11 February 2004 1 ADHESI VE COMPCSI TI ON FOR BONDI NG SEM CONDUCFeRniziyFz90a
BACKGROUND OF THE I NVENTION (a) Field of the Invention The present
invention relates to a die attach adhesive conposition for bondi ng
semi conductor chips to |ead frames, and more 10 particularly, to a die
attach adhesive conposition that has superior nodulus characteristics,
bondi ng power, adhesion strength and rkability, thereby enabling use

wi th sem conductor chips in a wide range of sizes. (b) Description of the
Prior Art 15 Typically, sem conductor packages conprise |ead franes/
substrates in which sem conductor chips are bonded onto | ead franme paddles
via adhesives. Figure 1 shows a thin quad flat package (TQFP) 1, which is
a type of surface- mouffPHES{RGOMAQRSITION FORNBOMNDING eni conduct or chip 2
i s mounted on a sem conduct cSEMICONRIICTOREHIPSOf a |ead frame 3, by an
adhesive |ayer 6. A bond pad (no reference nuneral given) on the nounted
sem conductor chip 2 and internal |eads 3b are electrically connected by

are protscted from the BRrRGROU Br SR INEITIONT . Thg Tesi n compound
5, and ext er(g?lFié&t EF BIe”ﬁ-‘{ en%%%4
| The present invention relates to a die attach adhesive
composition for bondi'ng semiconductor chips to lead frames, and more
10 particularly, to a die attach adhesive composition that has superior
modulus characteristics, bonding power, adhesion strength and
workability, thereby enabling use with semiconductor chips in a wide
range of sizes. |
(b) Description of the Prior Art
15 Typically, semiconductor packages comprise lead frames/
“ substrates in which semiconductor chips are bonded onto lead frame
paddles via adhesives. Figure 1 shows a thin quad flat package
(TQFP) 1, which is a type of surface-mounting semiconductor, in which
a semiconductor chip 2 is mounted on a semiconductor chip paddle 3a
20  of a lead frame 3, by an adhesive layer 6. A bond pad (no reference
numeral given) on the mounted semiconductor chip 2 and internal
leads 3b are electrically connected by conductive wires 4. The
semiconductor éhip 2 and the conductive Wires 4 are protected from

the exterior by a molded encapsulating resin compound 5, and external




2 leads 3c are soldered on, for exanple, a circuit board, t he1 p¥eBFuRy 2004
| eads 3c serving as external connection termnals. In the above, die attach
adhesi ve conpositions are used in bonding the sem conductor chip 2 on the
paddle 3a of the lead frane 5 3. Here, it is necessary for such adhesive
conpositions to have exceptional physical and chem cal properties after the
conposition is «cured, as well as provide a sufficient |evel of

workabi lity. Necessary physical properdies for the die attach adhesive
conpositions include a |ow coefficient of thermal expansion, high adhesive
strength, high 10 thermal - and el ectroconductivity, and durability; while
the required chem cal properties include high chem cal resistance and | ow
inpurity colegéat3c wre sotdeged dbrt, dot lexampidabi diidut bbardhehadhesingp
conpositions, it is necessary for the sane to have a suitable |evel of

viscosity angafgtze SeWinﬁWs%xtéﬁa%ﬁr?é&i%ﬁﬁeﬁﬂi*ﬁ%@_Ve conposi tions neeting
ca

the above requirenments and typi I'y used I nclude an epoxy base resin,
Sompound: " a di | ucih e RVGs cish SHPEh " SHRERYS RS deerised: Man
adhesi on pronoter, such as silane or dicyandi am de; a thixotropic 20 agent,
such as col | BPRFHNG (g sedicandsictarcetie 2 andhetphddieadaidfithe leafeframe such as
silicone. Here, depending on the required characteristics, 11 February 2004
3 5 3. Here, it is necessary for such adhesive compositions to have

exceptional physical and chemical properties after the composition is

cured, as well as provide a sufficient level of workability. Necessary

physical properties for the die attach adhesive compositions include a

low coefficient of thermal expansion, high adhesive strength, high

10 thermal- and electroconductivity, and durability; whiie thé required |

chemical properties include high chemical resistance and low impurity

content. With regard to the workability of the adhesive compositions, it

is necessary for the same to have a suitable level of viscosity and rate

of cure.

15 Die attach adhesive compositions meeting the above

requirements and typically used include an epoxy base resin, which

may have substituents; a curing agent, containing an amine

compound; a diluent, such as epoxide or butyl carbitol acetate; an

adhesion promoter, such as silane or dicyandiamide; a thixotropic

20 agent, such as colloidal magnesium silicate; and other additive agents,

such as silicone. Here, depending on the required characteristics,



intended use, etc., nodifications can be made to the adhesiveqq1 FappRsy20DA
to meet varying demands. Particularly, Ag flakes are comonly used as’a
filler to provide the die attach adhesive conpositions with superior
thermal and/or 5 electrical conductivity. Because of good dispersion in
organic resin systens, silver has the advantage of easily controlling the
conposition's thixotropy needed upon di spersion or die placenent. However,
silver does not provide sufficient adhe$ive strength between the

sem conductor chip and the chip paddle of the |ead frame, thereby 10 ]
reduci ng package reliability. For exanpl e, del am nation can occur at the

interface beimeesded hg§eg1@o tidH%' F&aﬁn% Eﬂ%é@ @ {t)'?ddl %xr, and/ or cracks

th ackage may devel op. T ove S par urar |
Imr;dlfleeg di eg gé itians that are hi gh in nodulus. In contrast,
such probl ens dé Iﬂgnﬁ%ﬁpﬁé’ﬁmmde%’}ds nodi fi ed conpositions. However,
when a wire bondi ng process (a high tenperature process. of 240C),

subsequent to . PREicy@myc badiies ashcommunit Used pses diier td Bravedd or med by a
bondi ng nmachine, mnute vibrations are generated causing defects in the

wire bondinthe dig aittacheadisddite SRRSO WithaBNOLrideHetnal zg’nd/%érmr <

detail, when the capillary of the bonding machine is pressure-wel ded into

TRRISE LR e X S R AR
systems, silver has the advantage of easily controlling the
composition's thixotropy needed upon dispersion or die placement.
However, silver does not provide sufficient adhesive strength between
the semiconductor chip and the chip paddie of the lead frame, thereby

10 reducing package reliability. For example, delamination can occur at
the interface between the semiconductor chip and the chip paddie
and/or cracks in the package may develop.

The above is particularly true in 'hard' modified die attach
compositions that are high in modulus. In contrast, such problems do

15  not occur in 'soft' modified compositions. However, when a wire
bonding process (a high temperature process of 240°C), subsequent to .
the semiconduétor chip-mounting process, is performed by a bonding
machine, minute vibrations are generated causing defects in the wire
bonding, which the 'soft' composition cannot resist.

20 In more detail, when the capillary of the bonding machine is

pressure-welded into the outside edge of the surface of the

semiconductor chip, the adhesive layer beneath the semiconductor




chip is slightly distorted by the pressure of the capillary | 9a¢epVhany 3000
capillary is released fromthe sem conductor chip, danped vibration

occurs, causing defects in the wire bonding or atilt in the nmounting of
the sem conductor chip slant. Accordingly, 'soft' nodified adhesive 5
conpositions are unsuitable for the use in packages on which small

sem conduct or chips are nounted since the mnute vibrations cannot be
absorbed. As with 'hard nodified adhestve conpositions, 'internediate'
nodi fi ed adhesi ve conpositions, which are in nodul us between 'hard" 10 and
'soft' adhesive conpositions, do not provide sufficient adhesive strength.
As a result, the problens of interfacial delamnation and/or cracking

remai n.  SUMVIRY iOBlighite distoEsd IbgNheDrEssurprefsies tapinygnbkan VRsn heen made in
an effort to solve the above problens. It is an object of the present

i nvention tocgimA de r@easelNir§ rrg,gé ' [ Ve .co i tjon having a high
| evel of rmduﬁl?wsuch tr?gt vm'"rhe o% Iﬁ}ll% e Zdét‘?“'@a@gﬁ’%{/vw? St i cki ng do
not arise. 20

i not he bject of the present invention to provide a
die attach a%#%"é%u%“‘&% Bects Briheoi e dioad QeRitidAdbetoeuntingsf whi ch 11
February 2004 5 provides substantial adhesive strength such that the
occurrence ohe s$eniendeetogaihigristenti oMcandingly ¢ tsatk inodifisd RidheaRteed.
5 compositions are unsuitable for the use in packages on which small
semiconductor chips are mounted since the minute vibrations cannot
be absorbed.
As with 'hard' modified adhesive compositions, 'intermediate’
modified adhesive compositions, which are in modulus between ‘hard'

10 and 'soft’ adhesive compositions, do not provide sufficient adhesive

strength. As a result, the problems of interfacial delamination and/or

cracking remain.

