vkhtibh do |SBLRNb! Eifhdrice! the! (HARAoF pidbrieDl ect of
the invention to apply a priner over the lead frame 30 assenbly so as to
enhance maldingmomprunsts tollaad frames! afichly chipp ovithdait affettinglithef reliakifityaofd 1 C
chips. -5- lhg%ffa rﬁhﬁted.@Pject of the invention to seek to enhance the
bondi ng“ﬁrfe lf)cl’ ogme %Irieﬁ\@ conpounds to lead franes and I C chi ps w thout
affecting the reliability of wre bonds formed therewith. 5 Accordingly,
t he present invention provides a nethod of enhanci ng adhesion between a
mol db ng Accopdiogly. el presanti invetian provddes @ methed i ofi eghancing: midbesidact or chi p
attache% g& a carriﬁ{ @rior to nolq%ng the.seabcondgctor devi.ce, conpri sing
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by reference to the acconpanying draw ngs which ill'ustrate one enbodi nment
of the devicencpowrisingethesstep aiicpating the semicenduotergdevacri withea polymeard
description is not to be understood as superseding the generality of the
broad | ®W§fi cation of the 15 invention as defined by the clains. Brief
Desgpi pti on of the Drawi ngs An exanple of the preferred enbodi nent of a
met hod of enhancing t he adhesi on

It will be convenient to hereinafter describe the invention in greater detail by

reference to the accompanying drawings which illustrate one embodiment of the

invention. The particularity of the drawings and the related description is not to

be understood as superseding the generality of the broad identification of the
15 invention as defined by the claims.

Brief Description of the Drawings

An example of the preferred embodiment of a method of enhancing the adhesion
20 of encapsulation material in accordance with the invention will now be described
with reference to the accompanying drawings, in which:
FIG. 1 illustrates a top view of a wire-bonded lead frame assembly; and
25 FIG. 2 gives an overview of a packaging process including the application of a

polymer primer according to the preferred embodiment of the invention.

Detailed Description of the Preferred Embodiment

30
FIG. 1 illustrates a top view of a semiconductor device comprising a
semiconductor chip attached on a carrier, and more particularly, of a wire-
bonded lead frame assembly. The carrier is in the form of a quad lead frame 10
and has a plurality of leads 11. The outer portions 12 of the leads 11 are



20 of encapsul ation material in accordance with the invention will now be
described wth reference to the acconpanying drawings, in which: FIG 1
illustrates a top view of a wire-bonded | ead frane assenbly; and 25 FIG 2
gi ves an overvi ew of a packagi ng process including the application of a
pol ymer primer according to the prefe6red enbodi nent of the invention.
Detail ed Description of the Preferred Enbodinent 30 FIG 1 illustrates a
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el ectrical and thernal conductivity AIternativer, ot her iron/nickel
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nmade fr o§UrRRBRSIthE deRHfralle0Yd, Kublé hstaRi sik@loys, such as Nickel, Silver, Gold

and/or Palladium, may be plated, especially on the tips of the inner leads 14 and
15 the die attach pad 15. The lead frame may be fabricated by mechanical

stamping or chemical etching. The present invention is suitable for all the lead

frames no matter whether they are made from copper based alloys or iron/nickel

alloys, fabricated by stamping or etching or are pre-plated or partiaily plated. The

present invention is also suitable for other carriers with a copper surface for
20 holding IC chips.

