WO 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 witiknokAbfisBTI ON [ 0001] Thi s invention rel ates tpeTAGBASIOYS23
conpositions for use on netal substrates, and particularly for use on
copper |leadfranmes within sem conductor packages. BACKGROUND OF THE

| NVENTI ON ( OD02] Car boxyl benzotriazole 1is 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 bismaleimd e 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
|l ong pot |ife. However, these conpositi olray docketi# 070.8eMi cient 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

resin, and (d) apfiasiveahmieiakbekarseNHurRECODE RORIMPROVED el ement s (a) and
(b) in a radical curing Amsgg0Is yoMETAC SUPHERIEST t he

FIELD OF THE INVENTION
[0001] 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 cpelating
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 o-r 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 ()
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 systern composed of the




WO 2004/ 061039 PCT/ US20031040323 2 elenents (c) and (d) provides inproved
adhesion strength to copper netal conpared to conpositions containing (c)
and (d) wWybhesslost@d and (b). DETAI LED DESCRI PTI ON OF é@ﬁ ) _%nggN [ 0004)
Car boxyl benzotriazole has the structure H N N COOH 54

comrercially available from Johoku Chenmical Co. LTD. Wien used 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 |ndustries
LTD; cycl oali phatic epoxies, for exanple, such as,

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

Dai cel Chemi cal Industries LTD and having the structure: 0 0O Me and

aromati c epoxi I eXx le. such a ose the structure: WO
2004/ 061039 PC%?@U@E% 61:\), %?cglﬁgg;g\gdesgnpmvea a&heswn strenggh ttchp er
metal compared to compositions containing {c) and (d) without (a) and

(b).

DETAILED DESCRIPTION OF THE INVENTION

[0004] Carboxy! benzotriazole has the structure
7
N COOH

I\

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%.

10005] Suitable epoxy resins having reactive double bonds
include polymers, such as, epoxidized poly{butadiene), commercially
availlable from Daicel Chemical Industries LTD; cycloaliphatic epoxies,

for exampie, such as, (3,4-epoxycyclohexyl)methyl methacrytate,

commerciatly available from Daicel Chemical Industries LTD and having

C
/0
(o]
" Me

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

the structure:




[ 0006] Radical curing resins, which will benefit in adhesion to netal
substrates by the addition of the epoxy resin and carboxyl benzotriazol e,

i ncl ude a4 ¥habeLose£si Ns, nmethacryl ate resins, mal eirnipggushsioSza
bi smal ei mi de resins, vinylether resifns, poly(butadiene) resins, and

pol yester resins. Suitable radical initiators include organic peroxides

and azo conpounds from Cronpton Corporation, Akuzo Nobl e, Kayaku- Akuzo.
EXAMPLES [0007] Two radical curing resin and initiator fornulations (RCR)
were prepared as controls. These control conpositions were then augnented
wi th the conbination of an epoxy with a reactive double bond and carboxyl
benzotriazole at varying levels. Al fornulations were tested for die
shear strength according to the follow ng protocol: [0008] Each fornul ation
was di spensed on a copper netal lead frame, supplied fromHrai Seimtu

Kougyou (Japanjogpd) 30OX%3%koridd rbsinsDakiéh will hehe@ i Hhsionds t hen nmounted on
t he adhesive by hand. Al specinents were cured in a box oven, wth the

t enper at ur e r anptdsubgrated BHiBe eydition 30therepuwy resin amiccalekll at 175C for 15 minutes

under nitrogen. The specinmens were then &I aced on a 240C hot plate for one
mnute, fol | ofREOHsFOR7BRIdR Aeryatg assingy RS Nac RS &TS MYEY® to sinulate a

sem conduct of RRAS3AMAGRS Qgﬁ%;vivﬁ@%v%gggo@ﬁgd; Nsgere tested for die
shear strength using a de g 4 C, gy %009 The formul ati ons and
results are sebndptlyedtét résie. Eolablvaditg) inifizbddd ipSude bhanic peroxides
and azo compounds from Crompton Corporation, Akuzo Noble, Kayaku-
Akuzo.
EXAMPLES
[DOD7) 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 doubie bond
and carboxyl benzotriazole at varying levels. All formulations were tested
for die shear strength according ic the following protocol:
[0008) Each formulation was dispensed on a copper metal lead
frame, supphied 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 femperature 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
serniconductor 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.