SUMMARY OF THE INVENTION i
15 The present invention has been made in an effort to solve the
above problems.
it is an object of the preseﬁt invention to provide an
'intermediate’ adhesive composition having a high level of modulus
such that wire bonding defects caused by wire sticking do not arise.
20 It is another object of the present i-nvention to provide a die

attach adhesive composition for bonding semiconductor chips which



I't is yet another object of the present invention to provide ¢ feBryfyl20a
adhesi ve conposition which both can be used for 5 sem conductor chipS of a
wi de variety of sizes and provides for a high Ilevel of workability. To
achi eve the above objects, the present invention provides a die attach
adhesi ve resin conposition for bondi ng sem conductor chips. The adhesive
conposition conprises an adhesive resin 10 conponent, a curing agent, a
diluent, a curing pronoter and a thixo®ropic agent, and an inorganic
filler conponent. The resin conponent is. approxi mately 10-50% by wei ght,
and the inorganic filler conmponent is approxinmately 50-90% by weight and

[ | I Th
i ngr edi ent | ?F‘S‘E@ﬁ%rhﬂ?@ﬁﬂ?‘?%ﬁﬁﬂgﬂ gt e Pt oesidensiber and

m Xt ures ther gd anmounts to approxi mately 0.1-50% by wei ght based on
the total %C‘% elgainatonAYHAT erackingds prevarde@nt : the sil ver -i ngredi ent
anounts to approxi mately 50-99.0% by wei ght based on the total weight of

the inorganic filtlieyet agother eb}ectb@tb‘l’@@@éﬁrﬂ%\ﬁéht@nft%gér%(/%eoé d‘i{e present
i nvention, the copper ingredient is approxinatel y Yo by wei ght based on

the total weamin ehinbliel NaAB0kiRol | \WRENCAMENTDly b FebLyary, 2004 ©

Accordi ng to anot her f eature o resent inven | bn conponent
is 20-40% Db i.;norggnic fill conponent is
é’ ysé‘ﬁc%'ﬂ &7 cFups of a v9 ge variety ofe sizes gpld provides for a high

level of workability.

To achieve the above objects, the present invention provides a
die attach adhesive resin composition for bonding semiconductor
chips. The adhesive composition comprises an adhesive resin

10 component, a curing agent, é diluent, a curing prorﬁoter and a
thixotropic agent, and an inorganic filler component. The resin
component is approximately 10-50% by weight, and the inorganic filler
component is approximately 50-90% by weight and comprises a
copper ingredient and a silver ingredient. The copper ingredient is

15 selected from the group consisting of CuO, Cu,0, and mixtures thereof
and amounts to approximately 0.1-50% by weight based on the total
weight of said inorganic filler component: the silver ingredient amounts
to approximately 50-99.0% by weight based on the total weight of the
inorganic filler ingredient.

20 According to a feature of the present invention, the copper
ingredient is approximately 5-25% by weight based on the total weight

of the inorganic filler component.




60- 80% by wei ght. According to yet another feature of the pre$fRbbruary 2004
inventio%, thg 5 conposit?on has a nodulus 2 to 4 x 109 Pa at 0C, agy t he
nmodul us gradual |y decreases at tenperatures between 25 and 150C, and
decreases to 7 x 107- 3 x 109 Pa at above 150C. According to still yet
another feature of the present invention, the conposition ranges in
viscosity from 8,000 to 20,000 cps at 25C. 10 According to still vyet .
anot her feature of the present inventioh, the conposition gives an adhesive
| ayer, formed between a sem conductor chip and a paddle of a | ead frane,
rangi ng in adhesive strength from 100 to 170 Kgf/cnR after cure. 15 BRI EF
DESCRI PTI ON OF THE DRAW NGS These and ot her features, aspects, and

advant ages of ' hengrauint o BNARE A Ly RO heth el ditslogg it

regard to the follow ng SCFIptI(r)]n, append " e opa
drawi ngs wh - 20 Fi 1,8, a schematic cross-sectional view c _ _
conven'? i onal 86@&915??&62203%9{%8%&(%53%a'b%é'k%d’é?rgi'l{clj@l?f GEMPIBOA Y Fig. 2 is
a graph illustrating nodulus variations of conposition specinmens according
to changes i 801B8%pbyaaight; Figs. 3a and 3b are scanning acoustic tonographs
( SATs)
According to yet another feature of the present invention, the
5  composition has a modulus 2 to 4 x 10° Pa at 0°C, and the moduius
gradually decreases at temperatures between 25 and 150°C, and
decreases to 7 x 107 - 3 x 10° Pa at above 150°C.
Aécording to still yet another feature of the present invention,
the composition ranges in viscosity from 8,000 to 20,000 cps at 25°C.
10 According to still yet another feature of the present invention,
the composition gives an adhesive layer, formed between a

semiconductor chip and a paddle of a lead frame, ranging in adhesive

strength from 100 to 170 Kgf/ecm? after cure.

15 BRIEF DESCRIPTION OF THE DRAWINGS
These and other features, aspects, and advantages of the
present invention will become better understood with regard to the
following description, appended claims, and accompanying drawings
where:
20 Fig. 1 is a schematic cross-sectioné! view of a conventional

TQFP-type semiconductor package;



showi ng interface del am nation states of small-size sem c_onduq? Febriary 2004
chi p-nounti ng packages whi ch have undergone severe conditions for a

predet erm ned anmount of time; Figs. 4a and 4b are SATs showi ng interface
del ami nation states of |arge-size sem conductor chip-nounting packages

whi ch have undergone severe conditions for a predeterm ned anount of tine;
and 10 Fig. 5is a graph illustrating viscosity variations of conpositions
according to CuO and/or Cu20 content. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Various die attach adhesive conpositions for use in bonding 15

sem conductor chips are known. Depending on the required characteristics,

i ntended use, etc dificatjiops,can be de to the conposition to neet
varyi ng demands. Fig- %@i‘?‘i%ﬁp:f g'%ﬁ@%?gﬂagggiuﬁe‘éﬁfﬁ%wﬂ/ﬁiC&FW%m
substituents, there are used various conponents for the adhesive

conposi ti on PRRYMENAGCEMidinG wuehangesOndgmpesatustich as azo conpounds;

di luents, such as epoxides and butyl carbitol acetate; thixotropic agents,

such as col | oi dal Figagrasiana 35 hicc alcannaRd 2ebhstic %@prié@é’ L(lé}el?Q)f as

silicon. Except for the epoxy 11 February 2004 nonone mounts fTor all of

t he conponen ' ding .10 necessit and such adjustnents
do not |im télﬁlvgﬂgn\%%%{%n%ﬁgw% Y& %amﬁé‘;&y@a&?gy WdHhosi tions",
as used erq%n, refers tqQ epoxy resin-based adhesive conpositions having a
5 modul u® of CIPENRYING, PaGiagps Which havepundergose mavaee sooditinds TOOC,

a predetermined amount of time;

Figs. 4a and 4b are SATs showing interface delamination states
of large-size semiconductor chip-mounting packages which have
undergone severe conditions for a predetermined amount of time: and

10 Fig. 5 is a graph illustrating viécosity variations of compdsitions

according to CuO and/or Cu,O content.

