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METHOD OF BONDI NG BUWMPS TO LEADS OF TAB TAPE AND AN APPARATUS FOR
ARRANG NG BUWMPS USED FOR THE SAME BACKGROUND OF THE I NVENTION Field
of the Invention The present invention relates to a nethod of
bondi ng bunps of very small netal balls o | eads of a TAB tape and an

apparatus for arrangi ng bunps used for t sanme, and in particular to a
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net hod which is qne.Qf, Rt fHR§45¥§§téGHPEhGSLB|EBﬁrQQQS Qfzan IC chip
a

with external |eads and‘an appar arrangri ng S in a positional

relationship corresponding to the lead tip ends of a TAB tape to be

bonded. Description of Related Art A tape Automated bondi ng

(hereinafter referred to as TAB) process is a nethod of bonding the tip

ends of the leads fornmed in a selected pattern on a TAB tape to
BACKGRQUND OF THE INVENTION

Field of the Invention

The present invention relates to a method of
bonding bumps of very small metal balls to leads of a TAB
tape and an apparatus for arranging bumps used for the
same, and in particular to a method of bonding bumps to
the tip ends cf the leads of a TAB tape for preparing a
bump~bonded TAB tape used for TAB (tape Automated Bonding)
method which is cne ¢f methods of connecting the
electrodes of an IC chip with external leads and an
apparatus for arranging bumps in a positional relationship
corresponding to the lead tip ends o0f a TAB tape to be
bonded.
Description of Related Art

A tape Automated bonding (hereinafter referred
to as TAB) process is a method of bonding the tip ends of
the leads formed in a selected pattern ocn a TAB tape to
the electrodes of an IC chip via metallic bonding
projections called as bumps. The bumps are preliminarily
mounted either on the leads of the TAB tape or the
electrodes of the IC chip and bonding of the TAB tape to
the IC chip is performed by heating-under pressure by
means of a bonding machine. The TAB tape is usually

manufactured by forming a film made of a synthetic resin



the el ectrodes of an IC chip via netallic bonding projections called as
bunps. The bunps are prelimnarily nounted either on the | eads of the TAB
tape or the electrodes of the IC chip and bonding of the TAB tape to the
IC chip is perforned by heating under pressure by neans of a bonding
machi ne. The TAB tape is usually manutadtured by fornming a filmmade of a

synthetic resin L _-2- such as polyimde,
pol yest er afdCRhas| PReYWMiHespPEERES tefolagsl drheadeliife vhdlesspad@iet
lam nating a petal fqil .on the filmand thereafter etching the netal foi

to forma |834°SwPFi A§YpSEt 8PACEy &P BRotidMidSitsitnded kel Toll on tigy the
ot her hand, .t he bu through which.the TAB tape is connected with the
el ect rodes %flﬁeﬁ?gggaﬁcFﬁf‘echﬁﬁg“éﬁgh9&?IW%?%%H#%iﬁf#%ﬂﬁPtWﬁfI%%&Pare
often for : - ctrades e m_conduGt chips by a platin

Teg; OB AL eLeGlr aes Qf e semconducter chips by a plating

t echni cue as desc ectroni'c Part "an erials Vol. 28, No. 7
1989, July, pages 66 p,76nHaWRYES 1 or m ) N Ao ehegthodes of 1Cs
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or LSIs by plating technique costs ity of giving

TAB tape is connected with the electrodes of semiccnductor
chips such as ICs and LSIs and the like are often formed
on Al electrodes of the semiconductor chips by a plating
technique as described in Electronic Par: &nd Materials
Vol. 28, No. 7 1985, July, pages 66 -~ 76. However,
forming bumps on Al electrodes of ICs or LSIs by plating
technique costs high and has the possibility of giving
damages to the circuits of the semiconducter chip.
Therefore, it is nect always a preferable proccess.

One of the methods of forming bumps cn the leads

of the TAB tape, is disclcsed in the Jzpansese Unexamined

o]
v

Patent Publication Nec. JP-A-62-28623 and ancther one, i.e.
“a bump transferring method" is described in National
Technical Report vol. 31 (1985) No. 3, pages 116 -~ 124.
The latter method comprises the steps of preliminarily
placing bumps on a glass substrate in a predetermined
arrangement and transferring the bumps to the leads formed
in a selected pattern on a TAB tape.

However, the bump-bonded TAB tapes manufactured
by the above methods are not necessarily adequate in view
of bonding cf the bumps to the electrodes cf IC chip,
because the bumps are often made in a rectangle-like

shape. That is, such TAB tapes involve a problem that the



damages to the circuits of the sem conductor chip. Therefore, it is not

al ways a preferabl e process. One of the nethods of form ng bunps
on the leads of the TAB tape, is disclosed in the Japanese Unexam ned

Pat ent Publication No. JP-A-62-28623 ands another one, i.e. "a bunp
transferring nmethod" is described in National Technical Report vol. 31
(1985) No. Rympagese 1d6nmetikds pdheehatbek neethed tomRd 385 tdhesteps of
prelimnarily placing bunps on a glass substrate in a predeterm ned
arrangenentw @it taahsterot ngetherbuapsite thhaueeads ther e« dry & select ed
pattern on a TAB tape. However, the bunp-bonded TAB tapes

manuf act ur exha by, thelabsvehaerbddstar efnthenbregsarddey aadequates v n vi ew  of
bondi ng of the bunps to the el ectrodes of I C chip, because the bunps are
of ten made §31 %l r ecangher| i kéncshape. bthats isse fwctneTABY apest inwol ve a
probl em that the . o -3- _bunps are

soneti nes DOIE® 1D thecefBEEEbeRsSBED| Eheli Fhenimatardrletyf dihea dusnps
reliability due to the rectangle-like shape, unless the heights of the
bunps are At PRl yeieqhef. LT ehir FREFe SRS St K& BEHESS Sard ¥ S by

plating, readly worked by plating.

Spherical bumps are advantageous in view ¢of

o]

bonding purpose since they are more cdefcrmeble than
conventional rectangular bumps formed on a glass substrate
or the like by plating. However, the spherical bumps
involve a problem of now to efficiently arrange the bumps
at selected pcsitions and how to readily transfer the
bumps to the leads on the TAB tape, since the spherical

bumps are manufactured seps

r

ately before arrengement of

)

the bumps at positions, in contrast to the rectangular
bumps which are first formed at selected positions by

plating.

SUMMARY OF THE INVENTION

It is a first object of the present inventicn to
provide 2 method of bonding bumps to the leads c¢f a TAB
tape in an efficient and reliable manner without the
above-mentioned problems.

It is a second object of the present invention
to provide a bump arranging apparatus for arrangiﬁg bumps
in a positional relationship corresponding to the bonding

positions of the leads of a TAB tape to be bonded with the



there is a restriction such that the material of the bunps nust be _
selected fromthose alloys or netals which are readly worked by plating.
Spheri cal bunps are advantageous in view of bonding purpose since they are
nore deformabl e than conventional rectangular bunps fornmed on a gl ass
substrate or the like by plating. However, the spherical bunps involve a
probl em of how to ejfichntIg arrange the bunps at selected positions and
how t o readiIY %} atist ePCERESC bhApEet BSBHe LPEade €orf RIS TIE T7eeC si nce t he
spheri cal Q&¥H§° re manufactured separately before arrangenent of the
bunps at positions, in contrast to the rectangular bunps which are first

formed at selected positions.by .plating, . . .. .SUMVARY OF THE | NVENTI ON
It is a first object d% Tﬁé“b?éséﬁtg%ﬁvgﬁfﬁéﬁ o jﬂanﬁiﬁfifﬁethod of

bondi ng buimbis:dn {1161 €adse0hod JAByohapagl BiaRsChld Gty AW { A fabl e

manner without the ~above-nentioned probl 1t s” a ‘second
object of thej¥ esefbriS¥ENthONstE s PEBVHAR -3 -HWAD ATh AN NG ARRATA] Us; for

arranging bunps in a positional relationship corresponding to the bonding

posi tions ofpddeidendsi of endfBhape1é9, beabanded iWgt i th&e which will
not allew the bumps to pass therethrough, zt positions
corresponding to bonding positions of the leads of the TAB
tape where the bumps are to be bonded; provisionally
arranging the bumps at positions of the through-holes at
one side of the substrate by reducing a pressure in the
other side of the substrate opposite to said cne side
thereof to suck the bumps in saiéd through-holes; disposing
the substrate on which the bumps are provisionally
arranged and said TAB tape in such a positiocnal relation-
ship that said bumps face to the bonding positions of the
leads of said TAB teape; and bonding the prcvisionally
arranged bumps to the leads at the bonding positions.

According to another aspecf of the present

invention, an apparatus for arranging bumps in a posi-
tional relationship corresponding to bonding positions of
leads of a TAB tape comprises a substrate which is
provided with through-holes, each having such a size that
the bumps to be bonded are not allowed to pass, in a
positional relationship corresponding to bonding positions
of the leads of the TAB tape; and pressure reducing means
including a pressure reducing chamber disposed on a rear

side of said substrate opposite to a front side of said



-4-  bunps and adapted to be used for the above-nentioned nethod.
According to one aspect of the present invention, a nethod of bonding
bunps to leads of a TAB tape conprises the steps of preparing a substrate
which is provided with through;holes,_egch having a size which will not
al l ow the bunps to pass therethrough, at “positions corresponding to
bondi ng positions of the Ieads‘gj the TAB tape where the hunps are to be
bonded:; pro§F§F5ﬁéhﬁy°Qaﬁﬁ%ﬁﬂrﬁyqfﬂ¥Wﬂﬁnﬁ§%u DoRFt f bhENEFC Egr
t hr ough- hol %f%dgt :a3n€ side of the substrate by re‘gsiuci ng % gr essyre in the
other side &6F°Fhé " SuBstr e Bispdsl €T & &4 o e 57 dd “FREPEOF £87Edck t he
bunps in sai hr.Qugh-hol.es; i .sposi; e strate,, ich .t unps
are provisigﬂgklﬁaagrfghéé éﬁg‘§a%%Q%h§&?dﬁ§H?n“é%oﬁ“ggﬁggf%iSﬁgﬁeg :
relation- shi Ratihat s@jdudgpsdace to the bonding positions of the |eads
of said TAB tape; and bonding the provisionally arranged bunps to the
| eads at the bondi ng positions. According to anot her aspect of
the present invention, an apparatus for arrangi ng bunps in a posi-

BRIEF DESCRIPTION OF TEE DRAWINGS

Fig. 1 is a view illustrating the steps of
bonding a TAB tape to electrodes of IC chip;

Figs. 2A and 2B are a perspective view and a
sectional view taken along the line IIB to IIB, respec-
tively, showing the structure of a vacuum suction chamber
in an embodiment of the present invention;

Figs. 3A throucgh 3C are views illustrating

foH]

bonding process in which provisionally arranged bumps of
metal balls are prepared by using a vacuum suc;ion chamber
anéd the provisionally arranged bumps are bonded to the TAB
tape leads by & bonding machine;

Fig. 4 is a partially removed perspective view
showing the structure of a vacuum suction chamber in
another embodiment of the present invention;

Fig. 5 is a view showing an embodiment in which
the vacuum suction chamber is incorporated into a bonding
machine;

Fig. 6 is 2 view showing a modification of the
embodiment of Fig. 5;

Fig. 7 is a view showing an example of a
mechanism for stabilizing suction of the vacuum suction

chamber;



tional relationship corresponding to bonding positions of |eads of a TAB

. tape conprises a substrate which is provided with through-holes, each
havi ng such a size that the bunps to be bonded are not allowed to pass, in
a positional relationship corresponding to bonding positions of the |eads
of the TAB tape; and pressure reduci ng”nans including a pressure reducing
chanber disposed on a rear side of said substrate opposite to a front side
of said Figs. 8A through 8D are Beiewgybshowdte: oh which the
bunps are to be arranged for reducing a pressure on the rear side to a
pressure | oRRFRERRAR £RAt 38AUSKE Gr Sie RS e bR Hie WREPE™ aFeckieked

to said through:-hole BR EE DESCRI PTI ON OF THE DRAW NGS Fig.
1is a viewF?g B§trH$Fﬁg‘Pﬁe §Pep§qﬁ' %o Heft tﬁ?&??%ﬁmﬁi?F%}Ebtrodes of

| C chi p; nge P‘ A an %re ersgectl ve tv| w. and ?‘ﬁ secti onal
view t aken afbAj Heof K8 PPBS PPB t75RF 2 Y €howt MY

structure o&aghuﬂcgﬂgksggt qgmgganber in an enbodi nent of the pr esent

i nventi on; o

Figs. 9A through 9D are views showing a
modification of the mechanism of Figs. 8i through 8D;

Figs. l10A through 10D are views showing another
modification of the mechanism of Figs. 8A through 8D;

Figs. 11A and 118 are views showing an example
in which the mechanism cf Figs. 8A through 8D is automated.

