WD 2004/ 061039 PCT/ US2003/ 040323 1 Attorney docket # 2070. EEM ADHESI VE
W TH CARBOXYL BENZOTRI AZOLE FOR | MPROVED ADHESI ON TO METAL SUBSTRATES

FI ELD OF WBEodddiEN91 ON [ 0001] This invention rel ates toPathsg003040323
conpositions for use on netal substrates, and particularly for use on
copper leadfranmes within sem conductor packages. BACKGROUND OF THE

| NVENTI ON [ 0002] Car boxyl benzotriazole is known as a good chel ati ng
material to copper nmetal. It is used not only as an antioxidant for netal
substrates, but also as an adhesion pronoter for epoxy resin pastes.

Radi cal curing resins, such as acrylate or nethacrylate esters, maleimde
resins, vinylether resins and bisnaleimde resins, for exanple, have been
studied and applied for use in die attach adhesives in sem conductor
packagi ng because of their |ow noisture absorption, ability to cure, and
long pot life. However, these conpositi onauehey dckdtht 20d@EEMI ent in
provi di ng good adhesion to copper |ead frames. SUMVARY OF THE | NVENTI ON

[ 0003] This invention is an adhesive for use on netal substrates, and
particularly on copper substrates, conprising (a) carboxyl benzotriazole,
(b) an epoxy resin having a reactive double bond, (c) a radical curing

(5 1 a a0 cardienioE eSS aniii g o flufoued aTent s () &t

FIELD OF THE INVENTION
[a001] This invention relates to adhesive compositions for use
on metal substrates, and particularly for use on copper leadframes within

semiconductor packages.

BACKGROUND OF THE INVENTION
[0002] Carboxyl benzotriazole is known as a good thelating
material to copper metal. It is used not only as an antioxidant for metal
substrates, but also as an adhesion promoter for epoxy resin pastes.
Radical curing resins, such as acrylate or methacrylate esters,
maleimide resins, vinylether resins and bismaleimide resins, for
example, have been studied and applied for use in die attach adhesives
in semiconductor packaging because of their low moisture absorption,
ability to cure, and long pot life. However, these compositions are still

deficient in providing good adhesion to copper lead frames.

SUMMARY OF THE INVENTION
[0003] This invention is an adhesive for use on metal
substrates, and particularly on copper substrates, comprising (a)
carboxyl benzotriazole, (b) an epoxy resin having a reactive double bond,
(c) a radical curing resin, and (d) a radical initiator. The combination of

elements (a) and (b) in a radical curing resin system composed of the



WO 2004/ 061039 PCT/ US2003/ 040323 2 elenents (c) and (d) provides inproved
adhesion strength to copper netal conpared to conpositions containing (c)
and (d) vwoloatosf@p and (b). DETAI LED DESCRI PTI ON OF THETIUSY@NSDIGRE [ 0004]
Car boxyl benzotriazole has the structare H N/ COOH 11 0 and is
comercially available from Johoku Chem cal Co. LTD. Wien wused in the
adhesi ve conpositions of this invention, carboxyl benzotriazole will be
present in an anmount of 0.5 to 15 wt % [0005] Suitable epoxy resins having
reacti ve doubl e bonds include polynmers, such as, epoxidized

pol y(but adi ene), commercially available from Daicel Chem cal I|Industries
LTD; cycl oali phatic epoxies, for exanple, such as,

(3, 4- epoxycycl ohexyl ) met hyl nethacrylate, comrercially available from

Dai cel Chem cal Industries LTD and having the structure: 0 DO 0 M and

aromatic epoxi ee?é-me]cn?sr(c)ea)%%%&lp(F"dvid'se'alsJ thprc%sed tzaéﬂ%%l%h Q@é’n‘g@m% E(g]p%erSt ructure: 00

metal compared to compositions containing (c) and (d) without (a) and

(b).
DETAILED DESCRIPTION OF THE INVENTION

[0004] Carboxy! benzotriazole has the structure

H
/
N

[\

COOH

and is commercially available from Johoku Chemical Co. LTD. When
used in the adhesive compositions of this invention, carboxyl
benzotriazole will be present in an amount of 0.5 to 15 wt%.