FIG. 2 gives an overview of a packaging process including the application of a
polymer primer according to the preferred embodiment of the invention. In the
fabrication process, the lead frame assembly is processed through several steps.
25 First, during die-attach 20, the IC chip 17 is positioned and fixed onto the die-
attach paddle 15. Any conventional solder materials can be used for the die
attachment, such as low melting point solders like lead/tin, or eutectic solders like
gold/tin and gold/silicon. Alternatively, an organic adhesive, such as silver filled
epoxy compounds or bismaleimide compounds, may be adopted to fix the IC
30 chip 17 on the die attach paddle 15. After the IC chip 17 is fixed on the die attach
paddle 15, the conductive pads on the IC chip 17 are connected electrically to
the tips of inner leads 14 by connecting conductive wires 18 thereto in a wire-
bonding process 21. The conductive wires 18 can be made from aluminum, gold

or copper. Alternatively, the electrical interconnections between the circuits on



al l oys, fabricated by stanping or etching or are pre-plated or partially

pl ated. The present invention is also suitable for other carriers with a
copper surface for 20 holding IC chips. FIG 2 gives an overview of a
packagi ng process including the application of a polynmer prinmer according
to the preferred enbodi nent of the in&kention. In the fabrication process,
the lead frame assenbly is processed through several steps. 25 First, during
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adopt edbbndTngnewaaqu@gBO chip 17 on the die attach paddle 15. After the IC

chip 17 is fixed on the die attach paddle 15, the conductive pads on the IC
ch|p517 are connected electrically to the tips of inner |eads 14 by
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the chips and outside circuits can be achieved through solder balls, such as
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or spraying as described below. The polynmer coating 10 pronotes the bondi ng

of plastic conpound to |lead franes and | C chips, hence, inproves the
rel i abi |Aftey doying hthepsoi steydisdicezricapsulatalthe lead frame assembly with plastic

molding compound 23. Encapsulation can be performed on transfer molding
15 machines. The molding compounds used widely are based on epoxy resin, such
as bisphenal epoxy resin, phenolic novalak epoxy resin and cresol novolak
epoxy resin. Normally, the molding compounds are in solid form at ambient
temperature but they are adapted to turn into liquid form at elevated
temperatures. For encapsulation, the pellets of the molding compound are first
20 inserted into a hot barrel and liquefied in the hot barrel. Meanwhile, lead frame
assemblies are placed in heated mold cavities. Then, the liquid compound is
forced by a ram into the hot mold cavities and fills the mold cavities. Typically,
the inner leads 14, die attach paddle 15 and IC chip 17 are sealed in the molding
compound. The liquid molding compound is allowed to solidify and cure in the
25 hot mold. This molding process normally finishes within a couple of minutes. |If
necessary, the encapsulated assembly can be post cured outside the mold after
transfer molding. The encapsulation can also be achieved by dispensing a liquid
plastic compound over the electrically-connected semiconductor chips then
curing the compound at elevated temperatures. The present invention is suitable

30 for both encapsulation methods.

After molding and curing, each molded electronic package can be trimmed

and/or separated from other packages to which it is connected, and formed 24 as
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After drying, the next step is to encapsulate the |lead franme assenbly with
pl astic nol di ng conpound 23. Encapsul ati on can be perfornmed on transfer
nol ding 15 machi nes. The nol di ng conpounds used wi dely are based on epoxy
resin, such as bisphenol epoxy resin, phenolic noval ak epoxy resin and
cresol novol ak epoxy resin. NornmallA8-the nol di ng conpounds are in solid
format anbient tenperature but they are adapted to turn into liquid form
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they are used with other devices. The priner coating is now descri bed in
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el ect ron beam and pl asma. The g ynmers preferably contain nitrogen in their
drying and curing processes ¢ rled out on them. Thus, the bonding force of the
15 molding compound to the lead frames and IC chips is enhanced and the
reliability of the packaged electron device is improved. Alternatively, polymers in

latex form can be adopted to coat the lead frame assembly.

The aforesaid phenolic resins are preferably produced through a reaction of
20 polyfunctional phenol and aldehydes. The said polyfunctional phenol may
comprise one or more of phenol, cresol, bisphenol A, bisphenol F, bisphenol S
and/or aliphatic chain phenol. The said aldehyde is preferably formaldehyde, but
other aldehydes are also possible. The polymer may comprise monomers or
oligomers as these can combine to generate macromolecules though chemical
25 bonds after being excited by heat light or other forms of energy, such as gamma

rays, electron beams and plasma.