WD 2004/ 061039 PCT/ US2003/ 040323 4 [00101 Table I Radical Curing Resin
Formul ations (parts by weight) RCR ARCR B Urethane acryiate50Mal ei m de45
Lauryl acgyihad:aitBh smel ei m de 20 Adhesi on pronot er 1Vi nylr éggzg‘%r,& di cal

i nitiatorlAdhesion pronoterl Radical 4initiator2 TOTAL 8 parts by wei ght
100111 Table 2 Final Formulation with RCR A (parts by weight) And D| e Shear
Strengt h Formul ati onAl A2A3A4A5A6A7TASA9AL0 RCR A82828282828282828282 NWP

sol vent 4444444444 CBT*22i 510222 Epoxy resinl01010101053050 Sil ver
filler350350350350350350350350350350

[0010]

Table 1

Radical Curing Resin Formulations
(parts by weight)
RCR A RCRB
Urethame acrylate 50 Maleimide 45
Lauryl acrylate 30 Bismaleimide 20
Adhesion prohoter 1 Vinyl ether 20
Radical initiator 1 Adhesion promoter 1
Radicai initiator 2

TOTAL 82 &8
parts by weight
{0011]

Tabie 2

Final Formulation with RCR A (parts by weight)
And Die Shear Strength
Formulation Al A2 A3 Ad A5 Ab AT AB A9 A10

RCR A# 82 82 82 82 82 82 a2 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 g8 86 97 101 106 '| 93 118 | 138

Wi% CBT ** 20 |00 (23 [(0C |10 15D 194 |22 1.7 |14

Wi% epoxy™ 02 (104 100 |00 | 103089 S4 |54 |254 {3682

Die shear 86 |05 |30 [00 |86 13687 |67 |80 |62
| @ 260°C

*Carboxybenzotriazole *Excluding silver filler




Total ppw* 989688869710110693118138 W % CBT **
2.00.02.30.01.05.09.42.21.71. 4 W % epoxy**

10. 210, 4Qv®odbP30. 99. 45. 425. 436. 2 Di e shear PCT/US2003/040323

8. 60. 53. 00. 08. 613. 68. 78. 78. 06. 2 260Cs* Car boxybenzotri azol e **Excl udi ng
silver filler WO 2004/ 061039 PCT/ US2003/ 040323 [0012] Table 3 Fi nal
Formul ation with RCR B (parts by weight) And Die Shear Stren th

For mul at i onB1B2B3E34B5B6B7B8B9B10 RCR B88888838888883888888 NWVP

sol vent 4444444444 CBT' 221510222 Epoxy resin101010101053050 Sil ver
filler350350350350350350350350350350 Tot al ppw**104102949210310711299124144
W % CBT **1.90.02.10.01.04.78.92.01.61.4 W%

epoxy' 9. 69. 80. 00. 09. 79. 38. 95. 124. 234. 7 Di e shear

14. 40. 61. 80. 01. 810. 48. 56. 95. 86. 3 260C *Ca rboxybenzotri azol e

[0012]

- Table3d . :
Final Formulation with RCR B (parts by weight)
And Die Shear Strength
Formulation B1 B2 B3 B4 B5 B6 B7 B3 B9 B10
#
RCRB 88 88 88 88 88 88 B8 88 88 88

NMP solvent 4 4 4 4 14 4 4 4 4 4

caT 2 2 1 5 10 2 2 2
quxy resin 10 10 10 10 10 5 3o 50
Silver filler 350 [ 350 1350 |350 (350 | 350 | 350 |350 | 350 | 350
Total ppw™ 104 | 102 | 04 92 103 | 107 | 112 | 98 124 | 144

