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METHOD OF BONDING CIRCUIT BOARDS

BACKGROUND OF THE INVENTION

The present invention relates to a.method of bonding
circuit boards. More particularly, the present invention
5  relates to a method of bonding circuit boards that enables two
fine-line patterhed electrodes to be connected positively using
a light-sensitive adhesive that exhibits bonding quality upon
heat treatment.
The present invention also relates to an integraﬁed
10 circuit device connecting method by which fine electrode pads,
such as on an LSI, can be conneéted to electrode terminalé on

a mounting base.

Description of the Related art

Two circuit boards are conventionally bonded together

15 by soldering the electrodes on one circuit board to those on
the other. This method, which involves heating solder td nelt

so that electrodes can be connected together, has the problem

that two electrodes will often be shorted if they are formed on

a very small pitch on either circuit board. To avoid this

20 thermal digadvantagé to circuit boards that are connected by
soldering, which is a high—temperatu:e treatment, a different
approach hés recently been adopted that permits two circuit
boards to be bonded together by means of an anisotropic

conductive adhesive.

This Sheet Has Been R -1 -

] IIII i

QeI e



o a. Ilbht sen5|t|ve adhespve that exhlblts bondlng quallty upon heat
_treatnent, The present iwvention also relates to an ingag ated CIrCUIt _
deVLce connectlng met hod by which fine el ectrode- pads '

can be connected to el ectrode terninals on a mounting base. R@g@g -@EBN of
the Related art Two circuit boards are conventional |y bondet—tegatie -
sol dering the el ectrodes on one circuit board to those on the other. This
met hod, which invol ves heatlng sol-der to nelt so that electrodes can be

connect ed together, has, the
9 An anlsotroplc conductlve adhesive lncludes conductive

particles dispersed in it that-cohere to form agglome:ates upon
pressure application. .The'agglomerates exhibit conductivity in
the direction- of thickness but not in other directions. To
5 make use of this anisotropic nature, a layer of the anisotropic
conductive adhesive is formed on the surfaces of two electrodes
to be bonded and the intervening adhesive layer is compressed
in the direction of its thickness thereby establishing
electrical connection between the two electrodes by ﬁeans of
10 the conductive particles.

More specifically; to achieve connection of the type
contemplated by the present invention, anisotropic conductive
materials for electrical connection that contain conductive
particles are conventionally applied to the surface in such a

15 way that they are thermocompressed at a temperature of ca. 180
- 2005C and at a pressure of ca. 20 —.30 kg/cm?.

The method proceeds as follows. First, as shown in
Fig. 5(a), an LSI chip 1 having metal bumps 51 formed on
electrode pads 2 is brought to a face-to-face relationship with

20 a base 3 having electrode terminals 4 that are formed in
registry with the electrode pads 2. A heat-bonding resin 10
made of an anisétropi'c conductive material for electrical
connection that contains conductive particles.ll is inserted
betweeﬁ the LSI chip 1 and the base 3. Then, as shown in Fig.

25 S(b), the LSI chip 1 is pressed against the base 3 and heated,
whereupon the heat-bonding resin 10 is softened so that the
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gnroblen1that t wo electnnges mnll'ofteh .be shorted. if ‘they are formed on a
‘very snall pitch on eit/ker circuit board -To avoi d thi s:.t her mal .
di sadvantage to circuit- boards that -are connected by so'o-r|ng,-mhiCh is a
~-hi'gh-tenperature treatnent, a different .approach has re er—adopt ed
that permts two circuit boards to be bonded together Iy ' )
ani sotropi ¢ conductive adhesive. An anisotropic conductive adRes
i ncl udes conductive particles dispersed in it that cohere to f orm
aggl oner ates upon pressure application. The aggl onerates exhibit
conduct i viellpctradee phdec?i am%fcmmstbuthﬁoﬁhaﬂfmm 'derm;nad:as 4

through the ald of conductlve partlcles 11. In certain cases,
the metal bumps 51 may be omitted and electrical connection is
established only between the electrode pads 2 and the electrode

S terminals 4 with the conductive particles 11 being disposed
therebetween.

Using an anisotropic conductive adhesive, one can
establish satisfactory interconnection between electrodes if
their pitch is wider than 150 um. However, if the pitch

10 . between electrodes is smailer than 150 um, conductive particles
dispersed in the adhesive will produce unwanted conductive
paths, which potentially leads to shorting.

The above-described conventional connecting/ mounting
method has the problem that if the number of conductive

15 particles 11 which establish electrical connection between the
electrode pads 2 and the electrode terminals 4 increases, the
chance of the occurrence of shorting or current leakage between
adﬁacent electrode pads or electrode terminals will also
increase. If the number of the conductive particles 11 is

20 - reduced with a view of avoiding that problem, the connection
resistance will not only increase but also fluctuate. In an
extreme case, electrically oben connections can occur. The
recent efforts to further reduce the dimensions of connection
have oﬁly aggravated these problems. In addition, it is

25 extremely difficult to insure that the LSI chip is pressed

against the base with strict parallelness being maintained and,
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To nake use of . thls anlsotroplc nature a Iayer -of the anlsotroplc o
¢onductive adhesive is Z.armed on the surfaces of two elettrodes to be
bonded and the intervening adhesi ve | ayer is conpressed|T] ection of
i t.s” t hi ckness thereby establi-shing electrical connectiof bet
él ectrodes by neans of the conductive particles. Mre spee e
achi eve connection of the type contenplated by the present invention,
~ani sotropi c conductive materials for electrical connection that contain
conductive particles are conventionally -applied to the surface in such a.
way that timey armalheppecetpraessedf hoctuatipesatwtbl ofOCt;alr 18& - tEGO[@ap] C

and at a pressure of ca. 20 - 30 kg/cnferr].
between electrode terminals and, hence, in the number of

conductive .partieles .present between electrode termlnals,

eventually causing inconsistency in £he established

5 cennections. All these phenomena are serious defects that can
lead to unreliable operations of the device.

In order to bond two circuit boards having electrodes

of a smaller feeture size, a method has been proposed, in which

a photocurable adhesive is applied over a circuit board and all

10 areas of the adhesive layer, except those which correspond to

the electrodes, are photocured to provide tackiness only on the

electrodes, to which conductive'particles.are deposited. The

laye: of the conductive particles is coated with a photocurable

adhesive and the ether circuit board is placed on top of the

15 first circuit board and compressed as the assembly is exposed

to light so as to bond the two circuit boards together (see

Japanese Laid-Open Publication (Kokai) Hei No. 3e131089).

However, even this method is not highly capable of meeting the

requirement of recent designs for finer electrode sizes as

20 shorting will often occur if the pitch between electrodes is

smaller than 50 pm. Hence, it is strongly desired to develop

a more practical method that is capable of bonding two circuit

boards effectively even if the inter-electrode "size is very

small.
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: ”The *mét hod proceeds -as- folloms Flrst -as- shomn in F|g 5(a) 'an'LSt ohtp'iT
- havi ng et al bunps 51 fotned on. electrode pads _2 is breught to.a -
face to-face reIatlonshlp with a base 3 haV|ng eIectrode erntnals 4 that .

contai ns conductive partlcles 11 is Inserted betmeen the GHEACEHand 't he
base 3. Then, as shown in Fig. 5(b) the LSI chip 1is pressed again
bases 3 and heated wher eupon t he heat - bondlng reS|n 10 is softened so that
the el ectrode pads 2 are conS&RMAH : ‘ &N erm nals 4 through the
Fid of conductive particles 11. In certain .. -

- Under the c1rcumstances, the present lnventors.

conducted intensive studies in order to develop an effectlve
method of bonding circuit boards havipg‘electrodes arranged on
5 a very'small pitch. 2As a resulr} the inventors found that the
aforementioned object could be attained by bonding two circuit
boards, especially by connecting the electrodes on the two
circuit boards, with the'aid of a light-sensitive adhesive that
exhibits bonding quality upon heat treatment. The present.
10 invention has been accomplished on the basis of this finding.

Another object, therefore, of the present invention is
to provide an integrated circuit device connecting method that
insures highly reproducible and consistent connection and which
is capable of effectively dealing with fine-line electrode

15 patterns.

The present invention provides a.method of bonding two
circuit boards by connecting first electrodes on & first
circuit board to second electrodes that are formed on a second
circuit board at positions that are in registry with said first

20 electrodes, said two circuit boards being placed one on top of
the other, which method comprises the steps of:

(1) applying a light-sensitive adhesive over the first
electrodes on the first circuit board and the areas where said
first electrodes are not formed, and drying the applied

25 adhesive to form a light-sensitive adhesive layer;
\
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;.cases t he netal bunps 51 nay be on1tted ‘and . electrlcal ‘connection is
establlshed only betmeeh st he el ectrode pads 2 and the electrode termnals 4
W t.h the conductive partlcles 11 bei ng. di sposed t her ebet’
anisot ropi.c conductive adhesive, one can establish satlsfactgr
i nt er connection between el ectrodes if their pitch is w de -
However, if the pitch between el ectrodes is smaller than 150 [err]g'
conduct i ve particles dis- persed in the adhesive will produce unwanted
conductive paths, which potentially |leads to shorting. The above-descri bed
convent i onal connecﬂnngavnngnsaﬁg hﬁghndSQESLtheepa@béeﬂvbhﬁayei éRpobuaber
of conductive

selectlvely to active rays of llght and performlng development

to remove only said light-sensitive adhe51ve layer on said
first electrodes, and then performing a heat treatment to

5 impart bonding quality to said light—sensitive adhesive layer
remaining between adjacent first electrodes;

?3) placing said first and second circuit boards one on
top of the other and thermocompressing the two circuit boards
to have said first electrodes connected electrically to said

10 second electrodes; and

(4) performing a heat treatment and/or exposure to
active rays of light on a single circuit board that consists of
said first and second circuit boards and which has said first
electrodes connected to said.second electrodes.

15 | As a result of the intensive studies conducted in order
to attain another object, the present inventors found that the
foregoing problems of the prior art could be solved by using a
resin capable of curing upon exposure to active enefgy rays.
The present invention has been accomplished under these

20 circumstances. |

The present invention provides an integrated circuit
connecting method that comprises connecting electrode pads on
an integrated circuit device to electrode terminals formed in
registry with said electrode pads, which method comprises the

25 steps of:

\
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: fpariicles 11 mhlch establlsh electrlcal connectlon betme'n the electrode

pads 2 and the electrode.terninals 4 increases, the chai eHR
“occurrence of shorting or current |eakage bet ween adj ac¢nt el

or ~el ectrode termnals will. alsoincrease. If the nunberot
particles 11.is reduced with a vieew of avoi di ngthat problem the ¢
resistance will not only increase but also fluctuate. In an extrene case,

el ectrically open connections can occur. The recent efforts to further
reduce the di mensions of connection have only aggravated these problens.

addi ti on,

10

15

20

25

In

it is eqnerfinmitid fretdl bempasohe thieatsudfadsSiof heptherpltehesed
agai nst the base with strict parallel ness being naintained and

electrode pads or the electrode termlnals or both;

(2j coverlng the surface on either the integrated
circuit device side or the base side or both with a resin that
cures upon exposure to active energy rays; |

(3) patterning said resin by 1lithography to strip
selectively the coating of said resin over the electrode pads
or the electrode termiﬁals;

(4) bringing the electrode pads and the electrode
terminals into a face-to-face relationship, allowing the metal
bumps to contact the opposing electrode pads or electrode
terminals and thermocompressing them together so that the
coating of said resin will adhere closely to the integrated
circuit device or the base while, at the same time, the
electrode pads are connected to the electrode terminals with
the metal bumps interposed; and

(5) performing a heat treatment and/or exposure to

active energy rays.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. l(a)-(e) shew respective first to fifth stages of
the bonding method of the present invention; |

Fig. 2 is a cross secfion view showing the first step
of an LSi connecting method.according to the present invention;

Figs. 3(a)~-3(e) show cross section views of the

subsequent steps of the LSI connecting method;

This Sheet Has Been Rep T 7 -

LT Illl



in actual -
térm nal s
between el

estvabl i shed connecti ons. All t hese phenonena are -seri o
~lead to unreliable operations of the device. In order ti

oper at i ons, fluctuatlons mnll occur in the gap betmeen electrode'
and, hence, i#-the nunber of con- ductive partlcles present
ect rode ternirial s, eventually causi ng- i nconsi § y in the

boar ds haV|ng electrodes of a smaller feature size, a nethod

pr oposed,
and all . ar
el ectrodes,

i n which a photocurabl e adhesive is applied over a CIrCUIt board
eas of the adhesive |ayer, except those which correspond to the
are ph8igeutedsta prossdeecacannesSWOofyao@evheeetenstndesedto

whi ch conductlve particles

10

15

20

25

by the method of the present lnventlon, and.
Figs._S(a)-S(b) show cross section views of successive

steps of a conventional LSI chip connecting method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The first embodiment of the present invention is
described in detail below.

Fig. 1(a) shows the first stage of bonding two circuit
boards by the method of the present invention. As shown in
Fig. 1(a), a first circuit board is provided that comprises an
insulating base 101 such as a semicondﬁctor base, a base for
printed-wiring board, a glass base or a ceramic base and which
has formed thereon first electrodes 102 that are made of a
conductor such as ITO (indium-tin oxide), Ti, Ta, Mo, Ni, Al,
Cu, Au, Sn or Pb or én alloy thereof. Subsequently, as shown
in Fig. 1(b), a light-sensitive adhesive is applied over the
first electrodes 102 and the areas Qhere they are not formed by
a suitable coating method such as roll coating, curtain flow
coating, screen printing, spray coating or spin coating, and
the applied coating iS'dried'to form a light-sensitive adhesive
layer 103. Then, as shown in Fig. 1(c), a mask 104 that does
not permit the passage of light thfough areas corre-sponding to
the first electrodes 102 is placed on top of the adhesive layer
103 and active rays of light such as ultraviolet rays are

applied through the mask 104. If a transparent base, such as

—_—
This Sheet Hag Been . - 8 -

LT

—————



are dep05|ted The Iayer of the conductlve partlcles |s coated mnth a.

as-to bond the two circuit boards together (see Japanese—+ad ) _
"Publication (Kokal). Hei No. 3-131089). However even this nethod 'S
hi ghly capabl e of neeting the requirenent of recent designs for finer
el ectrode sizes as shorting will often occur If the pitch between

el ectrodes is smaller than 50 [err]m Hence, it Is strongly desired to

devel op adylagy aidedls nridind adtdivd Tasapalf a4 ightheadi 1 ap ldidd Wiom
boards effectively even if the Inter-electrode size is very small. -

‘the back side. Then, as shown in Fig. 1(d), the unexposed

afeas of the adhe31ve layer are stripped with a liquid

developer so that a light-sensitive adhesive layer 103° Will

5 remain only in the spaces between the first electrodes 102.

Thereafter, a heat treatment is conducted to impart bonding

quality to said adhesive iayer 103‘. Subsequently, as shown in

Fig. 1(e), a second circuit board is provided that comprises an

insulating base 105 such as a semi-conductor base; a base for

10 printed-wiring board, a glass base or a ceramic base and which

has formed thereon second electrodes 106 that are in registry

with the first electrodes 102 and which are made of a conductor

such as Ti, Ta, Mo, Ni, or Al or an_alloy thereof. The second

circuit board is placed.On top of the first circuit board and

15 the two circuit boards are-thermocompressed so that the first

electrodes 102 are connected.to the second electrodes 106. The

resulting assembly (single circuit board) is subjected to a

heat treatment and/or exposure to active rays of light such as

ultraviolet rays, whereby the first circuit board is bonded

20 completely to the second circuit board by means of the light-

sensitive adhesive. This process insures a strong bond between

two circuit boards and even circuit boards having a very small

pitch between electrodes can be bonded together without causing
effectively any problem such as shorting.

25 Any light-sensitive adhesive can be used in the bonding

method of the present invention, provided that it cures upon
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SUI\'/IVARY OF- THE 1 NVENTI ON - 2+ Under theé -circumst ances, "the present

|nventors
nethod

10

15

20

25

conduct ed |nven5|ve studles in order to dGV-FM -an_ef fective:

exposure to active raYs'of light such as ultraviolet rays and
that the resulting cured product will exhibit bonding quality
upon heat treatment. More Specifically, a light-sensitivé

adhesive can be used that contains an esterified resin and a

- photo-polymerization initiator, which esterified resin is

produced by reacting an unsaturated basic acid with at least
one member of the group consisting of a cresol novolak epoxy
resin, a phenol novolak epoxy resin, a glycidylamine epoxy
resin, a biphenyl epoxy resin and bromine addition products
thereof. It is particularly breferred to use a light-sensitive
adhesive that contains a photopolymerization initiator and an
esterified resin that is produced by reacting an unsaturated
basic acid with at least one member selected from between a

cresol novolak epoxy resin and a phenol novolak epoxy resin.

In this preferred case, the cresol novolak epoxy resin can be

prepared by reacting epichlorohydrin or methyl epichlorohydrin
with a cresol novolak resin that is formed from cresol and
formaldehyde; similarly, the phendl novolak epoxy resin can be
prépared by reacting epichlorohydrin or methyl epichlorohydrin
with a phenol novolak resin that is formed from phenol and
formaldehyde.

Examples of the unsaturated basic acid that reacts with
the above-mentioned cresol novolak epoxy resin and/or phenol
novolak epoxy resin include acfylic acid, methacrylic acid,

crotonic acid, mono-methyl maleate, monopropyl maleate,

This Sheet Has Been Replaced
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_of Jbonding circuit boanQ§ havrng electrodes arranged on.a very snall pi tch.
As. a'result, the i nvent:of s found 't hat .t he af orementi on€g Qpie coul d be
attai ned by bonding two circuit boards, especially by cdnne,FﬁEEr

el gctrodes on the two circuit boards, mnth the aid of a
adhesi ve that exhibits bondi ng qualrty upon heat treat ment .
I nvention has been acconplished on the basis of this frndrng Another
object, therefore, of the present invention is to provide an integrated
circuit device connecting nmethod that insures highly reproducible and
consi st entmenphetyl onabedtani sprpic c%rfp-‘a@} 2ot - ef f'@&S%@%ﬁmaﬁgdvb@ﬂlc

fine-line el ectrode
acids can be used elther alone or in comblnatlon.

For reactlon' between the epoxy resins and ﬁﬁe

unsaturated basic acids, secondary or tertiary amines can be

5 used as esterification catalysts and they include diethylamine
hydrochloride, diethylamine acetate and triethylamine.

Exemplary photopolymerization initiators include

benzophenones such as benzophenone, 4,4’ -dimethyl-
aminobenzophenone "and 4,4;—diethylaminobenzophenone,
10 anthraquinones such as 2—ethylanthraquinone and tert-
butylanthraquinone, _ beﬁzoinalkflethers such as

benzoinethylether and benzoinisopropylether, as well as 2,2-

dimethoxy—2—phenylacetophenone, 2,2-diethoxy-acetophenone, 2;

chlorothioxanthone, diethyl-thioxanthone, 2-hydroxy-2-

15 methylpropiophenone, 4'-iso~propyl-2-hydroxy-2-

methylpropiophenone, etc. Oﬁe or more of these initiators are

prefe;ably incorporated in amounts of 2 - 10 wt% of the
esterified resin described above.

The light-sensitive adhesive under discussion must cure

20 upon expos;re to active rays of light such as ultraviolet rays

whereas the resulting cured product must exhibit bonding

quality when it is subjected to a heat treatment. The

temperature for the heat treatment to which the cured product

is subjected 1is generally in the range of 50 - 100°C,

25 preferably in the range of 65 - 90°C. Below 50°C, satisfactory
R
: ' eet Has Been Replaced

o TN



,patterns The present |nvent|on prOV|des a. nethod of - bondlng tmo CIrCUIt

boards by connecting flrst el ectrodes . on a first circygt: board to second

el ectrodes that are formed on a second cifcuit board. § , - s that are
in-registry with said first electrodes, said tw cirg .
placed one on top . of the other, which. nethod conpri ses ‘
applying a light-sensitive adheS|ve over the first. electrodes o
circuit board and the areas where said first el ectrodes are not forned and

drying the applied adhesive to forma |light-sensitive.adhesive |ayer;
bonding quality cannot be lmparted above 100°C, the cured

product cannot give an electrode pattern'a desired shape.
For §ractical. purposes, the above-described _light—
sensitive.adhesive is preferably used in the bonding method of
5 the present invention in the form of a coating solution that
has said adhesive dissolved in an organic solvent. Such
organic solvents can be used either alone or in admixtures and
they include ethylene glycol monoethyl ether, ethylene glycol
monoethyl ether acetate, ethylene Qlycol monobutyl ether,
10 ethylene glycol monobutyl ether acetate propylene glycol
| monomethyl ether, propylene glycol monomethyl ethexr acetate,
methyl ketone, methyl isobutyl ketohe, l,l,l—trichloroefhane,

trichloro-ethylene, etc.
The applied layer of the light-sensitive adhesive
15 described above is given selective exposure to active rays of
light such as ultraviolet rays and, there-after, the unexposed
areas of the adhesive layer are stripped by development.
Exemplary liquid developers that can be used for development
include aqueous solutions of inorganic alkalies such as sodium
20 carbonate and sodium hydroxide, aqueous solutions of organic
alkalies such as quaternary ammonium salts and amines, and
organic solvents such as trichloroethane, . butyl acetate,
" Xylene, ethylene glycol monobutyl ether acetate, etc.