The polymeric solutions may be made from one single polymer mentioned above
or a blend consisting or more than one of the aforementioned polymers dissolved
30 in a solvent. The content of the polymers in the solution can be from 0.01 % to
50 % by weight, more preferably from 0.1 % to 40 % by weight, and most
preferably from 1.0 to 10 % by weight. The solvents are desirably good solvents
with respect to the dissolved polymers and do not interfere with the IC chips and

pad as well as the wire joints/leads. For melamine modified phenolic resins, the
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nol ecul es. The nitrogen-containing polynmers are preferably selected from 10
nmel am ne nodi fi ed phenolic-fornal dehyde condensed pol yners or resins,
acrylic copolynmers and benzi m dazol e copol yners, but are not limted
thereto. These polyners are able to conbine with copper and noble netals

t hrough conpl ex bonds and bond with ®$poxy nol di ng conpound t hrough cheni cal
bonds via drying and curing processes carried out on them Thus, the

bondi ng sbReRE caih baewhtermandi BoRBIPRHBELIA Othhaidoaf RIE chips is
enhanceg and the reliability of0 t he pacléaged el ectroﬂrqé eV|¥2m?g'lldigrsrpr oved.

Al t er nametbagol, mihgnel; propanclapes/or obutanah ber anitbpgenl cantaiving Ekglicead frane
assenbl f sal enol i. I n r ef er ahl rQduced, t hrough a
reacti o*bB&gﬁ%’ @i?ﬁ&%&ﬁ?o’ﬁgy 'ﬁﬁ@ﬁ%l a@ﬁﬁ°§l%@ﬁ%e§ Heﬁlpn@(eggm% BB(IaVPungt i onal
phenol  &ag/or alieheONPop beRBifdaZole pelymérse &R solehNea? cofhprides phenol

F, bi sphenol and/ or aliphatic chain phenol. The said al dehyde is
pr ef 2r adimethyt faamaenigde aainddenr N-roethwt Pairrg s Theesalverd ysedstobdiepersee pol yner

o omotit CrelePRE i Bhis.Fah e shgh sblBRE o Bomf R 8 el B6ARaBe "1 1 gne or
ot her f@pWenphngneiveya detsithinshleaVaRordtiigSrate feCtheOsollEEHT THadsdN@qma. The
pol ynmeric solutions may be nmade from one single polyner nentioned above or

a bl end of cspdyestti mixteie godews e pelymerict pemer salutionsi witbdlopoviseesity,di ssol ved

30 in a e . The cont ent s n.the selufion,can from
0. 01 o 3065 BbuirHEnchE Bkt Baple AePainbl gl Posdtes: s Ins el dergnt . and
nost0 preifermdipalyrheofitm olet thelRabh frameeisgeinbiy Baring|tkée rfing fosssiesabl y good
solvents wth respect to the dissolved polynmers and do not interfere with

the | C SHrpasHoatingamdLakitd.| as the wire joints/leads. For nel am ne
nodi fi ed phenolic resins, the -9- solvent can be water and al cohol, wherein
the al cohol preferably includes nethanol, ethanol, propanol and/or butanol.

For ni t mM@RBds anatacan be adaptbd Go appdp iyerpolyréressiative iinsthgaleadnfeamee
al cohol, ethers, esters, ketone, alkane o ) o
assembly before encapsulation include but are not limited to dropping, dripping
15 and/or spraying. Before coating with polymer solutions, the lead frame assembly
may be cleaned with plasma, but that is not essential. The coating process does
not impair the performance of the lead frame assembly for encapsulation,
trimming and lead finishing. For example, it is not necessary to remove any
protective film from the lead frame assemblies, such as the damming films
20 attached to the backside of Quad Flat No-lead (“QFN”) frames, before applying

the polymer solution.