Figs. 12A through 128 are views showing &
modification of the mechanism of Figs. 1la through 11D;

Fig. 13 is a view showing ancther embodiment of
the vacuum suction chamber of the present invention;

-
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14 is & sectional view teken along the line

\.f.)

XIV-XIV in Fig. 13;

[ ¥

Fig. 15 is a view showing an embodiment in which
the structure of Fig. 13 is used for the vacuum suction
chamber of Fig. 4;

Fig. 16 is a view showing a modification of a
bump arranging substrate;

Fig. 17 is 2 view showing another modification
of the bump arranging substrate;

Fig. 18 is a view showing a mechanism for
arranging bumps in an ionized atmosphere;

Fig. 19 is a view showing another mechanism for

arranging bumps in an ionized atmosphere; and



Figs. 3A through 3C are views illustrating a bonding proCess i n which
provi sionally arranged bunps of netal balls are prepared by using a vacuum
suction chanber and the provisionally arranged bunps are bonded to the TAB

tape | eads by a bondi ng machi ne; Fig. 4 is a partially renoved
perspective view showi ng the structure of a vacuum suction chanber in
anot her enbodi nent of the present inventi en; Fig. 5is a view

showi ng an enbodi ment in which the vacuum suction chanber is incorporated
into a bonding nachimes. 20A and 2¢80aré b&:ep¥Lewsheningeatpdifi cation

of the enbodinment of Fig. 5; Fig. 7 is a view show ng an
exanpl e of vaewsechasicsntfiore st abshowzimg sustroototet b€ vascpusrsuagiag
chanber; - 6- Fi gs. 8A through

8D are vi evdbshawite aseadediani s froechdpusni of Fhe.pi8ssure in the vacuum
suction chanber when the TAB tape, to which the provisionally
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The TAB process is, as mentioned in herein-
before, a method of bonding the tip portions of leads,
which are formed on a TAB tape in a given pattern, to the
electrodes of an IC chip via bonding metal projections
which are called as bumps. The present invention is
relating to a method of bonding bumps to the leads on the
TAB tape for manufacturing bump-bonded TAB tapes used for
the TAB method anéd in particular, the bonding step is made
easier by provisional arrazngement of the bumps on a
substrate in advance. A process in which a bump-bonded
TAB tape is meznufectured by using provisional arrangement
of the bumps and then the leads on the TAB tape are bonded
to the electrodes of the IC chip through the bumps will be
briefly described with reference to Fig. 1.

As shown in Fig. 1, 2 TAB tape 12 having a base
film 2 and leads 3 which are to be bonded to the
electrodes of an IC chip 1 and a substrate 5 on which very
small metal balls 4 are provisionally arranged are
arranged in a given pcsitional relationship. The metal
balls 4 forming bumps are dispose? on a multiplicity of
through-holes which are formed in the same positional

relationship as that of the tip ends of the leads of the



arranged bunps have been bonded, is separated fromthe vacuum suction
chanber; _ Figs. 9A through 9D are views showing:-a nodification
of "'t he mechani sm of Figs. 8A through 8D Figs. 10A through 10D
are views show ng another nodification of the mechanismof Figs. 8A

t hrough 8D; Figs. 11A and 11B are views show ng an exanple in
whi ch the nmechani smof Figs. 8A through 8- s aut omat ed Fi gs.
12A through 12B are views showing a nodification of the nechani smof Figs.
11A throughThBDtzape. The mdifl 311§ @aView shovingsanptherappbedi-agnt of
t he vacuum suction chanber of the present invention; Fig. 14 is
a sectional awndewociradesh & drige tthiep lemds o Vexe Vieadki gf 48 TAB tarve Fi g.
15 is a view showi ng an enbodi nent in which the structure of Fig. 13 is
used for théreaciim sudis tore teheawmbesa of a Fbgnp4bond TA3 tapeFig. 16 is a
view showing a nodification of a bunp arrangi ng substrate; Fi g.
17 is a vi eM2SHEAATY Hatbtiera nbof 3§ caep@dhng oftehe bURAPar ERAQLA§ISUBStrat e;
Fig. 18 is a view showing a mechani smfor arranging bun?s in an ionized

at mospher e; the bump-bonged 18 &2pe 3 By RARWAgtanot e  REERGRRSPEOr

arrangi ng bu in.an ionized at nbsphere; and . .. .
ging agp%d chip via €%e umpghby means cf a bonding machine in

a second bonding step. The alignment between the leads of
the bump-bonded TAB tape and IC chip is automatically or
manually achieved by means of a TAB bonding machine and
then, the bump-bonded TAB tape is subjected to heating
under pressure by a bonding tool so that the leads on the
tape are boncded to the electrodes of the IC chip. The TAB

-

tape per se comprises a multiplicity of frames (one for

3~

each IC chip) which are consecutively formed in a
longitudinal direction the:eoﬁ. The leads are usually
plated with copper, gcld or tin and arrayed in a given
pattern on an insulative tape made of polyimide &nd the
like. Generally, tapes each wound around a reel are
commercially available. The reel is mounted to the
bonding machine at the bonding process. When one frame of
the tape rewound from the reel is positioned at a bonding
stage, the leads on the frame are aligned and then bonded
to the electrodes of an IC chip.

Since the bumps are conventionally formed, 1in
most cases, on the IC chip, the leads of the TAB tape do
not have the bumps. In contrast to this, the concept of

the bump-bonded TAB tape is to use IC chips having no



-7- Figs. 20A and 20B are perspective and sectional views,
respectively, show ng a structure of bunp arranging substrate used for the
mechani sm of Fig. 19. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The TAB process is, as nmentioned in herein- before, a nethod of bonding
the tip portions of |eads, which are forifed on a TAB tape in a given
pattern, to the electrodes of an IC Chlp via bondi ng netal projections

whi ch are OXMP&d 3&€ puhpsteadrt pridsent ?nHeﬁ%rBh“PsllVeFafmng“mﬁsaoﬁethod
of bondi ng R ngs t.0 thg,ldgds on th TAB tape for manufacturi

bunp- bonded"FA FusE fiitPe the T%EPn%§ﬁOB aR¥eTh* BBrrPeﬁFéFtIPﬁe

bondi ng st eR |sdyy#%d 05|Tcnf§%éu@y45+0£ agggg enent Q%ﬁége bq@@§ on a

substrate in advance. I N~ Wwh bunp ondea tape is

lmanuf act ur gdRY USING U S PNl e aféétﬁgeaenéneoi 15he.bunps aadhen the
eads on the TAB tape are bonded to the electrodes of the I C chip through
the bunps wehl 1ge wrdefd yelesedi bed yit her b €ASCEBELEE ty urging
a heated bonding tool upon the bumps in a ménner similarly
to the bonding of the leads to the IC chip electrodes, by
using the same. In other woréds, a reel arounéd which a TAB
tape having no bumps is wound is mounted on the bonding
machine and then spherical bumps are bonded to the tip
enés of the leads at its bonding stage.
The bonding stage of the bonding machine
bondéin

generally compris rlztform on which an IC chip

-
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is provisionally placed and fixed thereto and a frame-
like fixture which pressures the TAB tape &gainst the
platform. A mechanism for correcting the relative
misalignment therebetween is combined with the bonding
stage. In order to bonding the bumps to the leads of the
TAB tape by conveniently using such a mechanism of the
conventional bonding machine in accordance with the
present invention, it is necessary to remove the bonding
stage, in particular, the bonding platform on which the IC
chip is placed from the bonding machine and to arrange
bumps there in a pattern corresponding to the lead pattern
of the TAB tape. In other words, the transfer or bonding
of the bumps to the leads of the TAB tape can be achieved

by using the mechanism of the bonding machine as it is if

the arrangement of bumps in a given pattern is realized on



As shown in Fig. 1, a TAB tape 12 having a base film2 and | eads 3 which
are to be bonded to the electrodes of an IC chip 1 and a substrate 5 on
which very snall nmetal balls 4 are provisionally arranged are arranged in
a given positional relationship. The netal balls 4 form ng bunps are

di sposed on a multiplicity of through-haol es which are fornmed in the sane
positional relationship as that of the tip ends of the |eads of the

TAB tape. Tiwee neémdibal psacabltgd as bunps are transferred and bonded to
the tip ends of the |leads of the TAB tape fromthe substrate so that a
bunp-bond TAB t ape isitnhsiuractesedyi 1 oa pfriepstr ebandiondposideyd THEM adde

| eads of the bunp-bonded TAB tape are bonded to the el ectrodes of an IC
chip via thef buhps dyehbbysiof cadbendicng reedliienexiael lzrsedond andi ng st ep.
The alignnment between the | eads of the bunp-bonded TAB tape and IC chip is
aut onat i cal P§teeennbheat eydachfevae ByEndars ¢nda 'HAB eewdinegarachi ne and

t hen, the bunp bonded TAB tape is subjected to heatlng _
IC chip on the secondary bonding. In order to achieve

this, the performance of an arrangement substrate on which
bumps are preliminerily arranged to ke used for the second
bonding is important.

One embodiment o0f a method of bonding bumps to
the leads of a TAB tape will now be described with
reference to the drawings. A vacuum suction chamber 11
corresponding to a bump suction and provisionally fixing
portion disposed on a bonding platform is shown in Fig.
2A., The suction chamber 11 has on the upper side thereof
a thin flat plate 5 which is provided with through-holes
12 in peositions at which bumps are toc be arranged. The
plate 5 is corresponding to the arranging substrate 5 of
Fig. 1. The through-holes 13 are in communication with a
suction port 14 via the vacuum suction chamber 11 as shown
in a sectional view of Fig. 2B. Although the suction
chamber is made in a form of tunnel extending along the
through-holes and communicated with the suction port 14 as
shown in Fig. 2B, the suction chamber may be a hollow box-
like member including a thin flat plate 5 having through-
holes thereon if the upper flat plate provided with
through-holes has a sufficient thickness so as to prevent
it from being deformed by heat-bonding. The flat plate 5

should be made of material which can provide an even flat



under pressure by a bonding tool so that the leads on the tape are bonded
to the electrodes of the IC chip. The TAB tape per se conprises a '
multiplicity of frames (one for each IC chip) which are consecutively

formed in a longitudinal direction thereof. The |eads are usually plated
with copper, gold or tin and arrayed in da given pattern on an insulative

tape made o olyimde and the |ike. Generally, tapes each wound around a
reel are C%Hgéég?afpg 55§i%&bﬁ??hfm§q%§hriépgéﬁﬁﬁexFﬁ% FheCUBHBNEP AES
nmachi ne at t h0g.process.. \Wen one frame of t gﬁt@pgﬂgeyound from
the reel is ggssgpgﬁgdcgfngeﬁoﬁdfnﬁr%ﬁ%ﬂﬁaeﬁrﬂF?eﬁﬁgmd%“tﬁé‘fTﬁﬁﬁséF%

al i gned andaﬁpggEQOQQggonhq %he %J§§h$g%ﬁ%éﬁ é¥]4é%§%##%?m§?%?%hip ngce

ng..
t he bunps are conventionally °f or ned, nost cases,

| eads of thg;dRB1t 3R €8 NAkehAve dhe I tyasi. to this,_the
concept of the bunp-bonged TEB t ape iggggpﬁggiI%?%ﬁ?ﬁ%gﬁﬁiiﬁglhﬁgle

-9-  bunps sad tReskheadretb it Birs tnko fae! igifaridy formbunps on the |eads

of TAB tape. The present invention is relating to a nethod of

manuf act uri ng bunp- bomted, TABet @pesum Eu@tion chamber 11 which is
evacuated via the suction port 14 is located in the
vicinity of a bump supply mechanism including a tray 15 on
which a multiplicity of bumps 4 are placed as shown in
Fig. 3A so that the bumps 4 are sucked and attracted to
the through-holes 13 as shown in Fig. 3C. This step is
illustrated, in the figure, so as to attract bumps upward
by placing the suction chamber upside down and moving it
downward to apprcach the bump. It is possible to adopt a
method in which the bumps are dropped upon the upper side
provided with the thrcugh-holes 0f the chamber which is
located normally or slantingly.