[0005] Suitable epoxy resins having reactive double bonds
include polymers, such as, epoxidized poly(butadiene), commercially
available from Daicel Chemical Industries LTD; cycloaliphatic epoxies,
for example, such as, (3,4-epoxycyclohexyl)methyl methacrylate,
commercially available from Daicel Chemical Industries LTD and having

the structure:

and aromatic epoxies, for example, such as those having the structure:

Q
(]



WD 2004/ 061039 PCT/ US2003/ 040323 3 [0006] Radical curing resins, which

w Il benefit in adhesion to netal substrates by the addition of the epoxy
resi n andwoanbeyd3s benzotri azol e, include acryl ate resiPa3/UsaeBhacey! at e
resins, nmaleimde resins, bisnaleimde resins, vinylether resins,

pol y(but adi ene) resins, and polyester resins. Suitable radical initiators
i ncl ude organi c peroxides and azo conpounds from Cronpton Corporation,
Akuzo Nobl e, Kayaku- Akuzo. EXAMPLES [0007] Two radical curing resin and
initiator formulations (RCR) were prepared as controls. These control
conpositions were then augnented with the conbination of an epoxy with a
reactive double bond and carboxyl benzotriazole at varying |evels. Al
formul ations were tested for die shear strength according to the foll ow ng
protocol: [0008] Each fornul ation was di spensed on a copper netal |ead

frame, suppli ego ﬁgm Hi T adg glicmlﬁ#ewgl){ﬁh'wﬁl%@%f% adl‘ees?bqqg(?’ooxjﬁ ml bare

silicon die wa n nmounted on t adhesi ve by hand. All speci ments were

cured in a box muaRubsiaied bf IRE aliBITARK Bk Bpeky Fevined ctaﬁboxy175C over 30 ninutes
and held at 175C for 15 m nutes under nitrogen. The speci nmens were then

pl aced on a 240€nivdtazé,atckidé acryleteaesirisnuetbacryléte Fdsingpdalipnide75C in a box oven
for four hours, to sinmulate a sem conductor packaglng process. Resulting
speci mens wer e eE @E!“@'@F‘“‘dedﬁ%“ssw@éﬁth%ﬁséﬁd{w ky&disge)®ibdel Dagy 2400PC,

Dagy [0009] Thean]:j %E)I)r/relélte?tresms Sfaligglerraeqscall ini lators nc u%g on%lejattuc pgro;[queS fol l ow ng

and azo compounds from Crompton Corporation, Akuzo Noble, Kayaku-
Akuzo.

EXAMPLES
[0007] Two radical curing resin and initiator formulations (RCR)
were prepared as controls. These control compositions were then
augmented with the combination of an epoxy with a reactive double bond
and carboxyl benzotriazole at varying levels. All formulations were tested
for die shear strength according to the following protocol:
[0008] Each formulation was dispensed on a copper metal lead
frame, supplied from Hirai Seimitu Kougyou (Japan). A 300X300X15 mil
bare silicon die was then mounted on the adhesive by hand. All
speciments were cured in a box oven, with the temperature ramped to
175°C over 30 minutes and held at 175°C for 15 minutes under nitrogen.
The specimens were then placed on a 240°C hot plate for one minute,
followed by 175°C in a box oven for four hours, to simulate a
semiconductor packaging process. Resulting specimens were tested for
die shear strength using a Model Dagy 2400PC, Dagy
[0009] The formulations and results are set out in the following

tables.



tabl es. WD 2004/ 061039 PCT/ US2003/ 040323 4 [0010] Table I Radical Curing
Resin Fornul ations (parts by weight) RCR A RCR B Urethane acrylate 50

Mal ei m dewé2o00dmuo3gl acryl ate 30 Bi smal ei m de 20 Adhesipan/yseanntee3 1 Vi nyl
ether 20 Radical initiator | Adhesiow pronoter 1 Radical initiator 2
TOTAL 82 88 parts by weight [0011] Table 2 Final Formulation with RCR A
(parts by weight) And Die Shear Strength Formulation Al A2 A3 A4 A5 A6 A7
A8 A9 A10 RCR A 82 82 82 82 82 82 82 82 82 82 NW solvent 4 4 4 4 4 4 4 4
4 4 CBT* 2215102 2 2 Epoxy resin 10 10 10 10 10 5 30 50 Silver
filler 350 350 350 350 350 350 350 350 350 350

f0010]
Table 1
Radical Curing Resin Formulations
(parts by weight)
RCR A RCR B
Urethane acrylate 50 Maleimide 45
Lauryl acrylate 30 Bismaleimide 20
Adhesion promoter 1 Vinyl ether 20
Radical initiator 1 Adhesion promoter 1
Radical initiator 2
TOTAL 82 88
parts by weight