After applying polymer solution, the wet lead frame assemblies are baked at
elevated temperatures in an oven or tunnel. The baking temperature is preferably
25 from 60 to 260 °C, more preferably from 100 to 220 °C, and most preferably from
160 to 210 °C. The baking time is preferably from 1 minute to 30 minutes, more
preferably from 2 minutes to 10 minutes, and most preferably from 3 minutes to 5
minutes. After the solvent has evaporated, the applied solution turns into a
uniform polymer film over the surface of lead frame as well as on the IC chip(s)
30 and bonding wires. The thickness of the polymer film may range from 10 nm to

0.1 mm, more preferably from 50 nm to 50 um, and most preferably from 300 nm

to 30 um.



and/ or cycl oal kane. For benzi m dazol e copol yners, the solvents can conprise
5 di met hyl formam de and/or N-nethyl Pyrrolidone. The solvent used to

di sperse the nentioned polynmers can be a single solvent or a m xture of
nore than one solvent and have a determ nable evaporating rate for the
solution. The solvent or solvent m-Xtw e endows the polyneric priner
solutions with I ow viscosity, avoids dewing on the |ead franme assenbly and
ensures the formation of a 10 uniform polymer filmover the |ead frane
assenbly during the drying processes such as coating and baking. Methods

t hat car\fiss kako. doe teadhfrpme amrpbilq&me muutfooenmpswmndrewdh fplastie

assenbl y befor enc sul ati I ncl ud? t are mted.to droI ,
dri ppi né:onlpgug Va??'?‘.g’e AT IR %Batqsnﬁskﬁ t"ﬁ'ﬂbGPWr%rF ian@l e BE’Q t he
| ead frmhaa§en=6héxamplé>% éd)ﬁé&q’ébd\'frhmeoés'b%'ﬁ%l Rdh Hé”'@ﬁcdﬁ%ufﬁiéd Qent i al .

The coating process does not inpair the performance of | ead frame
assefbl Epoxy r@@idmgsmrapmwd in ameigi aigemperatueas fanginghfram 150to 498%Gl e, it is

t t fil f the | ead f nbl i
Such as RCeHERir B 6 B0l 8 TG ules Y seBReoate. U GpsaPPating. | ead
("QFN'") dssamby cmmr;ﬁ:samkeu BGtsud@meomo}wﬁmmlawer %nsf&rtrﬁéldmgolmeng
pol ymer solution, the wet |ead frane assenblies are baked evat ed
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M nypes,|CeNis, arﬁfl@érﬁfea@ﬁh/aﬁdeQﬁbzemmhthﬁ ehBapéllafedElestromd deliRes. Pr ef erably
from3 mnutes to 5 mnmnutes. After the solvent has evaporated, the applied

-solution turns into a uniformpolyner filmover the surface of |ead frame
“as well as on the IC chip(s) 30 and bonding wires. The thickness of the

pol ymerréixlmn}a range from10 nmto 0.1 mm nore preferably from50 nmto
50 m a %’eferably from300 nm to 30 m -10-

Copper alloy C194 (nominal composition by weight is 97.5 % copper, 2.35 % iron,
0.12 % zinc and 0.07 % phosphorous) having dimensions of 58 x 15 x 0.2 mm
15 was washed with dichloromethane, ethanol, 10 % sodium hydroxide solution and
10 % sulfuric acid, and finally rinsed with deionized water and blown with
nitrogen gas. Simulating the conditions for die bonding and wire bonding, the
washed copper plates were heated in an oven at 150 °C for 60 minutes and then
at 230 °C for 3 minutes. Some copper plates with nickel plating and palladium or
20 gold finishing were thermally treated with the same heating profile also. The
oxidized specimens were dropped into alcohol solutions that contained different
amounts of melamine-phenocl-formaldehyde resin. The coated specimens were
baked at 180 °C. Single-lap joints with lap lengths of 7 mm were made by
compression molding the coated copper plates with Sumitomo EME 6650R
25 epoxy molding compound (EMC) at 160 °C for 10 minutes. The lap-shear
specimens were post-cured at 175 °C for 4 hours. Lap shear testing was
conducted on an Instron material tester at room temperature and a cross-head
speed of 1.3 mm/min. Five specimens were tested for each sample and the
average was taken as the lap-shear strength of the sampie. Table | summarizes

30 the obtained results.