The light-sensitive adhesive described above may

25 optionally contain additives such as compatible resins,
. ) ' /
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~(2)° having said right'sensTtiVé:adhéSivéJIayéruékboéed'éélébfiVeryﬂto'

. ?actlve rays of l|ight and perform ng- devel opnent. to. rerffbve only said"

ht-sensitive adhesive | ayer on said first el ectrodes, and then
perfornlng a heat treatnent to inpart. bondi ng qual i il -

| i ght -sensitive adhesive | ayer remaining between ap rodes,
(3) placing said first and second circuit boards ofe ‘gt her
and thernoconpressing the two circuit boards to have said firs edt r odes

connected electrically to said second el ectrodes; and (4) perform ng a heat
treat nent COIGTONte {65 F o Gy SFc Bnde pLAPENSS )| RGAL SEﬁ-£a§|‘tﬁ@It§ dﬁ@@mdtlrig)ard

‘that consists of said
on a specific need.

In the bondlng method of the present lnventlon, the
first and the second circuit boards are placed one on top of
5 the other and thermocompressed to have the first electrodes
connected to the second electrodes; thereafter, the assembly is
‘given a heat treatment and/or exposure to active rays of light
such as ultra-violet rays, whereby the layer of light-sensitive
adhesive layer is cured completely, so that the two circuit
10 boards are thoroughly bonded. The heat treatment following
thermocompression is conducted preferably at a temperature in
the range of 140-180°C. 1If the heating temperature is below
140°C, complete bonding of the two circuit boards cannot be
achieved. Above 180°C, there is no problem with bonding
1s quality but, on the other hand, the circuit boards and the
electrodes on them will be adversely affected. An effective
means of thermocompression is constant heating.
Before connecting the first and second electrodes in
the bonding method of the present invention, a conductor such
20 as Au, Sn or In alloy may be deposited on the first or second
electrodes so that they can be connected together via said
conductor.
In accordance with the method of the first embodiment
of the present invention for bonding circuit boards, a light-
25 sensitive adhesive that exhibits bonding quality upon heat

treatment is used and a layer of this adhesive is selectively

13 - This Sheet Has Been Rep.
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Tlgflrst and second CIfCUIt boards and mhlch has sa|d flrst eIectrodes )
tonnected to said second el ectrodes. As a result of tpesintensive. studles'
conducted i-n order to attain another ~object, the pr esgr '

"that the foregoing problens of the prior.art could be
resin capabl e of curing upon exposure to active energy rays.
i nvention has been acconplished under these circunstances. The present
I nvention provides an integrated circuit connecting nethod that conprises
connecting el ectrode pads on an integrated circuit device to el ectrode
t er m nal s ffoomest] biert weegi sﬂlexcnnctdlessandanecirodetda@Brdm cthatetitozly can
conpri ses

P - be dlrectly ‘connected to the electrodes on the other circuit

board. This offers the advantage of achieving electrode
connection without regard to the pitch between adjacent

) electrodes and even circuit boards having an electrode pattern
with an inter-electrode pitch less than 50 um can be easily and
positively connected without causing any problem such as
shorting. Hence, the bonding method of the present invention
will be very effective in practical applications.

10 The following examples are provided for the purpose of
further illustrating the first embodiment of the present

invention but are in no way to be taken as limiting.

Example 1
The ingredients shown below were mixed to prepare a

15 solution of light-sensitive adhesive:

Phenol novolak epoxy acrylate resin
having tetrahydrophthalic anhydride 7.5qg

added thereto
Cresol novolak epoxy acrylate resin
20 having tetrahydrophthalic anhydride

added thereto | - 17.9g

Cresol novolak epoxy resin (EPICURON

' Thls Sheet Has Been Replaced:
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-

;the steps of (1) forntng netal bunps on the surface of e|ther the :
el ectrode pads or the:gliectrode terminals or both; (2)',y Lnhg the. surface
on ei'ther the integrated circuit device side or the ba.é”§$GHE@f

a €esin that cures upon exposure to active energy rayst_(3 Jﬂ%ih@@gl id
resin by lithography to strip selectively the coating of sard Te
the el ectrode pads or the electrode terntnals :
N-673 of Dalnlppon Ink &
_Chemlcals, Inc. ) o 14.4 g
Urethane oligomer 8.3 g
2-Methyl-(4-(methylithio)phenyl)-2-

S morpholino-l-propane 1.8 g

Diethyl thioxanthone l.1 g
Propylene glycol monomethyl

ether acetate 49.0 g.

A glass base having an ITO film (0.5 pm thick) pattern

10 that consisted of 25-um wide electrodes spaced on a pitch of 40
pm was spin coated with the prepared solution of 1light-
sensitive adhesive. The applied coating was dried on a hot
plate at 90°C for 5 min to form a light-sensitive adhesive
layer having a thickness of 10 pm.

15 The iight—sehsitive adhesive layer was exposed
selectively to active rays of light through a mask having
light-opaque areas in registry with the ITO film pattern on the
glass base, which was thereafter immersed in a 5 wt% aqueous
solution of triethanol-amine for 3 min at 25°C, whereby the

20 light-sensitive adhesive layer over the ITO film pattern was
selectively dissolved away.
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* face-to-face relatlonshtp allowing the metal bunps tego

"(4)‘br|ng|ng the eIectLode pads and the eIectrode terntn-' 'nto a.

Kﬁépgy--- opp05|ng

electrode pads or el ectrode termnals and thermconpr esSi =
so“that the coating of said resin will adhere closely to the ' Y
circuit device or the base while, -at- the same tinme, the el ectrode™pads arfe
connected to the electrode termnals with the netal bunps interposed,
(5)- performng a heat treatnent and/or exposure to active energy rays
BRI EF DESCRI PTI ON OF THE DRAW NGS

Subsequentlyy a silicon wafer haVing a Au pattern:

‘formed in registry with the ITO £ilm pattern was superposed on

the glass base in such a way that the Au pattern would be

connected to the ITO film pattern on the glass base. The glass

5 base and the silicon wafer were thermocompressed by heating at

a temperature of 80°C under application of a pressure of 2.5
kg/cm?. |

Thereafter, blanket exposure to ultraviolet radiation

was applied at an intensity of 3 J/cm? from the glass base side

10 so that the light-sensitive adhesive layer would cure

completely to have the glass base bonded thoroughly to the

silicon wafer. The resulting single circuit board had the

first and second electrodes effectively connected.

Example 2
15 A single circuit board was fabricated by repeating the
procedure of Example 1 except that the blanket exposure to
ultraviolet radiation from the glass base side was replaced by
a heat treatment for 30 minutes in an oven at 150°C in order to
cure the light-sensitive adhesive layers completely. It was
20 verified that the fabricated circuit board also featured
effective interconnection of electrodes.
The second embodiment of the present invention 1is -
described below in greater detail. As shown in Fig. 2, a metal
bump layer made of a conductor such as indium is evaporated or

25 otherwise deposited over either a base 203 having electrode
I
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Flgs 1 (a) €) shom1respect|ve f|rst to f|fth stages of. the bondlng nethod
of the present ‘invention; Fig. 2 is a cross section vié&s ng the first
step of an- LSl connectlng met hod according to the preseny
3(a)-3(e) show cross section views of the subsequent steb
connecting method; Fig. 4 s a cross section view of a devi ce~eel!
by the nethod of the present I nvention; and Figs. 5(a)-5(b) show cra
section views of successive steps of a conventional LSl chip connecting
met-hod. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

terminals 204 formed thereon or an lntegrated circuit device

101 having electrode pads 202 formed thereon. A photoresxst is
coated over the metal bump layer, dried and inen exposure
through a mask pattern, followed by stripping of the unwanted
5 resist portion. Thereafter, metal bumps 205 are formed on the
electrode pads or electrode terminals by a suitable method such
as.plasma etching or dipping in an etchant.
After providing metal bumps in desired positions, a
resin that cures upon exposure to active enexrgy rays is
10 provided on the surface of either the integrated circuit device
side or the base side or both and then patterned, for exaﬁple}
by lithography to strip selectively the resin coat over the
electrode pads or the electrode terminals.
Metal bumps can be formed of a conductor such as
15 solder, gold, aluminum, indium or ITO (indium-tin oxide);
indium which can be fused at comparatively low temperature is.
used with particuiar preference.
The resin to be used in the present invention which
cures upon exposure to active energy rays may be a resin
20 composition that contains both a resin that is reactive with
active energy rays and an initiator of polymerization that is
to be initiated by active energy rays.
Any resins ean be used as lont_:; as they cure upon
exposure to active energy rays such as ultraviolet rays,
25 electron beams and X-rays, provided that the cured product

should exhibit bonding quality upon heat treatment. Specific
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The first enbodlnent -of the present |nvent|on IS descrlnequi'
Flg 1 (a) shows the ﬁ4rst stage of bondlng two cifcuifgboar gy
met hod of- the present invention. As shown in Fig. 1 (a) a :
board is provided that conprises an |nsulat|ng base 101 such as a
sem conductor base, a base for printed-wiring board, a glass base or a
ceram c base and which has forned thereon first electrodes 102 that are
made . of a conductor such as ITO (indiumtin OXIde) Ti Ta, Mo, NI, A, Cu.

Au, Sn or Pb or_ an alloy thereof. Subsquently,
: examples of resins that can be uséd w1th advantage lnclude

those which are produced by reactlng epoxy groups in phenol:
‘novolak epoxy'reSLn, cresol novolak epoxy resins, glycldylamlno
epoxy resins, biphenyl epoxy resins and bromides thereof (these
5 resins can cure upon exposure to active energy rays) with
unsatﬁfated basis acids such as acrylic acid, methacrylic acid,
ertonic acid, maleic acid, monomethyl maleate, monopropyl
‘maleate, mono-butyl maleate, sorbic acid, etc. Acrylic acid is
particularly preferred as an unsaturated basic acid and it is
10  preferably reacted with epoxy groups in such an amount that the
ratio of acid equivalent to epoxy equivalent is in the range of
0.5 - 1.5. |
The thus prepared resin capable of curing upon exposure
to active energy rays may be rendered alkali developable by
15 further reaction with a polybasic acid such as phthalic acid,
phthalic anhydride, maleic acid, maleic anhydride, oxalic aeid,
adipic acid or citric acid. In this case, the acid value of
the resin is preferably adjusted to 50 - 150.
The resin component under discussion must cure upon
20 - exposure to active energy rays such as ultra-violet rays
whereas the resulting cured product must exhibit bonding
quality upon heat treatment. _The temperature for the heat
treatment to which the cured product is subjected is generally

in the range of 50 - 120°C, preferably in the range of 60 -

25 90°cC. Below 50°C, satisfactory bonding quality cannot be
\'
) _ 18 - - This Sheet Has Been

LTS



-~3 as shomn in F|g 1 (b) a Ilght sen5|t|ve adhe5|ve is applled ‘over the -
flrst el ectrodes 102 and the areas where they are not fornmed by a sui tabl e
coating method such as roll. coating, curtain flow coating, screen prlntlngL
spray coating or spin coating, and the applied coat} Ay ed to forn1a
| i ght-sensitive adhe5|ve Iayer 103. Then, as shown fin

 imparted; above 120°C, the cured_product cahnot be given an
electrode pattern of desired shape. “
An initiator of polymefiz&tion to be initiated by
active energy rays is one that generates radicals upon exposure
5 to active energy rays and 1is capable of promdting the
polymerization of the resin at issue (i.e., which cures upon
exposure to active energy rays) by' hydrogen abstraction,
radical cleavage, or other reactions that can be caused by the
initiator itself. A typical class of initiators that cause
10 hydrogen abstraction are benzophenones. An exemplary class of
initiators that cause radical cleavage are benzyldimethyl
ketals. Also useful are thioxanthone base compounds; Specific
examples of initiators include benzophenone, 4,4'-
dimethylaminobenzophenone, 4,4’-diethylaminobenzophenone, 2-
15 ethylantraquinone, tert-butylanthraquinone, benzionethyl ether,
benzo-inisopropyl ether, 2,2-dimethoxy-2-phenylacetophenone,
2,2-diethoxyacetophenone, 2—chlorothioxanthone,
diethylthioxanthone, 2-hydroxy-2-methylpropiophenone, 4-
'isopropyl-—2-hydroxy-—2—methylpropiophenone, etc. One or more of
20 these compounds are preferably incorporated in amounts of 2 -
10 wt% of the resin described above which cures upon exposure
to active energy rays.
For practical purposes, the resin under discussion is
preferably used in the form of a coaﬁing solution that has a
25 resin dissolved in an organic solvent. Such organic solvents

can be used either alone or in admixtures and they include
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3104 that does not perntt ‘the’ passage of Iight t hrough' areas correspondi ng .
“to the first electrodés:102 «is placed-on top of the adtesi ve | ayer 103 and -
active raysof |ight suth as ultraviolet rays are appIV-dthrough the mask

-104. |f atransparent base, such as a glass base is u .
light can be applied fromthe back side. Then, as sh¢wn in, Hak & t he’
unexposed areas of the adhesive |ayer are strlpped W t 101
so that a light-sensitive adhesive |ayer 103[err] wll remain on
spaces between the first el ectrodes 102. Thereafter, a heat treatnent is

conduct edg[ f,;as Lt '1“%8Hé‘étl?g}t%é%f’ a@'ﬂﬁ?tﬂéﬁe a%ﬁgcr&QB nﬁfr{det}%l

Subsequent in Fig second cfrcuit dis provi
that ethez'acetate,_ethylene glycol monobutyl ether, ethylene glycol

monobutyl ether acetate, propylene glycol monomethyl_ether,
propylene glycol monomethyl ether acetate, methyi ethyl ketone,

5 .- methyl isobutyl ketone, 1,1,1-trichloroethane,
trichloroethylene, etc.

While the resin having the formula described above can
be used in the connecting method of the present invention, it
may incorporate a softener that will impact softness to the

10 resin so that cracking or other troubles will not occur during
thermo~compression, or a bonding quality modifier that controls
the temperatures at which bonding quality will develop.

Useful softeners include various monomers and oligomers
that are based on acrylates, methacrylates; urethanes,

15 styrenes, etc.

Bonding quality modifiers thaﬁ can advantageously be
used include phenol novolak epoxy resin, cresol novolak epoxy
resins and bisphenol A type epoxy resins. Such bonding quality
modifiers may be incorporated in amounts of 5-40 wt$%,

20 preferably 10 - 20 wt%, of the solids content of the resin
which . cures upon exposure to active energy rays. The
temperature at which bonding quality dévelops can be freely
controlled by adjusting the content of the modifier within the
range set forth above; however, bonding quality develops

25 preferably at 50 - 120°C. Above 120°C, the modifier will cure

'in response to the opening of the epoxy ring, which helps
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'conprlses an |nsulat|ng base 105 such as a sem - conductor base
‘pri*nt ed-wi ri ng board, :a:gl ass base or a ceram c base and
thereon second el ect r odes 106 that "are in registry wt
el ectrodes 102 and which are nmade of a conductor such
Al "or an alloy thereof. The second circuit board is pl acedoR
first circuit board and the two circuit boards are thernoconpressed
the first electrodes 102 are con--
resul ting assenbly (single circuit board)

S TI,R

nected to the second el ectrodes 106. The
I s subjected to-a heat treatnent

“a base for
mhlch has forned

and/ or expobaneet othet istecarggtsh obfl ighe secinascapabidei obft auwying whepaby
the first circuit board is bonded conpletely to

10

15

20

25

exposure to active energy rays.
If a base such as a glass base that is transparent to

visible light is used, one or more light-shielding materials

- may be added in order to prevent the integrated circuit device

from operating erroneously under light. Such light-shielding
materials can be selected from the group consisting of
inorganic pigments such as carbon black, titanium black, iron
black, white lead, titanium dioxide, titanium yell;w and
ultramarine and organic pigments such as azo-, phthalocyanine-,
isoinhydrin- and dioxane-base compounds. The light-shielding

materials can be added in amounts of 5 - 40 wt%, preferably 10

-30 wt%, of the total components. The specific kind and amount:

of the light-shielding material to be added should be selected
appropriately in such a manner that the bonded and cured resin
coat will have a 1light transmittance less than 5% at a
wavelength of 400 - 700 nm.

Furthermore, the resin capable of curing upon exposure
to active energy rays may optionally contain dyes, pigments,
polymerization inhibitors, antifoam agents and any other
additives that are commonly used in the aft.

The @ connecting method according to the second
embodiment of the present invention will proceed by the
sequence shown in Fig. 3. First, as shown in Fig. 3(a), a
solution having the resin 206 (capable of curing upon exposure

to activeienergy rays) is applied, typically over the base 203
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.Ihe second CIFCUIt boaLd by ‘reans of ‘the . Ilght sen5|t|ve adhe5|ve This
. ‘process insures a strong bond bet ween two circuit boards and even.circuit
. boards having a very smal | pitch between el ectrodes can be bonded t oget her
wi t hout- causing effectively any problen1such as shorti ggeat

|'i ght-sensitive adhesive can be used in the bondi ng neffhoo
i nvention, provided that it cures upon exposure to actiVve _
such as ultraviolet rays and that the resulting cured product hi b t
bondi ng qual ity upon heat treatnment More specifically, a light-sensiti
adhesi ve c@ta\bmq:seblec;ha@deoneamnaaéa 89¢¢r byi ed sndsiaplendbeating method

such as roll coatlng, curtaln flow coating, screen prlntlng,
spray coatlng or spin coating and the applied coatlng is dried
to form a resin layer. Thereafter, as shown in Fig. 3(b), a
S mask.207 that does not permit the passage of light 208 through
areas corresponding to the electrode terminals 204 is placed on
top of the resin layer and active energy rays such as
ultraviolet rays are applied through the mask 207. If a base
such as a glass base that is transparent to active energy rays
10 is used, active energy rays may be applied from the back side.
Then, as shown in Fig. 3(c), the unexposed. area of the resin
layer are stripped with a liquid developer 209 so that the
resin layer will remain only in the spaces between electrode
terminals 204. For exposure, active energy rays are applied at
15 an intensity of ca. 0.05 -~ 0.15 J/cm’ if the resin does not
contain a light-shielding material, and ca. 0.3.— 2.5 J/cm? if
it contains a light~shielding material. If the intensity of
active energy radiation is less than 0.05 J/cm? or 0.3 J/cm?,
the exposed areas will not cure to a satisfactory degree. On
20 the other hand, if the radiation intensity exceeds b.lS J/cm?
or 2.5 J/cm?, the curable component of the resin will cure
completely end the resulting difficulty in developing the
necessary bonding quality will reduce the process efficiency in
subsequent steps.
25 The patterned layer of the resin which will cure upon

exposure to active energy rays is subjected to a heat treatment
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-phot-o- polynmeri zation initiator, which estérified resinis produced by

“redcting antunsaturated:basic acid with at |east one gt
consisting of a cresol .novol ak epoxy: resin;.a phenol no
‘gl yci dyl am ne: epoxy resin, a biphenyl epoxy resin-and
~products thereof. It is particularly preferred to use a

K oepAXy resin

adhesive that contains a photopol ynerization initiatorand an esteried

resin that is produced by reacting an unsaturated basic acid with at |east
one nenber selected from between a cresol novol ak epoxy resin and a_phenol

fher of the group

a

novol ak epBxys &9 nbe| Fivgns handidts equadity - t R8s o SnEPOWEK EBoXydresi n
can be prepared by reacting epichl orohydri

10

15

20

25

3(d), the integrated circuit devféé”2d¥ﬂggging eleétrode padé
202 is placed on top of the base 3 in such a way that the
electrode pads 202 will be - in registry with the electrode
terminals 204, with metal bumps 205 being interposed. By
subsequent thermo-compressing at a temperature of 50 - 120° and
at a pressure of 1 - 20 kg/cmz, the resin which will cure upon
exposure to active energy rays is bqnded_to the base 203 or the
integrated circuit device 201 while, at the same time, the
electrode pads 202 are connected to the electrodé terminals 204
with the metal bumps 205 being interposed. 1In order to insure
that the electrode pads or terminals will be connected to the
metal bumps more positively, thermocompression may be continued
for a few more minutes with the temperature raised to 120 -
180°cC.