[0011]

Table 2
Final Formulation with RCR A (parts by weight)
And Die Shear Strength

Formulation A1 A2 A3 A4 A5 AB A7 A8 A9 A10
#

RCRA 82 82 82 82 82 82 82 82 82 82

NMP solvent 4 4 4 4 4 4 4 4 4 4

CBT* 2 2 1 5 10 2 2 2
Epoxy resin 10 10 10 10 10 5 30 50
Silver filler 350 | 350 | 350 (350 | 350 |350 | 350 |350 | 350 | 350

Total ppw** 98 96 88 86 97 101 | 106 | €3 118 | 138

Wi% CBT ** 20 (00 (23 (00 |10 |50 (924 |22 |17 |14

Wi% epoxy** 102 (104 {00 00 [103 |99 |94 |54 |25436.2

Die shear 86 |05 |30 (00 |86 (13687 |87 |80 |62
@ 260°C

*Carboxybenzotriazole **Excluding silver filler



Total ppw* 98 96 88 86 97 101 106 93 118 138 W% CBT ** 2.0 0.0 2.3 0.0
1.05.09.42.21.71.4 W%epoxy** 10.2 10.4 0.0 0.0 10.3 9.9 9.4 5.
25.4 36. 2wooeyshear 8.6 0.5 3.0 0.0 8.6 13.6 8.7 8.7 8POTAIS2003D6C3
*Car boxybenzotri azol e **Excluding sil%er filler W 2004/ 061039

PCT/ US2003/ 040323 5 [0012] Table 3 Final Formulation with RCR B (parts by
weight) And Die Shear Strength Formulation 131 B2 B3 B4 B5 B6 B7 B8 B9 B10
RCR B 88 83 88 88 83 88 88 88 83 88 NW solvent 4 4 4 4 4 4 4 4 4 4 CBT*
2215102 22 Epoxy resin 10 10 10 10 10 5 30 50 Silver filler 350 350
350 350 350 350 350 350 350 350 Total ppw* 104 102 94 92 103 107 112 99
124 144 W% CBT ** 1.9 0.0 2.1 0.0 1.0 4.7 8.9 2.0 1.6 1.4 W% epoxy**
9.6 9.8 0.0 0.0 9.7 9.3 8.95.124.2 34.7 Die shear 14.4 0.6 1.8 0.0 1.8
10.4 8.5 6.9 5.8 6.3 260C *Carboxybenzotriazole **Excluding silver filler

0013] Fromthe ve exanples it can be seen that the
[0

0.
4

: Table 3
Final Formulation with RCR B (parts by weight)
And Die Shear Strength
Formulation B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
#
RCR B 88 88 88 88 88 88 88 88 88 88

NMP solvent 4 4 4 4 4 4 4 4 4 4

cBT* 2 2 1 5 10 2 2 2
Epoxy resin 10 10 10 10 10 5 30 50
Silver filler 350 | 350 | 350 [350 | 350 | 350 | 350 |350 {350 | 350

Total ppw** 104 | 102 | 94 92 103 | 107 | 112 | 99 124 | 144

Wt% CBT ** 19 |00 (21 |00 |10 |47 |89 |20 |16 |14

Wit% epoxy** 96 (98 |00 (00 |97 |93 |89 |51 242 | 34.7

Die shear 144 | 0.6 1.8 0.0 1.8 104 | 8.5 6.9 5.8 6.3
@ 260°C

*Carboxybenzotriazole **Excluding silver filler

[0013] From the above examples it can be seen that the

combination of an epoxy resin containing at least one reactive carbon to
carbon double bond and carboxy benzotriazole improves the adhesion of
radical curing resins to metal substrates. The combination of the epoxy
resin and carboXxy benzotriazole preferably will be in the range of 5% to
40% by weight of the total adhesive composition, éxcluding fillers, and
more preferably will be in the range of 10% to 15% by weight. The ratio
of carboxy benzofriazole to epoxy resin will be from 1:2 to 1:40, and

preferably will be 1.2 to 1:5.