After baking, the lead frane assenblies are ready for encapsul ation with
pl astic conpounds and they can be encapsul ated as usual wth conventi onal
nol di ng nethods. For exanple, a coated |ead frane assenbly can be

encapsul ated with 5 epoxy nol ding conpound in a nold at tenperatures ranging

from150 to 190 C and cured in the-Hdt- nold for
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Example Il

Copper alloy C194 (nominal composition by weight is 97.5 % copper, 2.35 % iron,

0.12 % zinc and 0.07 % phosphorous) having dimensions of 30 x 7 x 0.2 mm

was degreased by immersing in dichloromethane and ethanol, and activated in

10 % by weight sulfuric acid at room temperature for 2 minutes. Then the acid-

washed copper was rinsed with deionized water and blown with nitrogen gas.

After drying, the specimens were dropped into an alcohol solution that contained

10 % of melamine-phenol-formaldehyde resin. The coated specimens were
baked at 180 °C or 200 °C. A molded button with a diameter of 3 mm was
formed on each primer coated specimen through transfer molding with Sumitomo
EME 6600CS epoxy molding compound (EMC) at a temperature of 175 °C and
pressure of 1000 kgf. The copper specimens with the EMC button were post-

cured at 175 °C for 4 hours and then preconditioned in 85 % RH environment at
85 °C for 168 hours according to JEDEC MSL |. Within two hours after

preconditioning, the specimens underwent a reflow heating profile of up to 260



-11- Table I. Bonding strength of copper to EMC Sanpl e Priner Baking
Lap-shear Standard concentration condition strength deviation C x mn Ma
Bare copper No No 2.0 0.5 Copper with priner 0.02 180 x 10 2.4 0.6 0.1 180
x 10 4.1 1.0 0.4 180 x 10 5.8 0.4 2.0 180 x 10 10.5 0.9 5.0 180 x 3 10.5
1.0 10.0 180 x 10 10.2 0.7 Pd finisHf@d copper 5.0 180 x 3 6.4 0.2 Au
finished copper 5.0 180 x 3 6.5 0.7 Exanple 11 5 Copper alloy C194 (nom nal

conposi eComhey EMG Miktons &7the YeaPrpested ep&ﬁm%sr\n@re sHedr téétad v and 0. 07 %
phosphor ous) having di nensions of 30 x 7 0.2 nm was degreased by

i Mer si Rjglerﬁ%ﬂfbm%hm@e@%me graxinatfalead, toma%ﬁhwbuﬁqn fiom sobsyale wei ght
sul furi r the aci d- washed
copper \;g\v/aagcr]reﬂﬁ@ég Wﬁésﬁlﬁ%}bﬁé@éﬁﬁg’éy a ovaéHrﬁ)‘ nitrogen gas. 10 After
dryi ng, the specinmens were dropped into an alcohol solution that contained
10 % of nel am ne- phenol - f or mal dehyde resin. The coated speci mens were baked
at 180 or. 200_.C. A ed button with a di aneter of mmwas fornmed on
eachd pr |Trﬁ9’ec’beﬁfgﬁc§9gg ’PHrMQFPﬂQEM@"rﬁﬂQﬁh@W’W Sum tono EME
66000S epoxy nol di ng conpound (EMC) at a tenperature of 175 C and 15

pressute of Saople kgf . Thé’r&merper speB'ahiags w t hButtenEMC b8tdndardwerie post -
cured at 175 C for 4 lhours a&l ond| tioned in 85 % RH_enviironnent at
85 C for 168 hours accmféﬁ%@ 18Ny DE%' W SHEAN t wg hee¥iatien t er
loading
% °C x minutes N
Bare copper None None 82.0 30
Coated Copper | 10 180 x 3 213.8 40
Coated Copper li 10 200 x 10 281.7 10