The suction chamber 11 on which bumps are sucked
and preliminarily fixed is disposed on the bonding plat-
form of the bonding machine as shown in Fig. 3C. &an
alignment between a TAB tape 12 having leads 3 formed on a
film base made of an insulative material such as polyimide
and the like and the suction chamber 11 is performed by
using an alignment adjusting mechanism (not shown). After
completion of the alignment, a bonding tool 17 which is
heated to a suitable temperature is driven to impose a
given pressure upon the tape 12, resulting in that the

bumps provisionally fixed on the through-holes of the



bunps are bonded to the | eads of the TAB tape by conven- iently using a
thermal pressure bonding effected by urging a heated bonding tool upon the
bunps -in a manner simlarly to the bonding of the leads to the IC chip

el ectrodes, by wusing the same. |In other, words, a reel around which a TAB
tape having no bunps is wound is nmounted on the bonding machine and then

spheri cal bgﬂ@@i%?ﬁgg@esd 59 Lhe tid fns%%clsse%f datn*ae Hd agoitt.ﬁebi)??{jlgg

st age. ondi ng stage of the bondi ng machi ne  genera
conpri ses agpopdisngapl agkbgrm on which an 1C chip is provisionally placed
and fixed thereto and a frame- like fixture which pressures the TAB tape
agai nst the platfornrhd geekarins Bha@ibeaonne iong Wi eb@ipyehave

m sal i gnment t herebetween i s conbined with the bonding stage. |In order to
bondi ng t hebbanpsrbtostherkdads efyatie rekAB ricap e dye corveni £nfly. uSAngnsuch
a mechani smof the conventional bonding nmachine in accordance with the
present invehttdnbumpsi srrecessa@dy fog rEmpve ttheyworei ngnd ssageltén
particular, the bonding platformon which the IC chip is placed fromthe
bondi ng nachRAEsakd tdeadPEndérebdFpRAUmTced Pya Qi tlerdme vk espendi ng to
the lead pattern of the TAB tape. In other words, the transfer or bonding
of the burrpgof‘élflﬁemﬁé§d§eofanlché TAE 4 a‘-ﬁé%r?fbé'—heﬁzl‘ﬁaeﬁ/%dls b‘?/f%‘é‘ilh’g t he
mechani sm of Ehe bondigg,nachine.as it, L% i f .

into a stand-by pcsition similarly to the previous cycle.

It can be understood that the above-mentioned steps

provide an efficient method of successively bonding the

bumps to the leads cn respective frames of the TAB tape

which is rewound from the reel.

Fig. 4 shows another embcdiment of the vacuum
suction chamber. 2 plurality of thin flat plates 5 having
through-holes 13 are arranged along the circumference cf a
vacuum suction chamber portion 11 which is formed into a
shape of polygon so that bump suction and provisional
fixing portions are defined thereon. Each of the flat
plates 5 forms a bump £ixing element which plays a role of
suction and fixing of one set of bumps to be arranged.

The vacuum suction chamber 11 is mounted on a bonding
platform of a bonding machine so thazt the top side of the
suction chamber is located at a position where the
conventional bonding platform is to be provided. Although
the suction chamber 11 having eight bump fixing elements
is exemplarily illustrated in the drawing, it is of course

that the number of the elements may be changed if

desired. While rotating stepwise the polygonal suction



the arrangenent of bunps in a given pattern is realized on

- 10 - the bonding platform It is necessary to prepare

bunp- bonded TAB tapes of high quality in order to provide excellent

bondi ng between the |eads of the TAB tgpe and the electrodes of the IC
chip on the secondary bonding. In order>td achieve this, the perfornmance

of an arraqgenegt sgﬁstrate on which bunmps are prelimnarily arranged to
be used forSt#HE SEcbhd® BEREI AgShEtitngdr @dfC serving as Sy bR hent of
now be descri bed

a nmet hod of _bondi ng. bu to t | eads of a TAB tape will n

with referE%%es?%gfﬂangﬁﬁmgﬁgsHﬁAsﬁagﬁuﬁﬁﬁmﬁi%ﬁF%Hgﬁ%é?“ngQiﬁQ%%%onding
to a bunp sucti apnd_peqvisional Ly fixin ortion dispgsed .on a bonding
platformi sygﬁbgwﬂlyi ﬁ‘ Eigg%.g‘OZA.‘q"fhé *$aéf; 5%e€ﬁ§rﬁ)ecr“‘1fhg%eo?f‘ e upper side

thereol  a 41agel! ot plahecS bl shal SoRKOW R0y LITAUGfples 13 i

t
positions at which bunps are to be arranged. a respondi ng

to the arranghpgyssbstisheidcobaifgda trafhe st yough-hiples 340€ {4

comuni cation with a suction port 14 via the vacuum sucti on chanber 11 as

shown are placed and a bump automatic supply machine 20 in this
case. When the one flat plate cf the suction chamber on
which the bumps 2re placed comes to the tcp pesition, i.e.
an upper bonding staticn, the TAB tape leads are aligned
with the bumps fixed on the one flat plaEe and then the
bumps are transferred and bonded to the leads 3. After
completion 0f boncding of the bumps to the leads in one
frame of the TAB tape, the sucticn chamber is rotated by
one unit and the TAB tape is advanced by one frame and
simultaneously, bumps ar2 supplied from the automatic

supply machine. By performing 2 series of successive

g
bl

O

perations as mentioned above, transfer and bonding of the
bumps to the leads of the TAB tape can be achieved in a
very efficient manner.

In the present embodiment, the vacuum suction
chamber having through-holes is used to arrange the bumps
necessary for one frame of the TAB tape into a given
pattern. This makes it possible to smoothly arrange under
a sucking fcrce soft metal balls which otherwise readily
cause problems such as crushing and contamination.
Further, it has become possible to precisely zand
efficiently bond bumps to the tip ends of the leads of the

TAB tape by effectively using main components of &



in a-sectional view of Fig. 2B. Al'though the sucti.on chanber is made in a
formof tunnel extending along the through-holes and conmuni cated with the
suction port 14 as shown in Fig. 2B, the suction chanber nay be a hol | ow
box- like nmenber including a thin flat plate 5 having through- holes
thereon if the upper flat plate provided%ith through-holes has a
sufficient thickness so as to prevent it from.being deforned by

heat - bondi meenThatipae lpFaBebsnidnguimg chd neadebfbynamears Bt #p bdcken 2
provi de an even flat surface and can be machined for formng
fine through®for@sSuUahdCRaFarpPeRangéds tints P irds difto heat and
pressure applied on bonding. A thin plate of stainless steel, nickel and
the like or ceramcs and the like is suitable for the material of the flat
plate 5.  .pcp ;.  Then, the vacuum suction chanber 11 which is evacuated
via the sucti®dn port 14 is located in the vicinity of a bump supply

e 0 Lnown 1 n? BV RARER, et LR AL LRl SRS g
was made of stainless steel. A flat plate 5 having
through-holes applied to the upper side of the becx was
made of stainless steel plate of 30 um thickness. The
through-holes are made by &n etching process. Each
through-hole has a diameter of 60 um. Fifty through-
holeé were formed along each of four sides and total 200
through-holes along four sides were formed in a shape ¢f a
square having four sides, each 10 mm long.

Gold balls, each having a diazmeter of 80 um
were used &s bumps 4. A multiplicity of golé balls were
placed on the trav 15. The vacuum suction chamber wes
brought close to and abhove the tray 15 so that the gold
balls were sucked and fixed to the openings of the
through-holes.

The TAB tape 12 was formed so that the tip ends
of the leads were aligned with the through-hcles of the
flat plate and the gold plated copper leads 3 were formed
on a polyimide film 2. This tape was preliminarily set in
the TAB inner lead bonding machine. One fr?me cf the tape
was set on the bonding stage of the bonding machine.

Then, the suction chamber 11 having the bumps 4 provi-
sionally fixed on the through-holes 13 was moved to the

bonding platform portion of the bonding machine while the



t he through-holes 13 as showmn in Fig. 3C. This step is illustrated, .in the
figure, so as to attract bunps upward by placing the suction chanber
upsi de down and noving it downward to approach the bunp. It is possible
to adopt a nethod in which the bunps are dropped upon the upper side
provided with the through-holes of the Charnbér which is |ocated normally
or slantingly. . ~ The suction_ chanber 11 on which bunps are sucked
and prel i m n&FFEYOFi REAMBRE i RYOSEY? oh! t HeS bBharRgtpPat - 2if6Emtde thée
bondi ng machi ne a§;§h%w% in Fh?“ 3q§ An Aa[igngen;ﬁbg;weenﬁa;TAB tape 12
havi ng | eads"35f 8Fred "6F £° 15T el hade® of€an PRS6FaPP¥E miterial such
as polyi mde., he L. t he Lon_ghapber 11 |s,perforned by
usi ng an aIiaﬁﬁgﬂpgédjthﬁhgnﬁ%égé%?gﬁ§%%o Eshﬁmm%?‘ﬁf%éfescgﬁprgfion of

the ali gnmentycds ANl die WokE:AS <HERT LY Lp: anstibtahle Lamyerat ure

is driven to inpose a given pressure upon the tape 12, resulting in that
the bunps paeursi aaal Ibudread Ofo4 hend he opgh- hobesi 98 B8 performeg

suction chanber 11 are transferred and bonded to the [eads of the TAB
t ape. under a pressure of 3 kgf (15 gf per one lead) for five
seconds.

This caused all gold balls provisionally fixed
on the through-holes of the flat plate to be precisely
transferred znd bonded tc the tip ends of the lealds of the
TAB tape one by one. After bonding, the strength of
bonding of the gold balls upon the TAB tape was measured
by the shear test method. It was found that every lead
stakly hclds a bonding strength not less than 1.5 ¢gf per
one lead which is encuch to function as a TAB tzpe with

Lumps.