Thereafter, the assembly is heated at a temperature of
120 - 200°C or, as shown in Fig. 3(e), and exposed to active
energy rays such as ultraviolet rays at an intensity of 1 - 5
J/cm?, whereby the resin cures completely to achieve the
necessary bonding. As a result, bondiﬁg or connection is
established not only between the electrode terminals and pads
with the metal bumps interposed, but also between the base or
the integrated circuit device and the resin which is capable of
curing upon exposure to active energy rays. Hence, strong

bonding quality is imparted and even fine-line electrode

-—
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epuchfbehydkih.mjth-a,gresol.novdlak'rééih that is forged fromcresol and =

1?fornaldehyde; similarl¥s the phenol "novol ak epoxy resi‘'can be prepared by
reacting epichlorohydrin or nmethyl. epichlorohydrin wfka_phenol novol ak
.resin that is fornmed from phenol and fornmal dehyde. f ggf
on
LA

unsaturated basic acid that reacts with thé above-neR

epoxy resin and/ or phenol novol ak epoxy resin include acry

met hacrylic acid, crotonic acid, nDno met hyl mal eate, nonopropyf Tekegt e,

nonobut yl naleate sorbic acid, etc.. These unsaturated basic acids can be

used eit hgeditmmsor ckn dumbiqq:am‘agted effectively without causing any
problem such as shorting. .

The result will curé satisfactorily even if it is

treated with active energy rays or heat alone; however, the
5 cure time can be shortened by applying both active energy rays
and heat. If the heating temperature is below 120°C,.the
curing of the resin will not start. Above 200°C, the resin
will flow due to excessive heat and a desired electrode pattern
cannot be produced. Furthermore, the base and électrodes will

10 be adversely affected.

Because of the features described above, the present
invention provides an LSI chip connecting method that insures
highly reproducible, consistent and reliable connection and
which is capable of dealing with fine-line electrode patterns.

15 Electrode pads are connected to electrode terminals
with metal bumps being interposed while an integrated circuit
device is bonded to a base using a resin that cures upon
exposure to active energy rays, thﬁs insuring positive
electrode connection while reducing the possible variations in

20 connection resistance. If the base is transparent to visible
light, the resin that will cure upon exposﬁre to active energy
rays may be adjusted to have a light transmittance less than 5%
at a wavelength of 400 - 700 nm and this.enables an LSI from
operating erroneously under light even if it is not shielded

25 from light.
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Fon reactLon betmeen the epoxy reslns and t he - unsaturated bas|c aC|ds
~.secondary or tertiary@am nes can be used as esterification catalysts and
they include dlethylantne hydrochl ori de, di et.hyl ani nef agalatse

triethyl amine Exenplary. photopolynerlzatlon initiatdg
benzophenones sucli as benzophenone, 4, 4-di met hyl am nobén= HAERD,
4, 4- di et hyl am nobenzophenone, anthraqU|nones such as 2- ethylan inpne.
and tert-butylanthraqui - none, benzoi nal kyl ethers such as ben20|nethylether
and benzoinisopropylether as well as 2, 2-di net hoxy- 2- phenyl ac- et ophenone,

2, 2-di et hoxy- acet 0 chl or ot |oxanthone t hyl - t.hi oxant hone, _ .
2. hydr oxy- 2ynethfﬁg d% ggﬂ%Lng examp es are proV;égg P r the purpose of

further illustrating the _second. embodiment of the present

invention but are in no way to be taken as limiting.

Example 3
5 The present invention is described below with reference
to accompanying drawings. Figs. 2.and 3 (a)—(e) are Cross

sections showing the sequence of steps for connecting an LSI

chip to a base in an example ef the present invention. Fig. 2

shows the first step and Figs. 3{(a) - (e) show the subsequent

10 steps. First, with reference to Fig. 2, an integrated circuit

device 201 (hereunder referred te as an "LSI chip") was

fabricated that had-electrode pads 202 formed on the surface,

each pad being made of a three-layered (Au/Cr/Al) metal film

(Au, Cr and Al layers having thicknesses of 1.0 pm, 0.05 pm and

15 0.5 pm, respectively) or a three-layered (Au/TiN/Al) metal film

(Au, TiN and Al layers having thicknesses of 0.8 pm, 0.08 um

and 0.2. pm, respectively). The base 203 had electrode

terminals 204 formed on the surface in registry with the

electrode pads 202. In Example 1, metal bumps 205 were

20 integrally formed on the electrode pads 202. The metal bumps

205 are typically made of In (indium) metal but if there is a

need to control the melting temperature, alloys of indium and
other metals such as lead may be employed.

in the next step, as shown in Fig. 3(a), a solution of

25 a resin capable of curing upon exposure to active energy rays
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_none 4[err]-|so propyl 2- hydroxy 2 nethylproplophenone etc.” One or nore
"~ of *these initiators afg’ preferably i ncorporated in anmpyngs~af_2 - 10 wt % of
the ‘esterified.resin described above. The |ight sensitfve®" -
di scussi on nust cure upon exposure to active rays of |TgR ) B
ultraviolet rays whereas the resulting cured product nust eX 'ﬁcﬁbboﬁ@V g
quality when it is subjected to a heat treatnment The tenperature
heat treatment to which the cured product is subjected is generally in"the
range of 50 - 100[err]C, preferably in the range of 65 - 90[err]C. Bel ow
50[err] O”a§ats‘9§ﬂa'@0@rt3€ m.ch*ghqmweya@nhh@d baif@Farlventdovke base
100[err] C, the
[ ] 203 and dried to form a resin layer 206. The resin solution

was prepared.by mixing the following components.

Phenol novolak epoxy acrylate resin
5 having tetrahydrophthalic anhydride

added thereto : 9.0 g

Cresol novolak epoxy acrylate resin

having tetrahydrophthalic anhydride

added thereto | 14.0 g
10 Cresol novolak epoxy resin 12.9 g
Urethane oligomer 6.5 g

2-Methyl-(4~(methylthio)phenyl)-2-

morpholino-l-propane 6.4 g
Diethylthioxanthone 3.2 g
15 Propylene glycol monomethyl ether
acetate 3.0 g
- 'This Sheet Has Been Replaced
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‘cured product cannot grve an - eIectrode pattern a desrred shape For
“practical pur poses, the above-described |ight- sensrtrve adhesive i s

. _preferably used in the bondrng ‘met hod of the presen
of.a coating solution that has said adhesive dissol
sol vent Such organic solvents can be used either al
t hey include ethylene glycol nonoethyl ether, ethylene gryce
acetate, ethylene glycol nonobutyl ether, ethylene glycol
et her acetate propyl ene glycol nononet hyl et her, propylene glycol

et her

nnno-utyl

mononet hyl et her Zherat &S rhawn JkretBne A bhyl trhsbbiﬁ%ﬂln kbapes. 206 was

10

15

20

25

'exposed to active energy rays (uv radiation) 208 through a
photomask 207. | | |

In the next step shown in Fig. 3(c), the'resin layer
was treated with a liquid developer 209 that was a 5% aqueous
solution of trietﬁanolamine, whereby the part.of resin layer
over the electrode terminals 204 was removed to prepare.a mask.
pattern. _

Then, as shown in Fig. 3(d); the LSI chip 1 was placed
on top of the base 203 preheated to 80°C, with the metal bumps
205 being in registry with the electrode terminals 204. As the
metai bumps 205 were brought into contact with the electrode
terminale 204, a load of 5 kg/cm? was applied to have the resin
layer 206 bonded te the base 203 while, at the same time, the
LSI chip 201 was compressed against the electrode terminals 204
with the metal bumps 205 being interposed. To provide stronger
connection, the assembly was heated at 150°C for 2 min with a
load of 5 kg/cm? being applied. As a result, the metal bumps
205 melted and adhered firmly to the.eiectrode terminals 204.

Finally, as shown in Fig. 3(e), the assembly was given
blanket exposure to uv rays at an intensity of 3 J/cm?, whereby
the resin cured to have the LSI chip 201 bonded securely to the
base 203 while, at the same time, the areas joined by metal
bumps were fixed. The completed device shown in Fig. 3(e) did
not have any defecte, such as incomplete connection or shorting

between .the LSI chip and the base.
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.. unexposed areas of the adheS|ve | ayer are strlpped by

P11, 1 -trlchloroethane trlchloro ethylene etc. The applled Iayer of the

: jllght sensitive adheS|ve descri bed above is given sel ectli ve exposure to
active rays of light such as-ultraviolet -rays and, th -af.ter, the :

| dRebopiEnt=EX:

~ enplary I|qU|d devel opers that can be used for devel tREggA.d agu

~solutions of inorganic al kalies such as sodi um carbonate an iﬂLEEEP '

hydr oxi de, aqueous sol utions of organic al kalies such as quatemary a ni um

salts and am nes, and organic sol vents such as trichl oroethane, butyl

acet at e, xﬂ&gmalge&hylene gl ycol nonobutyl ether ace-.

The connecting procedure of Example Zl'was_repeated

except that a resin capable of curing upon exposure to heat and
light was coated onto the LSI chip 201, not the base 203. The
5 completed device was as satisfactory as what was obtained in

Example 1.

Example 5

The procedure of Example 1 was repeated except that the

blanket exposure to ultraviolet rays was replaced by a heat

10 treatment for 15 min in an oven at 150°C in order to cure the
resin capable of curing upon exposure to active enexrgy rays.

The completed device did not have any defects, such as

incomplete connection or shorting between electrodes.

Example 6

15 The procedure of Example 1 was repeated except that the
blanket exposure to ultraviolet rays was replaceq by blanket
exposure to ultraviolet rays at an intensity of 1 J/em2 on a
hot plate at 150° in order to cure the resin capable of curing
upon exposure to active energy rays. The completed device was

20 as satisfactory as what was obtained in Example 1.

Example 7
The connecting procedure of Example 1 was repeated

_except that a glass base was used and that 14.0 g of CF black
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tate

etc.

-4 The Ilght sen5|t|ve adhe5|ve descrlbed above nay

. optlonally Contaln addlblves such as conpatlble reS|ns colorants
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3

(pigment produced by Mikuni_shikiso K.K.) was added as a light-
shielding component to"the'recipé for fhe.résin capable'of
curing_upon exposure to activé energy xays. Thé compiéted
device did not have any defects such as incomplete connection
or shorting between the LSI chip and the base. The device was
assembled into an electronic apparatus and put to service as
the entire surface of the device was kept illuminated with
light from a white fluorescent lamp; not a single case of
erroneous operations occurred on account of such factors as
photoelectric effect.

As described above, the chip connecting method of the
second embodiment of the present invention does not depend oﬁ
conductive particles dispersed in an adhesive resin and, hence,
unlike the prior art method, fine-line electrode patterns can
be connected .in a positive, easy and reliable way.
Furthermore, metal bumps are provided. directly on either
electrode pads on an LSI chip or electrode terminals on a base

and this not only insures positive connection but also helps

-reduce the possible variations of connection resistance. If

the base is transparent to visible light, a light-shielding
material may be incorporated in the resin which is capable of
curing upon exposure to active energy rays. An advantage of
this alternative method is that even if the LSI itself is not
shielded from light by some means, it is possible to prevent

the LSI from operating erroneously under light.

DT



._e(e g dyes and plgnents) and sur - factants dependlng on- a’ SpECIflC need. ;Id -

the present invention, ‘the firstiand the second

Clrc ced one on top of the other and _9.;;.m. ed to
have ““ﬂﬂ““m“mmumﬁdes connected to the second el .t%ﬁté--r, _
the agsembly i% ¢i vén a heat treatnent andfor exposure »\iri}a s ¢f

| i ght such as uItra viol et rays, whereby the layer of |ight-sen- SItre
adhesive layer is cured conpletely, so that the two circuit boards are
thoroughly bonded. The heat_treatment follow ng t her noconpression is
conduct ed éﬂﬁﬂéﬂébﬂ;éﬁﬂﬂﬁlﬁﬁiperature in the range of 140-180[err]C If the

heating tem - .
T 1. A method of bondlng circuit boards by connectlng flrst

electrodes on a first circuit board to second electrodes on a

2

3 second circuit board at pdsitions that are in registry with
4 said first electrodes, said two circuit boards being placed one
5 on top of the other, the method comprising .the steps of:a

6 . applying a light-sensitive adhesive over the first
7 electrodes on the first circuit board and over the areas where
8 said first electrodes are not formed, and drying ﬁhe applied
9 adhesive to form a light-sensitive adhesive layer;

10 selectively exposing said light-sensitive adhesive
11 layer to active rays of light and performing development to
12 remove only that portion of said light-sensitive adhesive layer
13 that is disposed on said first electrodes, and then performing
14 a heat treatment to impact bonding quality to said light-
15 sensitive adhesive layer remaining between adjacent first
16 *© electrodes;

17 placing said first and second circuit boards on'top of
18 each other and thermocdmpressing the two cifcuit boards so that
19 said first electrcdes are electrigally connected to said second
20 electrodes, thereby forming a single circuit board; and

21 ' performing at least one of heat treatment and exposure
22 to active rays of light on the formed single circuit board.

1 2. An integrated circuit connecting method that comprises
2 connecting electrode pads on an integrated circuit device to

— 30 -
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'perature 'S beIom1140[err]C conplete bondlng of 't he tmo CIrCUIt boards
cannot be ach rr]C there is no problei-t t h bondi ng
quality but mﬂllmﬂ 'li ! the circuit boards and ft Bbsele rodes on
themw || ~An effective nmeans.of {ther ycEp on is
const ant heatlng Bef or e connectlng ‘the first and second & £4
bondi ng nmet hod of the present invention, a conductor such as- AU

all oy may be deposited on the first or second electrodes so t hat t hey”

be connected to et hervi a sai d conductor.
gro de terminals on a base w1th metal bumps lnterposed, said

4 electrode terminals belng formed in reglstry w1th said
5 eleétrode pads, the method comprlsing thelstéps of:
6 | forming metal bumps on a surface of at least one of the
7 electrode pads and the electrode terminals;
8 covering the surface on at least one of the integrated
9 circuit device side and the base side with a resin that cures
10 . upon exposure tb active energy rays.
11 . patterning said resin to strip selectively the coating
12 of said resin over one of the electrode pads and the electrode
13 terminals;
14 bringing the electrode pads and the electrode terminals
15 into a face-to-face relationship, allowing the metal bumps to
16 contact one of the opposing electrode pads and electrode
17 terminals, performing thermocompressing so that the resin
18 coating will adhere closely to one of the integrated circuit
19 device and the base while, at the same timé, the electrode pads
20 are connected to the electrode terminals with the metal bumps
21 interposed; and
22 performing at least one of heat treatment ahd exposure
23 to active energy rays.
1 3. The integrated circuit connecting method according to
2 claim 1, wherein the base is transparent to visible rays of
3 light, and the selectivity stripped cbating-of resin has a

T‘hls Sheet Has Been Replace
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4 n.dccor dance mﬁth'the‘néthod‘of the first -enbodi ment .of the'p}eéent

h_inventio
exhibits
adhesi ve

board. This offers the advantage of achieving el ectrode connectTo 1.1 hout
regard to the pltch bet ween adj acent el ec- trodes and even circuit boards

cuit boards, ‘a |ight-sen- siftkve adheS|ve t-hat
E'Bmupon heat treatment is used ar -of- thi
ormed between el ectrodes on ofje ¢ Moroum

%%h@,_, T t

having an gl.ectrqc aers% S 6 thy A0y 1 DL et aelechhpde pidcha I@§§e&e§atﬁoof

[err]m can 58 ast

and positively connected mnthout causing any proble

such as sh% tt'w%%n Iqu:e 14 rﬁﬁ’nd' ng met hod of the present

4. The'integrated circuit connecting method according to

claim 2, wherein the metal bumps are made of indium.

5. The integrated circuit connecting method according to
claim 2, wherein the base is transparent to visible rays of
light, and the selectivity stripped coatiﬁg of resin'has a
light transmittance which is less than 5% at a wavelength of

between 400 - 700 nm.

6. The integrated circuit connecting method accoxding to
claim 4, wherein the base is transparent to visible rays of
light, and the selectivity stripped coating of resin has a
light transmittance which is less than 5% at a wavelength of

between 400 - 700 nm.

7. The integrated circuit connecting method according to
claim 2, wherein the electrode pads'and the electrode terminals
that have been allowed to contact each other in a face-to-face
relationship are thermocompressed in such a way that the
coating of resin is bonded to one of the integrated circuit
device and the base at a temperature of between 50 - 120°C, and

wherein said metal bumps are connected to one of the opposing

I‘hls Sheet Has Been Rq
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bnvention will be very:effective in practical- appllcatjons ‘The foll owi ng

_exanples ar e pur.pose of further illustrating the first
enbodi ment jl m" |”I vention but ‘are in no way he _taken as
lintting eslngredlents shown bel ow wer.e nj

solutlon of Ilght sensitive adhesive: Phenol novol ak eps

8  electrode pads and electtbde terminals at a temperature of 120
s - 180°C. | '

1 8. The integrated éircuit connecting method according to
2 claim 4, wherein the electrode pads and the electrode terminals
3 that have been allowed to contact each other in a face-to-face
4 relationship are thermocompressea' in such a way. that the
5 coating of resin is bonded to one of the integrated circuit
6 device and the base at a temperature of between 50 - 120°C, and
7 wherein said metal bumps are connected to one of the opposing
8 electrode pads and electrode terminals at a temperature of 120

| 9 - 180°cC.
1 9. The integrated circuit connecting method according to

2 claim 2, wherein said resin are patterned by lithography.

. This Sheet Has Been R eplaced
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haV|ng tetrahydrophthalhc anhydrlde o : S 7 3y added
thereto Cresol novol ak* epoxy acrylate re5|n haV|ng tetrah' .

anhydri de added thereto :

17.9g Cresol novol ak epoxy reS|n (EPICURON

ABSTRACT OF THE DISCLOSURE

A method of.bonding first and second éircuit"boards
includes applying a light-sensitive adhesive over the first
electrodes on a first circuit board and the areas where the

5 firét .electrodes are not forméd, and drying the applied
adhesive to form a light-sensitive adhesive layer having the
light—sensitive adhesive layer exposed selectiveiy to active
rays of light and performing development to remove only the
light-sensitive adhesive layer on the first electrodes, and

10 then performing a heat treatment to impart bonding quality to
the light-sensitive adhesive layer remaining betweed adjacent
first electrodes, placing the first and second circuit boards
one on top of the other and thermocompressinglthe two circuit
boards to have the first electrodes connected electrically to
15 the second electrodes.to form a single circuit board; and
performing a heat treatment and/or exposure to active rays of

light on the formed single circuit board.
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:A glass base - haV|ng an. IWT)fllln (0 5 [err]n1th|ck) pattern TH%RSHﬁ@N§#%&EEEN-'
of 25[err] mwide el ect rigdes spaced on a pitch of 40 [ef¥]frhvwas SBBPWAGHERL ed

cwht h“t he prepared solution of 1ight-sensitive adhesive. The applied coating
was dried o p 90[err]C for 5 mMmnto forma I ght-s iti've

- adhesi ve Ia%%ﬁfﬁ35|ﬁask5?ﬁ$ckness of 10 [err]m The Ilight- sen |tf@£)
adhesi ve | ayer was exposed selectively to active rays of |light through a
mask having |ight-opaque. areas in registry with the ITOfilmpattern on the
gl ass base, which was thereafter inmmersed in a 5 wt % aqueous sol uti on of
triethanol -qmng for 3 mn at 25[err]C, whereby the I'ight- sen5|t|ve
adhesi ve | ayer avert he ITO filmpattern was selectively
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f"dlssol ved avvay Subsequent Iy, -

S|I|con'wafer
‘registry with the ITOfl'Impattern was superposed on’ “t e

haV| ng a Au

SS REMACED suc

B‘US@E—METQ{A@%EI{: o
I-a

~a-way t'hat the Au pattern would be connected to the ITO fil m pattermomtt
"gl ass base. Hglas and the silicon wafeéer were ther sed by
TR AP

heating at a™t eﬁp«?ra

80[err] C under application of a préssure’of 2.

kg/cmerr]. Thereafter, blanket exposure to ultraviolet radiation was
applied at aﬂ:@:@er}@tgf 3 J/cnferr] fromthe glass base side
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: y , ' Q0T 0~ %
so that the light-sensitive adhgst=we.layer would cure conpletely to have
“"the gl ass base bonded t horoughl f¥gSSHEEﬁ rcerR-uafer. The _resulting. annng
¢ircuit board had the first andlsecoREPEAES Pgﬁﬁs effectiv Imgp}_ggmgﬁptsHEET
Exanple 2 A single circuit board was ' ed_hy repeati hgprt-he—procedure
of Exanple 1 except that the bl anket ex osure to ultraviol pt}radj iéfﬁgéén m
the gl ass base side was replaced by a heat treatnment for 3P mmn {

oven at 150[err]C in order to cure the light-sensitive adhesjve_layvers
completely. It was verified that the fabricated circuit bogrd also featured

METHOD OF BONDING CIRCUIT BOARDS

BACKGROUND OF THE INVENTION

The present invention relates to a method of bonding
circuit boards. More particularly, the present invention
relates to a method of bonding circuit boards that enables two
fine-line patterned electrodes to be connected positively using
a light-sensitive adhesive that exhibits bonding quality upon
heat treatment.