Example

To demonstrate the effect of the primer on the adhesion improvement of EMC to
10 noble metals, copper alloy C 194 having dimensions of 30 x 7 x 0.2 mm was
cleaned and plated with a thin nickel/silver layer. The plated specimens were
dropped in alcohol solution that contained 10 % of melamine-phenol-
formaldehyde resin without further cleaning. The coated specimens were baked
at 180 °C for 5 minutes. A molded EMC bufton with a diameter of 3 mm was built
15 on each primer coated specimen by transfer molding with Sumitome EME
6600CS EMC at temperature 175 °C and pressure 1000 kgf. The specimens with
the EMC button were post-cured at 175 °C for 4 hours and then preconditioned
in 85 % RH environment at 85 °C for 168 hours according to JEDEC MSL |.
Within two hours after the precondition, the specimens underwent a reflowing
20 heating profile of up to 260 °C. The EMC button of the heat treated specimens
were pushed away from the plated substrate and the maximum load was

obtained. Table ill summarizes the obtained results.



precondi tioning, the specimens underwent a reflow heating profile of up to
260 -12- C. The EMC buttons of the heat-treated speci nens were shear tested
on a Dage-4000 nachi ne and the maxi num | oad to detach the button from
substrate was reported. The results obtained are sumrarized in Table Il. 5
Table IL Effect of adhesion prinmer ohdbutton shear |oading Sanple Priner
Baki ng Button Standard concentration condition shear deviation |oading %C

X _minut Fable wsffeepwéammwt’e%@nswnm erefal9iteorEMG O 180 x 3 213.8
40 Coat ed Copper 11 10 200 x 10 281.7 10 Exanple Ill To denonstrate the

ef f ect fesjon VET t opbl e netal s,
copper aI I oy Ewlé% havi ngﬁcTin%gnm ons Bo X 08' si'fé%‘r‘ %tarid(:é’ra ned and
plated with a thin ni ckehtentraten | aymnditibhe pl ateatisgeci meleviatione| dr opped
in al cbhol—sol ution-that -contai nn*l;LD % of mel-am-hne nhnrnl - formal dehyde
resin W thout further|cl ean'("ng TheCéb@ﬂf@ﬂe%pem mﬂls ver|e baked at 180 C
for 5 pinges A npided—Ev gttomrwth—adiamet mwgs—bui |t 15 on
each pri Wﬁﬂ‘@ggﬁ%%’” peci ne:md[;y transfe'ﬂom)l diln ﬁzﬁ Surmito EME| 6600CS
EMC at tﬁﬁﬂgf@ﬁ@#? C ang pressurgggQod k f. Ipgospedinensawi th the EMC

button|were post-cured at 175 C for 4 hours and then preconditioneéd in 85 %
RH env| rAgpiated eop@5 C f or 1068 hopr s180605 di ng t 8354 EDEC |MSL 13 V\i]thi n two

hours after the precondition, thelspecinens underwent alreflowng!20 heating

profile of up to 260 C. The EMC button of the heat treated speci mens  were

bushed ¥l h-4hsnBlBbe 1 SUBSHA Rt vt ddBUBMRA B enff 2 Ned.

sanmar he obt’ai ned resu
in the bonding strength between the EMC and lead frame can be achieved by

UI

=

5 coating the lead frames with a polymer primer before molding with EMC.

The invention described herein is susceptible to variations, modifications and/or

additions other than those specifically described and it is to be understood that the

invention includes all such variations, modifications and/or additions which fall
10  within the spirit and scope of the above description.