TEST 2

A vacuum suction chamber 11 having an octagon
shape as shown in Fig. 11 was manufactured. The dimension
and arrangement of the through-holes 13 of each bump
fixing element was identical to those of Test 1. However,
the flat plate 5 having the through-holes was m&de cf
nickel plate having a thickness of 30 pym manufactured by
an electroforming method. As shown in Fig. 5, the vacuum
suction chamber was incorporated in the bonding platform
of the TAB inner lead bonding machine. A rotary shaft

having at one end a2 suction port was connected with a



The suction chanber 11 from whi ch bunps have been transferred is. again

returned to a step of Fig. 3Ain which bunps are sucked for the next -

cycle, and simulta- neously, the TAB tape i s advanced by one franme on the

bondi ng machi ne and a next frame of the pe is brought into a stand-by

position simlarly to the previous cycle. It can be understood that the

above-nentioned ste rayide an gfficignt met hod _of .successi.v Lﬁﬁgonding
U =

1 S p N Lodb!] I T 3
the bunps f@qﬁh§légﬂ%‘o resbect T v VANES 8f “Phe TAB tabe’t i's
rewound fromgd r - Fl 9. .4_.shou not hep . i;ment. of the
vacuum suc?ko %Eﬁgﬁ%gﬂﬁlé[ﬁiﬂ%ﬁi%@g%?‘?hpggithwﬁga égggg%écﬁggo“

through-hol e$,e13 Ang Rrd.angesh alwigpthe chrcunherenge; of ,arovaauem,syction
chanber portion 111Mhic is forned ?nto a shg%e of polygon so that bunp

suction andcRnovw sieani fied NG Pokd | epgyarecdehi 8edpt beneoninkagh of the
flat plates 5 fornms a bunp fixing el ement which plays a role of suction
and fixing eheonelset wof r bungsi tanderadiasged. Théhesvaeugarstichi ed chanber
11 is mounted on a bonding platformof a bonding nachine so that the top
si de of thevaswe gvathianberhdambe poatedcatrasposiétngntohene bheding
conventional bonding platformis to be provided. Although the suction
chamber 11 RIAELTP @ gc buhiR 513G tep el eneptatefsbexehpfasregsi Fhudheated in

the drawing, .it is of course . . .
pitch. Whenever the suction chamber is stopped in any

position, the upper side thereof was adjusted so that it
was in a precisely parallel relation-ship with the tip end
face of the bonding teool 17.

One frame of the TAB tape 12 having the leads 13
corresponding to the pattern of the earranged thrcugn-hcles
of the flat plate was se:t on the bonding stage similarly
to TEST 1. Gold plated leads made of copper were alsc
used in this TEST. When evacuaticn of the vacuum suction
chamber was commenced, the gold balls on the tray were
sucked and provisionally secured to the openings c¢f the
through-holes on the lower side of the box. Then, the
vacuum suction chamber was rotated by only 45 degrees of
one pitch, so that the gold balls were sucked and
provisionally fixed to the through-holes of the second
element. After rotation of the suction chamber by four
pitches, the first element having the gold balls
provisionally fixed thereto was advanced to a normal
position of the bonding platform. 1In this position,
alignment of the leads of the TAB tape with the balls was

performed and bonding of the balls to the leads of the



that the nunber of the elenents may be changed if desired. Wile rotating
stepw se the pol ygonal suction chanber 11 around a shaft 14 al so
serving as suction port, the suction chanber 11 sucks bunps 4 to the

t hrough-holes thereby provisionally fix-g themon one of the flat plates
5 which cones the bottom position near a bunp supply station including a
tray 15 on .ch e S are placed and_ a opati ¢ supply

machi ne 20 ?ﬁb%hlwg% la%lsére&m%%e#rﬁee* oané”ﬁ%%u’iﬁ a'?gngf %#Eeggﬁc i dn chanber

on which tggcgggp%vamﬁmsa%%d LUES Iy 161 OPr PRSLLEQN o1 58goc@N MPPEr

bondi ng station, thée TAB tap€ | eads are aligned wth thé bunps fixed on

the one flatopkate 1ard Hahamd hf‘eerptﬂ%iasrf‘orﬁif‘f?f§é%§g%ﬁ29?gggged to the

| eads 3. Affer conpletion of bonding of the bunps to S in one

frame of thgpEABnapes tthe Waldh-orderos stiotal 6 Pyatengernit and the
TAB tape is advanced by one franme and sinultaneously, bunps are supplied

fromthe autommasifer redppind macidate. t BrHrerfagpadigi e Sesa8s 6f SHECessi ve
operations as nentioned above, transfer and bonding of the bunps to the
| eads of th&aPABinapescandse achieved in a
It is found from this TEST that the bonding
strength between the bonded gold balls and the leads is
also stably maintained at a value nct less than 1.5 gf so

that the performance of the TAB tape having bumps can be

sufficiently satisfied.

A TAB tape having tin plated leads made of

copper which was also used like TEST 2. Bonding

8]

conditions of this TEST were same &s those of TEST
except that the heating temperature of the bonding tool
was 300°C.

Also in this TEST, &ll gold balls were reliably
transferred and bonded to the tip ends of the TAB tape
leads. The bonding strength is stably maintained at a
value not less thgn 0.7 gf although it is slightly lower

than that of the gold plated tape.

TEST 4
A l6-side polygon suction chamber 11 as shown in
Fig. 6 was used. The material and size of the flat plate

S and the size and arrangement of through-holes 13 of each



very efficient manner. In the present enbodi nment, the vacuum
suction chanber having through-holes is used to arrange the bunps
necessary for one frame of the TAB tape into a given pattern. This nakes
it possible to snoothly arrange under a sucking force soft netal balls

whi ch otherwi se readily cause problens skl as crushing and contani nati on.
Further, it has becone possible to precisely and efficiently bond bunps to
the tip endsbefpt héxkegde lefmenlte weEAB Sadpe &y WidsetdYI55 st ng mai n
conponents of a - 14 - conventional TAB
bondi ng machi ne and byAnﬁwémySMﬂﬂ%Mnmﬁyhﬁﬂhﬁmnhnﬁsﬁnﬁq%wﬁ%haﬁb@m botht he
bondi ng pl atform TES A vacuunlsuctlon chanber 11 as shown
in Fig. 2A %és“ﬁﬁd@'@ﬂ §P§|ﬁ¥é§g Sk T AT 1R &t B3R ngeme

t hr ough- hol es a e upper .side of the box was nade of stalnless
steel plate 5‘[‘ ﬁgt'hl c&’h’g‘%’s Teffe ¥ A% JUgh- hol 2%re BHIBR TS ARPEREhi ng

process. Eac?eecer 21 for returning excess bumps received by the tray
19 zs shown in Fig. 6. By the arrangement, it was
possible to sprinkle the bumps cver the £lat plate located
in the upper-lateral side of the suction chamber f£rom the
bump supply 18. The sprinkled bums 4 were trapped by the
cpenings of the thrcugh-holes on the flat plate and

provisionally secured thereon. Excess bumps were dropped

Lo |

upon the bump tray 19 located below after all the openings
of the through-holes have been occupied by the bumpgs and
then conveyed to the bump supply 18 again.

Tf a large size polvgonal sucticn chamber
used in the TEST 3 is used in the previous TEST 2, the
bump suction force may be weakened since air would be
introduced through unocccupied openings of the through-
holes of the flat plate until next bumps are sucked after
transferring of the original bumps. Since the through-
holes are small, a vacuum pump having an encugh capacity
can generate a sucking force enough to suck the bumps even
when the through-holes are partially uncccupied. However,
if the capacity of the pump is low and/or the drum of the
suction chamber becomes larger, the vacuum leakage via the
free through-holes is not negligible. It is effective to
close the free through-holes by an elastic rubber belt 23

and pulleys 22 in such a case. It is confirmed that the



t hrough-hol e has a dianeter of 60 pm Fifty through- holes were forned

al ong each of four sides and total 200 through-holes along four sides were
formed in a shape of a square having four sides, each 10 nm | ong.

CGol d balls, each having a dianeter of 80jgerr]m were used as bunps 4. A
multiplicity of gold balls were placed on the tray 15. The vacuum suction

chamber was » oudlb, il GRE- 40, P00 BBANEA MR 1HAX TR0 Lhat, g gol d, balls

wer e sucked an e openi ngs o t Ar oug The

TAB tape 12 mpase foryed ot hat thg ti ds of the |leads were aligned with
t he through-hol es of the élatcpfa ekgﬁggfhe gol d pl ated copper |eads 3

vwere formed on a pol yiigee fibsy2-mEAkS ohaBe raas shr @lhemeanard I3y S8 Jn the
TAB i nner | ead bondi ng machi ne. One frane of the tape was set on the

bondi ng st ageniafh tdtee bonsh 10 FRCAL BEngedhen, plilkeegUehi @ eCHEEML1 havi ng
the bunps 4 provi- sionally fixed on the through-holes 13 was noved to the
bondi ng pl atflertmipon tobnc o Bbdwed bogdinaghimehine whiel ecttie of the T2
suction chanber portion 11 was evacuated. After the tape
tape are aligned with the bumps. Thereafter, bonding cf
the bumps to leads is carried out by applying a pressure
under suitable conditions by means of heated bonding
tool. At the next step, it is necessary to separate the
leads to which the bumps are bonded from the flat plate
having the thrcugh-holes together with TAB tape. If the
evacuation condition when the bumps are sucked remains on
the opposite side of the £lat plats, the bonded bumps may
be separated from the leads in the course of removal of
the TAB tape in some cases since the bumps are continuedly
sucked by the vacuum sucking force.

A term “vacuum" used herein means an evacuated
state which causes a pressure difference sufficient for
sucking small metal balls serving as bumps to through-
holes formed in a flat plate. Practically the degree of
vacuum which can be readily obtained by a small diaphragm
pump, magnet pump, rotary pump and the like is generally
satisfactory.

It is confirmed by the inventors' study that a
suction force in the order of zbout 1 gf is applied to one
bonded bump having a diameter of 80 microns when the rear
side of the flat plate having 200 through-holes, each

being 70 microns in diameter is maintained at a reduced



was. adj usted so that the | eads were positi.oned in alignnment with the
positions of the gold ball's on the suction chanber, the bonding tool 17
whi ch was heated at 450[err]C was | owered upon the tape. Bonding was
performed under a pressure of 3 kgf (452¢9f-per one lead) for five
seconds. This caused all gold balls provisionally fixed on the
t hr ough- hol gxrenfsute Idwérptwie &0e berpsesheeky pirearsf-er bed card dended to
the tip ends of the leads of the TAB tape one by one. After bonding, the
strengt h of byooredimyg of & hei gohcedral psmpponThbe TAB:tape fwasemeéasured by

the shear test nmethod. It was found that every lead stably holds a
bondi ng strendtstamdiid by edianl 18® Ylie peendbdne Keadewbetheien enduglp to
function as a TAB tape with bunps. TEST 2 A vacuum suct i on

chanber 11 R&H g HEdHEoh 2 hapes &2 Shvwhonderi.g. 11 inas oveduitacttur ed.
el rent vas AESHEREIE L5F CRDSEE QTS 400 EBARUEH-nOLRS ERarCHRaTE 5
Lot 1] ranuFAEREed By TR o et ror h i A Hee RBa < v AB S RoRa oI B oo, t he
vacuum 70 microns and a vacuum sucking force applied to the 200
through-holes is similarly measured under a condition that
this additional through-hole is opened while the 200
through-holes are closed, the suction force per bump is
reduced to about 0.1 gf. Even if the additional through-
hole remains opened, no difficulty occurs in the cperation
for sucking the bumps on the 200 through-holes.

t is uncerstood from the foregoing that there
is a possibility that some bumps will be separated from
the leads once boncded thereto if the TAB tape is forcedly
removed while the space below the rear side of the flat
plate is left evacuated after bonding the bumps to the
leads. 1In order to avoid this separation, it is effective
to reduce the vacuum degree at the rear side of the flat
plate immediately prior to advancing of the TAB tape after
completion of transferring of the bumps for one frame or
alternatively to form a small hole in the flat plate or
the vacuum chamber and leave it opened at least if the
vacuum degree is maintained.