‘The present invention also relatas to an integrated
circuit device connecting method by which fine electrode pads,
such as on an LSI, can be.connected to electrode terminals on

a mounting base.

Description of the Related art

Two circuit boards are conventionally bonded together
by soldering the electrodes on one circuit board to those on
the other. This method, which involves heating solder to melt
so that electrodes can be connected together, has the problem
that two electrodes will often be shorted if they are formed on
a very small pitch on either circuit board. To avoid this
thermal disadvantage to circuit boards that are connected by
soldering, which is a high-temperature treatment, a different
approach has recently been adopted that permits two circuit
boards to be bonded together by .means of an anisotropic

conductive adhesive.

'I‘hxs Sheet Has Been Re laced
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ef fective interconnection of electrddes. The second enbodi Hﬁ@EMEMfSHHﬁ

present invention is described hetowd B -groaligende¢tail. AsiskowrTn Fi 2

E Endgtal b 9.
a metal bunp layer made of a cord 5%@%‘ pAs indiumis e a)orﬁ?ngpq 6
ot herwi se deposited over either k ' el ectrod¢ ter i nars %%4
forned thereon or an integrated circuit device 101 having ¢l d

202 fornmed thereon. A photeresist is coated over the netal {bunp | ayer,

~dried and given exposure through a mask pattern, followed By—strpptTTg of

the unwanted resi st porti-alrofier ehktice s4 2hinlyiRe 202 13ded YoRmctL e
ectrode t al s

el ectrode pads or rmn
particles dispersed in it that cochere to form agglomerates upon

pressure application. The agglomerates exhibit conductivity in
the direction of thickness but not in other directions. To
make use of this anisofrbpié nature, a layer of the anisotropic
conductive adhesive is formed on the surfaces of two electrodes
to be bonded and the intervening adhesive layer is compressed
in the direction of its thickness thereby establishing
electrical connection between the two electrodes by means of
the conductivé particles.

More specifically, to achieve ;onnection of the type
contemplated by the present invention, anisotropic conductive
materials for electrical connection that contain conductive
‘particles are conventionally applied to the surface in such a

. way that they are thermocompressed at a temperature of ca. 180
- 200°C and at a pressure of ca. 20 - 30 kg/cm?.

The metﬁod proceeds as follows. First, as shown in
Fig. 5(a), an LSI chip 1 having metal bumps 51 formed on
electrode pads 2 is brought to a face-to-face relationship with
a base 3 having electrode terminals 4 that are formed in
registry with the electrode pads 2. A heat—bonding resin 10
made of an anisotropic conductive material for electrical-
conneétion that contains conductive particles 11 ié ihsérted
between the .5I chip 1 and the base 3. Then, as shown in Fig.

- S(b), the LSI chip 1 is pressed against the base 3 and heated,

whereupon the heat-bonding resin 10 is softened so that the

B
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by a suitable nethod such as pl asna etching or d|pp|ng [ T
‘BEPACEY

T SHERT'

provi ding netal bunps in deS|r(dnH§§h OIS I n that
exposure to active energy rayslis Ik 6S@W5Nh surfade |of either the
integrated circuit device side Dside jor both |ard 1 '7eOCHa096 ! nedg

for exanple, by lithography to strip sq%ectively the redin coat over thg
als. Metal bunps gan—te—formedof a

el ectrode pads or the el ectrode termn

conductor such as solder, gold, alumnum indiumor ITO}|(indiumtin oxide

i ndi um whi ch can be fused at conparatively |low tenperature 1s used with
partlcularaméﬁﬁtaﬁmepads 2 are connected to the electrode terminals 4

through the aid of conductive particles 11. In certain cases,
the metal bumps 51 may be omitted and electrical connection is
established only between the electrode pads 2 and the electrode
terminals 4 with the conductive particles 11 being disposed
therebetween.

Using an anisotropic conductive adheﬁive, one can
establish satisfactory interconnection between electrodes if
their pitch is wider than 150 pm. However, if the pitch
between electrodes is smaller than 150 um,'conductivé particles
dispersed in the adhesive will produce uﬁwanted conductive
paths, which potentially leads to shorting.

The above-described conventional connecting/ mounting
method has the problem that if the number of conductive
parﬁicles 11 which establish electrical connection bétween the
electrode pads 2 and tﬁe electrode terminals 4 increases, the
chénce of the occurrence of shorting or current leakage between
adjaCent electrode pads or electfode terminals will also
increase. If the number of the conductive particles 11l is
reduced with a view of avoiding that-éroblem, the connection
resistance will not only increase but also fluctuate. In an
extreme case, electrically open connections can occur. The
recent éffOrts to further reduce the dimensions of coﬁnection
have 6nly’ aggravated . these problems. In addition, it 1is
extremely difficult to insure tﬂat the LSI chip is pressed

against the base with strict parallelness being maintained and,

This Sheet Has Been Rep laced
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The resin to be used in the preseat_igvention which cur ugw! ﬁéﬁ?s -FEETU

active energy rays nay be a'resin'ﬂﬂ&ShEHﬂHK§§ééﬁ n thyt R a
resin that is reactive with actiVe_energpLA@ys andfan i nitfi at or of
pol yneri zati.on that is 17 OCT 1996

4

.in actual operations, fluctuations will océur in the gap
between electrode terminals aﬁd, hence, in the number of
conductive particles present between electrode terminals,
eventually causing inconsistency in the established
connections. All these phenomena are serious defects that can
lead to unreliable operations of the device.

In order to bond two circuit boards ha#ing electrodes
of a smaller feature size, a method has been proposed, in which
a photocurable adhesive is applied over a circuit board and all
areas of the adhesive layer, except those which correspond to
the electrodes, are photocured to provide tackiness only on the
eléctrodes, to which conductive particles are deposited. The
layer of the conductive particles is coated with a photocurable
adhesive and the other circuit board is placed on top of the
first circuit board and compressed as the assembly is eprsed
to light so as to bond the two circuit boards together (see
Japanese Laid;Open. Publication (Kokai) Hei No. 3-131089).
Howeﬁer, even this method is not highly capabie of meeting the
reqﬁirement of recent designs for finer electrode sizes as

. . shorting will often occur if the pitch between electrodes is
smaller than 50 um. Hence, it is strongly desired to develop
a more practical method that is capable of bonding two circuit
boards effectively even if the inter-electrode size is very

small.
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to be initiated by active energy rays Any resins can be[T

t hey cure upon exposure to acti ' z as ul{r ;
el ectron- beans and X-rays, provi A& produg¢t }shoul d exhi b
bondi ng qual ity upon heat treatft pl esiol rt7iOCT 92k

be used wi th advantage include those mhlch are produced By lreacti ng_epox

MERT SHEET

7

L

groups i n phenol novol ak epoxy resin, crgsol novol ak epojy Teésins,
gl yci dyl am no epoxy resins, biphenyl epoxy resins and brduides t horeof

(these resins can cure upon exposure to active energy rays) with
unsat urated basis acids such §Eﬁﬁh§¥'6§ ﬁﬁédINVENTION

Under the circumstances, the present inventors

conducted intensive studies in order to develop an effective
method of bonding circuit boards having electrodes arranged on
a very small pitch. As a result, the inventors found that the
aforementioned object could be attained by bonding two circuit
boards, especially by connecting the electrodes on the two

circuit boards, with the aid of a light-sensitive adhesive that

exhibits bonding quality upon heat treatment. The present.

invention has been accomplished on the basis of this finding.

Another object, therefore, of the present invéntion is
to provide an integrated circuit device connecting method that
insures highly reproducible and consistent connection and which
is capable of effectively dealing with fine-line electrode
patterns.

The present invention pro?ides a method of bonding two
circuit boards by connecting first electrodes on a first
circuit board to second electrodes that are formed on a second
circuit board at positions that are in registry with said first
eiectrodes, said two circuit boards being placed one on top of
the other, which method comprises the steps of:

(l)'épplying a light-sensitive adhesive o&er the'first

electrodes on the first circuit board and the areas where said

first electrodes are not formeq,. and drying the applied

adhesive to form a light-sensitive adhesive layer;

_
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met hacrylic acid, crotonic acid, maleic acid, nononethyl ngreate . :
nmonopr opyl nal eate, nono-butyl mreleate~sarhic acid, etc. Ac LQCQNENJ PHEET
particularly preferred as an ungatiifs HHEQT besi kegacid and it |fi s preferably '
reacted with epoxy groups in su an BERIMGEDt hat {he ratio Jof aqidoCcT 1996
equi val ent to epoxy equivalent is in theéange of 0.5 - 1. The t hus

prepared resin capable of euring upon exposure to active enger
rendered al kali devel opable by further reaction with a pol ypasic acid such

as phthalic acid, phthalic¢ anhydride, nmaleic.acid, | ei.c__anhydr Qxafic
aci d, adipic acid dﬂ)cPPWFBQaé¥&¢ EthﬁF§eB§§§}vﬁh3g§§% vf%ﬁﬁégﬁ#q§ﬁ§>resin
I's preferably adjusted to 50 .-

selectively to actlve;QQYSlof light and performing development
to remove only said light-sensitive adhesive layer on éaid
first electrodes, and then performing a heat treatment to
impart bonding quality to said light-sensitive adhesive layer
remaining between-édjacent.first electrodes;

(3) placing said first and second circuit boards one on
top of the other and thermocompressing the two circuit boards
to héve said first electrodes connected electrically to said
second electrodes; and

(4) performing a heat treatment and/or exposure to
active rays of light on a single circuit board that consists of
said first and second circuit boaxds and which has said first
electrodes connected to said second electrodes.

As a result of the intensive studies conducted in order
to attain another object, the present inventors found that the
foregoing problems of the prior art could be solved by using a
resin capable of curing upon exposure to active energy rays.
The present invention has been accomplished under these
circumstances.

The present invention provides an integrated circuit
connecting ﬁethod that comprises connecting electrode padé on
an integrated circuit device to electrode terminals formed in
registry with said electrode pads, which method comprises the

steps of:
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The resin conmponent under di scussi . re _upon exposufeRERLAGEMENWE SHEET

energy rays such as ultra-violet r VSISBEEERHAS IBgeKepul tin €d pr oduct

must exhi bit bonding quality upon at_tREPaAGEMt. Thie tenp rdtu 9.6 9@§
the

heat treatnment to which the cured product 1s subjected is dederally in
range of 50.- 1 20 C, preferably in the,range of 60 - 90[ enr] ’
50[err] C, satisfactory bonding quality cannot be inparted; |above 120[err]C,

‘the cured product cannot be given an el ectrode pattern of destTTed—Shape. An
initiator of polynerization to be Initiated by active energy rays is one

that generates ra?i?aE%I%R%@ RAWU Suk®s on the surface of either the

electrode pads or the electrode terminals or both;

(2) covering the surface on either the integrated
circuit device side or the base side or both with a resin that
cures upon exposure to active energy rays;

(3) patterning said resin by llthography to strip
selectively the coating of said resin over the electrode pads
or the electrode terminals;

(4) bringing the electrode pads and the electrode
terminals into a face-to-face relationship, allowing.thé metal
bumps to contact the opposing electrode pads or electrode
terminals and thermocompressing them together so that the
coating of said resin will adhere closely to the integrated
circuit device or the base while, at the same time, the
electrode pads are connected to the electrode terminals with
the metal bumps interposed; and

| (5) performing a heat treatment and/of exposure to

active energy rays.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. l(a)-(e) show respective first to fifth stages of

the bonding method of the present invention;
' Fig. 2 is a cross section view showing the first step
of an LSI connecting method aécordiqg to the present invention;
Figs. 3(a)-3(e) show 'créss section views of the

subsequent steps of the LSI connecting method;
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active energy rays ahd I s capabl e of [p&D ~Ag- .O|yneri,aﬂﬂﬂ#CQMEﬁL§HEET

resin at issue (i.e., which cures upgq 9 ve epefgy rays) by
hydrogen abstraction, radical cleavage—ordACEDr eact ons | hat tZArOCkE 1996
caused by the initiator itself. A typical class of Tniatofsjthat cause
hydr ogen abstracti on are benzophenones. An exenplary class of Tnitrators
that cause radical cleavage are benzyl digmet hyl ketals. -Al soluseful are

t hi oxant hone base conpounds. Specific exanples of initiators-include
benzophenone, 4, 4[err]-di nmethyl am nobenzophenone,
4,4[err]-diethy|aninobenzophenone, 2- et hyl ant - raqui none,

tert-butyl anthraqumpne HenZi P ERidiRn IRZ & ¥ VY lcaidefucted
2, 2-di net hoxy- 2- phenyl acet ophenone,
by the method of the present invention; and
Figs. 5(a)-5(b) show cross section views of successive

steps of a conventional LSI chip connecting method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The first embodiment of the prééent invention is
described in detail below.

Fig. 1l(a) shows the first stage of bonding two circuit
boards by the method of the present invention. As shown in
Fig. 1(aj, a first circuit board is provided that comprises an
insulating base 101 such As a semiconductor base, a base fof
'pfinted-wiring boaxrd, a glass base or a ceramic base and which
has formed thereon first electrodes 102 that are made of a

- conductor such as ITO (indium-tin oxide), Ti, Té, Mo, Ni, Al,
Cu, Au, Sn or Pb or an alloy'thereof. Subsequently; as- shown
in Fig. 1(b), a ligﬁt—sensitive adhesive is applied over the
first electrodes 102 and the areas Qhere they are not formed by
a suitable coating method such as roll coating, curtain flow
coating, screen printing, spray coating or spin coating, and
the applied coating is dried to form a light-sensitive adhesive
layer 103. Then, as shown in Fig. 1l(c), & mask 104 that does
not permit the passage of light through areas corre-sponding to
the first electrodes 102 is placed on-top of the adhesive layer
103 and active rays of light suéh as.ultraviolet rays are

applied through the mask 104. If a transparent base, such as
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2, 2-di et hoxyacet ophenone, 2-chl orot hi oxant hone, diethylthi oxant hone,
2- hydr oxy- 2- net hyl pr opi ophenone, ~S-0PL Q- . -

pyl - 2- hydr oxy- 2- net hyl pr opi ophenohdHIS$HEETOES GEEROr € Of MBE@%%% !
are preferably incorporated in anounts REPLRCED 10 wt|% of] tjhe resin
descri bed above which cures upon exposure to active enerlgy r 4y 0CFo1996
practical purposes, the resin under discussion is preferfably used in the
forrmof a coating solution that has a resin dissolved ijn amorgani c

sol vent. Such organic solvents can be used either alone jor in adnm xtures
and they include ethylene glycol nonoethyl ether, ethylene glycol nonoethyl
et her acet at qla@ﬁhpaénexgl ysed, naAsbyeyragshef, loghyl gaa be applied from

the back side. Then, as shown in Flg. 1(d), the unexposed
areas of the adhesive layer are stripped with a liquid
developer so that a light-sensitive adhesive layer 103’ will
remain only in the spaces between the.first electrodes 102.
Thereafter, a heaﬁ treatment is conducted to impart bonding
quality_to said adhesive layer 103’. Subsequently, as shown in
"Fig. 1l(e), a second qircuit board is pro#ided that comprises an
insulating base 105 such as a semi-conductor base, a base for
printed-wiring board, a glass base or a ceramic base and which
has formed thereon second électrqdes 106 that are in registry
with the first electrodes 102 and which are made of a conductor
such as Ti, Ta, Mo, Ni, or Al or an alloy thereof. The second
circuit board is placed on top of the first circuit board and
the two circuit boaﬁds are-thermocompressed so that the fifst
electrodes 102 are connected to the second electrodes 106. The
resultlng assembly (single circuit board) is subjected to a
heat treatment and/orx exposure to active rays of light such as
ultravxolet rays, whereby the first circuit board is bonded
completely to the second circuit board by means of the light-
sensitive adhesive. This process;insures a strong bond between
two circuit boards and even circuit boards having a very small
pitch between electrodes can be bonded together without causing
effectiﬁely any problem such as shorting.

Any light-sensitive adhesivé can be used in the bondiﬁg

method of the present invention, provided that it cures upon
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glycol nonobutyl et her acetate, propylene gl ycol nononet hyt
propyl ene gl ycol nononethyl ethe -ﬂﬁ eyl et hyl e@éﬁbﬂﬁﬁﬁﬁﬁ ?HFET
et hang

rsobutyl ketone, 1,1,11-trichlor PL Ef§mE§NoEthyle e,jetc. Wile t
resin having the fornula descri betd auUJb 2an“be uskd in thd cqrneCTi ¥§6
met hod of the present invention, it ngg i ncorporate a soffeper that will
| npact softness to the resi-n so that %cking or other trpubtes—wTT not
occur during therno-conpression, or a bonding quality nod|fier that

controls the tenperatures at which bonding quality will develop. Useful

softeners include various,_ nononers %nq %IgOﬁE&P thaHJg[e pased on
acryl at es, SHBPRUERyFQt 8SE1YPeFRY S 1ight  such as ultraviolet rays and

that the resulting cured product will exhibit bonding quality
upon heét treatment. More spécifically, a light-sensitive
adhesive can be used that contains an esterified resin and a
photo-polymerization initiator, which esterified resin is
produced by reacting an unsaturated basic acid with at least
one meﬁber of the group consisting of a cresol novolak epoxy
resin, a phenol novolak epoxy resin, é glycidylamine epoxy
resin, a biphenyl epoxy résin and bromine addition products
thereof. It is particularly preferred to use a light-sensitive
adhesive that contains a photopolymerization initiator and an
esterified resin that is produced by reacting an unsaturated
basic acid with at least one member selected from between a
cresol novolak epoxy resin and a phenol novolak epoxy resin.
In this preferred case, the cresol novolak epoxy resin can be
prepared by reacting epichlorohydrin or methyl epichlorohydrin
with a cresol novolak resin that is formed from cresol and
formaldehyde; similarly, the phenol ﬂovolak epoxy resin can be
prepared by reacting epichlorohydrin or methyl epichlorohydrin
with a phenol novolak resin that is formed from phenol and
formaldehyde.

Examples of the unsaturated basic acid.that reacts with
the above-mentioned cresol novolak epoxy resin and/or phenol
noyolak epoxy resin include acrxylic acid, methacrylic acid,

crotonic acid, mono-methyl maleate, monopropyl maleate,

Tlns Sheet Has Been. Rep
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styrenes, etc. Bonding quality nodifiers that can advantaapnuclu be—u ﬁgt
i ncl ude phenol novol ak epoxy resinTHIS SHEHT HQY R epoxy rem.jpngc § T
bi sphenol A type epoxy resins. Suych bomﬁhngxquaF|t nodi f egs—Ey” De
i ncorporated in anmounts of 5-40 W% pre - 20 W | of .5 q:)gaj
content of the resin which cures upon exposure to active gn rdv rays The
tenperature at which bonding quality tievel ops can be freelly\cantrel+eey
adjusting the content of the nodifier within the range set] forth above;
however, bondi ng quality devel ops preferably at 50 - 120[ ex—E—A0OVe
'120[err]C the nodifier

monobutyl maleate, sorbic acid, etc.. These unsaturated basic

acids can be used either alone or in combination.

For reaction between the epoxy resins and the
unsaturated basic acids, secondary or tertiary amines can be
used as esterification catalysts and they include diethylamine
hydrochloride, diethylamine acetate and triethylamine.

Exemplary photopolymerization initiators include
benzophenones such as benzopheﬁone, 4,4’'-dimethyl-
aminobenzophenone and 4,4’-diethylaminobenzophenone,
anthraquinones such as 2-ethylanthraquinone and tert;
butylanthragquinone, benzoinalkylethers such as
benzoinethylether and benzbinisopropylether, as well as 2,2-
dimethoxy-2—phenylacetophenone,_2,2-diethoxy-a¢etophenone, 2-
chlorothioxanthone; diéthylithioxanthone, 2-hydroxy-2-
methylpropiophenone, 4’aiso-propyl—z—hydroxy;2-
methylpropiophenone, etc. One or more of these initiatofs are
preferably incorporated in amounts of 2 - 10 ‘wt% of the
esterified resin described above.