DETAILED DESCRIPTION OF THE INVENTION

Various die attach adhesive compositions for use in bonding

15 semiconductor chips are known. Depending on the required
characteristics, intended use, etc., modifications can be made to the
composition to meet varying demands. In addition to epoxy base
resins which may have substituents, there are used various
components for the adhesive composition including amine curing

20  agents, such as azo compounds; diluents, such as epoxides and
butyl carbitol acetate; thixotropic agents, such as colloidal magnesium

silicate; and other additives, such as silicon. Except for the epoxy




whi ch rapidly decreases at a tenperature between 100 and 150C41 R ?uéliffmﬁo
4 x 108 Pa at above 150C. The term "soft nodified adhesive conp05|t|
as used herein, refers to adhesive conpositions having a nodulus of 2.5 to
4.5 x 109 Pa at 0C, which 10 rapidly reduces at a tenperature between 0 and
70C, and is 1 to 4 x 107 Pa at above 70C. Finally, the term"internedi ate
adhesi ve conpositions", as used herein, refers to adhesive conpositions
having a nodulus of 2 to 4 x 109 Pa at8 0C, which gradually reduces at a
tenperature between 25 and 150C, and is 7 x 107 to 3 x 108 at above 15
150C. However, these parameters can vary slightly and are in no way
limting. Gbneralu% §S|nce 1 he adhesive | ayers hardened fromthe hard

n

adhesi ve confB&H mé’t"'@“%'l“"ﬁ'dﬁ tee sommatianty mivmise veriet dcobrdingy
flexibility, only a mniml anount of mnute vibrations attributed to the

20 bondi ng nichecassitpoandisuch adjusikiergs denutsimit @eUhiémpba n a low rate of
non-sticking in the wire bondi ng. However, the adhesive |ayer experiences

a relatively hi ghTheVehmofmuey RS ? 55850l &meéﬁﬁgﬁﬂéé%sﬂetﬁ% ;éhﬁg?ﬂeg

difference in the coefficients er mal ~ expansi
composi 11 ons L oIS AH0CSReR FRDRRG] SUHBHRIGEMBOS enP Jidet Sl | o
100x100 m 12 in size. In addltlon they have high 5 glass transition
t enper at G_’r esTEdgls ofid 5 dndvx BWPadat s temsemamgtiietween 0 and 100°C,
which rapidly decreases at a temperature between 100 and 150°C,
and is 2 to 4 x 10° Pa at above 150°C. The term "soft modified
adhesive compositions”, as used herein, refers to adhesive
compositions having a modulus of 2.5 to 4.5 x 10° Pa at 0°C, which
10 rabidly reduces at a tempereture between 0 and 70°C,‘ andis 1to 4 x
10’ Pa at above 70°C. Finally, the term "intermediate adhesive
compositions”, as used herein, refers to adhesive compositions having
a modulus of 2 to 4 x 10° Pa at 0°C, which gradually reduces at a
temperature between 25 and 150°C, and is 7 x 107 to 3 x 10° at above
15 150°C. However, these parameters can vary slightly and are in no way
limiting.

Generally, since the adhesive layers hardened from the hard
adhesive compositions are of high crosslinking density and of low
flexibility, only a minimal amount of minute vibrations attributed to the

20 bonding machine upon wire sticking occurs, resulting in a low rate of

non-sticking in the wire bonding. However, the adhesive layer

experiences a relatively high level of warpage because of the large



In contrast with the hard adhesive layers, the adhesive |ayer$1 Feprg@yerbos
fromthe soft adhesive conpositions are lowin crosslinking density, "and
high in flexibility. Accordingly, these adhesive layers allow the mnute
vibrations attributed to the bonding machi ne upon wire 10 sticking, |eading
to a high rate of non-sticking in the wire bonding. Advantageously, the
adhesi ve | ayers experience only a snmall degree of warpage, thereby naking
the soft adhesive conpositions suitablegfor nounting sem conductor chips
as |large as 400x400 m 12. Such adhesive |ayers are relatively lowin Tg,
but very high in adhesive 15 strength. As for the adhesive |ayers hardened
fromthe intermedi ate adhesive conpositions, they have crosslinking

Cr 155 YIRS RN R, il e, SRR

densities, us show ng i nier Mot

vi brations attribut to th 20 bondi ng[ machi ne upon wire sticking are

al l owed in tRAETH% Ellaélde exfBisPOdustay ehie %nitmetmddiehé-huat theof
non-sticking in the wire bonding is 11 February 2004 10 | ow. Their warpage
i s al so i nt eharddachesiven comgoisitiode . artloswitadle fér@ountihgryERsitat@uaghesi ve
conpositions are low in adhesive strength. Accordingly, the present

i nvention i schig alseshmhP 8M GEHRR M82 Q?f)s'!h'é’ {;86(@1%55 halfk ﬁfgg\‘ conduct or

chi ps, which has a suitable 5 level ‘ex| bi | evel s

gﬁg{/v: ﬁgd 5 n %’Hg ggﬁégo%?empera?ures (?85‘ tYsﬁow%woa%f;[és?vrn]esgtrelnngtﬁddI tion to

In contrast with the hard adhesive layers, the adhesive layers
hardened from the soft adhesive compositions are low in crosslinking
density, énd high in flexibility. Accordingly, these adhesive layers allow
the minute vibrations attributed to the bonding machine upon wire

10 sticking, leading to a high rate of non-sticking in the wire bonding.
Advantageously, the adhesive layers experience only a small degree
of warpage, thereby making the soft adhesive compositions suitable for
.mounting semiconductor chips as large as 400x400 mi Such
adhesive Iayers‘ are relatively low in Tg, but very high in adhesive

15 strength.

As for the adhesive layers hardened from the intermedéate
adhesive compositions, they have crosslinking densities which are
between the 'hard' and the 'soft' crosslinking densities, thus showing
intermediate flexibility. Minimal minute vibrations attributed to the

20 bonding machine upon wire sticking are ai[owed in the intermediate

adhesive layers such that the rate of non-sticking in the wire bonding is




adhesive strength. This suitable level of flexibility does noyqFebpialyPo4
m nute vi brations which caused by the bondi ng machi ne upon wire sticKing,
thereby | owering the non-sticking rate of the bonding wire 10 while the
hi gh degree of adhesive strength effectively prevents interface

del am nati on and/ or package cracking. Thus, the adhesive conposition can
be effectively applied for various sizes, fromsmall to |arge sizes, of
sem conduct or chi ps. The adhesi ve conpd§ition for bondi ng sem conduct or
chips, 15 according to the present invention, conprises an epoxy resin
nodified wth an inorganic filler conponent conprising a silver and a
copper ingredie h sel ected from CuQ, Cu20 and the mixtures thereof. In the
adhesi ve conf¥i ? Bh WHPagR rRiidRp sdemedidiecinonagnityde. tHoweyssxihe resin
anounts to approximately 10-50% by weight while the inorganic 20 filler
conponent anibteTtrediaie relbpsivei coghyoditiorapmedsivimibahgsie-HeHyly  wei ght. Here,
if the resin conponent is below 10% by wei ght of the conpositions, a

romgencous, m XU KM el BRLSAD R, HpRRPRUSHY 204 AY, comonent

is difficult to obtain d the resu ositron s fluidity

and wor kabi | | trﬁ%%%:%qt Fe ﬁ%ﬂar hand, if the resi nwg,orrponent exceeds 50% by