When a condition which provides greater deforma-

tion of the bumps is adopted on bonding, it is useful to

apply a force to the bumps so as to forcibly separate



suction chanber was incorporated in the bonding platform of the TAB inner
| ead bondi ng machine. A rotary shaft having at one end a suction port was
connected with a ' - 16 - vacuum punp. A
tray 15 on which a nultlpI|C|ty of bumpss;of. gold balls 4 of 80 [err]mwere
pl aced was di sposed bel ow the vacuum suction chanber. The gold balls were

automati-  aad Youpeid enishedd ot heyLhayohkema &uepltxvréaw g 205 5 whien

they were used and reduced.  The uppér portion”of vacuum suct1 on

chanber was @ raspondi g 4 o Ade, bendhngr apbatf %maanq“urét erigHd entd v,
rotated by 45 degrees in one pitch. Whenever the suction chamber 1S

stopped in ame quosidpidsid herawperesidezthereeh was iadj-usted &p dihat it
was in a precisely parallel relation-ship with the tip end face of the
bondi ng toolirkk the chenber OneThianeidl theiTAB tape k2 fkavidig d he | eads
13 <corresponding to the pattern of the arranged through-holes of the flat
pl ate was setepmr dtiechondi e sTAget 8pai Karhy theo £TBST plat@ol d pladed | eads
made of copper were also wused in this TEST. Wen evacuati on of the vacuum
suction ch&fber MEEhebme otk et hengoktiebahhs ros relss utreay nmdrne

chamber each time when the transfer c¢f the bumps to one
frame of the TAB tape is completed may also provide an
effect that cdepcsition gradually piles up on the flat
plate around the thrcugh-holes can be cleaned, this method
is advantagecus for mass production.

When a switching operation of a change-over
valve in a path between the vacuum chamber and an exhaust
system 1s interlinked with the periodical operation of the
tool and the like of the bonding step in the abeve-
mentioned process, a bump transfer can be rezlized zs &
more relizble and efficient process.

Five embodiments 1 through 5 based on the
above-mentioned concept will be described with reference

to the érawings.

EMBODIMENT 1

As shown in Fig. 8, a vacuum chamber 11 which is
evacuated by a vacuum exhaust system 40 is disposed so
that it is pcsitioned below a bonding tool. The upper
portion of the vacuum chamber 11 is made of a flat plate 5
which are formed with through-holes 13 in positions at

which bumps are to be sucked. A change-over valve 30 is



sucked and provisionally secured to the openings of the through-holes on
the I ower side of the box. Then, the vacuum suction chanber was rotated by
only 45 degrees of one pitch, so that the gold balls were sucked and
provisionally fixed to the through-hole f the second elenent. After
rotation of the suction chanber by four ‘%i?ches, the first el enent having
the gold balls praqvisionally fixed thereto was advanced to a nor nal
posi ti on of St RBOBBRIPRG™SIEE £&EmY 2QUP™ 1F 2 PRt t1 on2nd af FYnMeRELBf t he

|l eads of the TAB ta e\gtrlthe balls was perforned and bonding of  .the
balls to th%xpéaa gyst o 40 so that alr 1s selectively i1ntIc %ge“tape was

performed u ra,.pr re of. .3 kgf for 0.5 second by neans of a bonding
tool 17 hea?ggotbhESg%%%$%é 11'AII gol d balls having been provisionally

secured to the openi Of 5t quah: hol es; of ¢ he, . plate uere
transferred and bonded to ?ﬁégggigicflve éhdggoﬁVtﬁég#%E Pfg%et$§

position.  yacuyum chaldbdrS 1M0WRG T il sy JES3Te t ol 1§ b6z popdingn . gtrength
bet ween t he Bonded gold balls and the leads is also stably maintained at a
val ue not |ggmpkhanaked s@fck®@ to the through-holes of the flat plate
by the suction force. The relative positional relations
among a TAB tape which is a laminate of gold plated copper
leads 3 and a polyimide f£ilm 2, the vacuum chamber 11 on
which bumps 4 are arranged and the bonding tool 17 can Le
precisely controlled by means of adjusting mechanism (nct
shown). Each of the through-holes 13 in the flat plate is
60 uym in diameter. Gold balls cf 80 um are used as

bumps and a TAB tape having 200 leads each having a width

h

cf 60 um are used.

When a pressure is appli=d upon the lesds at 10
gf per lead bv lowering the bonding tool which is heated
to 450°C, bonding between each lead 3 and bump 4 is
performed (Fig. 9B). Then, the pressure in the vacuum
chamber is increased to an atmospheric pressure by
operating the change-over valve 30 as shown in Fig. B8C.
Then the bumps 4 are separated from the through-holes 13
and are completely transferred to the leads 3 (Fig. 8D).
Transferring of the bumps to one frame of the TAB tape 1is
completed by the above-mentioned steps. Accordingly., the
vacuum chamber 11 is evacuated again by operating the

change-over valve 30 to return to the bump suction step

for repeating the next cycle.



that the performance of the TAB tape having bunps can be sufficiently
sati sfi ed. TEST 3 A TAB tape having tin plated | eads nade of
copper which was al so used |ike TEST 2. Bonding conditions of this TEST
were sane as those of TEST 2 except thai: the heating tenperature of the
bondi ng tool was 300[err]C. Also in this TEST, all gold balls

were reliably —transfgheed gad +Q§5'éd‘i% tQ AR | ‘ﬁ%@ﬁev"if %"@T'A\Ba SR

| eads. The bonding strength is stably na|nta|n at a val ue not %ess t han

0.7 [err]f ahifoeghiit whs 1l icaBt Wi ch@Welon e tihats ofcdhes god gl pl at ed
t ape. TEST 4 A 16-si de polygon suction chanber 11 as shown in

Fig. 6 was esecuafbe watebual ogedatiizg athd hendd@d-pleat ez Sransh t her st ze
and arrangenent of through-holes 13 of each
completion of bonding step in the above-mentioned process,
some of the bonded bumps 4 may be separated from the leads
3 so that more than half of bumps remain sucked on the
through-holes 13 or scattered around the through-holes.
In contrast to this, such a problem never occurs in the
present embodiment so that very stable transfer of bumps
can be conducted.

It is confirmed that no problem occurs even if
the timing at which air'is introduced into the vacuum
chamber 11 1is varied over a wide range. Even when an air
is introduced into the vacuum chamber by operating the
change-over valve 30 at a step c¢f Fig. BA, that is prior
to a step at which the bonding tecol is lowered after
alignment of the bumps 4 on the through-holes 13 with the
leads is completed, the bumps 4 which have been once
arranged on the flat plate 5 are held there and all bumps
are transferred to proper positions of the leads. In
other words, timing of operating the change-over valve 30
is not critical and may be at any time during an interval
before the TAB tape is separated after bonding and after
alignment of the arranged bumps with the TAB tape is

completed.

EMBODIMENT 2

Although an apparatus which is the same as that



bunp fixing el enent were sanme as those of TEST 2. A bunmp supply
mechani smwas different fromboth of the previous TESTs and arranged to
include a bunp supply 18, a bunp receiving tray 19 and a bunp returning
feeder 21 for returning excess bunps receijved by the tray 19 as shown in
Fig. 6. By the arrangenent, it was possible to sprinkle the bunps over the

flat plate | .gc d_ i Jne upper-Lateral si f .the suction chanber from
the bunp sﬁ%p?§%lgﬁh¥ﬁ%J§%$Tﬁﬁlé% %ﬁ%§'4§mg$%8%?abﬁga b?‘fﬁe‘soﬁgﬁings of

the throughyhales on dd aééf?tt{rpé aﬁ?c%‘ﬂ cHEHME%?PaEkH SR%UCSQULQQWO”-

Excess bunps were droppe upon the bunp tray ocate el ow after al

the openi nggxnah stthe tdvanahy hohes: Haye. beedr ogsHpi §dnBynt e, bpRS caNd

t hen corveyed to the bunp supply 18 again. If a large size

pol ygonal sgeaiailan hehantes i yseskheatbe TESTv3citmUsREnba-t he pEeybadg TEST
2, the bunp suction force may be weakened since air would be introduced
t hr ough unoectupihed repanisigde of £ thef 1ot opyhte Hohesing theotibhAthplhake unti
next bunps are sucked after transferring of the original bunps. Since the
t hrough- hdBes dhe Siadneter vafutine pthpohabthglas dRoaghtbapddety can
generate a sucking force enough_to suck the bunps even when the

t hr ough- hol 83 3&%e YFarkd iy Imbechipt 8. cfofRver, arpfuspd eaphempy of the
DD TS Lo 8RO 0 e, Ll £0%05UELLQD ShATPEL, Decores; Lafog: bhe

pm is used similarly to the embodiment 1.

Fig. 9A shows a step at which the TAB tape
having the leads 3 formed on a polyimide film 2 is
disposed below a bonding tool 17 after the bumps 4 are
sucked upon the through-holes 13 of the flat plate 5, and
alignment between the leads 3 and the bumps 4 is completed
by an alignment mechanism {(nct shown}). Althouch ths small
hoie 28 is opened, small size bumps 4 are sucked in the
openings of the through-holes 13 of the flat plate 5
without causing any problem.

Then, pressure bonding is performed at a
pressure of 10 gf per lead by lowering the bonding tool 17
which is heated to 450°C as shown in Fig. 9B. Then, the
bonding tool is returned to 2n original stand-by position
(Fig. 3C), and thereafter the TAB tape is separated by
lowering the vacuum chamber 11 and 211 the bumps are
transferred to the leads of the tape &s shown in Fig. 9D.
The next bumps are sucked to the through-holes 13 of the
flat plate 5 after advancing the TAB by one frame. The

process is thus returned to the step of Fig. SA.



free through-holes is not negligible. It is effective to close the free
.through-hol es" by an elastic rubber belt 23 and pulleys 22 in such a case.

It is confirmed that the - 19 -  bunp
supply mechanismformed in this TEST can maintain a sufficient bunp
sucki ng force. In the above= nehtioned TESTs, the flat plate on

whi ch the bunps are arranged is placed on the bonding platformof the
bondi ng machMBEDANENThE | eads of the TAB tape are aligned with the bunps.
Thereafter, bonding of the bunps to leads is carrjed out by applying a
pressure under suitabBl 8TESHHITE AS IR TEHhYF P Hebted Domth P E 8BRS At

t he next step, it s _necessary goésgﬁar te the |ea§5,$p whj ch_the bunps
are bonded £P&M tRE FPEE “FIF4te ©*h SIS TR Dugh- OIS Y 5tfetHer with TAB
tape. If the__ey tion,condi.ti when, t he bu e.sucked remmins on

t he oppositgrégaggggnﬁhéhﬁﬁétlﬁlgggj ﬁﬁg‘boﬁﬂe%yﬁiﬁ%guﬁgyhﬁﬁ%gsggarated

from the Ieadsqjrlst e ;cauise ;o of gngval, ofnad e, FAR {ape. 4 1 o, cases

since the bunps are cOntlnueéIy sucked by the vacuum sucking force.

A term "vacyulls sused jRerakistRant A evasuat et a reference numeral 45
denotes a valve for opening anéd closing a passage of
pressurized air. The sizes of a £flat plate 5, through-
holes 13, bumps 4 and TAB tape are all same as those of
the embodiment 5.

Operation from the step of alignment between the
bumps and the TAB tape leads (Fig. 9A) to the step of
bonding of the bumps to the lezds by lowering the bonding
tool (Fig. 10B) is identical with that of tne embodiment
1. Hecwever, the heating temperature c¢f the bonding tool
is 420°C and the bonding pressure is 15 gf per lead.