The light-sensitive adhesive under discussion must cure
upon exposure to active rays of light such as ultraviolet rays
whereas the resulting cured product must exhibit bonding
quality when it is subjected to a heat treatment. The
temperature for the heat treatment to which the cured product
is subjected is generally in the range of 50 - 100°C,
preferably in the range of 65 - 90°C. Below 50°C, satisfactory

_
’Hns Sheet Has Been R,

TR



will cure in response to the openi

he epoxy ring, which hel ps enhance

the strength of the resin capabl e df TEiSrSHERT
rays. If a base such as a gl ass bade_t haREPIcEhHA %%% ent t
is used, one or nore light-shielding nmaterl addd
prevent the integrated circuit device from operating error
light. Such light-shielding materials cgm be selected fron
consi sting of inorganic pignents such as carbon black, tit

oS ur ¢

o PP CAGEMERT Gife™

d}in order to
edusiy7 0GTcH96
1 tihe group _
anium bl ack, rron

bl ack, white |ead, titaniumdioxide, titaniumyellow and Ul framarine and

organi c pignments such as azo-, phthal ocyani ne-,

bonding quality cannot be imparted; above 100%3, the cured
product cannot give an electrode pattern a desired shape.

For practical purposes, the . above-described light-
sensitive adhesive is preferably used in the bonding method of
the present invention in the forﬁ of a coating solution that
has said adhesive dissolved in an organic solvent. Such
organic solvents can be used either alone or in admixtures and
they include ethylene glycol monoethyl ethexr, ethylene glycol
monoethyl ether acetate, ethylene gljcol' monobutyl ether,
ethylene glycol monobutyl ether acetate propylene glycol
monomethyl ether, propylene glycol monomethyl ether acetate,
.methyl ketone, methyl isobutyl ketone, 1,1,l-trichloroethane,
trichloro—ethylene, etc. _ |

The applied layer of the light-sensitive adhesive
described above is given seiective exposure to active rays.of
light such as ultraviolet rays and, there-after, the unexposed
areas of the adhesive layer are stripped by development.
Exemplary liquid developers that.can be used for development
include aqueous solutions of inorganic alkalies such as sodium
carbonate and sodium hydroxide; aqueous solutions of organic
alkalieé such as quaternary ammonium salts and amines, and
orgartic sol§ents such as trichloroethéne, butfl acetate,
xylene, ethylene glycol mohobutyl ether acefate, etc.

The light-sensitive adhesive described above may .

optionally contain additives such as compatible resins,

\
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I soi nhydrin- and di oxane-base conmpounds. The Iight-sggelpipig{atgéialz can
be added in amounts of 5 - 40 wt % : - 30 WEPOREM ACEENTO ISR
conponents. The specific kind and éggﬁﬁHE Aﬁﬁ%ﬁﬂmg t - shi el ghrg ngtnr-aFEI
be added shoul d be sel ected appr opri —fn:such ajmann thﬁt t he bonded
and cured resin coat wll have a light transmttance |essftha HOLd: 1936
wavel ength of 400 - 700 nm. Furthernorel3the resin capable bf curing upo
exposure to active energy rays may optionally contain dygs, pigments,
pol.ymeri zation inhibitors, antifoam agents and any ot her Ltdbves . that ar

commonly used in the art. .
colorants (e.g., dyes and pigments) and sur-factants depending

0

er

on a specific need.

In the bonding method of the present invention, the
first and the second circuit. boards are placed oné on top of
the other and thermocompressed to have the first electrodes
connected to the second electrodes; thereafter, the assembly is
given a heat treatment and/or exposure to active rays of light
such as ultra-violet rays, whereby the layer of light-sensitive
adhesive layer.is cured completely, so that the two circuit
boards are thoroughly bonded. The heat treatment following
thermocompression is conducted preferably at a temperature in
the range of 140-180°C. If the heating temperature is below
140°C, complete_bonding of the two circuit boards cannot be
achieved. Above 180°C, there is no problem with bonding
quality but, on the other hand, the circuit boards and the
electrodes on. them will be adversely affected. An effective
means of thermocompression is constant heating.

Before connecting the first and second electrodes in
the bonding method of the present invention, a conductor such
as Aﬁ, Sn or In alloy may be deposited on the first or second
electrodes so that they can be connected together via said
conductor.

In accordance with the method.of the first embodiment
of the present invention for bonding. circuit boards, a light-
sensitive adhesive that exhibits gonding_quality upon heat

treatment is used and a layer of this adhesive is selectively
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The connecting nmethod according to the second enbodi ment of the pr esent

i nvention will proceed by the seqm shown In Fig. 3. oyt

Fig. 3(a), a solution having the- ey of ¢ rf*ﬁ@@iﬂ#ﬁi %‘Jﬁﬁ

to active energy rays) Is applie RER tihe bage (203 (havi ng

el ectrode ternminals 204) by a suitable coattng—rethod sughi 17 OCT 1996
* 14

@

formed between electrodes on one circuit board so that they can
be directly connected to the electrodes on the other circuit
board. This offers the advantage of achieving electrode
connection without regard to the pitch between adjacent
electrodes and even circuit boards having an electrode pattern
'with an inter-electrode pitch less than 50 um can be easily and
posiiively connected without <causing any problem such as
shorting. Hence, the bonding method of the present invention
will be very effective in ?ractical applications.

The following examples are provided for the purpose of
further illustrating the first embodiment of the present

invention but are in no way to be taken as limiting.

Example 1

The ingredients shown below were mixed to prepare a

solution of light-sensitive adhesive:

Phenol novolak epoxy. acrylate resin
having tetrahydrophthalic anhydride 7.5¢q

added thereto
Cresol novolak epoxy acrylate resin
having tetrahydrophthalic anhydride

added thereto A 17.9g

Cresol novolak epoxy resin (EPICURON

This Sheet Has Been Replaced
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REPLACEMENT SHEET -7- as roll coating, curtain f|OM/C0atngi screen
printing, spray coating or spin cot 9 I ed ¢ogt r

to forma resin |ayer. Thereafter,tggﬂg”&@& ésrﬂf’gN (b), aﬁmE%thT
does not permt the passage of |ight—286—hta Rh areps cofr¢sponding to the
el ectrode term nals 204 is placed on top of the resin | ayér | anti70CT 1996
energy rays such as ultravi-ol et rays ang applied through §the nmask 207. Iffa
base such as a glass base that is transparent to active epergy"

N-673 of Dainippon Ink &

Chemicals, Inc.) l4.4 g
Urethane oligomer 8.3 g

2-Methyl-(4-(methylithio)phenyl)-2-

morpholino-l-propane 1.8 ¢
Diethyl thioxanthone 1.1 g

Propylene glycol monomethyl

ether acetate ' 49.0 g

A giass base having an ITO film (0.5 pm thick) ?attern
that consisted of 25-um wiae electrodes spaced on a pitch of 40
pm &as spin coaﬁed with fhe prepared solution of 1light-
sensitive adhesive. The applied coating was dried on é hot
plate at 90°C for 5 min to form a light-sensitive adhesive
layer having a thickness of 10 ﬁm. |

The light-sensitive adhesive “layer was expdsed
selectively to active rays of light through a mask having
light-opague areas in registry with the ITO film pattern on the
glass base, which was thereafter immersed in a 5 wt% aqueous
solution of triethanol—amine.for %:min at 25°C, whereby the
light—sens_itive adhesive layer over the ITO film pattérn was
selectively dissolved away.

—_—
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rays i s used, active energy rays nm |ied fromthe ck side. Then

as shown in Fig. 3(c), the unexpos§
with a liquid devel oper 209 so tha

| _
nla ZREWA@EMFNT fify

1S

spaces between el ectrode term nals 204.

actgve ener r
are applied at an intensity of ca. 0.05 - 0.15 J/cnferr] #§f t He?r Tﬂﬁébe

not contain a light-shieldi-ng materialiéand ca. 0.3 - 2.5}Jfcnjerr] if it

\"2

contains a light-shielding naterial. If the intensity of fctive energy

radiation is less than 0.05 J/cnerr] or 0.3 J/Cnferr], t exposed areas

will not cure to a satisfactory degree. On the other hand, if the radiati
intensity exceeds shbbeqlei{8F ] aors 21 bcdhcrfa féihe hawrialy eacom)mparttte&fn t

estn WIIlformed in registry with the ITO film pattern was superposed on
the glass base in such a way that the Au pattern would be
connected to the ITO film pattern on the glass base. The giass
base and the silicon wafer were thermocompressed by heating at
a temperature of 80°C under application of a pressure of 2.5
kg/cm?.
Thereafter, blanket exposure to ultrgviolet radiation
was applied at an infensity of 3 J/cm? from.the glass base side
- so that the light-sensitive adhesive layer would cure
completely to have the glass base bonded thoroughly to the
‘silicon wafer. The resulting single circuit board had the

first and second electrodes effectively connected.

Examéle 2

A single circuit board was fabricated by repeating the
procedure of Example 1 except that the blanket exposure to
ultraviolet radiation from the glaSs base side was replaced by
a heat treatment for 30 minutes in an oven at 150°C in order to
cure the light-sensitive adhesive layers completely. It was
verified that the fabricated circuit board also featured
effective inferconnection of electrodes.

The second embodiment of the present invention is
described below in greater detail. "As shown ih'Fié. 2, a metal
bump layer made of a conductor such as indium is evaporated or

otherwise deposited over either a base 203 having electrode

on
he

s
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cure conmpletely and the resulting
bondi ng quality will reduce the pr
patterned | ayer of the resin which

i_n_devel oping the necessary

I subsé?&gg&;iagps—-¢he—
BEPIAGHDON exposur § EMENTeSRER]y

rays is subjected to a heat treatnent so as T0 De-given bdngding quality.

Then, as shown in Fig. 3(d), the integrated circuit devicg

D)

011FgCT
electrode pads .202 is placed on top of jihe base 3 in suchja Uaﬁatg?
el ectrode pads 202 will be in registry with the el ectrode tblHIHalo 20

with netal
a tenperature of 50 - 120[err] and at

bunps 205 being interposed. By subsequent therfjo-conpressing at

terminals 204 formed thereon or an integratéd circuit device
101 having electrode pads 202 formed thereon. A photoresist is
coated over the metal bump layer, dried and given exposure
through a mask pattern, followed by stripping of the unwanted
resist portion. Thereafter, metal bumps 205 are formed on the
electrode pads or electrode terminals by a suitable method such
as plasma etching or dipping in an etchant.

After providing metal bumps in desired positions, a
resin that cures upon eprsure to active enexrgy rays is
provided on the surface of either the integrated circuit device
side or the base side or both and then patterned, for example,
by lithography to strip selectively the resin coat over the
electrode pads or the electrode terminals.

Metal bumps can be formed of a conductor such as .
solder, gold; aluminum, indium or ITO (indium-tin oxide);
indium which can be fused at comparatively low temperature is
used with particular preference.

The resin to be used in the present invention which
cures upon exposure to active energy rays may be a resin
composition that contains both a resin that is reactive with
active energy rays and.an initiator of polymerization that is
to be initiated by active.energy rays. |

Ahy resins can be used as ‘long as ‘they cure upon

exposure to active energy rays such as ultraviolet rays,

‘electron beams and X-rays, provided that the cured product

should exhibit bonding quality upon heat treatment. Specific
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a pressure of 1 - 20 kg/cnferr], the re5|n which will cufepp EME S$HEET
active energy rays is bonded to t o or the integr C L
dévice 201 while, at the sane ti %§H€$%HAsm@ng ds .202 are connect ed| t
the electrode termnals 204 with LAGEDps 205 bei'pg{i nt ErQOEAPS | h
order to insure that the el ectrode pads or term s wl] pe connected thp
the nmetal bunps nore positively, thernoammpressi on may bg conti nued TOr™a
few nore mnutes with the tenperature raised to 120 - 188fewr]C
Thereafter, the assenbly is heated at a tenperature of 120 - 200[err] C or,
as shown in Fig. 3(e), and exposed to active

examples of resins that can be used with advantage include

those which are produced by feacting epoxy groups in pheno;
novolak epoxy resin, cresol novolak epoxy resins, glycidylamino
epoxy resins, biphenyl epoxy resins and bromides thereof (these
resins can cure upon exposure to active energy rays) with
unsaturated basis acids such as acrylic acid, methacrylic acid,
crotonic acid, maleic acid, monomethyl maleate, monopropyl
maleate, mono-butyl maleate, sorbic acid, etc.- AcrYlic acid is
particularly preferred'as an unsaturated basic acid and it is
‘preferably reacted with epoxy groups in such an amount that the
ratio of acid equivalenﬁ to epoxy equivalent is in the range of
0.5 - 1.5.

The thus prepared resin capable of-curing upon exposure
to active energy rays may be rendered alkali developable by'
further reaction with a polybasic acid such as phthalic acid,
phthaiic anhydride, maleic acid, maleic anhydride, oxalic acid,
adipic acid or citric acid. 1In this case, the acid value of
the resin is preferably adjusted to 50 - 150.

The resin component under discussion must cure upon
exposure to active energy rays such .as ultra-violet rays
whefeas the resulting cured product must exhibit bonding
qguality upon heat treatment. The temperature for the heat
treatment to which the cured product is subjected is generally
in the range of 50 - 120°C, preferably in the range of 60 -

g0°c. Below 50°C, satisfactory bonding quality cannot be
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energy rays such as ultraviol et rayp-gt—ah—ht-ensity of 1
whereby the resin cures conpletely t JHIG PHERTHAS 8ERe des s

result, bonding or connection is es abl i SFBEAGER only| bet
termnals and pads with the netal bunps interposed, but
base or the integrated circuit device and the resin whic
curing upon exposure to active energy nays. Hence, stron
is inmparted and even fine-line electrode patterns can be
effectively w thout causing any problem such as shorting. The result wll
cure satisfactorily even if it is treated with active energy rays or heat
al one; howgwparted§ Gbdrd i IBO°C, the cured product cannot be given an

electrode pattern of desired shape.

An initiator of polymerization to be 'initiated' by
active energy rays is one that generates radicals upon exposure
to active energy rays aﬁd is capable of promoting the
polymerization of the resin at issue (i.e., which cures upon
exposure to active energy rays) by hydrogen abstraction,
radical cleavage, or other reactions that can be caused by the
initiator itself. A typical classﬂof initiators -that cause
hydrogen abstraction are benzophenones. An exemplary class.of
initiators that cause radica; cleavage are benzyldimethyl
ketals. Also useful are thioxanthone base compounds. Specific
~examples  of initiators include benzophenone, 4,4~
dimethylaminobenzophenone, 4,4’'-diethylaminobenzophenone, 2-
ethylantraquinone,tert—butyianthraquinone,benzionethylether,
benzo-inisopropyl ether; 2,2-dimetﬁoxy-2-phenylacetophenone,
2,2-diethoxyacetophenone, 2—c£lorothioxanthone,
diethylthiéxanthone, 2-hydroxy-2-methylpropiophenone, 4-
isopropyl-2-hydroxy-2-methylpropiophenone, etc. One or more of
these compounds are preferably incorporated in amounts of 2 -
10 wt% of the resin deséfibed above which cureé upon exposure
to active enexrgy rays.

For practical purposes, the resin under discussion is
preferably used in the form of a ctoating solution that has a
resin dissolved in an organic solvent. Such organic solvents

can be used either alone or in admixtures and they include
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can be shortened by applying botl ggliye-energy rays and heat. |If the
heating tenperature is bel ow 120[ferr['C. e of- thgT ot
start. Above 200[err]C, the resin w gue"o excessi\}@%%@ﬁMWdSHEET
desired el ectrode pattern cannot be produce-. , , {the base and
electrodes will be adversely affected. Because of the fedtyregxgg ?h?ﬁg
above, the present invention provides ao LSl chip connectfi fg net t
i nsures highly reproduci ble, consistent and reliable congec
i s capable of dealing with fine-line electrode patterns. [El ectrode pads ar
connected to electrode termnals with nmetal bunps bei ng interposSed white—at

integrated circuit
ethylene glycol monoethyl ether, ethylene glycol monoethyl

Y4

ether acetate, ethylene glycol monobutyl ether, ethylene glycol
monobutyl ether acetate, propylene glycol monomethyl ether,
propylene glycol monomethyl ether acetate, methyl ethyl ketone,
méthyl isobutyl ketohe, 1,1,1-trichloroethane,
trichloroethylene, etc. |

While the resin having the formula described above can
be used in the connecting method of the present invention, it
may incorporate a softener that will impact softness to the
resin so that.cracking'or other troubles will not occur during
thermo-compression, or a bonding quality modifier that controls
the temperatures at which bonding quality will develop.

Useful so;teners include various monomers and ollgomers
that are based on acrylates, methacrylates, urethanes,
styrenes, etc. |

Bonding Quality modifiers that can advantageously be
used include phenol novolak epoxy resin, cresol novolak epoxy
resins and bisphenol A type epoxy resins. Such bonding quality
modifiers may be incorporated in amounts of 5-40 wt%,
preferably 10 - 20 wt%, of the solids content of the resin
which cures upon exposure to active energy rays. The
temperature at which bonding gquality develops can be freely
controlled by adjusting the content of the modifier within the
range set forth aboﬁe; however; . bonding quality develops

preferably at 50 - 120°C.. Above 120°C, the modifier will cure

in response to the opening of the epoxy ring, which helps

. 'This Sheet Has Been Replaced
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device is bonded to a base using 7W¥%SHEEmmmsgggﬁs upon lexy -
energy rays, thus insuring positi el &EPLACED conngcti on hile redUC|ng tithe
possi bl e variations in connection resistance —ti—tHe bas i RET199ht it

visible light, the resin that will cure upon exposure to fa
may be adjusted to have a light transmttance | ess than
of 400 - 700 nm and this erabl es an LSI 2t om operating er

| i ght even

ive enerqgy ragys
% at a wavel ength

if it is not shielded fromlight. The foll owi ng exanples are

provi ded for the purpose of further illustrating the second enbodi nent of

t he present

enhance the strength of the resin capable of curing upon
exposure to active energy rays.

If a base such as a2 glass base that is transparent to
visible light is used, one or more light-shielding materials
may be added in order to prevent the integrated circuit device
from operating erroneously under light. Such light-shielding
materials can be selected from the group consisting of
inorganic pigments such as carbon black, titanium black, iron
black, white lead, titanium dioxide, titanium yellow and
ultramarine and organic pigments such as azo-, phthalocyanine-,
isoinhydrin—.and dioxane-base compounds. The light-shielding
materials can be added in amounts of 5 - 40 wt%, preferably 10
-30 wt%, of the total components. The specific kind and amount-
of the light-shielding material to be added should be selected
apﬁropriately in such a maﬁner that the bonded and cured resin
coat will have a .ligﬁt transmittance less than 5% at a
wavelength of 400 - 700 nm.

furthermore, the resin capable of curing upon exposure
to active energy rays may optionally contain dyes, pigments,
polymerization inhibitors, antifoam agents and any other
additives that are comﬁonly used in the art.

The connecting method according to the second
embodiment of the present invention will proceed by the
sequence shown in Fig. 3. First., .as shown in Fig. 3(a), a
solution having the resin 206 (capable of curing upon exposure

to active energy rays) is applied, typically over the base 203
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i nvention but are in no way to be taken as limting. Exang

3_The present

invention is described bel ow with Jefgiereae to acconpanylr
2 and 3 (a)-(e) are cross sectionsfsho
connecting an LSI chip to a base i n om—&Xa
Fig. 2 shows the first step and Fi gs. 3(a) - how t he
First, with reference to Fi-g. 2, an inkegrated circuit de

gR@Pm@Enma-T T
SHE

er ntlon

Sy bs@%uéﬁ mépﬂ :
201
at had el ectrode

(hereunder referred to as an "LSI chip") was fabricated t

pads 202 forned on the

(having electrode terminals 204) by a suitable coating method
such as roll coating, curtain flow coating, screen printing,
spray coating or spin coating and the appiied coating is dried
to form a resin layer. Thereafter, as shown in Fig. 3(b), a
mask 207 that does not permit the passage of light 208 through
areas corresponding to the electrode terminals 204 is placed on
top of the resin layer and active energy xrays such as
ultraviolet rays are applied through the mask 207. If a base
such as a glass base that is transparent to active energy rays
is used, active energy rays may be applied from the back side.
Then, as shown 'in Fig. 3(c¢), the unexposed area of the resin
layer are stripped with a liguid developer 209 so that the
resin layer will remain only in the spaces between electrode
terminals 204. For exposure, active energy rays are applied at
an intensity of ca. 0.05 - 0.15 J/cm®* if the resin does not
contain a light-shielding material, and ca. 0.3 - 2.5 J/em? if
it contains a light-shieldihg material. If the intensity of
active energy radiation is less than 0.05 J/cm? or 0.3 J/cm?,
the exposed areas will not cure to a satisfactory degree. On
the other hand, if the radiation intensity exceeds 0.15 J/cm?
or 2.5 J/cm?, the curable component of the resin will cure
completely and the resulting difficulty in developing the
'necesséry bonding quality will reduce the process efficiehcy in
subsequent steps.