wei ght of the foRONEING; SEHANACIAT KRS 1 WRICha hap| @ cwdableor ker f

creep phenomenon will occur. That is, the resin 5 conposition creeps up
al ong t h® silgeelopf fexdbian{taiwaantibe lekels tealizeblin uhe 'hare!’ odd'sped of t he
sem conductor chip. Thus, the resin
adhesive compositions) in addition to showing a high degree of
adhesive strength. This suitable level of flexibility does notrallow the
minute vibrations which caused by the bonding machine upon wire
sticking, thereby iowering the non-sticking rate of the bonding wire
10 while the- high degree of adhesi.ve strength effectively brevenis
interface delamination and/or package cracking. Thus, the adhesive
composition can be effectively applied for various sizes, from small to
large sizes, of semiconductor chips.
The adhesive composition for bonding semiconductor chips,
15 according to the present invention, comprises an epoxy resin modified
with an inorganic filler component comprising a silver and a copper
ingredient selected from CuO, Cu,0O and the mixtures thereof. In the
adhesive composition for bonding semiconductor chips, the epoxy
resin amounts to approximately 10-50% by weight while the inorganic
20  filler component amounts correspondingly to approximately 10-90% by

weight. Here, if the resin component is below 10% by weight of the

compositions, a homogeneous mixture with the inorganic filler



conponent ampunts preferably to approxi mately 20-40% by wei ght4 %;)bem
the total weight of the conposition, nore preferably to apprOX| mate
25-35% by wei ght, and nost preferably to approximately 10 30% by wei ght.
The inorganic filler conponent conprises approximately 0.1- 50% by wei ght

of a copper ingredient selected fromCuO Cu20 and the mxtures thereof,
and approxi mately 50-99% by wei ght of silver. Wiile the copper ingredient
serves as to reinforce adhesion, the silllver 15 functions to make it easy to
control the thixotropy of the epoxy resin, as well as to provide thernmal

I Vi The silver pieces may be added in the shape of spheres or
FPakaa L P g tter fluidity. However, the choice

of “shape 1 & SpoPoNstt BARUS 5T a8 Snddbe seratind sombeitendainpor ime

conposi tion accord| ng to the present invention ranges in viscosity at 25C

from about 8fleidy tandwodapilips. ORothe ettmmhand,i i theerestmposipdnent has a
viscosity of less than 8,000 cps, 11 February 2004 12 there is a high

probabil ity ekededs b%eby avdight okeré cﬁnﬂﬁﬁltﬂﬂﬁ‘qp@ﬁ%f Wﬂ(%‘gﬂ&%‘%oom the

ot her hand, if the conposition has a viscosit o cps,
e conduct of CeRPt B Rk bderh BoRhERlonlin wibHellh ngiateR: dBRpissi f on of the
| nventi 'k té‘EmBSéf gn %?'Qeepssl. \(1% L\I%%grthgagldaeno? ?[?ee Ssle\r{nelconduc’cor chip to
p_ollute the bond pad of the semiconductor chip. Thus, the resin
component amounts preferably to approximately 20-40% by weight
based on the total weight of the composition, more preferably to
approximately 25-35% by weight, and most preferably to approximately
10 30% by weight. | |
The inorganic filler component comprises approximately 0.1-
50% by weight of a copper ingredient selected from Cu0O, Cu,0, and
the mixtures thereof, and approximately 50-99% by weight of silver.
While the copper ingredient serves as to reinforce adhesion, the silver
15 functions to make it easy to control the thixotropy of the epoxy resin, as
well as to provide thermal conductivity. The silver pieces may be
added in the shape of spheres or flakes, preferably flakes to provide
better fluidity. However, the choice of shape is optional in the present
invention.
20 Preferably, the composition according to the present invention

ranges in viscosity at 25°C from about 8,000 to 20,000 cps. For

example, if the composition has a viscosity of less than 8,000 cps,



strength of approxi mtely 100-170 kgf/cn2 depending on the co

conponents. The copper ingredient in the conposition of the |2@?%&3?3%8;2¢@F
sel ected from CuO Cu20 and the conbinations thereof, is able to
effectively prevent the occurrence of interface del am nati on and/ or
package cracking, thereby greatly enhancing the reliability of the

sem conduct or package. A description will be given of the prevention
mechani sm bel ow. 15 First, because stri@ng hydrogen bonds are fornmed

bet ween the oxygens of CuO and/or Cu20, and the epoxy rings (-CH - CH) of
the epoxy nol ding conpound (EMC) of the resin encapsul ant, the adhesive

strength at fhe i.ntﬁ&g.f ce between the adhesive conposition and the EMC of
the resin ent%p8dt 'Y §r§*@@%n§é~a¥ Adlearant onlkgrirgreey pEneseehonTher ef or e,

al though there is a large difference between the sem conductor chip (2-4

ppn C in a cwilf e¢eirenOnothet bitveneaianex piatisd edinposhidnt hes EMasagsint be chip
paddl e nade of copper, (16-17 ppm C in 11 February 2004 13 coefficient of

thermal expam@r@tiar PO 00HaGR R &rpaLkan O - 2 racking in an
adhesive fillet 7 of Fi g.%%, 'a s?‘gﬂﬁpagyﬁ@s‘?@gﬁ&{%ef?‘g%tég@ﬁgaa‘%ﬂ"t of the
| ower out si d&5§99§ rof the sem conductor chip mounted on the paddl e can be
effectively pr Vénted. In addition, 5 there is a hydrogen bond between a

curing pronoter, such as silane or silanol, which is usually contained in
the EMC ahd CuO ani@io? semmonductor chip is mounted on a paddle by using the

composition of the invention, the cured adhesive layer has an adhesive
strength of approximately 100-170 kgf/cm? depending on the contents
of the components.
The copper ingredient in the composition of the mnvention,
10  selected from Cu'O, Cu,0 and the combiﬁations therebf, is able td
effectively prevent the occurrence of interface delamination and/or
package cracking, thereby greatly enhancing the reliability of the
semiconductor package.
A description will be given of the preventioh mechanism below.
15 First, because strong hydrogen bonds are formed between the
oxygens of CuO and/or Cu,O, and the epoxy rings (-CH - CH-) of the
epoxy molding compound (EMC) of the resin encapsulant, the
adhesive strength at the interface between the adhesive compaosition
and the EMC of the resin encapsulant is stronger than when only Ag is
20 used. Therefore, although there is a large difference between the
semiconductor chip (2-4 ppm/°C in a coefficient of thermal expansion)

and the EMC and the chip paddle made of copper, (16-17 ppm/°C in




t hereby providing additional adhesive strength. Hence, the pr f O
and/or Cu20 in the adhesive |ayer interposed between the seﬁ?ﬁgggﬁg¥ggda4
chip and the paddle allows the adhesive layer to nore 10 tightly bond to
the EMC t han when conventional Ag fillers are used, and such interface

del am nati on and/ or package cracking are nore effectively prevented.