When, the bonding tool begins to lift up for returning to
the stand-by position, the change-over valve 30 is
operated simultaneously to close a passage between the
vacuum chamber 11 and the suction system 40 and communi-
cate the pressurized air cylinder 50 with the vacuum
chamber 11 (Fig. 10C). Subseguently, the valve 45 for
pressurized air is opened so that air is introduced in the
vacuum chamber 11.

In this case, the TaB tape is forcibly separated
from the flat plate before lowering the vacuum chamber 11
while all the bumps are transferred to the leads cf the

tape.



 state whi ch causes a pressure difference sufficient for suc

ki ng smal'l

netal balls serving as bunps to through- holes forned in a flat plate.

Practically the degree of vacuum which can be readily obta

ned by a small

di aphragm punp, magnet punp, rotary punp and the like is generally
satisfactory. ' It is confirmed by the inventors' study that a

suction force in the order of about 1 gf 4ts -applied to one

having a di aneter of 80 microns when the rear side of the f
havi ng 200 tErBOghMB®Tes, each being 70 mcrons in dianeter
at a reduced - 20 - press

bonded bunp

| at pl ate

i s mai nt ai ned
ure | ower than

the atnospheric pressuberbyienbianmB2 By mavsdeld &oditdphrsight e This
suction force is substantially equal to the bonding force between a bunp
and a | ead WAPehiagetoher Hal B BBAHEd LN Fiigs flddnd thahanfferPuare ¥dlate

pl ate having_200.through-holes is addi- tiqgnally forned wt

h a

t hr ough- hol € ha¥%+ FgC 524 Afret eF2 8F 2990 CRMERGHS drid % Wi AR IGHAREST ce

applied to the 20 t hr ough
that this adgi‘f%g‘ﬁa

take a first position as shown in Fig. 11lA or a

position as shown in Fig. 11

tn

r. a condition

| il bet 5 L5 LAt g e Ui, & P

second

Dy a switch 33 actuated by

the projection 32 and a control 34. When the switch 33 is

depressed by the projecticn 32, the change-over

valve

takes the second position so that the vacuum chamber is

discommunicated from the evacuation system and the cutsige

air is allowed to lezk into the vacuum chamber through the

valve thereby to increase the pressure in the vacuum

chambar 11 as shown in Fig. 11B. When the projection 32

is separated from the switch 33, the change-over valve

takes the first position sc that the vacuum chamber 11 is

communiceted with the evacuation system thereby
the vacuum chamber as shown in Fig. 11A.

The bonding tool 7 stops in the upper
position during a time interval when the vacuum

having the through-holes 13 of the flat plate 5

evacuating

stand-by
chamber

on which

the bumps are sucked is set at the bonding position and

the bumps are aligned with the leads 2 of the TAB tape.

Accordingly, the change-cver valve 31 is at the

first

pesition so that the vacuum chamber 11 is communicated to

the evacuztion system 40 (Fig. 11A). When the bonding

tool 17 is lowered to commence the bonding step,

the



t hrough- hol es are cl osed, the suction force per bunp s reduced to about
0.1 gf. Even if the additional through- hole remains opened, no difficulty
occurs in the operation for sucking the bunps on the 200 through-holes.

It is understood fromthe foregoing that_there is a possibility that sone

/ —

bunmps w Il be separated from the |eads “'oOnce bonded thereto if the TAB tape
is forcedly renmoved while the space below the rear side of the flat plate
is |eft evaBbaie@taffer befdvigeche blis TP mef $adiongner HePt é7avoi d
this separation, it is effective to redyce the vacuum degree at the rear

si de of thea?FaE“eBIaﬁg Fﬁﬁ%&ﬁagélf“pﬁ%%tttp%uﬁ&ﬁﬁﬁﬁif%ﬁ‘th%*TﬁB&fape
after conpleflion,Qf tr ferring of th L dop.one frame or .
alternativekykfg ﬁ%nfé%gﬁaﬁfsﬁdrggiﬁciﬁé' Tain%I%.Eﬁﬁﬁ éf%§b§é005n1chanber

and | eave i§&:9pSARMNALalt@@St ofn e MACUIR ASYr €8st Sn PO NEREHEGR the
When a condition which provides greater deforma- ~tion of the bunps is

adopt ed on bendivyg, 4ot aing WSefullt aheovdpt YedndhoiLeatOit he HupPsseo as to

forcibly separate t he bunps fromthe through-holes by positively

I ncreasi ng therseby to introduce atmospheric pressure into the vacuum
chamber 11 (Fig. 11B). The TAB tape having the leads 3 to
which the bumps are transferred is separated from the flat
plate 5 by lowering the vacuum chamber 11 before the time
when the bonding tool is lifted up agein thereby to cause
the change-over valve 31 to take the first position for
commencing evacuation of the vacuum chamber 11. 1In this
embodiment, 2ll of the 200 bumps are reliably traensferred

to the leads, resulting in an excellent bonding.

EMBODIMENT 5

In the previous embodiment 4, one of the inlets
¢f the change-over valve 31 is connected via an electro-
magnetic valve 46 to a pipe from a nitrogen gé&s cylinder
51 in which the gas pressure is adjusted to provide an
output pressure of 0.5 atm as shown in Fig. 12&. The
electromagnetic valve 46 is automatically actuated by a
control 34 which receives a signal from a switch 33. The
control 34 is preset in such a manner that the electro-
magnetic valve 46 is energized for introducing nitrogen
from the cylinder 51 into the chamber 11 at two seconds
after the change-over valve 31 is actuated by lowering of

the bonding toocl. When the projection 32 1is separated



the pressure in the vacuum chanber to a value higher than the atnobspheric
pressure in addition to introducing air into the chanber. This wll
achieve a nore reliable separation of the TAB tape fromthe flat plane.
Since this nmethod of increasing the inner pressure in the chanber each
time when the transfer of the bunps to oife ~frame of the TAB tape is
conpleted nmay al so provide an effect that deposition gradually piles up on
the flat pEavte aheuadmt bé theosgh-tiodl &3 dan bef tlreandt: hdndimet hodl,is
advant ageous for mass production. When a swi tching operation of a
change- over bogll ¢& theacparhebev@dery altve \dak (R clhishirelre & dfe exahbist
systemis interlinked with the periodical operation of the tool and the
like of theYBoH&i A§ &E&prRRUERESaltov&ne erft] Thett hrivtess °2F bifpthfanst er
can be realkéed as a_ mpre reli.gbl.e and efficient process. Fi ve
embodi ment s“ 15t KFGUGH 5PBESES dn tfe SVASRAS:FreritI oritd concept will be
described with refereqes b8 Lhe dr 3w ngs.s oo REQDIVENG

1
: . I b
shown in Fig. 8 a vacuum Chanber which is "~ evacuate byeé vacuum

exhaust sysggQr4@pka.di gResedna0nohliatng tede POSId oned hel ov g bopdi ng
tool. The upper

position, the change-over valve 31 is in such & position

As

that the vacuum chamber 11 is communicated with the
evacuation system 40 and the electro-magnetic valve 46 is
kept closed. When the bonding tool 17 is lowered so that
the projection 32 actuates the switch 33, the change-cver
switch 31 is actuated so that the vacuum chamber 1l is
disconnected frcm the evacuation system 40 and connected
with the nitrogen gas cylinder 51. At this stage,
however, since the electrc-magnetic valve 46 disconnects
the nitrogen gas cylinder 51 from the valve 31, an almost
vacuum condition is maintained in the vacuum chamber 11.
The bonding tool which is heated at 400°C is continuedly
lowered during this period of time until it applies an
average pressure of 15 gf to each lead for only 0.5 secondé
so that a pressure bonding of the leads to the bumps is
performed. Then, the bonding tool is moved upward.

The electro-magnetic valve 46 is operated to
communicate the vacuum chamber with the nitrogen cylinder
in response to a signal produced from the control 44 by
the upward movement of the bonding tool so that the
pressure in the vacuum chamber 11 is increased. The leads

which are bonded to the bumps are lifted up smoocthly so



portion of the vacuum chanber 11 is
formed with through-holes 13 in posi
A change-over valve 30 is

di sposed between the vacuum chanber
that air is selectively introduced
shows that air is evacuated fromthe
val ve 30 andhehathebOdBs t4 par &€ asuciee
plate by the suction force. The re
TAB t ape WhPER1{t30& -| afingdt-e tofe JaGidd
film2, the vacuum chanber 11 on_ wh
bondi ng t oofE73caf*be £ fprecisselffado
mechani sm ( not
60 [err] mifA-8Pa
TAB tape haying. 200 |ea each havin
Wen a presgﬁﬁgsrgraﬁglgéf %ﬁgWStH€

the bondi ng,t gl ,WRicGh J;$ heal.edier

When balls each having

used in the abcve-mentioned embodiments,

made of a flat plate 5 which are

tions at which bunps are to be sucked.

22 -

11 and the vacuum exhaust system 40 so

i nt % he chanber 11. Fig. 8A
vacuum chanber 11 via the change-over

detouthedt hoothh- hok esadf prheetl at

| ative positional relations anong a

Fas eds coppencetehrsodealdamepsbyi mi de

I ch bunps 4 are arranged and the

eI B BaC TS nBaRsLBf “88paseAnge 2

Egomn). Each of the through-holes 13 in the flat plate is
tER9: Gt ball SUF Fo TeRP§in aF BEUSBETAS1CBufps and a

f 60

blbgpg?n

 dt d.
Fethus i 38r L FeRERbg FaudPi ng

& diameter of 80 um are

the through-~holes

of the flat plate 5 serving as a bump arranging subsitrate

should be formed with a small diameter of about 60 um.

Since it is very difficult

through-holes in a thicker

be relatively thinner.

ness of the substrate exceseds 30 um,

-----

holes each being A0 um in diameter.

flat plate is useqd,

3=
It

to precisely form such small

substrate, the substrate must

is found that when the thick-
it is very
ultiplicity

a m

nowaver,

the plate could be defcrmed in such a

manner that the peripherzl edges ¢f the through-holes are

bent to form recesses due to repeated heating and appli-

cation of pressure by the bonding tool in the step of

transferring of the bumps to the TAB tape.

There is a

problem that such a deformation of the substrate causes

different heights of the

arranged bumps so that an

excellent bump arrangement cannot be formed.

In order to overcome the above-mentioned

problem,

a porous and air-permeable intermecdiazte plate 54

of ceramics is interposed between a bump arranging



to 450[err] C, bondi ng between each lead 3 and bunp 4 is "perforned (Fig.
9B). Then, the pressure in the vacuum chanber is increased to an '
at nospheri c pressure by operating the change-over valve 30 as shown in
Fig. 8C. Then the bunps 4 are separated fromthe through-holes 13 and are
conpletely transferred to the leads 3 (Fi¥f. 8D). Transferring of the bunps
to one frame of the TAB tape is conpleted by the above-nentioned steps.
Accor di ngl y, s¢petroheubnivbharbdrs FP imedewddinateed laged Ity Ot dnght he
change-over valve 30 to return to the bunp suction ‘ste’p for repeating the
next cycl e. holes 13 and a vacuum suction chambexz 1l for reinfoyppgt he

tape i s renoyved byblgmering the vacyum_.champer, 11 wﬁjle t he ygpuun1chgnber
11 is contintedl YIPETLEEEL 8§ WiRPHEUE Topefat ity he tHde- WS vasve 3D
after conplgtjo f nding step in,the above-nentioned pracess sone of
t he bonded bﬁﬁn%sgﬁgﬁgggbgnggb‘;t?gtnéd fﬁhc?mvt%é“‘\"bfd‘sﬁ‘ff%oc Ohe‘rm})e than

e o oogn i SEEERE, Ukt ARSI M PeL LR MO e
present embogh ABakSQibhat gver rdt Rl a8l LTS 11 is

provided with groove—liké opening 57 on the side facing to

the through-holes 23 of the substrate as shcwn in the

sectional view of Fig. 14. 1In the case of the substrate

being 30 pum in thickness and the through-holes being 60

pm in diameter, an excellent result is obtained when the

width A of the groove-like opening is 1 mm and the

thickness B ¢f the porous intermediate plate of ceramics

is 1.0 mm.