The patterned layer of the resin which will cure upon

;______EEEEEBEE;EQ;QCtive energy rays is subjected to a heat treatment
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surface, each pad bei ng made of ajth+ee-| ayered (Au/Cr/Al)rmuén_filn1(Au
Cr and Al layers having thickness JHE§ SHEE} [; £l 1 —-0.05 [e rI_BEﬂLangMng) SHEET
[err]m respectively) ora three-llayer e®REP¥ E» metal {i HI\nu, FH-N—aR
Al layers having thicknesses of 0.8 [err grrlmang 9 Zbked(g]t%
respectively). The base 203 had el ectrode tern1na|s 204 fo mad 9
surface in registry with the el ectrode pgds 202. In Exanplp L.._netal. bunps
205 were integrally formed on the el ectrode pads 202. The petal bunps 205

are typically nmade of In (indium netal but if there is a heet—toe—ecort+ol
the nmelting tenperature, alloys of indiumand other netals such as |ead may

be enpl oyedo as to be given bonding quality. Then, as shown in Fig.
3(d), the integrated circuit device 201 having electrode pads

202 is placed on top of the base 3 in such a way that the
electrode pads 202 will be in registry with the electrode

’ terminals 204, with metal bumps 205 being interposed. By
subsequent thermo-compressing at a temperature of 50 - 120° and

at a pressure of 1 - 20 kg/cm?, the resin which &ill cure upon
exposure to active energy rays is bonded.to the base 203 or the
integrated circuit device 201 while, at the same time, the
electrode pads 202 are connected to the electrode terminals 204
with the metal bumps 205 being interposed. In order to insure
that the electrode pads or terminals will be connected to the
metal bumps more pcsitively, thermocompression may be continued

for a few more minutes with the temperature raised to 120 -

180°cC.

Thereafter, the assembly is heated at a temperature of
120 - 200°C or, as shown in Fig. 3(e), and exposed to active
energy rays such as ultraviolet rays at an intensity of 1 - 5

J/cmﬂ, whereby the resin cures complete;y to achieve the
.necessary bonding. As a result, bonding or connection is
established not only between the electrode terminals and pads
with the metal bumps interposed, but also between the base or
the integrated circuit device and the resin which is capable of
curing upon exposure to active energy rays. . Hence, strong

bonding quality is imparted and even fine-line electrode
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S(a), a solution of a_resin capable of

In the next step, as shown in F
curing upon exposure to active

- de )
I n- coat QBEELNEEQEQ¥%SH§ET

The resin solution was prepared ““nTXIng “t'he fol 'owi ng fopponents.

17 OCT 1996

patterns can be connécted effectively without causing any
problem such as shorting.

The result will cure satisfactorily even if it is
tréated with active energy rays or heat alone; however, the
cure time can be shortened by applying both active energy rays
and heat. If the heating temperature is below 120°C, the
curing of the resin will not start. Above 200°C, the resin
will flow due to excessive heat and a desired electrode pattern
cannot be produced.l Furthermore, the base and electrodes will
be adversely affected.

Because o0f the features described above, the present
invention provides an LSI chip connecting method that insures
highly reproducible, consistent and reliable connection and
which is capable of dealing with fine-line electrode patterns.

Electrode pads are connected to electrode terminals
with_metal bumps being interposed while an integrated circuit

- device is bonded to a base using a resin that cures upon
exposu*e to active energy rays, thus insuring p051tlve
electrode connection while reducing the possible varlatlons in
connection resistance. If the base is transparent to visible
light, the resin that will cure upon exposﬁre to-active energy
rays may be adjusted to have a light transmittance less than 5%
at a wavelength of 400 ~ 700 nm and this enables an LSI from
operating erroneously under light eyeﬁ if it is not shielded

from light.
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- 8- Phenol novol ak epoxy acryl at e pesia_havi ng tetrahydro' thalic _anhydride
added thereto 9.0 g Cresol novoldﬁﬂ§ﬁmxgrul tﬂgm_g MENT
tet rahydropht hal i ¢ anhydri de added

resin ethane ol i go
6.5 g 2-Methyl - (4-(nethylthio)phenyl)- 22-5rmr phol i no- -propane OCT 1996
6.4 ¢ .

The following examples are provided for the purpose of
further illustrating the second embodiment of the present

invention but are in no way to be taken as limiting.

Example 3

The present invention is described below with reference
to accompanying drawings. Figs. 2 and 3 (a)-(e) are Cross
sections showing the sequence of steps for connecting an LSI
chip to a base in an example of the present invention. Fig. 2
shows the first sﬁep and Figs. 3(a) - (e) show the subsequent
steps. First, with reference to Fig. 2, an integrated circuit
device 201 (hereunder referred to as an "LSi chip") was
fabricated that had electrode pads 202 formed on the surface,
each pad being made of a three-layered (Au/Cr/Al) metal f£ilm
(Au, Cr and Al layers having thicknesses of 1.0 pum, 0.05 pym and
0.5 um, respectively) or a three-layered (Au/TiN/Al) metal film
(Au, TlN and Al layers havxng thlcknesses of 0.8 um, O. 08 pm
and 0.2 um, respectively). The base 203 had electrode
terminals 204 formed on the surface in registry with the
electrode pads 202. In Example 1, metal bumps 205 were
integrally formed on the electrode pads 202. The metal bumps
205 are typically made of In (indium) metal but if there is a
need to control the melting temperature, alloys of indium and
other metals such as leed may be employed.

In the next step, as shown in Fig. 3(a), a solution of

a resin capable of curing upon exposure to active energy rays
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Di et hyl t hi oxant hone
3.2 g Propyl ene gl ycol nononethy IQ?E§HE3ﬁA}.
34.0 g Then, as shown in Fig. 3(Bj~—tIREPLREES
active energy rays (uv radiation) 208 throughk phjot omask
step shown in Fig. 3(c), the resin layer was treated with
devel oper 209 that was a 5% aqueous sol 8&fion of triethano

207, TT0ET

REPLACEMENT SHEET

a Hgpr-d
am ne, wher eby

the part of resin |layer over the electrode term nals 204 Was TENOVEt—+6

prepare a

. was spin-coated or otherwise applied uniformly onto the base

203 and dried to form a resin layer 206. The

resin solution

was prepared by mixing the following components.

Phenol novolak epoxy acrylate resin
having tetrahydrophthalic anhydride

added thereto

Cresol novolak epoxy acrylate resin
having tetrahydrophthalic anhydride

added thereto
Cresol novolak epoky resin

Urethane oligomer

2-Methyl-(4-(methylthio)phenyl)-2-

'morpholino-l-propane
Diethylthioxanthone -

Propylene glycol monomethyl ether’

" acetate
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mask pattern. Then, as shown in | 3LH= LS| chip—was_placed on top
of the base 203 preheated to 80[ g ,:ﬁ' HAS BgeNE} al b+nﬁSP@Q§ RTSHEER
registry with the electrode ter 5 Jié‘CHB the jnetal {b .
brought into contact with the electrode term na qu?of 5
kg/cnferr] was applied to have the resin |ayer 206 bondpd{to CH 3996 2p3
while, at the sane tine, the LS chip 2@F was conpressefd hgajnst the
el ectrode termnals 204 with the nmetal bunps 205 being } nterposed. To *
provi de stronger connection, the assenbly was heated at~#56few~H-Cfar 2 nin
with a load of 5 kg/cnferr] being

Then, as shown in Fig. 3(b), the resin layer 206 was

exposed to active energy rays (uv radiation) 208 through a
photomask 207.

In the next step shown in'Fig. 3(c), the resin layer
was treated with a liquid developer 209 that was a 5% aqueous
solution of triethanolamine, whereby the part of resin layer
over the electrode terminals 204 was removed to prepare a mask
pattern.

Then, as shown in Fig. 3(d), the LSI chip 1 was placed
on top of the base 203 preheated to 80°C, with the metal bumps
205 being in registry with the electrode terminals 204. As the
metal bumps 205 were brought into contact with the electrode
terminals 204, a load of 5 kg/cm? was applied to have the resin |
layer 206 bonded to the base 203.while, at the same time, the
LSI chip 201 was compressed against the electrode ﬁerminals 204
with the metal bumps 205 being interposed. To provide stronger

_ connection, the assembly was heatéd at 150°C for 2 min with a
load of 5 kg/cm? being applied. As a result, the metal bumps
205 melted and adhered firmly to the electrode terminals 204.

Finally, as shown in Fig. 3(e), the assembly was given
blanket exposure to uv rays at an intensity of 3 J/cm?, whereby
the resin cured to have the LSI chip 201 bonded securely to the

" base 203 while, at the same time, the areas joined by metal
bumps were fixed. The completed device shown in Fig. 3(e) did
not have any defeéts, such as incomplete connection or shorting

between the LSI chip and the base.
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applied. As a result, the netal s 205 nelted and adhered firmy to the
el ectrode termnals 204. Finally| Tags § ' 1g. 3(e), [TAT assesbBly-uas

gi ven bl anket exposure to uv ray f 3 Jfc E&AQEMEMQWH
The DasT—203y

the resin cured to have the LSI chip ed sdgcurel y|t
while, at the sane tinme, the areas joined by netal bunps reryigqfi;gg'rshe
conpl eted device shown in kig. 3(e) didamt have any defgcls, SucC

i nconpl ete con- nection or shorting between the LSI chip} ant—+ke-base
Exanpl e 4 ' :

Example ¢

The connecting procedure of Example 1 was repeated
'except that a resin capable of curing upon exposure to heat and
light was coated onto the LSI chip 201,.not the base 203. The
completed device was as satisfactory as what was obtained in

Example 1.

Example 5

The procedure of Example 1 was repeafed-except that the
blanket exposure to ultraviolet rays was replaced by a heat
treatment for 15 min in an oven at 150°C in order to cure ﬁhe
resin capable of curing upon exposure to active energy rays.
The completed device did not have any defects, such as

incomplete connection or shorting between electrodes.

Example 6

The procedure of Example 1 was repeated except that the
blanket exposure to ultraviolet rays was replaced by blanket
exposure  to ultraviolet rays.at an intensity of 1 J/cm? on a
hot plate at 156° in order to cure the resin capable of curing
upon exposure to active energy rays. The compleﬁed device was

as satisfactory as what was obtained in Example 1.

Example 7
The connecting procedure of Example 1 was repeated

except that a glass base was used and that 14.0 g.of CF black
IRt

e
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The connecting procedure of Exanplje , -oeated excepjp~—t-hat

capabl e of curing upon exposure tg
chip 201, not the base 203. The compke 5
what was obtained in Exanple 1. meﬂe51'e' sedur e
repeat ed except that the bl anket exposure to ultravioletfr
by a heat treatnent for 15.mn in an ovemgat 15[ err]C injo

hy'S T 896ackd

derto cure t hje

resin capabl e of curing upon exposure to active energy

(pigment produced by Mikuni Shikiso K.K.) was added as a light-
shielding component to the recipe for the resin capable of
curing upon exposure to active energy rays. The completed
device. did not have any defects such as incomplete connection
or shorting between the LSI chip and the base. The device was
assembled into an electrbnic apparatus and put to service as
the entire surface of the device was kept illuminated with
light from a white fluorescent lamp; not a single case of
erroneous operations occurred on account of such factors as
photoelectric effect.

As described abo#e, the chip connecting meéhod of the
sécond embodiment of the present invention does not depend on
conductive particles dispersed in an adhesive resin and, hence,
unlike the prior art method, fine-line electrode patterns can
be connected in a positive, easy and . reliable way.
Furthermore, metal bumps .are provided directly on either
electrode pads on an LSI chip or electrode terminals on a base
and this not only'insures positive connection but also helps
;educe the possible.variations of connection resistance. If
the base is transparent to wvisible light, a light-shielding
material may be iﬁcorporated in the resin which is capable of

curing upon exposure to active energy rays. An advantage of

. this alternative method is that even if the LSI itself is not

shielded from light by some means, it is possible to prevent

the LSI from operating erroneously under light.
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rays. The conpl eted device did no such ja Qﬂﬂmﬁ*?{
et ween el ¢ b The r?EP uLe §hEET
ure t il travi ol et rays

conn

Exanpl e “ “ﬂ“‘ﬂ“ﬁl‘lm tcept t ha i

was repd ‘uﬁ Xxposure to uItraV|oIe rays at a nfbﬁ
Jicnferr]* off a‘thot pTate at 150[err] in order to cure thelr
curing upon exposure to active energy ¥gys. The conpl et ed| devi ce was
satisfactory as what was obtained in Exanple 1. ]

WHAT IS CLAIMED IS:

1. A method of bonding circuit boards by connecting first
electrodes on a first circuit‘board to second electrodes on a
second circuit board at positions that are in registrylwith
said first electrodes, said two circuit boards being placed one
on top of the other, the method comprising the steps of:
applying a light-sensitive adhesive over the first
electrodes on the first circuit board and over the areas where
said.first electrodes are not formed, and drying the applied
adhesive to form a light-sensitive adhesive layer;
selectively exposing said iight—sensitive adhesive
" layer to active rays of light and performing development to
remove only that portion of said light-sensitive adhesive layer
that is disposed on said first electrodes, and then performing
a heat treatment to impact bondlng quality to said light-
sensitive adhesive layer remalnlng between ad]acent first
electrodes,
placing sald first and second circuit boards on top of
each other and thermocompressing the two circuit boards so that
said first electrodes are electrically connected to said second
electrodes, thereby forming a single circuit board; and
performing at least one of heat treatment and exposure

to active rays of light on the formed single circuit board.

2. . An integrated circuit connecting method that comprises

- connecting electrode pads on an integrated circuit device to
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Exarrpl& 7 The connecting proced{rangTsHErs eB NS repeated except thaf a
gl ass ba hat 1410 g OREFHA (pi gnent [rgg @% |V|T\uu|
Shi ki so mmgi :"j alig “lent to fhety b@

resin capa on exposure to active energy rays{ The corrpl ete
device did not have any ‘defects such as i ncom pl ete conngcti op7CT994 | 1o
between the LSI chip and the base. The device was assenbl ¢dfinto an

el ectroni c apparatus and put to servi & as the entire surf{ateof—ttre—devite
was kept illumnated with light froma white fluorescent [anp; not

electrode terminals on a base with metal bumps interposed, said
electrode terminals being formed in registry with -said
electrode pads, the method comprising the steps of:
forming metal bumps on a surface of aﬁ leaét one of the
electrode pads and the electrode terminals;
| covering the surface on at least one of the integrated
' circuit device side and the base side with a resin that cures
upon exposure to active energy rays.
patterning said resin to strip selectively the coating
of said resin over one of the electrode pads and the electrode
terminals; | |
bringing the electrode pads and the electrode terminals
into a face-to-face relationship, allowing the metal bumps to
contact one of the opposing electrode pads and electrode
terminals, performing thermocompressing so that.'the resin
coating will adhere closely to one of the integrated circuit’
device and the base while, at the same time, the electrode pads
are connected to the electrode terminals with the metal bumps
-iﬁterposed; and
performing at least one of heat treatment and exposure

to active energy rays.

3. The integrated circuit connecting method according to
claim 1, wherein the base is~tran§parent to visible rays of

light, and the selectivity stripped coating of resin has a
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a single operatlons occurred on account of such factors
as photo m lm des¢rfpEy e, the chip cenpesting—hei-hod-o]
the secon he pr psen ?ﬁﬁ%ﬂAsgg Jops not | dBERIAGEBIBNT SHEET
positive, easy and reliable way. Furt|8 nore, netal bunpsyar

the possible variations of connection resistance. |If thebaseTs

conductive particles dlspersed ) ; F h
priorart nethod, fine-line electrode patter be copngct
| £7 961 Tonsy
directly on either electrode pads on an LSI chip or eleg¢t '
a base and this not only insures positive connection buj also helps reduc
tr anspar erkiq VEEABFRLEEAREe WhiFBhiSsHESSIithpn 5% at a wavelength of
between 400 - 700 nm.

4. The iﬁtegrated circuit connecting method according to

claim 2, wherein the metal bumps are made of indium.

5. The integrated éircuit conhecting method according to
claim 2, wherein the base is transp;rent to visible rays of
light, and the selectivity stripped coating of resin has a
light transmittance which is less than 5% at a wavelength of

between 400 - 700 nm.

6. The integrated circuit connecting method according to
claim 4, wherein the base is_tranéparenf to wvisible rays of
light, and the selectivity stripped coating of resin has é'
light transmittance which is less than 5% at a wavelength of

between 400 -~ 700 nm.

7. - The integrated circuit connecting method according to
claim 2, wherein the electrode pads and the electrode terminals
that have been allowed to contact each other in a face-to-face
relationship are .thermocompressed in such a way that the
coating of resin is bonded to one of the integrated circuit
device and the base at a temperature:of between 50 - 120°C, and

wherein said metal bumps are connected to one of the opposing
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electrode pads and electrode terminals at a temperature of 120

- 180°C.

8. The integrated circuit coﬁnecting method according to
claim 4, whereiﬁ the elect;ode pads and the electrode terminals
that have been allowed to.contact each other in a face-to-face
relationship are thermocompressed in such a way .that the
éoating of resin is bonded ﬁo one of the integrated circuit
device and the base at a temperature of between 50 - 120°C, and
wherein said metal bumps are connected to one of the opposing
electrode pads and electrode terminals at a temperature of 120

- 180°C.

9. The integrated circuit connecting method according to

claim 2, wherein said resin are patterned by lithography.

_—
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c;f this alternative nethod is that—eyerdf the LSl itself is not shiel ded
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-METHOD OF BONDING CIRCUIT BOARD

ABSTRACT OF THE DISCLOSURE

A method of bonding first and_second'circuit boards
includes applying a light-sensitive adhesive over the first
electrodes on a first circuit board and the areas where the
first electrodes are not formed, -and drying the applied
adhesive to form a light-sensitive adhesive layer having the
light—sensiﬁive adhesive layer exposed selectively to active
rays of light and performing development to remove only the
light-sensitive adhesive layer on the first electrddes,land
then performing a heat treatment to impart bonding quality to
the light-sensitive édhésive layer remaining between adjacent
first electrodes, placing the first and second circuit boards
one on top of the other aﬁd thermocompressing the two circuit
boards to have the first electrodes connected electrically to
the second electrodes-td form a single circuit boaxd; and
performing a heat treatmen£ and/or exposure to active rays of

light on the formed single circuit board.

FIGURE 1E & 4

- ‘This Sheet Has Been Replaced

IMRT




Cainms 1. A nethod of . bonding.ci I’CTHTSSHEQT%DQ/ necting hhsT. T TaeSs
on a first circuit board to second’ eIeREmg@g@ an a|second fei LOHI=adr ditalt ]
positions that are in registry with sard frrst—ekecttrodes§ gai It
boar ds bei ng pl aced one on top of the other, the method c{ pri $TQLT gggs :
§ el ectrodes ol

steps of: applying a light-sensitive adh®ksive over the fij§
not formed, and drying the applied adhesive to forma |ighi.sensitive
adhesi ve Iayer

B/ 777l

FIG. 1a A
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FIG. 1b _ B

FIG. 1c

FIG. 1d
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board and perform ng at | east e of heat treat rrent and exposure to active
.Lays of light. on the fornmed sindl THBIg] 5 " ratee—eicuj t
onnecti ng nmethod that conprise connaﬁfﬁg ode a&@@%’fﬂﬁmrﬁ}t{ma ed
circuit device to el ectrode termnars—oma——bBase-with t bunps—TTt o} ed
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the method conprising the steps of form ng netal bunp n a surfa of

| east one of the electrode pads and the el ectrode terninals;
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covering the surface an at |east one of the integrated circuit dj{/iéce\ﬁg?l—g '6
and the base side with a resin that cures upon exposure to active energy
rays. patterning said resin to strip selectively the cogttng—eé~said resin
over the el ectrode pads or the electrode ter- mnals; briﬂ@ﬁh@QﬁWEﬂT SHEET
el ectrode pads and the electrode termnals into a face-tljo{face

rel ationship, allow ng the netal bunps-tp <ontact one o he1 32@@7:4897

el ectrode pads and el ectrode term nals, performng ther onpr
Method of Bonding Circuit Boards

Description

BACKGROUND OF THE INVENTION

The present invention relates to a methad of bonding circuit boards. More particularly, the present invention relates
to a methad of bonding circuit boards that enables twe fine-line patterned electrodes to be connected positively using
a light-sensitive adhesive that exhibits bonding quality upon heat treatment. _ _

The present invention also relates to an integrated circuit devica connecting method by which fine electrode pads,
such as on an LS|, can be connected to electrode terminals on a mounting base.