Mor eover, where the adhesive conposition further conprises a curing
pronoter, such as SiH4, hydrogen bonds18re also fornmed between the curing
pronoter and the copper ingredient, 15 contributing to effectively
preventing the interface del am nation and/or package cracki ng.
Furthernore, since %he cgpper ingredient, CuQ and/or Cu20, shows a good
conpat i bi | i t FOREFY h&T sg‘%ﬁz@@hdﬁ pEISien pinteyiarg edelamiratism nand/or at ed
copper, higher adhesive strength can be obtained when using the copper

i ngredi ent aBagkdgd ceacking it EneadiesiremileRT ubFiyg Boa WMt adfedile adhesi ve
conposition of the present invention, the copper ingredient selected from

the group copRgestsqugesid @&Qofcﬂdg%v@r‘dodt%if[ée%ﬁg%w \}ﬁggﬁdﬁrﬁégﬁég@%ﬁst he

thereof, is used in an anmount of about 0.1-5 _
mor o prof or abip MRGUEREORR G50k Bhio sachidt brétead i pddieos by O
Wol Ght L1 | TEh e MUERESTVEOTL PEMGER 5 GHIING Proolab sioteds sTmd b ot her
hand, if the copper ingredient
silanol, which is usually contained in the EMC and Cu® and/or Cu,0,
thereby providing additional adhesive strength. Hence, the presence
of CuO -and/or Cu,0 in the adhesive layer interposed between the
semiconductor chip and the paddle allows the adhesive layer to more
10 tightly bond to the EMC than whén conventional Ag ﬁllers‘are used,
and such interface delamination and/or package cracking are more
effectively prevented. Moreover, where the adhesive composition
further comprises a curing promoter, such as SiH,, hydrogen bonds are
also formed between the curing promoter and the copper ingredient,
15 contributing to effectively preventing the interface delamination and/or
package cracking. Furthermore, since the copper ingredient, CuO
and/or Cu,0, shows a good compatibility with the semiconductor chip
paddie, made of non-plated copper, higher adhesive strength can be
obtained when using the copper ingredient as a filler relative to when
20 using Ag only.
in the adhesive composition of the present invention, the copper

ingredient selected from the group consisting of CuO, Cu,0, and



nts to above 50% by weight, the resulting conposition hasqq FeHrasRS2dos
gpnﬁnre t han 20, 000 cpg at ahich workability rapidly deteriorates, ?@E
exanpl e, the conposition is difficult to dispense. 10 Based on the total .
wei ght of the inorganic filler, Ag is used at an amount of about 50-99.9%
by wei ght, and preferably about 70-95% by weight. For exanple, if Ag
anounts to bel ow 50% by weight, it is not easy to control the
conposition's thixotropy, so that its Widrkability is deleteriously
affected. In addition, this insufficient amount of Ag makes 15 the
conposi tion poor in thermal conductivity, lowering the emtting efficiency

' ' nat [ ent conduct ghip is being
ggeﬁ gfeg?agﬁ%%ét e#éﬁgﬁﬁﬁlggvﬁgégn%rﬂﬁygt B]{)agﬁgt;@‘gégéb/wewe@@i ght, there
is little inprov rrent?_‘Pi aldhe,sive strength, so that there is a high
possi bi | i tyngﬂ?’e(fﬁ’f“e ag)éa deFigH RAthe Anersanisr filieic Reeferatly abaukisng to occur.
The adhesi ve congosition of the present invention, if necessary, nay

further conpZb¥%ebytweight,ymese girefenatsigaabautf 712006 oy waRSitN aRANPRSE t i on
Speci mens and Materials 11 February 2004 15 Adhesi've conpositions for

n Table 1 Che o e oo cp e Jbies Sofery HorBedh bpony

|n Table 1, the resin -componen CﬁnSi ddi conpri si ng ani ne, epoxi de
ts)?lsgnrees? col'l gll-lﬁg%{%ge\r@é?@hf/gqyf (‘,@t@% Hf‘%%m@%@%@% ﬁ’@'eﬁgt’h ca, and
were used at an amount of 30% by weight based on the total weight of the
cannot be obtained. On ‘the other hand, if the copper ingredient
amounts to above 50% by weight, the resulting composition has a
viscosity: of more than 20,000 cps at which workability rapidly
deteriorates, for example, the composition is difficult to dispense.
10 Based on the total weight of the inorganic ﬁllér, Ag is used at an
amount of about 50-99.9% by weight, and preferably about 70-95% by
weight. For example, if Ag amounts to below 50% by weight, it is not
easy to control the composition's thixotropy, so that its workability is
deleteriously affected. In addition, this insufficient amount of Ag makes
15 the composition poor in thermal conductivity, lowering the emitting
efficiency of the heat which is generated while the semiconductor chip
is being operaté’d. On the other hand, if Ag amounts to above 99.9%
by weight, there is little improvement in adhesive strength, so that
there is a high possibility for interface delamination and/or package
20  cracking to occur. The adhesive composition of the present invention,

if necessary, may further comprise other types of inorganic fillers.

Resin Composition Specimens and Materials




i norgani ¢ conponent. These conpositions’ modulus was measur edqpebfuary 2004
terrpgrature was el evated from-50C to 250C at a speed of 5C/ mn. ‘iﬁfle 1(5J

changes of nodul us were scanned by using a thermal analyzer, such as that
sol d by Perkin-Elmer, identified as 7 Series Thermal Analysis system and
are given as shown in Fig. 2. TABLE 1 Conposition Resin' CuQ Cu2QAg 3
Exanpl e301090 C. Exanple 130-100 C. Exanple 1130-100 C. Exaan e 11130-100
C. Exanple 1V30-100 11 February 2004 1d65C. Exanpl e V 30 100 ' wei ght % based
on 100 weight % of the inorganic filler 2weight % based on total weight of
the inorganic filler 3weight % based on total weight of the inorganic
filler 5 (i) Conposition of Conparative Exanple 1

Adhesive compositions for bonding semiconductor chips were

prepared as indicated in Table 1, below. In Table 1, the resin

component consisted of 75% by weight of an epoxy base resin and

25% by weight of the additives comprising amine, epoxide, silane,

9  colloidal magnesium silicate, and CAB-O-SIL fuming silica, and were

used at an amount of 30% by weight based on the total weight of the
inorganic component.

These compositions’ modulus was measured while temperature

was elevated from -50°C to 250°C at a speed of 5°-C/n=1in. The

10 changes of mod.ulus were scanned by using a thermal analyzer, such

as that sold by Perkin-Elmer, identified as 7 Series Thermal Analysis

system and are given as shown in Fig. 2.

TABLE 1
Composition
Resin’ ' Cu0/Cu,0? Ag®
Example 30 10 90
C. Example | 30 ; 100
C. Example Il 30 - 100
C. Example 1l 30 - 100
C. Exampie IV 30 - 100




There was used a nodified epoxy resin system such as that s¢q¢eByya 2004
ABLESTI K with the tradenane of "ABLEBOND' 84-1LM SR4, which has viscosity
if 8,000 cps at 25C, a coefficient of thernmal 10 conductive of 2.5 WnK at
121C, a glass transition tenperature of 120C, and a coefficient of thernal
expansion of 40x10 in/in/C. In Fig. 2, this '"hard" adhesive conposition is
shown as Curve A (ii) Conposition of Conparative Exanple Il There was
used a nodified epoxy resin system sudB as that 15 sold by Johnson Mat hey
with the tradenane of JM 2500 AN, which has a viscosity of 3,000-6,000 cps
at 25C, a coefficient of thermal conductivity of 0.5 WnK at 121C, and a
glass transition tenperature of 65C In Fig. 2, this 'soft' adhesive
conposi ti on| CsExamyme s Qurve BQ 20 ([11) Conpositijon of jgganpte; 11
February 2004 17 An interlmedi ate adhes|ve conpositign was preparef fromthe

conposi t i onof —Conparative Exanpte—tH—by—adehng—ca0ieu20—and—Ag—! and usi ng
a nodi fication nmethod well knowninthe art. In Fig. 2, this |nterrred|ate
adhesi ve corrp03|t| on is sh as 5 Curve C. (iv) Conpositions of

Conpar ati ve B¥Qighl @ quedt‘@ﬁ ‘1/00 weightfedifdhe inargarisifiler conposi ti ons whi ch
show t he change of nodulus with tenperature, as in Curves D, E and V of
Fig. 2, were’weight % based on total weight of the inorganic filler

*weight % based on total weight of the inorganic filler

(i) Composition of Comparative Example 1
There was used a modified epoxy resin system, such as that
sold by.ABLESTIK with the tradename of "ABLEBOND" 84-1LMISR4,
which has viscosity if 8,000 cps at 25°C, a coefficient of thermal
10  conductive of 2.5 W/m°K at 121°C, a glass transition temperature of
120°C, and a coefficient of thermal expansion of 40x10° in/in/°C.
In Fig. 2, this 'hard’ adhesive composition is shown as Curve A.
(i) Composition of Comparative Example I
There was used a modified epoxy resin system, such as that
15 sold by Johnson Mathey with the tradename of JM 250(5 AN, which has
a viscosity of 3,000-6,000 cps at 25°C, a coefficient of thermal
conductivity of 0.5 W/m°K at 121°C, and a glass transition temperature
of 65°C.
In Fig. 2, this 'soft' adhesive composition is shown as Curve B.