An embcdéiment in which the polygcnal vacuum
suction chamber of Fig. 4 is provided with the porous
intermediate plate 54 cimilar to that cf Fig. 14 is shown
in Fig. 15. The embodiment of Fig. 15 is identical with
the embodiment of Fig. 4 in structure and operation except
that the porous intermediate plate 54 is provided.

The porous intermediate plate may be made of
porous aglass, porous metal, other than ceramics. It is
not necessary to make the entire of the intermediate plate
porous. A porous plate which is formed with small holes
at a portion facing to the through-holes of the substrate
may be used.

The substrate is reinforced by provision of a

porous plate in the bump arranging apparatus in this



- can be conduct ed. It is confirnmed that no problem occurs even:if
the timng at which air is introduced into the vacuum chanber 11 is varied
over a wide range. Even when an air is introduced into the vacuum chanber
by operating the change-over valve 30 gt a step of Fig. 8A that is prior
to a step at which the bonding tool is |owered after al i gnnment of the

bu'n-ps n On%) &h({\g‘lilgh 90£§S‘-138§A‘ %EDTS?%at chse are h%i[’?t ereiurms ;

whi ch have been once arranged I"at pIate nd al

burmps - are 14 st er 5 eg:£0:REDREOROTHL! BBRIng Nrd eadsnaldr o Q) her vor ds,

timng of operating t ange over valve i s not critical anrd may be at
any time dtaéngrra@twhersyathebghggerw@ AR terend St sYERAT alRd xaé‘éeegséﬂsfnd' ng

and after alignnment of the arranged bunps with the TAB tape is conpleted.
EMBODI MENT 2round the thAblLbAv@Blag ARRENIt WroMY &b ithdthersarunase 4 hat
cf times by which the substrate can be used repeatedly is
remarkably increased.
Since use of the porous plate 54 enhances
heat-insulating properties, the leakage of heat of the
bonding tool to the vacuum suction portion 11 is greatly
reduced so that transfer and bonding of the bumps can be
performed very stably and efficiently.
A further embodiment of a bump arranging

eapparatus is shown in Fig. 16. The bump arranging

substrate is made of two nickel substrates 5z and Sb. The

3

[od
n3
'l L]

o - . o~ < - .- i -~ E = >
‘er substrate Sz 13z formed with the thecugh-heles 13

€

[$4)

ch having a céiameter slightly larger than that of the
bump at positions in which the bumps are to be arrangegd.
The lower substrate 5b is formed with through-holes each
having a diameter slightly smaller than that of the bump
in alignment with the through-holes of the upper substrate
5a. For example, for the bumps of 80 um, the thickness
A of the upper substrate 5z is 60 um, the diameter C of
the through-holes 13a is 100 um, the thickness B of the
lower substrate 5b is 30 pm and the diameter D of the
through-holes 13b is 60 um. Forming the through-holes
stepwise in such a manner can prevent a defective bump
arrangement such that two bumps are trapped in one

through-hole and/or a bump which has been sucked once is



of the enbodinent 1 is used, a change-over valve is not disposed between

t he vacuum chanber 11 and the vacuum exhaust system 40 and in stead of
that a nornally opened small hole 28 is formed to the vacuum chanber 11

di sposed at the rear side of a flat plate 5 having through-holes 13. The
di ameter of the through-holes 13 on the fFar plate is 60 [err]m gold
balls of 80 [err]mare used as bunps and a TAB tape having 200 | eads each
havi ng a w dtgnofedoirorr then Pz useld-Be kel Ayl yitsathenenbodi nent 1.

Fig. 9A shows a step at which the TAB tape haV|ng the leads 3 forned on a
polyinmde film2is dT%%os%@s%@l%&VatB%nﬁFﬁﬁetéélOIYtéﬁtérrPHth@@ﬁ§ 4 are
sucked upon Lhe Ihro les_13 of the l,late 5, and ali nnent

bet ween t he 1%ads® 3 %hFﬁ bﬁhb§r4tﬁgn g eBedE” “&HPaPlgﬁ Re tnechani sm

(not shown) . t g he I 8.1s ed, si,.ze bunps 4 are
sucked in the ﬁ%ﬁ%ﬁ?n%%%of he %h?%ﬁg oFés I 1ﬁqulat pI&P %
%%%%” gebggghn

Wi t hout causj/t ny, ble a The . perforned
at a pressuﬁggr? fﬁﬂéﬁ peflfe%dvbyglgae Rngifﬁ 5ond tooqu‘}e which is

heated to 450{erp&sase Sba¥BaiReki g + 1B CIQ%@+etrh§é) ke%d %Qol'u IS es

returned to an original stand-by position the ea ter the
TAB tape is sepaiatgdebyraboweiing thgg¥aseumochanien _iln ang,lal e the bunps

are transferred to the |eads of the tape as shown in Fig
through-~holes 13b play a role of sucking bumps into the
through-hcles 13z under a suction force, it will suffice
to form the through-holes 13b smaller than the size of the
bumps. The upper substrate 5a is formed in such a manner
that a bump trapped in the through-hole 13a projects
partially abeove the surface c¢f the substrate 1i2a. The
bump is projected above the upper surface of the substrate
$ Ly about 7 pm in the present embodiment arnd it is
generally preferable that the projection height is nct
larger than a half of the bump diameter.

An effect similar to that of the use of two bump
arranging substrates Sa and 5b can be obtained by forming
the through-holes 13 stepwise in one bump arranging
substrate as shown in Fig. 17. The through-holes may be
formed in the reversed conical shape.

When the bumps are supplied to the bump
arranging substrate, the bumps which are triboelectrically
charged may be attracted with each other and a plurality
of bumps may be collected in one through-hole and/or be

attracted to positions other than the through-holes. . An

embodiment to prevent this is illustrated in Fig. 18. In



The next bunps- are sucked to the through-holes 13 of the flat plate 5
after advancing the TAB by one frame. The process is thus returned to the
step of Fig. 9A _ - 25 - EMBODI MENT 3

A pressure increasing nmechanismis incorporated into the apparatus of the
enbodiment 1 to provide an arrangenment shown in Fig. |10A A reference
nunber 50 denotes a pressurized air cylinder of which an outlet pressure
i's adjusted ] q 0.5.atmand a {efegepge Euneraj 45R;d$n§tes g val ve for
openi ng and " OsiTYPH PaEEaget Bt PhFedstirtL2dt AF PA12TRE Ei5ds 180 RePst

pl ate 5, thQQQgg- 0l es s.4 and_T e.are_all sane.as those of
the enbodi nént” 5.0" e ggéér%(g?aﬁbﬁd??%ﬁ%%ggé?éﬁ of ealslggjg“%rr%nt‘obé? en
the bunps and e, TABst | eads- (Fl gy, 9A) 4 O nstep.0k . hondi of the
bunps to thzsuﬁ)ega‘jc}gatbé;\%l o%ﬁ‘l?lﬁa\tﬁegbgn%fﬁ?oﬁo%%gl?ﬁ%g. I"0B) CP‘s i Egﬁ‘fﬁl cal

W th that ofsudigembodi naidn dn : Fouevetioch hei bgat bRgstepBeratues ket he
bondi ng tool is 420[err]C and the bonding pressure is 15 gf per |ead.

bumps to be electrically neutrized by discharging
electricities in the ionized gases since the bumps are
transferred through ionized atmosphere to the substrate
5. Mutual attraction of the bumps is avoided so that
collection of plurality of pumps in one through-hole is
prevented. For example, an ion cun manufactured by Shimco
Japan Kabushiki Kaisha may be used as the ion generator.
Alternatively, an air injected £from a compressor is
ionized and generated ions may be blown upon the bumps.

Fig. 19 is a view showing a further embodiment
2. The bumps 4 zrz

in which ion bezms are irradiat

[81]
(g

dropped upon an inclined substrate 120 from a bump supply
80 so that the bumps 4 rolls on the substrate 120.
Ionized gas is blown to the falling bumps from an ion
blower 300 (Model A300 manufactured by Shimco Japan
Kabushiki Kaisha). Since there is no mutuzl attraction
among bumps in this case, a substrate which is formed at
the bump arranging positions with recesses 130 each having
a diameter slightly larger than that of bump traps the
bumps in the recesses as shown in Figs. 20& and 20B so
that an individual bump can be readily arrzenged in each
recess without evacuation at the opposite side of the

substrate.



Wen, - the bonding tool begins to |lift up for returning to the stand-by
position, the change-over valve 30 is operated sinmultaneously to close a
passage between the vacuum chanber 11 and the suction system 40 and

communi - cate the pressurized air cylinder 50 with the vacuum chanber 11
(Fig. 10C). Subsequently, the valve 45 £ér - pressurized air is opened so
that air is introduced in the vacuum chanber 11. In this case,

the TAB tape is forciBl JUBBpaFrafBd: "Fr SHOSHE et It & Shdfured dineih ng t he

vacuum chanber 11, while all the bunps are transferred to the | eads of the
t ape. nphrough—ho es or :ecessegpls used gngngwgéﬂqwg@pggoned

A projectiof 321 ovi to the.si.de of .a bonding tool 17 as shown in
Fig. 11A. %Tﬁﬁ%hgggéVereggFVemag 13 E80s Ed 4G L (e Fafifiiitati ng t he

;’gﬁgug‘ ]?ih?g??éct}%c%igcﬁgﬁggaﬁ.ﬂ@%i‘ 9@n§y%k%@e%%eosoearn% [ Qutqmtically to
positiron as shown in Fig. ~l or a second “‘position a5 shown
in Fig. 11B;9ysaré¥ E6Pm33gachvdlie®-B¥i1es in the substrate. Even if
any process is used, formation of round through-hole
having a diameter of 60 pm is a limit of fabrication for
a substrate having a2 practical thickness. It is desired
that these through-holes give no damages to bumps made of
very small size metal spheres.

On the other hand, metal spheres gach having a
smaller diameter are used as bumps in association with
increase in packaging density of semiconductors. For
example, bumps each having a diameter less than 50 um

may

tr

rh

2 Czmanded. Accozdingly, precise fabrication o
through-~holes having a small diameter is demanded for a
bump arranging substrste used for these small bumps. &as
the bumps become smaller in size, the possibility that
small burrs remained at the peripheral edges of the
through-~-holes are obstructive to transferring of the bumps
to the TAB tape becomes larger. Therefore, smoothing the
peripheral edges of the through-holes is strongly demanded
for a bump arranging substrate in addition to forming
small through-holes.