-13- Table 111. Effect of prinmer on adhesion of noble netals to EMC Sanpl e
Pri mer Baking Button shear Standard concentration condition |oading
deviation C x -minutes N Bare copper.No No 82.0 30 N plated copper 10 180
x 5 228.0 23 Ag plated copper 10 180 x 5 254.1 13 The results fromthe
above tests and others show that a substantial inprovenent in the bonding
strength between the EMC and | ead frane can be achieved by 5 coating the

| ead frames with a polyner primer befeoge nolding with EMC. The invention
described herein is susceptible to variations, nodifications and/or

addi tions @tA)gfs:t han those specifically described and it is to be understood
that the Tnvention includes all such variations, nodifications and/or
additions which fall 10 within the spirit and scope of the above

descrt Pl ot - Membd-A inahanliP R4 pEIRRACA MR ShABARR hanaa mo! di ng
conmpound and a sem conductor “device conprisin m-CORdUCt o

attached cvemiconstuataridevics ¢asmptisingaasenticonductor mglpt attached pn afmetal?hm ng t he

sem co VI G 0 h | ex ds are

£ or mod T e, Britrsiha B LEPE or RiafiRd, i Sl AR BaEe JRCR
]Ehereaf}] erpdmhdibmggérfwcbematﬁonmml kondd ave &&meglbehwééraﬂheédemlpﬂWr primer
orns chenic onds t.he, no C ou or sai esj on
enhancemerﬁn sfm'mﬂ%@ §§V'8Pzﬂnﬂéggreﬁﬁgpﬁ'i° ing WPW FIE’ rdemic onduct or
device i nCéLkbﬂﬁtﬁat tﬁ@ryégﬁsﬁér\fmnvérrmewaﬁ@ﬁ’bamd%%mehﬁbwg eodund

sem conduct or chi th carrier, and the coating step further conprises

the step ofpféi‘iﬁtaﬂ gsiemenkgncement.

10
2. Method as claimed in claim 1, wherein the semiconductor device includes
conductive wire connections formed between the semiconductor chip and the
carrier, and the coating step further comprises the step of coating the wire
connections with the polymer primer prior to molding.

15

3. Method as claimed in claim 1 or claim 2, wherein the polymer primer
comprises a hitrogen-containing polymer compound.

4. Method as claimed in claim 3, wherein the nitrogen-containing polymer
20 compound is selected from the group consisting of, melamine modified phenolic
resin, acrylic copolymer and benzimidazole copolymer.

5. Method as claimed in claim 4, wherein the phenolic resin is produced
through a reaction of polyfunctional phenol with aldehydes.

25
6. Method as claimed in claim 5, wherein the polyfunctional phenol is
selected from the group consisting of. phenol, cresol, bisphenot A, bisphenol F,
bisphenoi S and aliphatic chain phenol.

30 7. Method as claimed in any one of the preceding claims, wherein the

polymer primer comprises a solution constituted by one or more polymers

dissolved in a solvent.



connections wth the polynmer priner prior to nolding. 15 3. Method as
claimed in claiml or claim2, wherein the polyner prinmer conprises a

ni t rogen-contai ni ng pol yner conmpound. 4. Method as clained in claimS3,
wherein the nitrogen-containing polynmer 20 conpound is selected fromthe
group consisting of: nelam ne nodified phenolic resin, acrylic copolyner
and benzi m dazol e copolyner. 5. Method as clained in claim4, wherein the
phenolic resin is produced through a reaction of polyfunctional phenol wth
al dehydes. 25 6. Method as claimed in12taim5, wherein the pol yfunctional
phenol is selected fromthe group consisting of: phenol, cresol, bisphenol
A, bisphendl F,Methodpheriaimes inrmtaial 7,phiperen theasaiutipmecwhprise® 0701%etbhod as