20 (iii) Composition of Example



prepared by addi ng Ag, but not CuQ Cu20, and using a nodifi paﬂngbr 2004
nmet hod wel | known in the art. (v) EMC to Be Ml ded Into Resin Encapsufant
There was used an EMC comrercially available from Sumtono Co., identified
as nodel EME 7320CR The EMC has the following conditions: 15 Tg: 140C
Coefficient of Thermal Expansion al 1.3x10-5/C a2 5. 2x105/ C Mol di ng

Condi tions: Curing at 175C/ 120 sec After-Curing Conditions: 175C 6hr 20
(vi) Lead Frame TQFP 100 LD Paddl e: 5x37m® in size 11 February 2004 18 144
LD Paddl e: 11.5x11.5 nm® in size (vii) Test Die: 98X98 m 12 and 415X381

m 12 (viii) Cbservation: Scanni ng Acoustic Tonographer, made by Sonix 5
Measur enent of Adhesive Strength Stud pull tests were perforned at room

tenperature by usAngntermedgabasdhesivalevimpesiddewly frepdaiPeBnhe and the
adhesive strength of each of the specinmens was determ ned by nmeasuring a

total of fiveohps8ion RChpERAELE BlahBlFES Rluild & RILESHYE] RYer cured
and using a modification method well known in the art.
in Fig. 2, this 'intermediate’ adhesive composition is shown as
5 Curve C.
(iv) Compositions of Comparative Example lil to V
'Intermediate' adhesive compositions which show the change of
modulus with temperature, as in Curves D, E and V of Fig. 2, were
prepared by adding Ag, but not CuO/Cu,0, and using a modification |
101 | method well known in tﬁe art.
(v) EMC to Be Molded Into Resin Encapsulant
There was used an EMC commercially available from Sumitomo
Co., identified as model EME 7320CR. The EMC has the following
conditipr__\s:
15 Tg: 140°C
Coefficient of Thermal Expansion a1 1.3x10%/°C
a2 5.2x10°/rC
Molding Conditions: Curing at 175°C/120 sec
After-Curing Conditions: 175°C/6hr

20 (vi) Lead Frame

TQFP 100 LD Paddie: 5x5 mm?in size




10 from each of the speCi nmens, then averaging the measurenment$1 FéBfuary 2004
results are given as shown in Table 2 below. As for the conposition o

Conpar ati ve Exanpl e 2,
t he upper _
and not on the adhesive |ayer

kgf / cn,
ar eas,
345Avg.

| 40. 950. 544. 148. 756. 848. 2 C. Exanpl e 118

its adhesive | ayer showed a val ue of nore
limt of the nmeasurenent, and rupture
itself.

| e153.5115.0 116.2 121.4 118.1 124.8

Exanmp

t han 150

occurred at other
15 TABLE 2 in Kgf/cn2 1 2 ,
C. Exanpl e
11 February 2004 19 C.

Exanple 11164.771.561. 775. 052. 465.1 C. Exanple 1V73.968.076. 768. 152. 767. 9

10

15

144 LD Paddie: 11.5x11.5 mm?in size

{vii) Test Die: 98X398 mil® and 415X381mil?

(viii) Observation: Scanning Acoustic Tomographer, made by
Sonix

Measurement of Adhesive Strength

Stud pull tests were performed at room temperature by using
the Sebastian device made by Guadgroup Co., and the adhesive
strength'of each of the specimens was determined by measuring a
total of five times, the strength at rupture of the adhesivé layer cu‘red
from each of tHe specimens, then averaging the measurements. The
results are given as shown in Table 2 below. As for the composition of
Comparative Examp_le 2, its adhesive layer showed a value of more
than 150 kgficm®, the upper limit of the measurement, and rupture

occurred at other areas, and not on the adhesive layer itself.

TABLE 2
in Kgflfem?
1 2 3 4 5 Avg.
Example 153.5 115.0 116.2 121.4 118.1 124.8
C. Example | 40.9 50.5 44.1‘ 48.7 56.8 48.2
C. Example Il - - - - - -




C. Exanple V78.667.772.570.665.671.0 The data of Table 2 showy
"soft' conposition specinen of Conparative Exanple Il has the

adhesive strength and that the 'internedi ate'

P bﬁﬁ&? 2004

conposition speci men of

Exanpl e has a hi gh adhesive 5 strength of 110-155 kgf/cnR, which is

corrparable with that of the 'soft’

COITpOSI tion specinen.

On the ot her

hand, the 'internediate’ conposition specimens of Conparative Exanple Il |
to IV are only slightly better in adhd$ ve strength that the '
conposition specinmen of Conparative Exanple I. 10 Therefore, as apparent

fromthe data, the unexpect ed high adhesive strength of the _
; resent -invention-is attributabl

har d'

adhesi ve co 1 t,u. di-ng—to—the - .
the addition IeUFB" | UIIE’aﬁd/ or 4 20 ?&sét for61 ﬁt et f &ce0 Dell afrht i

Sem conduct mle and 415x381 milelin sizel were nounted 0

on635

5x5 m? and} @1E8amplesivime Fadl ¢s, 68€spect TH. &l y| W8 g | t Be nodi T ERE

adhesi ve conpositions of| Exanpl ¢ and Corrpar ati ve Exarrpl es Ito

|V, 'afte

whi ch wi re bonekagowey Per 78igred

Subsequent |y, after Iettr ng the{ll Eebrtrar?;z'go (ysen gﬁﬁ ?qu 3

paddl es st and—for—+68—heurs-at—30GCundeta—relative humdity

resul ti ng packages were subjected to
utilized to determ ne whether

r\v\f\ln r\v\

f 60%

sol dering sinulation. An

SAT was

The data of Table 2 show that the 'soft' composition specimen of

Comparative Exampie il has the highest adhesive strength and that the

'intermediate’ composition specimen of Example has a high adhesive

S strength of 110-155 kgf/cm?, which is comparable with that of the 'soft

composition specimen. On the other hand, the 'intermediate’

compaosition specimens of Comparative Example lil to IV are only

slightly better in adhesive strength that the ‘hard' composition

specimen of Comparative Example 1.

10 Therefore, as apparent from the data, the unexpected high

adhesive strength of the 'intermediate’ adhesive compaosition according

to the present invention is attributable to the addition of CuO and/or

.Cu,0.

Test for Interface Delamination

15 Semiconductor chips 98x98 mil* and 415x381 mil? in size were

mounted on 5x5 mm? and 11.5x11.5 mm? paddles, respectively, using

the modified adhesive compositions of E'xample and Comparative

Examples | to IV, after which wire bonding was performed followed by

molding resin encapsulants.