conbi nati on of an epoxy resin containing at

| east one reactive carbon to

carbon doubl e bond and carboxy benzotriazol e i nproves the adhesi on of
radi cal cwoizgroeesdns to nmetal substrates. The conbi nat ipon/uskoasleeoepoxy

resin and carboxy benzotriazole prefesably wll

be in the range of 5%to

40% by wei ght of the total adhesive conposition, excluding fillers, and

nore preferably wll
car boxy benzotri azol

CLAI MED: 1. An adhesive conposition conprising:
(b) an epoxy resin having a reactive doubl e bond,

be in the range of 10%to 15% by wei ght.

The ratio of

e to epoxy resin will be from1:2 to 1:40, and
preferably will be 1:2 to 1:5. WD 2004/ 061039 PCT/ US2003/ 040323 6 WHAT IS

(a) carboxyl
(c) a radical curing

benzotri azol e

resin, and (d) a radical initiator. 2. The adhesive conposition according
the epoxy resin (b) is selected fromthe group
consi sting of Q@Q pQ! y(but adi ene), 3, 4-epoxycycl ohexyl ) met hyl

and t he epoxy haV|ng the structure 11 0) o0 o 3. The

toclaim1l in mhich

net hacryl at e,

adhesi ve conposition according to claim1 in which the

resins are sel ected
1.

fromthe group consisting of
An adhesive composition comprising:

(a) carboxyl benzotriazole
(b) an epoxy resin having a reactive double bond,
(c) aradical curing resin, and

(d) aradical initiator.

The adhesive composition according to claim 1 in which the
epoxy resin (b) is selected from the group consisting of
epoxidized poly(butadiene), 3,4-epoxycyclohexyl)methyl

methacrylate, and the epoxy having the structure

l>!

0
W

The adhesive composition according to claim 1 in which the
radical curing resins are selected from the group consisting of
acrylate resins, methacrylate resins, maleimide resins,
bismaleimide resins, vinylester resins, poly(butadiene) resins,

and polyester resins.

The adhesive composition according to claim 1 in which the
radical curing initiator is selected from the group consisting of

organic peroxides and azo compounds.

The adhesive composition according to any one of claims 1, 2,

radi cal curing



acrylate resins, nethacrylate resins, nmaleimde resins, bisnaleimde
resins, vinylester resins, poly(butadiene) resins, and polyester resins.
4. The adWwexnwet@aposition according to claim1l in whi @aTiiseoo3naes al
curing initiator is selected fromthe7group consisting of organic

per oxi des and azo conpounds. 5. The adhesive conposition according to any
one of clains 1, 2, WD 2004/ 061039 PCT/ US2003/040323 7 3, or 4, in which
the ratio of the carboxyl benzotriazole to epoxy resinis 1:2 to 1:40. 6.
The adhesi ve conposition according to any one of clains 1, 2, 3, or 4, in
which the ratio of the carboxyl benzotriazole to epoxy resinis 1:2 to
1: 5. 7. The adhesive conposition according to any one of clains 1, 2, 3,
or 4, in which the conbination of the carboxyl benzotriazole and epoxy
resin ranges fromb5 meight percent to 40 meight percent of the adhesive

conposition. 8. The np05|t on din one of clainms 1,

2, 3, or 4, in which gﬁﬁgﬁH?VBﬁrﬁfaE E ﬂﬂ??%tﬁé btriazole and

epoxy resin ranges f 1t percent to 15 wei ght percent of the
Fe%m id o ey

adhesi ve conposition.

8. The adhesive composition according to any one of claims 1, 2,
3, or 4, in which the ratio of the carboxyl benzotriazole to epoxy

resin is 1:2 to 1:5.

7. The adhesive composition according to any one of claims 1, 2,
3, or 4, in which the combination of the carboxyl benzotriazole
and epoxy resin ranges from 5 weight percent to 40 weight

percent of the adhesive composition.

8. The adhesive composition according to any one of claims 1, 2,
3, or 4, in which the combination of the carboxyl benzotriazole
and epoxy resin ranges from 10 weight percent to 15 weight

percent of the adhesive compossition.