Wi% CBT ** 1.9 |00 |21 g0 |10 |47 | B9 |20 118 (14

W1t% epoxy™ 96 (98 (00 (00 |87 |93 |89 |51 242|347

Die shear 144 { 06 1.8 0.0 1.8 10.4 | 8.5 6.9 5.8 6.3
@ 260°C

*Carboxybenzotnazole **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 carboxy 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 benzetriazole to epoxy resin will be from 1:2 to 1:40, and

preferably will be 1:2 to 1:5.




* *'Excluding silver filler [00131 Fromthe above exanples it can be seen
that the conbination of an epoxy resin containing at |east one reactive

car bon tgw)ﬁﬁﬁgﬁ&wdouble bond and car boxy benzbtriazo¥§T4ﬁH%9Mﬁ%2}he
ra e co

adhesi on of Ical curing resins to netal substrates. I'nation of
the epoxy resin and carboxy benzotriazole preferably will be in the range
of 5%to 40% by weight of the total adhesive conposition, excluding
fillers, and nore preferably will be in the range of 10%to 15% by wei ght.
The ratio of carboxy benzotriazole to epoxy resin will be from1l:2 to
1:40, and preferably will be 1:2 to 1:5. WD 2004/161039 PCTI US2003/ 040323
6 WHAT IS CLAIMED: 1. An adhesive conposition conprising: (a) (b) (c)

(d) carboxyl benzotriazole an epoxy resin having a reactive double bond, a
radi cal curing resin, and a radical initiator. 2. The adhesive conposition
according to chaiyd dRs.ch the epoxy resin (b) is selected fromthe
group consisting of epoxidized pol y(butadi ene),

3, 4- epoxycycl ohexyl ) et hyl

1. An adhesive composition comprising:
(a) carboxyl benzc;triazole
(b} an epoxy resin having a reactive double bond,
(c) a radical curing resin, and

{d} a radical initiator.

2. 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-epoxycyciohexyimethyl

methacrylate, and the epoxy having the structure

!

Q

P

3. 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.

4. 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.

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




met hacryl ate, and the epoxy having the structure 3, The adhesive
conposition according to claiml in which the radical curing resins are
sel ect edwig mdeaesogr oup consi sting of acryl at e resi ngcrasibsaefoydsat e
resins, nmaleimde resins, Dbisnaleim de resins, vinylester resins,

pol y(but adi ene) resins, and polyester resins. 4. The adhesive conposition
according to claiml1l in which the radical curing initiator is selected
fromthe group consisting of organic peroxides and azo conpounds. 5. The
adhesi ve conposition according to any one of clains 1, 2. WD 2004/ 061039
PCT/ U52003/ 040323 7 3, or 4, in which the ratio of the carboxyl
benzotriazole to epoxy resinis 1.2 to 1:40. 6. The adhesive conposition
according to any one of claims 1, 2, 3, or 4, in which the ratio of the
carboxyl benzotriazole to epoxy resinis 1:2 to 1:5. 7. The adhesive
conposi tion accor di By kQn dR¥h @Q?ah@Bftﬁ’étﬂ'ﬂEﬁyl g:enzgtnazolé’toéyxy , I n which the
combi nation of the carboxyl benzotriazole nd epoxy resin ranges fromb5
wei ght percent to 4@siwvis ghto 1:49ercent of the adhe5|ve conposition. 8. The
adhesi ve conposition according to any one of clains 1, 2, 3, or 4, in

whi ch the conbination of the carboxyl benzotriazole and epoxy resin ranges

from 10 wei ght gper C?ﬁga&agsn;e%o%&s%aﬁ accgl%{ng oné[nyglfle cagfrcglgumasdlhgSI ve conposi tion.

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 te 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 composition.