Description of the Related art

Twao circuit boards are conventionally bonded together by soldering the electrodes on one circuit board to those on
the other. This method, ‘which involves heating solder to meit so that slectrodes can be connected together, has the
problem that two electrodes will often be shorted if they are formed on a very small pitch on either circuit board. To avoid
this thermal! disadvantage to circuit boards that are connected by soldering, which is a high-temperature treatment, a
different approach has recently been adopted that permits two circuit boards to be bonded together by means of an
anisotropic conductive adhesive. '

An anisotropic conductive adhesive includes conductive particles dispersed in it that cohere to form agglomerates
upon pressure application. The agglomerates exhibit conductivity in the direction of thickness but not in other directions.
To make use of this anisotropic nature, a layer of the anisotropic conductive adhesive is formed on the surfaces of two
slectrodes to be bonded and the intervening adhesive layer is compressed in the direction of its thickness thereby
establishing electrical connection between the two electrodes by means of the conductive particles.

More specifically, to achieve connection of the type contemplated by the present invention, anisotropic conductive
materials for electrical connection that contain conductive particles are conventionally applied to the surface in such a
way that they are thermocompressed at a temperature of ca. 180 - 200°C and at a pressure of ca. 20 - 30 kafem?2.

The method proceeds as follows. First, as shown in Fig. 5(a), an LSI chip 1 having metal bumps 51 formed on
electrode pads 2 is brought to a face-to-face relationship with a base 3 having electrode terminals 4 that are formed in
registry with the electrode pads 2. A heat-bonding resin 10 made of an anisotropic conductive material for electrical
connection that contains conductive particles 11 is inserted between the LSI chip 1 and the base 3. Then, as shown in
_Fig. 5(b), the LS! chip 1 Is pressed against the base 3 and heated, whereupon the heat-bonding resin 10 is softened so
that the electrode pads 2 are connected to the electrode terminals 4 through the aid of conductive.particles 11. In certain
cases, the metal bumps 51 may be omitted and electrical connection is establis:,ed only between the electrode pads 2
and the electrode terminals 4 with the conductive particles 11 being disposed therebetween.

Using an anisotropic conductive adhesive, one can establish satisfactory interconnection between electrodes if their
pitch is wider than 150 um. However, if the pitch between electrodes is smaller than 150 um, conductive particles dis-
persed in the adhesive will produce unwanted conductive paths, which potentially leads to shorting. _

The above-described conventional connecting/ mounting method has the problem that if the number of conductive
particles 11 which establish electrical connection between the electrode pads 2 and the electrode temminals 4 increases,
the chance of the occurrence of shorting or current leakage between adjacent electrode pads or slectrode terminals will
also increase. If the number of the conductive particles 11 is reduced with a view of avoiding that problem, the connection
resistance will not only increase but also fluctuate. In an extreme cass, electrically open connections can occur. The

_recent efforts to further reduce the dimensions of connection have only aggravated these problems. In addition, it is

. extremely difficult to insure that the L'SI chip is pressed against the base with strict paralleiness being maintained and,
in actual operatioris, fluctuations will occur in the gap between electrode terminals and, hence, in the number of con-
ductive particles present between electroda terminals, eventually causing inconsistancy in the established connections.
All these phenomena are serious defects that can lead to unreliable operations of the device.

in order to bond two circuit boards having electrodes of a smaller feature size, a method has been proposed, in
which a photocurable adhesive is applied over a circuit board and all areas of the adhesive layer, except those which
correspond to the electrades, are photocured to provide tackiness only on the electrades, to which conductive particles
are deposited. The layer of the conductive particles Is coated with a photocurable adhesive and the other circuft board
is placad on top of the first circuit board and compressed as the assembly Is exposed to light so as to bond the two
circuit boards together (see Japanese Laid-Open Publication (Kokai) Hei No. 3-131088). Howevey, even this method is
not highly capable of meeting the requirement of recent designs for finer electrode sizes as shorting will often occur it
the pitch between electrodes is smaller than 50 um. Hence, it is strongly desired to develop a more practical method
that Is capable of bonding two circuit boards effactively even if the Inter-electrode size is very small,



so that the resin coating will adhere closely to the in e@ﬁPd.#\BEIMENT SHEET
device or the base while, at the sane tine, the el ectrofle[pads are
connected to the el ectrode termnals with the netal bunpsiin{gn\g\¢9gy7 apd
perform ng at | east one of heat treatment and exposure {ojactrive energy
rays. 3. The integrated circuit connecting nmethod accor di ' -
wherein the base is transparent to visible . rays of Iighy, and the
sel ect i visuMMARY OFTHE INMENTIONG of resin has a light transnrtrtamce Which 1S
| ess than 5% at a wavel engt.h of between 400 - 700 nm
Under the circumstances, the present inventors conducted intensive studies in order to develop an effective msthod
of bonding circuit boards having electrodes arranged on a very small pitch. As a result, the inventors found that the
aforemantioned object could be attained by bonding twe circuit boards, aspecially by connecting the electrodes on the
two circuit boards, with the aid of a light-sansitive adhasive that exhibits bonding quality upon heat treatment. The present
invention has been accomplished on the basis of this finding.
Ancther object, therefore, of the present invention is to provide an integrated circuit device connecting methed that
insures highly reproduclble and consistent connection and which is capabile of effectively dealing with fine-line electrode |
attems. .
P The present invention provides a method of bonding two circuit boards by connecting first electrodes on a first c:rcmt
board to second electrodes that are formed on a second circuit board at positions that are in registry with said first
electrodes, said two circuit boards being placed one on top of the other, which method comprises the steps of:

(1) applying a light-sensitive adhesive over the first electrodes on the first circuit board and the areas where said
first electrodes are not formed, and drying the applied adhesive to form a light-sensitive adhesive layer;

(2) having said light-sensitive adhesive layer exposed selectively to active rays of light and performing development
to remove only said light-sensitive adhesive layer on said first electrodes, and then performing a heat treatment to
impart bonding quality to said light-sensitive adhesive layer remaining between adjacent first electrodes;

(3) placing said first and second circuit boards one on top of the other and themmocompressing the two circuit boards
to have said first electrodes connected electrically to said second slectrodes; and

(4) performing a heat treatment and/or exposure to active rays of light on a single circuit board that consists of said
first and second circuit boards and which has said first electrodes connacted to said second electrodes.

As a result of the intensive studies conducted in order to attain another object, the present inventors found that the
foregoing problems of the prior art could be solved by using a resin capable of curing upon exposure to active energy
rays. The present invention has been accomplished under these circumstances.

The present invention provides an integrated circuit connecting method that comprises connecting electrode pads
on anintegrated circuit device to electrode terminals formed in registry with said electrode pads, which method comprises
the steps of:

(1) forming metal bumps on the surface of either the electrode pads or the electrode terminals or both;

(2) covering the surfacs on either the integrated circuit device side or the base side or both with a resin that cures
upon exposure to active energy rays;

(3) patteming said resin by lithography to strip selectively the coating of said resin over the electrode pads or the
electrode terminals;

(4) bringing the alectrode pads and the electrode terminals into a face-to-face relationship, allowing the metal bumps
to contact the opposing electrode pads or electrode terminals and thermocompressing them together so that the
coating of said resin will adhers closely to the integrated circuit device or the base while, at the same time, the
electrode pads are connected to the electrode terminals with the metal bumps interposed; and

(5) performing a heat treatment and/or exposure to active energy rays.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1(a)-(e) show respective first to fifth stages of the bonding method of the present invention;

Fig. 2is a cross section view showing the first step of an LS| connecting method according to the present invention;
Figs. 3(a)-3(e) show cross section views of the subsequent steps of the LS| connecting method;

Fig. 4 is a cross section view of a davice constructed by the method of the present invention; and

Figs. 5(a)-5(b) show cross section views of successive steps of a conventional LSI chip connecting method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The first embodiment of the present invention is described in detail below.

Fig. 1(a) shows the first stage of bonding two circuit boards by the method of the present invention. As shown in
Fig. 1(a), a first circuit board is provided that comprises an insulating base 101 such as a semiconductor base, a base
lor printed-wiring board, a glass base or a ceramic base and which has formed thereon first electrodes 102 that are
made of a conductor such as ITO (indium-tin oxide), T}, Ta, Mo, Ni, Al, Cu, Au, Sn or Pb or an alloy theraol. Subsequently,
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| ess t harcodifyg, aid tite apgliecedoatinglik Brie@fo form a light-sensitive adhesive layer 103. Then, as shown in Fig. 1(c), a mask
104 that does not permmit the passage of light through areas corre-sponding to the first electrodes 102 is placed on top
of the adhesive layer 103 and active rays of light such as ultraviolet rays are applied through the mask 104. I atransparent
base, such as a glass base is used, active rays of light can be applied from the back side. Then, as shown in Fig. 1(d),
the unexposed areas of the adhesive layer are stripped with a liquid devsloper so that a light-sensitive adhesive layer
103" will remain only in the spaces between the first electrodes 102. Therealter, a heat treatment is conducted to impary
bonding quality to said adhesive layer 103'. Subsequently, as shown in Fig. 1(e), a second circuit board is provided that .
comprises an insulating base 105 such as a semi-conductor base, a base for printed-wiring board, a glass base org..
ceramic base and which has formed thereon second elactrodes 106 that are in registry with the first electrodes 102 and
which are made of a conductor such as Ti, Ta, Mo, Ni, or Al or an alloy thereof. The second circuit board is placed on
top of the first circuit board and the two circuit boards are thermocompressed so that the first electrodes 102 are con-
nected to the second electrodes 106. The resulting assembly (single circuit board) is subjected to a heat treatment
and/or exposure to active rays of light such as ultraviolet rays, whereby the first circuit board is bonded completely to
the second circuit board by means of the light-sensitive adhesive. This process insures a strong bond betwsen two
circuit boards and even circuit boards having a very small pitch between electrodes can be bonded together without
causing effectively any problem such as shorting. .

Any light-sensitive adhesive can be used in the bonding method of the present invention, provided that it cures upon
exposure to active rays of light such as ultraviolet rays and that the resulting cured product will exhibit bonding quality
upon heat treatment. More spacifically, a light-sensitive adhesive can be used that contains an esterified resin and a
photo-polymerization initiator, which esterified resin is produced by reacting an unsaturated basic acid with at least one
member of the group consisting of a cresol novolak epoxy resin, a phenol novolak epoxy resin, a glycidylamine epoxy
resin, a biphenyl epoxy resin and bromine addition products thereof. It is particularly preferred to use a light-sensitive
adhesive that contains a photopolymerization initiator and an esterified resin that is produced by reacting an unsaturated
basic acid with at least one member selected from between a cresol novolak epoxy resin and a phenol novolak epoxy
resin. In this preferred case, the cresol novolak epoxy resin can be prepared by reacting epichlorohydrin or methyl
epichlorohydrin with a cresol novolak resin that is formed from cresol and formaldehyde; similarly, the phenol novolak
epoxy resin can be prepared by reacting epichiorohydrin or methyl epichlorohydrin with a phenol novolak resin that is
formed from phenol and formaldehyde.

Examples of the unsaturated basic acid that reacts with the above-mentioned cresol novolak epoxy resin and/or
phenol novolak epoxy resin include acrylic acid, methacrylic acid, crotonic acid, mono-methyl maleate, monopropyl
maleate, monobutyl maleate, sorbic acid, etc.. These unsaturated basic acids can be used eitheralone or in combination.

For reaction between the epoxy resins and the unsaturated basic acids, secondary or tertiary amines can be used
as esterification catalysts and they include diethylamine hydrochlorids, diethylamine acetate and triethylamine.

Exemplary photopolymerization initiators include benzophenones such as benzophenone, 4,4"-dimethylaminoben-
zophenone and 4,4"-diethylaminobenzophsenone, anthraquinones such as 2-ethylanthraquinone and tert-butylanthraqui-
none, benzoinalkylethers such as benzoinethylether and benzoinisopropylether, as well as 2,2-dimethoxy-2-phenylac-
etophenone, 2,2-diethoxy-acetophenone, 2-chlorothioxanthone, diethyl-thioxanthone, 2-hydroxy-2-methylpropiophe=-
none, 4'-iso-propyl-2-hydroxy-2 methylpropiophenone, etc. One or more of these initiators are preferably incorporated
in amounts of 2 - 10 wt% of the esterified resin dascribed above.

The light-sensitive achesive under discussion must cure upon exposure to active rays of light such as uitraviolet

. rays whereas the resulting cured product must exhibit bonding quality when it is subjected to a heat treatment. The
temperature for the heat treatment to which the cured preduct is subjected is generally in the range of 50 - 100°C,
preferably in the range of 65 - 90°C. Below 50°C, satisfactory bonding quality cannot be imparted; above 100°C, the
cured product cannot give an electrode pattern a desired shape., '

For practical purposes, the above-described light-sensitive achesive is preferably used in the bonding method of
the present invention in the form of a coating solution that has said adhesive dissolved in an organic solvent. Such
organic solvents can be used either alone or in admixtures and they include ethylene glycol monoethyl sther, ethylene
glycol monoethyl ether acetate, ethylene glycol monobuty! ether, ethylene glycol monobutyl ether acetate propylene
glycol monomethyl ether, propylene glycol monomethyl ether acetate, methyl ketone, methyl isobutyl ketone.
1,1,1-trichloroethane, trichloro-sthylene, etc. ) _ LT n

The applied layer of the light-sensitive adhesive described above is given selective exposure to active rays of light
such as ultraviolat rays and, there-after, the unexposed areas of the adhesive layer are stripped by development. Ex-
emplary liquid developers that can be used for developmaent include aquecus solutions of inorganic alkalies such as
sodium carbonate and sodium hydroxide, aqueous solutions of organic alkalies such as quaternary ammonium salte
and amines, and organic solvents such as trichloroethane, butyl acetate, xylene, athylene glycol monobutyl ether ace=-
tate, etc. '
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In the bonding method of the present invention, the first and the second circuit boards are placed one on top of the
other and thermocompressed to have the first electrodes connectad to the second alectrodes; thereafter, the assembly
is given a heat treatment and/or exposure to active rays of light such as ultra-viclet rays, whereby the layer of light-sen-
sitive adhesive layer is cured completely, so that the two circuit boards are thoroughly bonded. The heat treatment
following thermocompression is conducted preferably at a temperature in the range of 140-180°C. If the heating tem-
perature is below 140°C, complete bonding of the two circuit boards cannot be achieved. Above 180°C, thera is no
problem with bonding quality but, on the other hand, the circuit boards and the electrodes on them will be adversely -
affected. An effective means of thermocompression is constant heating. -

Before connecting the first and second electrodes in the bonding method of the present invention, a conductor such
as Au, Sn or In alloy may be deposited on the first or second electrodes so that they can be connected together via said
conductor,

Inaccordance with thie method of the first embodiment of the present invention for bonding cireuit boards, a light-sen-
sitive adhesive that exhibits bonding quality upon heat treatment is used and a layer of this adhesive is selectively formed
between electrodes on one circuit board so that they can be directly connected to the electrodes on the other circuit
board. This offers the advantage of achieving electrode connection without regard to the pitch between adjacent elec-
trodes and even circuit boards having an electrode pattern with an inter-electrode pitch less than 50 Hm can be easily
and positively connected without causing any problem such as shorting. Hencs, the bonding method of ths present
invention will be very effective in practical applications.

The following examples are provided for the purpose of further illustrating the first embodiment of the present in-
vention but are in no way to be taken as limiting.

Example 1

The ingredients shown below were mixed to prepare a solution of light-sensitive adhesive:
Phenol novolak epoxy acryléte resin
having tetrahydrophthalic anhydride 7.5g

added thereto

Cresol novolak epoxy acrylate resin
having tetrahydrophthalic anhydride
added thereto i7.9g

Cresol novolak epoxy resin (EPICURON
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Chemicals, Inc.) l14.4 g
Urethane oligomer 8.3 g

2-Methyl-(4~(methylithio)phenyl)-2-

morpholino-l-propane 1.8 ¢g
Diethyl thioxanthone 1.1 ¢

Propylene glycol monomethyl

ether acetate 49.0 g

A glass base having an ITO film (0.5 um thick) pattemn that consisted of 25-um wide electrodes spaced on a pitch
of 40 um was spin coated with the prepared solution of light-sensitive adhesive. The applied coating was dried on a hot
plate at 80°C for § min to form a light-sensitive adhesive layer having a thickness of 10 um.

The light-sensitive adhesive layer was exposed selectively to active rays of light through a mask having fight-opaque
areas in registry with the ITO film pattem on the glass base, which was thereafter immersed in a 5 wt% aqueous solution
of triethancl-amine for 3 min at 25°C, whereby the light-sensitive adhesive layer over the ITO film pattern was selectively
dissolved away.

Subsequently, a silicon wafer having a Au pattern formed in registry with the ITO film pattem was superposed on
the glass base in such a way that the Au pattem would be connected to the ITO film pattern on the glass base. The
glass base and the silicon wafer were thermocompressed by heating at a temperature of 80°C under application of a
pressure of 2.5 kg/cm?2,

Thereatter, blanket exposure to ultraviolet radiation was applied at an intensity of 3 J/cm? from the glass base side
so that the light-sensitive adhesive layer would curs completely to have the glass base bonded thoroughly to the silicon
wafer. The resulting single circuit board had the first and second electrodes effectively connected.

Example 2

A single circuit board was fabricated by repeating the procaedure of Example 1 except that the blanket exposure to
ultraviolet radiation from the glass base side was replaced by a heat treatment for 30 minutes in an oven at 150°C in
order to cure the light-sensitive adhesive layers completely. It was verified that the fabricated circuit board also featured
effective interconnection of electrodes.

The second embodiment of the presant invention is described below in greater detail. As shown in Fig. 2, a metal
bump layer made of a conductor such as indium is evaporated or otherwise deposited over either a base 203 having
electrode terminals 204 formed thereon or an integrated circuit device 101 having electrode pads 202 formed thereon.
A photoresist is coated over the metal bump layer, dried and given expasure through a mask pattem, followed by stripping
of the unwanted resist portion. Thereafter, metal bumps 205 are formed on the electrode pads or electrode terminals
by a suitable method such as plasma stching or dipping in an etchant.

After providing metal bumps in desired positions, a resin that curas upon exposure to active energy rays is provided
on the surface of either the integrated circuit device side or the base side or bath and then patterned, for example, by
lithography to strip selactively the resin coat over the electrode pads or the elactrode terminals.

Metal bumps can be formed of a conductor such as solder, gold, aluminum, indium or ITO (mduum-tm oxude) mdlum
which can be fused at comparatively low temperature is used with particular preference.

The resin to be used in the present invention which cures upon exposure to active energy rays may be a resin
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composition that contains both a resin that is reactive with active energy rays and an initiator of polymerization that is
lo be initiated by active energy rays.

Any resins can be used as long as they cure upon exposure to active energy rays such as ultraviolet rays, elsctron
beams and X-rays, provided that the cured product should exhibit bonding quality upon heat treatment. Specific exam-
ples of resins that can be used with advantage include those which are produced by reacting epoxy groups in phenol
novolak epoxy resin, cresol novolak epoxy resins, glycidylamino epoxy resins, bipheny! epoxy resins and bromides
thereof (these resins can cure upon exposure to active enargy rays) with unsaturated basis acids such as acrylic acid,
methacrylic acid, crotonic acid, maleic acid, monomethy! maleate, monopropyl maleate, mono-butyl maleate, sorbic
acid, etc. Acrylic acid is particularly preferred as an unsaturated basic acid and it is preferably reacted with 8poXy groups
in such an amount that the ratio of acid equivalent to epoxy equivalent is in the range of 0.5 - 1.5. .

The thus prepared resin capable of curing upon exposure to active energy rays may be rendered alkali developable
by further reaction with a polybasic acid such as phthalic acid, phthalic anhydride, maleic acid, maleic anhydrids, oxalic
acid, adipic acid or citric acid. In this case, the acid value of the resin is preferably adjusted to 50 - 150,

The resin component under discussion must cure upan exposure to active energy rays such as ultra-violet rays
whereas the resulting cured product must exhibit bonding quality upon heat treatment. The temperature for the heat
treatment to which the cured product is subjected is generally in the range of 50 - 120°C, preferably in the range of 60
- 80°C. Below 50°C, satisfactory bonding quality cannct be imparted; above 120°C, the cured product cannot be given
an electrode pattem of desired shape.