Subsequently, after letting the

"internedi ate'

eto
n

;

S.
and

he



interface delam nation occurred. 5 Fig. 3 shows the sem condu |
wth a size of 98x98 m 12 nounted on the paddles with a size?iyégﬁghﬁz?qﬁ1
t omography, Fig. 4 shows the sem conductore chips with a size of 415X381
m 12 mounted on the paddles with a size of 11.5x11.5 m®2. In the draw ng,
dark portions represent the portions at which interface del am nation
occurs. 10 Wile Figs. 3a and 4a are tonographs of the packages whose
external |eads were subjected to vapo?ophase sol dering (VPS) at 215C,

Figs. 3b and 4b are tonographs of the packages which were subjected to
infrared reflow at 235C. Wth the use of the 'hard" adhesive conposition A,
mnimal 15 interface delamnation resulted in the packages in which smal

si.ze sen coaemtonductor chipseard paddiee dtam@ fSMEBhbirsPatlocAufder 9 32 and
3b, while a substantial anmpbunt of interface delam nation occurred in the

packages in yha@pke I [ ' . LRs_were nounted, as shown in
panel A of Figs. 4aﬁgﬁ@tﬁgf€ﬁ0?§,g}sr§é£€%éﬁéfﬁ% gesgveie, subleeied ickages
whi ch were suﬁtﬂbect ed .t OE%{PS at 215C resist _interface delam nation better

than those wWRYCH W& MR8t ANt BATRWES éilizedity deamine fwhathet 235C.
Fromthese results, it is apparent that conposition specinen Ais suitable
only for snmalnterficecdglaminajion. ootltiedt he use of the 'soft' adhesive
conposition B, interface delam nation occurred in nost of the packages in
V\_/hl ch sn#l | size Fig. 3 shows the semiconductor chips with a size of 98x98 mil?
mounted on the paddles with a size of 5X5 mm? in tomography, Fig. 4
shows the semiconductore chips with a size of 415X381 mii2 mounted
on the paddles with a size of 11.5x11.5 mm?. In the drawing, dark
portions represent the portions at which interface delamination occurs.
10 While Figs. 3a and 4a are tomographs of the packages whose external
leads were subjected to vapor phase soldering (VPS) at 215°C, Figs.
3b and 4b are tomographs of the packages which were subjected to
infrared reflow at 235°C.
With the use of the 'hard’ adhesive composition A, minimal
15 interface delamination resulted in the packages in which small size
semiconductor chips were mounted, as shown in panel A of Fig. 3a
and 3b, while a substantial amount of interface delamination occurred
in the packages in which large size semiconductor chips were
mounted, as shown in panel A of Figs. 4a and 4b. Irrespective of chip

20  sizes, the packages which were subjected to VPs at 215°C resist

interface defamination better than those which were subjected to IR



5 sem conductor chips were nounted, as shown in panel B of Fi 9?Fe§i“ué”@%d’ﬂ?~
On the other hand, only a small amount of interface delam nation occdrre

in the sem conductor packages in which |large size seni conductor chips were
nounted, as shown in panel B of Figs. 4a and 4b. These results denonstrate
‘that conposition specinen b is 10 suitable for | arge size packages with

| arge size sem conductor chips only. Irrespective of chip sizes, the
packages which were subjected to VPS atf 215C better withstood interface
del am nation than those which were subjected to IR flow at 235C. This
suggests that the higher the treatment tenperature, up to alimt, the
easier the ipterface .15 ,gel anj nation occurs. . Wth the use of the

i ntermedi at Owc%tnégél‘f-i on' &P deesRiesuist. itHe apnaseehthat nvamposition whi ch was
nodi fied froma 'soft’ adhesive conposition, gave excellent results, or no
interface debpedimeni Ais suitzbicnenly\¥BiSsmad aizedpguieigages i n which smal |l size
sem conduct or chips were 20 nounted, as shown in panel C of Fig. 3a, while

satisfactory resulyih th@rL%egb’FQﬁet' ?ﬁ'ggd'{‘%ﬂ@fé@ﬁ%@éﬁ&% %3%‘&% es, as

shown in panel Cof fig. 3b. In al e sem ufteoir’ount N incgl \l/vgintch
rasurts ver l2PEEPHH SERUEd R R oHeok G GHCKPERS dp ehRreTTB e pp | el
therefor, as shown in panel Cof Figs. 4a and 4b. Theref ore, t he
conposi t itn SYPEENAEAOC chRsovEre maustedeapsbewnt ini pareits of Figd. e d
relatively _
and 3b. On the other hand, only a small amount of interface
delamination occurred in the semiconductor packages in which large
size semiconductor chips were mounted, as shown in panel B of Figs.
4a and 4b. These results demonstrate that composition specimen b is
10  suitable fér large size packages wifh large size semiconductér chips
only. Irrespective of ch'ip sizes, the packages which were subjected to
VPS at 215°C better withstood interface delamination than those which
were subjected to IR flow at 235°C. This suggests that the higher the
treatment temperature, up to a limit, the easier the interface
15  delamination occurs. |
. With the_ use of the 'intermediate' composition specimen C of the
present invention, which was modified from a 'soft adhesive
composition, gave excellent results, or no interface delamination, to the
VPS-treated packages in which small size semiconductor chips were
20 mounted, as shown in panel C of Fig. 3a, while satisfactory resuits

were given to the IR reflow-treated packages, as shown in panel C of

fig. 3b. In all of the semiconductor packages in which large size




5 excel lent . results i rrespective of sem conductor chip size. M@@Wﬁ&%g 04
t he conposition speci men C can be used for sem conductor chips of a 'dpe

range of sizes. In contrast, unsatisfactory results were realized with the
"internmedi ate' conposition specinens D, E and F, which were also 10

nodi fied from'soft' adhesive conpositions. Specinens D and F showed
simlar results to those of the specinmen A Although specinmen E gave good
results to the VPS-treated packages inaghich small size seniconductor

chi ps were nounted, poor results were obtained in other cases. Fromthese
results, the conposition specinens D, E and 15 F, even though nodified into
"intermedi ate_conpositions, were found to be suitable only for the small

si ze package8CWHGHNALRIN| Cé'ipfewe's!'ﬁm”é%ﬁﬁﬁ@t gxceleps revakenwesgatiser , t he
data of Figs. 3 and 5 showed that the interface del am nation-preventive

effect of thebigdmsbeihendhespropasitio spa@inmen @ Wdshapgitd thdrb@raggli tion of
CuO and/or Cu20. Wrkability Test Viscosity Measurenent 11 February 2004 23

Th . : it i i Si 30 i ght
ere were psie@ani gl Sanel CONGOFidsl U} %ﬂ@?glﬁfn?heﬁéﬂéoftﬁggérhﬁégg%i wae: |g| er

parts of the resin conponent and 100 wei pa
S0% 0% anc RO el 5o AeEPTing o S ST enl nnErarioupgnteeivaine 111 | er
conponent, and contai ned Ag
5 excellent results irrespective of semiconductor chip size. Accordingly,
the composition specimen C can be used for semiconductor chips of a
wide range of sizes.
In contrast, unsatisfactory results were realized with the
intermediate’ composition specimens D, E and F, which were also
10 V modified from 'soft’ adﬁesive compaositions. Spécimens D and F
showed similar results to those of the specimen A. Although specimen
E gave good results to the VPS-treated packages in which small size
semiconductor chips were mounted, poor results were obtained in
other cases. From these results, the composition specimens D, E and
15 F, even though modified into 'intermediate compositions, were found to
be suitable only for the small size packages with small size
semiconductor chips.
Taken together, the data of Figs. 3 and 5 showed that the

interface delamination-preventive effect of the composition specimen C

20 s attributed to the addition of CuQ and/or Cu,0.