clained i n5@yl>6|f§$|§@%8{39%{q?‘?ecedi ng clains, wherein the polyner priner
S

conpri ses ‘uted by one or nore polymers dissolved in a
solvent. -15- 8. Method as clainmed in claim?7, wherei n the solution
conprises 0.01%t 50% of poly ht Vet hod as claiped in claim
8, wherein the %tﬁﬁ‘{‘@én l@'mﬁ%r'i" ge'”l% %\i%{)eq Eﬂﬁé‘%‘@?n (FOMmpriEes ﬂyankPght. 10.
Met hod ms ebd%ioipdlyimer 8BpweRghe of claims 7 to 9, wherein the pol yner

conpri ses a nel anm ne nodified phenolic resin and the solvent conprises water

and al cohol. 10 11. Method as clainmed in claim10, wherein the al cohol S

sel ect ed 1O (iGnod RUBARARS Jﬁfahy'qan@fof BRlRaT0l ocWianah e and

butanol . 12. od as clained in any one of claink ereln t he
pol yner compnses a melamine modified phenollc resin and the solvent comprises water

and alcohol.

10
11.  Method as claimed in claim 10, wherein the alcohol is selected from the
group consisting of: methanol, ethanol, propanol and butanol.

12. Method as claimed in any one of claims 7 to 11, wherein the polymer
15 comprises an acrylic copolymer and the solvent is selected from the group
consisting of: alcohol, ether, ester, ketone, alkane and cycloalkane.

13. Method as claimed in any one of claims 7 to 12, wherein the polymer
comprises a benzimidazole copolymer and the solvent comprises dimethyl
20 formamide and/or N-methyl Pyrrolidone.

14. Method as claimed in any one of the preceding claims, wherein the

polymer primer comprises polymeric latex.

25 15, Method as claimed in any one of the preceding claims, further comprising
the step of cleaning the semiconductor device with plasma before coating it with
the polymer primer.

16. Method as claimed in any one of the preceding claims, further comprising
30 the step of baking the semiconductor device at between 60-260 °C. for between

1 minute and 30 minutes after the step of coating it with the polymer primer.

17. Method as claimed in claim 16, wherein the semiconductor device is
baked at between 160-210 °C.



15 conprises an acrylic copolymer and the solvent is selected fromthe group
consisting of: alcohol, ether, ester, ketone, alkane and cycl oal kane. 13.

Met hod as clainmed in any one of clainms 7 to 12, wherein the pol yner
conprises a benzi m dazol e copol yner and the sol vent conprises dinethyl 20
formam de and/or N-nethyl Pyrrolidone. 14. Method as clainmed in any one of
the preceding clains, wherein the polyner prinmer conprises polyneric |atex.
25 15. Method as clainmed in any one eftéthe preceding clains, further
conprising the step of cleaning the sem conductor device with plasna before
coating it wth the polyner prinmer. 16. Method as clained in any one of the

precedi ng clains, further corrLgrl Si ng 30 t he steﬁ of baking the
seni conduci®r ddsthee asclaimegedrelain 38@r claimoi 7 o %%thels?ﬁ‘ﬁeﬂ@%d 30

m nut es af@@ﬁcé@%aﬁé&%r%ﬂ%@ ﬁﬁhdtés dhd B nlik@epo! yner prl mer. 17. Method as
clained in claim16, wherein the sem conductor device is baked at between

160-210 C. -16 18. Method as clained in claim 16 or claim 17, wherein the

sem congucier - EKbEced SaAkedn oty BELomepmopiheSoAf, Sa g 5, Lo

Met hod as ¢ I'h any one recedin t hi ckness
of the poImMnesma‘tthagolymebebatE@risbétwaenmmnnnﬂ1 gon. Met hod as clained in any
one of the preceding clains, wherein the thickness of the polynmer coating
is between 300 Nnm30 m 10 21. A sem conductor package processed accordi ng

to the nethpd agettbai aEdlaihéd dRyargnenéfoft the preeeeifly ngaibisi wierein the
thickness of the polymer coating is between 300 nm-30 um.
10
21. A semiconductor package processed according to the method as claimed
in any one of the preceding claims.