An initiator of polymerization to be Initiated by active energy rays is one that generates radicals upon exposure to
active energy rays and is capable of promoting the polymerization of the resin at issue (i.e., which cures upon exposure
to active energy rays) by hydrogen abstraction, radical cleavage, or other reactions that can be caused by the initiator
itself. A typical class of initiators that cause hydrogen abstraction are benzophenones. An exemplary class of initiators
that cause radical cleavage are benzyldimethy! ketals. Also useful are thioxanthone base compounds. Specific examples
of initiators include benzophencne, 4,4'-dimethylaminobenzophenone, 4,4'-diethylaminobenzophenone, 2-ethylant-
raquinone, tert-butylanthraquinone, benzionethylether, benzo-inisopropyl ether, 2,2-dimethoxy-2-phenylacetophenone,
2, 2-diethoxyacetophenone, 2-chlorothioxanthone, diethylthioxanthone, 2-hydroxy-2-methylpropiophenone, 4-isopro-
pyl-2-hydroxy-2-methylpropiophencne, etc. One or more of these compounds are preferably incorporated in amounts
of 2 - 10 wt% of the resin described above which cures upon exposure to active energy rays.

For practical purposes, the resin under discussion is preferably used in the form of a coating solution that has a
resin dissolved in an organic solvent. Such organic solvents can be used aither alone or in admixtures and they include
ethylene glycol monoethyl ether, ethylene glycol monoethyl ether acetate, ethylene 'glycol monobutyl ether, sthylene
glycol moncbutyl ether acetate, propylene glycol monomethyl ether, propylene glycol monomethyl ether acetate, methyl
ethyi ketone, methyl isobutyl ketone, 1,1, 1-trichicroethane, trichloroethylene, stc.

While the resin having the formula described above can be used in the connecting method of the present invention,
it may incorporate a softener that will impact softness to the resin so that cracking or other troubles will not occur during
thermo-compression, or a bonding quality modifier that controls the temperatures at which bonding quality will develop.

Useful softeners include various monomers and oligomers that are based on acrylates, methacrylates, urethanes,
styrenes, efc. :

Bonding quality medifiers that can advantageously be used include phenol novolak epoxy resin, cresol novolak
epoxy resins and bisphenol A type epoxy resins. Such bonding quality modifiers may be incorporated in amounts of
5-40 wt%, preferably 10 - 20 wt%, of the solids content of the resin which cures upon exposure fo aclive energy rays.
The temperature at which bonding quality develops can be freely controlled by adjusting the content of the modifier
within the range set forth above; however, bonding quality develops preferably at 50 - 120°C, Above 120°C, the modifier
will cure in response to the opening of the epoxy ring, which helps enhance the strength of the resin capable of curing.
upon exposure to active energy rays. .

If a base such as a glass base that is transparent to visible light is used, one or more light-shielding materials may
be added in order to prevent the integrated circuit device from operating erroneously under light. Such light-shielding
materials can be selacted from the group consisting of inorganic pigments such as carbon black, titanium black, iron
black, white lead, titanium dioxide, titanium yeflow and ultramarine and organic pigments such as azo-, phthalocyanine-,
isoinhydrin- and dioxane-base compounds. The light-shielding materials can be added in amounts of 5 - 40 wt%, pref-
erably 10 -30 wt%, of the total components. The specific kind and amount of the light-shielding material to be added
should be selected appropriately in such a manner that the bonded and cured resin coat will have a light transmittance .

"less than 5% at a wavelength of 400 - 700 nm.

Furthermore, the resin capable of curing upon exposure to active energy rays may optionally contain dyes, pigments,
polymerization inhibitors, antifoam agents and any other additives that are commonly used in the art.

The connecting method according to the second embodiment of the present invention will procaed by the sequence
shown in Fig. 3. First, as shown in Fig. 3(a), a solution having the resin 206 (capable of curing upon exposure o active
energy rays) is applied, typically over the base 203 (having electrode terminals 204) by a suitable coating method such



REPLACEMENT SHEET

15 NOV 1997

-7 -
as roll coating, curtain flow coating, screen printing, spray coating or spin coating and th&apptedToamg 1S dried t6
form a resin layer. Thereafter, as shown in Fig. 3(b), a mask 207 that does not permit the passage of light 208 through
areas corresponding to the elactrode terminals 204 is placed on top of the resin layer and actlive energy rays such as
ultraviolet rays are applied through the mask 207. It a base such as a glass base that is transparent to active energy
rays is used, active energy rays may be applied from the back side. Then, as shown in Fig. 3(c), the unexposed area
of the resin fayer are stripped with a liquid developer 209 so that the resin layer will remain only in the spaces between
electrode terminals 204. For exposure, active energy rays are applied at an intensity of ca. 0.05 - 0.15 J/cm? if the resin
does not contain a light-shielding material, and ca. 0.3 - 2.5 Jiem? if it contains a light-shielding material. If the intensity
of active energy radiation is less than 0.05 J/cm2 or 0.3 J/em?, the exposed areas will not cure to a satisfactory degree.
On the other hand, if the radiation intensity exceeds 0.15 Jlem?2 or 2.5 J/cm?, the curable component of the resin will .~
cure completely and the resulting difficulty in developing the nacessary bonding quality will reduce the process efficiency
in subsequent steps.

The patterned layer of the resin which will cure upon exposure to active energy rays is subjected to a heat treatment
so as to be given bonding quality. Then, as shown in Fig. 3(d), the integrated circuit device 201 having electrode pads
202 is placed on top of the base 3 in such a way that the electrode pads 202 will be in registry with the electrode terminals
204, with metal bumps 205 being interposed. By subsequent thermo-compressing at a temperature of 50 - 120° and at
a pressure of 1 - 20 kg/cm?, the resin which will cure upon exposure to active energy rays is bonded to the base 203 or
the integrated circuit device 201 while, at the same time, the electrode pads 202 are connected to the electrode terminals
204 with the metal bumps 205 being interposed. In order to insure that the electrode pads or terminals will be connected
to the metal bumps more positively, thermocompression may be continued for a few more minutes with the temperature
raised to 120 - 180°C.

Thereatter, the assembly is heated at a temperature of 120 - 200°C or, as shown in Fig. 3(e), and exposed to active
energy rays such as ultraviolet rays at an intensity of 1 - 5 Jlem2, whereby the resin cures completely to achieve the
necessary bonding. As a result, bonding or connaction is established not only between the electrode terminals and pads
with the metal bumps interposed, but also batween the base or the integrated circuit device and the resin which is
capable of curing upon exposure to active energy rays. Hence, strong bonding quality is imparted and even fine-line
electrode patterns can be connected effectively without causing any problem such as shorting.

The result will cure satisfactorily even if it is treated with active energy rays or heat alone; however, the cure time
can be shortened by applying both active energy rays and heat. If the heating temperature is below 120°C, the curing
of the resin will not start. Above 200°C, the resin will flow due to excessive heat and a desired electrode pattem cannot
be produced. Furthermore, the base and electrodes will be adversely affected.

Because of the features described above, the present invention provides an LS chip connecting method that insures
highly reproducible, consistent and reliable connection and which is capable of dealing with fine-line electrode patterns.

Electrode pads are connected to electrode terminals with metal bumps being interposed while an integrated circuit
device is bonded to a base using a resin that cures upon exposurs to active energy rays, thus insuring positive electrode
connection while reducing the possible variations in connection resistance. If the base is transparent to visible light, the
resin that will cure upon exposure to active energy rays may be adjusted to have a light transmittance less than 5% at
a wavelength of 400 - 700 nm and this enables an LS! from operating erroneously under light even if it is not shielded
from light.

The following examples are provided for the purpose of further illustrating the second embodiment of the present
invention but are in no way to be taken as limiting.

Example 3

The present invention is described below with reference to accompanying drawings. Figs. 2 and 3 (a)-(e) are cross
sections showing the sequence of steps for connecting an LS! chip to a base in an example of the present invention.
Fig. 2 shows the first step and Figs. 3(a) - (e) show the subsequent steps. First, with reference to Fig. 2, an integrated
circuit device 201 (hereunder referred to as an “LS! chip”} was fabricated that had electrode pads 202 formed on the
surface, each pad being made of a three-layered (Au/Cr/Al) metal film (Au, Cr and Al layers having thicknesses of 1.0
pm, 0.05 umand 0.5 um, respectively) or a three-layered (Au/TiN/Al) metal film (Au, TiN and Al layers having thicknesses
of 0.8 um, 0.08 um and 0.2 um, respectively). The base 203 had electrode terminals 204 formed on the surface in
registry with the electrode pads 202. In Example 1, métal bumps 205 were integrally formed on the electrode pads 202.
The metal bumps 205 are typically made of In (indium) metal but if there is a need to controf the melting temperature,
alloys of indium and other metals such as lead may be employed.

In the next step, as shown in Fig. 3(a), a solution of a resin capable of curing upon exposure to active energy rays
was spin-coated or otherwise applied uniformly onto the base 203 and dried to form a resin layer 206. The resm solutlon
was prepared by mixing the following components.



T REPLACEMENT SHEET

15 NOV 1997
-8 =
Phenol novolak epoxy acrylate resin having tetrahydrophthalic anhydride added thereto 80g
Cresol novolak epoxy acrylate resin having tetrahydrophthalic anhydride added thereto | 14.0g
Cresol novolak epoxy resin : 129¢
Urethane oligomer 65g
2-Methyl-(4-(methylthio)phenyl)-2-morpholino-1 -propane 6.4g
Diethylthioxanthone 32g
Propylene glycol monomethyl ether acetats 340¢g

Then, as shown in Fig. 3(b), the resin layer 206 was exposed to active energy rays (uv radiation) 208 through a
photomask 207. '

In the next step shown in Fig. 3(c), the resin layer was treated with a liquid developer 209 that was a 5% aqueous
solution of triethanolamine, whereby the part of resin layer over the electrode terminals 204 was removed to prepare a
mask pattern.

Then, as shown in Fig. 3(d), the LS! chip 1 was placed on top of the base 203 preheated to 80°C, with the metal
bumps 205 being in registry with the electrode terminals 204. As the metal bumps 205 were brought into contact with
the electrode terminals 204, a load of 5 kg/cm?2 was applied to have the resin layer 206 bonded to the base 203 while,
at the same time, the LSI chip 201 was compressed against the electrods terminals 204 with the metal bumps 205 being
interposed. To provide stronger connaction, the assembly was heated at 150°C for 2 min with a load of § kg/em? being
applied. As a result, the metal bumps 205 melted and adhered firmly to the electrode tarminals 204.

Finally, as shown in Fig. 3(e), the assembly was given blanket exposure to uv rays at an intensity of 3 J/cm?, whereby
the resin cured to have the LSI chip 201 bonded securely to the base 203 while, at the same time, the areas joined by
metal bumps were fixed. The completed device shown in Fig. 3(e) did not have any defects, such as incomplete con-
nection or shorting between the LS! chip and the base.

Example 4

The connecting procedure of Example 1 was repeated except that a resin capable of curing upon exposure to heat .
and light was coated onto the LSI chip 201, not the base 203. The completed device was as satisfactory as what was
obtained in Example 1.

Example §

The procedure of Example 1 was repeated except that the blanket exposure to ultraviolet rays was replaced by a
heat treatment for 15 min in an oven at 150°C in order to cure the resin capable of curing upon exposure to active energy
rays. The completed device did not have any defects, such as incomplate connection or shorting between electrodes.

Example 6

The procedure of Example 1 was repeated except that the blanket exposure to ultraviolet rays was replaced by
blanket exposure to ultraviolet rays at an intensity of 1 J/em?2 on a hot plate at 150° in order to cure the resin capable
of curing upon expesure to active energy rays. The completed device was as satisfactory as what was obtained in
Example 1. '

Example 7

The connecting procedure of Example 1 was repeated except that a glass base was used and that 14.0 g of CF
black (pigment produced by Mikuni Shikiso K.K.) was added as a light-shislding component to the recipe for the resin
capable of curing upon exposure to active energy rays. The completed device did not have any defects such as incom-
plete connection or shorting between the LSI chip and the base. The device was assembled into an slectronic apparatus
and put to service as the entire surface of the device was kept illuminated with light from a white fluorescent lamp; not
a single case of erronaous operations occurrad on account of such factors as photoeleactric effect.

As dascribed above, the chip connecting method of the second embodiment of the present invention does not
depend on conductive particles dispersed in an adhesive resin and, hence, unlike the prior art method, fine-line electrode
pattems can be connected in a positive, easy and reliable way. Furthermore, metal bumps are provided directly on either
electrode pads on an LSt chip or electrode terminals on a base and this not only insures pasitive connection but also
helps reduce the possible variations of connection resistancs. If the base is transparent to visible light, a light-shielding
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material may be incorporated in the resin which is capable of curing upon exposure to active energy rays. An advantage
of this alternative method is that even if tha LSI itself is not shielded from light by some means, it is possible to prevent
the LSI from operating erroneously under light.

Claims

1.

2.

A method of bonding circuit boards by connecting first electrodes on a first circuit board to second electrodes on a
second circuit board at positions that are in registry with said first electrodes, said two circuit boards being placed .
one on top of the other, the method comgrising the steps of:

applying a light-sensitive adhesive over the first electrodes on the first circuit board and over the areas where
said first electrodes are not formed, and drying the applied adhesive to form a light-sensitive adhesive layer;
selectively expdsing said light-sensitive adhasive layer to active rays of light and performing development to
remove only that portion of said light-sensitive adhesive layer that is disposed on said first electrodes, and then
performing a heat treatment to impart bonding quality to said light-sensitive adhesive fayer remaining between
adjacent first electrodes;

placing said first and second circuit boards on top of each other and thermocbmpressing the two circuit boards
so that said first electrodes are electrically connected to said second electrodes, thereby forming a single circuit
board; and '

performing at least one of heat treatment and exposure to active rays of light on the formed single circuit board.

An integrated circuit connecting method that comprises connecting electrode pads on an integrated circuit device
to electrode terminals on a base with metal bumps interposed, said electrode terminals being formed in registry
with said electrode pads, the method comprising the steps of:

forming metal bumps on a surface of at least ene of the electrode pads and the electrode terminals;

covering the surface on at least one of the integrated circuit device side and the base side with a resin that
cures upon exposure to active energy rays.

patterning said resin to strip selectively the coating of said resin over the electrode pads or the electrode ter-
minals;

bringing the electrode pads and the electrode terminals into a face-to-face relationship, allowing the metal
bumps to contact one of the opposing electrode pads and electrode terminals, performing thermocompressing
so that the resin coating will adhere closely to the integrated circuit device or the base while, at the same time,
the slectrode pads are connected to the electrode terminails with the metal bumps interposed; and
performing at least one of heat treatment and exposure to active energy rays.

The integrated circuit connecting method according to claim 1, wherein the base is transparent to visible rays of
light, and the selectivity stripped coating of resin has a light transmittance which is less than 5% at a wavelength of
between 400 - 700 nm.

The integrated circuit connecting method according to claim 2, wherein the metal bumps are made of indium.

The integrated circuit connecting method according to claim 2, wherein the base is transparent to visible rays of
light, and the selectivity stripped coating of resin has a light transmittance which is less than 5% at a wavelength of
between 400 - 700 nm.

The integrated circuit connecting method according to claim 4, wherein the base is transparent to visible rays of
light, and the selectivity stripped coating of resin has a light transmittance which is less than 5% at a wavslength of
between 400 - 700 nm.

The integrated circuit connecting method according to claim 2, wherein the electrode pads and the electrode ter-
minals that have been allowed to contact each other in a face-to-face relationship are thermocompressed in such
a way that the coating of resin is bonded to the integrated circuit device or the base at a temperature of between
50 - 120°C, and wherein said metal bumps are connected to the opposing electrode pads or electrode terminals at
a temperature of 120 - 180°C,

The integrated circuit connecting method according to claim 4, wherein the elsctrode pads and the electrode ter-
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minals that have been allowad to contact each other in a face-to-face relationship are thermocompressed in such
a way that the coating of resin is bonded to the integrated circuit device or the base at a temperature of between
50 - 120°C, and wherein said metal bumps are connected to the opposing electrode pads or electrods terminals at
a temperature of 120 - 180°C, '

9 . The integrated circuit connecting method according to claim 2, wherein said resin are pattemed by lithography.
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Claims

1. A methad of banding circuit boards by cannecting first elactrodes on a first circuit board to second electrodes on a
sacond circuit board at positions that are in registry with said first electrodes, said two circuit boards being placed
ane on lap of the other, the methad comprising the staps of:

applying a light-sensitive adhesive over the first electrades on the first circuit board and aver the areas where
said first elactrodes ara not formed, and drying the appiled adhesiva to form a light-sensitive adhesive layer;
selectively axpdsing said light-sensitive adhaesive layer to active rays of light and performing development to
remove anly that portion of said light-sansitive adhasive layer that is disposad on said first electrodes, and then
performing a heat treatmant to impart bonding qualiity to said light-sensitive adhesive layer ramaining between
adjacent first electrodes;

placing said first and secand circuit boards on top of each other and thermccompressmg the two circuit boards
so that said first alectrodes are electrically cennected to said second alectrodes, thereby forming a single circuit
board; and

perfarming at least one of heat treatment and exposura to active rays of light on the formed single circuit board.

2. Anintegrated circuit connecting method that comprises connecting electrode pads on an integrated circuit device
W, to electrode teminals on a base with metal bumps interposed, said electrode terminals being formed in registry
with said electrode pads, the methad comprising the steps of:

forming metal bumps on a surfaca of at least one of the electrode pads and the electrode terminals;

covering the surface on at least one of the integrated circuit device side and the base side with a resin that
cures upon exposure to active energy rays.

patterning said resin to strip selectively the caating of said resin over the electroda pads or the electrade ter-
minals;

bringing the electrode pads and the electrada terminals into a face-to-face relationship, allowing the metal
bumps lo contact one of the opposing electrode pads and electrode terminals, performing thermocompressing
so that the resin coating will adhere closely to the integrated circuit device or the basa while, at the same time,
the electrcde pads are connected to the electrade terminals with the metal bumps interpased; and
perfoming at least one of heat treatment and expasurs to active energy rays.

3. The intagrated circuit connecting method accordlng to claim 1, wherein the base is transparent to visible rays of
light, and the salectivity stripped coating of resin has a light transmittance which is less than 5% ata wavelength of
between 400 - 70Q nm.

4. The integrated circuit connecting method according to claim 2, wherain the metal bumps are made of indium.

b 5. The integrated circuit connecting method according to claim 2, wherein the basa is transparent to visible rays of
light, and the selectivity stripped coating of resin has a light transmittance which is less than 5% at a wavelength of
batween 400 - 700 nm.

6. Tha integrated circuit connecting method according to ¢laim 4, wherein the base is transpa-rent to visible rays of
light, and the salectivity stripped coating of rasin has a light transmittance which is less than 5% at a wavelength of
betwaen 400 - 700 nm.

7. The integratad circuit connecting method accarding to claim 2, wharein the electrode pads and the electrodae ter-
minals that have been allowed to contact each other in a faca-to-face relationship ara thermocompressed in such
a way that the coating of rasin Is bonded to the intagrated circuit devica or the base at a tamparature of between
50 - 120°C, and wherein said metal bumps ara connected to the opposing electrode pads or electrode terminals at
a temperaturs of 120 - 180°C.

8. The inteqrated circuit connecting method according to claim 4, wherein the elactrode pads and the alactrode ter-
minals that hava been allowed ta contact each othar In a faca-to-face ralationship are tharmocompraessed In such
a way that the coating of resin Is bonded to the intagrated circuit davice or the base at a temperature of between
S0 - 120°C, and wharein said matal bumps ara connacted to the oppasing elactrode pads or electroda laminals at
a tempecatura of 120 - 180°C,

9 . The integrated circuit connecting method according to claim 2, whaersin said resin are pattemed by lithagraphy.
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~ ABSTRACT
METHOD OF BONDING CIRCUIT BOARDS ,

A method of bonding.first and second circuit boards
includes applying a light-sénsitive adhesive over the first
electrodes on a first circuit board and the areas where the
. first electrodes are not formed, ' and drying the applied
adhesive to form a light-sensitive adhesive layer having the
light-sensitive adhesive 'layer exposed selectively to active
rays of light and performing development to remove only the
light-sensitive adhesive layer on the first electrodes, and
then performing a heat treatment to impart bonding quality to
the light-sensitive adhesive layer remaining between adjacent
first electrodes, placing the first and second circuit boards
one on top of the other and thermocémpressing the two circuit
boards to hawve the fifst elecﬁrodéé connected electrically to
the second electrodes to form alsingie circuit. board; and
pe;forming a heat treatmen£ and/or exposure to active ray5 of

light on the formed single circuit board.

FIGURE 1E & 4
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