Workability Test Viscosity Measurement




amounting correspondingly to 100% 90% 80% 70% 60% and 50%
vi scosities of the conposition speci nens were neasured at 25C?1 F;Fﬁieuar'a,s"zuqotdL
are shown in Fig. 5. As seen in the curve of Fig. 5, the viscosity is 8,350
cps when 10 no CuQ Cu20 is contained, and gradually increases up to 14, 600
cps until the CuQd Cu20 reaches 40% After this level, the viscosity starts
to sharply increase and reaches 18,400 cps when the CuQd Cu20 anounts to
50% In the cases where an auto-di spenggr is used to dispense an 15

adhesi ve conposition on sem conductor chip paddl es, the auto- dispenser
cannot efficiently work when the adhesive conposition is 15,000 cps in
viscosity. Wth the viscosity as high as 20,000 cps, it is inpossible for

t he di spenser to ti A Lngl CuQ Cu20 i s added at an anmount of
appr oxi nat el y ZOﬂS&% t@e%wﬁg‘%{%ﬁlg X b SEEROSHIOPh SREHIBENSei 837N of t he
inorganic filler . conponent, although there may be a slight nodul ation
dependi ng on®AIPEYIRS 3t yeIglupads i eheetesin vomponent and 16@ weighh conponent
to the inorganic filler conmponent. As described above, the composition in

accordance wparts ohihe iporgmeit fillencempopenpio WG CaGiCuld W4amesdrgr ee of
nodul us such that 5 wire bonding defects are not caused by a bondi ng

machine whil g gh QheliRIoR ot S0 ASYRE, ShoRUhRR! ¥ SN el B gy event the
5 based on the fotal weight of the filler component, and contained Ag -
amounting correspondingly to 100%, 90%, 80%, 70%, 60% and 50%.
The viscosities of the composition specimens were measured at 25°C.
The resuits are shown in Fig. 5.
As seen in the curve of Fig. 5, the viscosity is 8,350 cps when
10 no CuO/Cu,0 is contained, and gradually increases up to 14,600 cps
untii the CuO/Cu,0 reaches 40%. After this level, the viscosity starts
to sharply increase and reaches 18,400 cps when the CuO/Cu,0
amounts to 50%.
In the cases where an auto-dispen'ser is used to dispense an
15 adhesive composition on semiconductor chip paddies, the auto-
dispenser cannot efficiently work when the adhesive complosition is
15,000 cps in viscosity. With the viscosity as high as 20,000 cps, it is
impossible for the dispenser to function.
Accordingly, CuO/Cu,Q is added at an amount of approximately

20 0.1 to 50% by weight based on the total weight of the inorganic filler

compoenent, although there may be a slight modulation depending on




of interface del am nation and/or cracking. Further, the !”Ve”?iFﬁbnguy2004
conposition can be applied for use with sem conductor chips of a w de
variety of sizes, in addition to providing a substantial degree of 10

wor kability. Although the present invention has been described in detai

her ei nabove, it should be clearly understood that many variations and/or
nodi fi cations of the basic inventive concepts herein taught which may
appear to those skilled in the present2art will still fall within 15 the
spirit and scope of the present invention, as defined in the appended
clainms. 11 February 2004 25 WHAT IS CLAIMED |IS: 1. An adhesive conposition
for bondi ng sem conductor chips conprising an adhesive resin conponent, a
curing agent, a diluent, a 5 curing pronoter and a thixotropic agent, and
an inorganic filler conponent, wherein said resin conponent is
approximately 10-50% by weight, and said inorganic filler conponent is
approxi mately 50-90% by weight, 10 and wherein the inorganic filler
conponent conprises a copper ingredient and a silver ingredient, said
copper ingredient being selected fromthe group consisting of CuQ Cu20

?Rg t gtealm xtmeese|aw@rméudnebn9hép£§swldm;§‘ér}ér9 fb 3020 RYrgMi9Miiepased on
component.

As described above, the composition in accordance with the
present invention provides a significant degree of modulus such that

5 - wire bonding defects are not caused by a bonding machine while
providing a high degree of adhesive strength to prevent the occurrence
of interface delamination and/or cracking. Fﬁﬂhef, the inventive
composition can be applied for use with semiconductor chips of a wide
variety of sizes, in addition to providing a substantial degree of

10  workability.

Although the present invention has been described in detail
hereinabove, it should be clearly understood that many variations
and/or modifications of the basic inventive concepts herein taught
which may appear to those skilled in the present art will still fall within

15 the spirit and scope of the present invention, as defined in the

appended claims.




wei ght of said inorganic filler conponent, and said silver in i
bei ng approxi mately 50-99. 0% by wei ght based on the total meigL?ggﬁ@g?égb 4
inorganic filler ingredient. 2. An adhesive conposition according to claim
1, wherein the adhesive resin conposition is an epoxy resin comnmposition.
20 11 February 2004 26 3. An adhesive conposition as set forth in claim1l
or claim?2, wherein said copper ingredient is approximtely 5-25% by

wei ght ~ based on ‘the total weight of s@sd inorganic filler conponent. 5 4.
An adhesi ve conposition as set forth in claim1l or claim2, wherein said
resin conponent is 20-40% by wei ght and said inorganic filler conponent is
60- 80% by wei ght. 5. An adhesive conposition as set forth in claim 2,
wherein said 10 conposition has a nodulus of 2 to 4 x 109 Pa at 0C, and

t he nodul us ﬁ[‘]fﬁg l?‘@ es at tenperatures between 25 and 150C, and
decreases to XJfIT% ﬁ@ééﬁog Pa at above 150C. 6. An adhesive
conposition as set forth in claim2, wherein said 15 conposition ranges in

viscosity from8,000 to 20,000 cps at 25C. 7. An adhesive conposition as
set forth in claiml, wherein said conposition gives an adhesive |ayer,

formed betweén a Aenadiesiust e6mpositionarst doRalR ScphicondRagr &S, ranging
i n adhesive strength after 20 cure from 100 to 170 Kgf/cnR.
comprising an adhesive resin component, a curing agent, a diluent, a
5 curing promoter and a thixotropic agent, and an inorganic filler
component,
wherein said resin component is approximately 10-50% by
- weight, and said inorganic filler component is approximately 50-90% by
weight,

10 and wherein the inorganic filler component comprises a copper
ingredient and a silver ingredient, said copper ingredient being
selected from the group consisting of CuQ, Cu,0 and the mixtures
thereof being approximately 0.1-50% by weight based on the total
weight of said inorganic filler component, and said silver ingredient

15 being approximately 50-99.0% by weight based on the total weight of

said inorganic filler ingredient.

2. An adhesive composition according to claim 1, wherein the

adhesive resin composition is an epoxy resin composition.

20




11 February 2004 27 ADHESI VE COVPCSI TI ON FOR BONDI NG SENICCNDpﬁEQﬁHQWQﬁ§4
ABSTRACT OF THE DI SCLOSURE Di scl osed is an adhesive resin conposition’for
bonding sem conductor chips conprising an adhesive resin conponent, a 5
curing agent, a diluent, a curing pronoter, a thixotropic agent, and an
inorganic filler conmponent. The resin conponent is approximtely 10- 50% by
wei ght, and the inorganic filler conponent is approximately 50- 90% by

wei ght and conprises a copper ingredie@6 and a silver ingredient. The
copper ingredient is selected fromthe group consisting 10 of CuO Cu20Q
with the mxtures thereof being approxinately 0.1-50% by weight based on
the total weight of said inorganic filler conmponent. The silver ingredient
i s approxi mately 50-99. 0% by wei ght based on the total weight of the

inorganic figler hporadiant 'coﬁ'ip%-gﬁion as set forth in claim 1 or claim 2,

wherein said copper ingredient is approximately 5-25% by weight

based on the total weight of said inorganic filler component.

5 4. An adhesive composition as set forth in claim 1 or claim 2,
wherein said resin component is 20-40% by weight and said inorganic

filler compaonent is 60-80% by weight.

5. An adhesive composition as set forth in claim 2, wherein said
10 composition has a modulus of 2 to 4 x 10° Pa at 0°C, and the modulus
gradually decreases at temperatures between 25 and 150°C, and

decreases to 7 x 107 to 3 x 10° Pa at above 150°C.

6. An adhesive composition as set forth in claim 2, wherein said

15 composition ranges in viscosity from 8,000 to 20,000 cps at 25°C.

7. An adhesive composition as set forth in claim 1, wherein said
composition gives an adhesive layer, formed between a semiconductor
chip and a paddie of a lead frame, ranging in adhesive strength after

20  cure from 100 to 170 Kgffcm?.