In order to achieve this, it is effective in
formation of the through-holes to reduce the diameter of
the through-holes which are initially formed with a

diameter slightly larger than the desired diameter to a



the projection 32 and a control 34. Wen the switch 33 is depressed by
the projection 32, the change-over valve takes the second position so that
t he vacuum chanber is discommuni cated fromthe evacuati on system and the
outside air is allowed to |eak into the vacuum chanber through the valve
thereby to increase the pressure in the $acuum chanber 11 as shown in Fig.
11B. Wien the projection 32 is separated fromthe swtch 33, the
change- over deslived tdlers ttde Hy rstatpbsg toontse whalst heevacfium ehanben 11
is comunicated with the evacuation systemthereby evacuating the vacuum
chanber as $heRidal Fiigkeliplating methodheapohdi ngetobbr7tbeopdaknnthe
upper stand-by position during a tinme interval when the vacuum chanber
havi ng the through- hol’d$us &Fe t4er ¥¢aiepl af et BeohuiAi BRTapB&NBunps are
sucked is set at the bonding position and the bunps_are aligned wth the
|l eads 2 of CHESTAS %&HeUcHh r%ﬂ%&ﬁitrﬁﬁ%-%%éﬂﬁeggvg?rWﬁPve 31°F€eat t he

LS POST W20 Al LNe, vk shanvers 1,4 oo cRLelLlpathe

evacuation system en Bondi ng
comence the RN ng SI&Rr d¥imeter cn the side where bumps are =~ 27 °

arranged and s smaller diameter on the opposite side where
evacuation is performed, a substrate which is formed, in
order to prevent a plurality of bumps from collecting in
one through-hole, with through-holes having a smaller
diameter on the right side and a larger diameter on the
opposite side and a substrate formed with through-holes
each having a diameter of the intermediate portion smaller

than those on both sides so that both effects are

)
h

[ Sty faal —~ 4
cecmbined. The after-ment

1!

icred plating method mav te

r

effectively used for any type of substrate.

Test S

Bump arranging substrates each having a
thickness of 0.1 mm made of stainless steel are used for
bonding gold bumps on the leads of a TAB tape used for
packaging an IC chip bhaving a total 200 electrodes in 1490
um pitch along peripheral four sides. Two kinds of
arranging substrates z2re used. Each of No. 1l series
substrates 1 is a conventional substrate (as a control)
which is formed with 200 through-holes each having a
diameter of 60 uym in a pattern corresponding to that of

the electrodes cf the chip by the electric discharge



projection 32 provided to the side of the bonding tool 17 actuates the
switch 33 so that the change-over valve 31 takes the first positicn so

- that the vacuum chanber is discomunicated fromthe evacuati on system 40
through the control 40 and sinultaneously conmmuni cated to outside thereby
to introduce atnospheric pressure into-the vacuum chanber 11 (Fig. |IB)
The TAB tape having the leads 3 to which the bunps are transferred is
separ at ed fgomsthetl alf 4Had eedbdyiheoneringsdbaeiacuum ehaghgh-hbikef ore
the tine when the bonding tool is lifted up again thereby to cause the
change- over hegling 3het dnokes idwe 43 risiaposttconvent iceanmendisagaevacuati on
of the vacuum chanber 11. In this enbodinent, all of the 200 bunps are
reliably transferred to the |leads, resulting in an excellent bondi ng.
EMBODI MENT 5 In the previous enbodi nent 4, one of the inlets of
t he change-over valve 31 is connectedt&beanlel ectro- magnetic valve 46 to
a pipe froma nitrogen gas cylinder 51 in which the gas pressure is :
adjusted to provide an output pressure of 0.5 atmas shown in Fig. 12A

The electromagnetic valve 46 is automatically actuated by a control 34
whi ch receives arstghar—f+ema—swteh—33+—Fhe—eontrol—34—s—preset in
such a manner that Jfhejelggtros .o Bump Bonding
diameter rate (%)
1 Substrate 1 80 um 100.0
{control)
2 " " 100.0
3 ! " 89.0
4 " “ 100.0
g ’ 100.0
6 [1] [1] 98 5
7 " " 100.0
8 " " 100.0
9 " 100.0
10 " " 838.5
11 Substrate 2 " 100.0
(with plating)
12 " . 100.0

- cont'd -



magnetic valve 46 is energized for introducing nitrogen fromthe cylinder
51 into the chanber 11 at two seconds after the change-over valve 31 is
actuated by |lowering of the bonding tool. Wen the projection 32 is

separ at ed - 28 - fromthe armof the
switch 33 by lifting the bonding tool, - Bd& h of the change-over valve 31
and the electro-nmagnetic valve 46 are returned to their original positions

so that the vacuum chanber 11 isT&vkuht eficaghi ) Now oper ati on
of this apparatus will be described. Wien the bonding tool 17 is in the
stand- by positi ¢gr—the—ehange—ever—vrat-vel3t—i-s—i-A—suth—a—pesiti-dn t hat

t he vacuum chanber 1} ils conpuni cated with the,,evacuhtip syst em 40 and
t he electro-nagnetlé valve 46 is kept closed. Wen the b ng tool 17 is
| owered so that (the priojection 32actuatgs—the—swtcp—33—the—change- over
switch 31 is actUategd sjo that the vacuum ¢hamber 11 i5 digcpnnegted from
t he evacuation system 40 and connected wijth the nitrpgen gas cylii nder 51.
At this stage, homeveg, SInce the elecirg-nagnetic valve 46 dirsgonnects

the nitrogen gas |[cylsnder 51«fromthe valye 31,« an al postgg. g

16 " " 100.0
17 " " 100.0
18 " " 100.0
139 " " 100.¢C
20 " " 100.0

A TAB tape which is the same as that TEST 5 is
used. After a substrzte made of stainless steel having a
thickness of 0.1 mm is formed with through-holes each
having a diameter of 60 um by the electric discharging
machining process, the substrate is plated with nickel so
that the diameter of each through-hole is reduced to 50
um. Small geld balls each having a diameter of 60 um
ére arranged on the substrate. Primary bonding of the
balls to the leads of 10 frames of the TAB tape 1is
cdnducted. The bonding rate of the primary bonding 1is

100% in all the substrates.



vacuum condi tion is maintained in the vacuum chanber 11. The bondi ng t ool
which is heated at 400[err]C is continuedly |owered during this period of

time until it applies an average pressure of 15 gf to each lead for only
0.5 second so that-a pressure bonding_ofgsthe leads to the bunps is
perfornmed. Then, the bonding tool is noved upward. The

el ectro-magnetic val verdb, | s Opeial £d £0,4ER0MYRLC Eﬁdﬁggcégﬁu%”%‘o%'&%%ber

with the nitrogen cylinder’ Tnh respohse to a signal pro romt

control 44 s tdepdipvadds By efEenth 0f éhécpoaéégglgoe r$9ebPBLtI B ten
pressure in the vacuum chanber 11 is increased. The leads which are bonded

to the bunmpsaarpa dd fusithgip- sobt dtheyys SOF ~he TAB tabBatot heiTABbuape can be
returned to the initial preset position. Then, the TAB tape is advanced by
one frane t@®@addethay itexta f¢aamesor that 10 hempheeesbeeanbbededt andedOt o a
step of Fig. 12A. In such a manner, the operation of transfer of the bunps
to the | ead Stalﬂr?]eﬁﬁjs—ﬂlsﬁ%cttﬁ*ev@damﬁs af vehy BRBj tEeAt AENAésted in

When bal |l s each having a dianeter of 80 [err]mare
No 11 to 20 in TEST 5, to which bumps each having a

diameter of 80 um have besn bonded.

In several cases of the TAB tzpe using the
bumps each having a diameter of 80 pum, short-circuiting
between adjacent leads occurs due to deformation of the
bumps on bonding while no shert-circuiting occurs in the
TAB tape to which bumgs each having a diameter of 60 um
are bonded. This shows that use of the bumps which are

relatively smaller in diar
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high-density-packaged chip naving a specially narrow lead
pitch.

It is confirmed that the substrate of the
present embodiment is effective to provide an arranging
substrate with small through-holes which can be used for

arranging smaller bumps.

3
13
0n
3
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An arranging substrate made of a conductive
ceramics having a thickness of 0.3 mm is used to bond gold
bumps to the leads of the TAB tape used for packaging an

IC chip having total 328 electrodes at 102 um pitch along



.used in the above-nmentioned enbodi nents, the through-holes of the flat
plate 5 serving as a bunp arrangi ng substrate should be forned with a
smal | diameter of about 60 pm Since it is very difficult to precisely
formsuch small through-holes in a thicker substrate, the substrate nust
be relatively thinner. It is found that ®hen the thick- ness of the
substrate exceeds 30 [errln] it is very difficult to precisely forma

mul tiplicityhe perbeigral hbves saéRshei AGe6@ rPANEAndi apbsérateHdwever, i f
athin flat plate is used, the Elate could be deformed in such a_manner
that the perq%ﬁ%@%lweﬁbe%h%ﬁu?ﬁe fﬁPBthhﬁ&Péslérél 1gBRE o “lommitecesses
due to repeated heating and i on of Rressure, by the bondlng t oo

in the step %ﬁec??%miﬁe??Yﬁﬁg%T fﬂepﬁﬁ &0 CRESTAB't APES Thér& vt
probl em t hat_ sg&%lqﬁdffor Qagfﬁ%hg ? ﬁ% %Le oGaUges, dlfgeg%n;{leghts
0

of the arrange unps $0 T at an cel bunp arrang At Scann
f or med. to a cedih WALLQ: OYEHCORP hNG alQvesgREtbened, problem a
porous and air-perneable internedi ate plate ceramics is interposed

between a bwhsF FWi ke the precise electric discharging machining
and then throuch-holes eaéh having & diemeter c¢£ 40 pum
are formed by laser machining at the positions of the
provisional holes. In this case, the provisional holes
each having 100 uym diameter are not isolated from each
other since adjacent holes are overiapped with each other
around the periphery thereof. Kowever, the through-holes
having 40 um diameter are formed on the front side of
the substrate. The two--step methoé of forming throucgh-

. ~ .
AT -~ avmrp mm Yt~ =
S — Sc'.: ~30 uUsz a

ivantagscus wnen it is necs

(l)
1G]

ﬂl

13 &

m

thicker substrate to assure a strength of the substrate
but it is very difficult to directly form through-holes
having 40 um diameter in a thicker substrate having a
thickness of 0.3 mm, for example.

The diameter of holes measured at the front side
of the substrate is reduced to 35 um by plating the
resultant substrate with nicksl. Since the substrate of
electrically conductive ceramics has a tendency that the
surface becomes rough by laser machining in comparison
with the substrate of stainless steel used in TEST 6, it
is useful in that the plating provideé an effect for
reducing the hole diamster as well as an effect for

smoothing the surface around the holes thereby mzking the



substrate 5 which is forned with a plurality of through- holes 13 and a
vacuum sucti on chanber 11 for reinforcing the substrate as shown in Fig.
13 in anot her enbodi nent of the present invention. The vacuum suction
chanber 11 is connected to a suction agggratus (not shown) through an
exhaust pipe 14. The vacuum suction cha 11 is provided with
groove-li ke opening 57 on the side facing to the through-holes 23 of the
substrate asSSRHVAFI the PwBRS i ®®BleTiew of Fig. 14. In the case of the
substrate being 30 [err min thi ckness and the thrqugh oles bei ng 60
[err]min diameter, TP Bt PP RSulf FESELESi REGE ﬁh@ﬁ th8r wedth A of

the groove-like .0p enln i S and_t thickness.B Qr ous
|ate nfét ra.?nlcnmc g ﬁn?g Mege in ?kﬁ eﬁBo

i nt er nedi o"T ce di ment in
whi ch the pgl \; suction c Q k9cmd1h ravidgd Wi th the
porous interme |ate p ate 5 4ys$%1?ar@?§bghgtgo$ ST g?sﬁsh in Fig.

15. The e”bQ%dH“Hc¢ﬁn§qéJcﬂéhé§etd@ﬂtk§akmwh59 athgngggoghnent of Fig. 4
in structure and operation except that the porous internediate plate 54 is

provided. positions W® floreoushimé besedeahenphahg gayibsefedeoaf 35porous
gl ass, porous netal, other than ceramics. It is not necessary to nmake the
entire of thenifimreediatehelslest potousadeAipokbasapbatemahneln bg f or med
with snall holes ,

reducing the pressure in the rear side of the substrate.

Then the bumps thus arranged in ten samples are bonded to

the leads of ten frames of TAB tape, respectively, by

using bonding tool under a condition that the tool tempe-

rature is 520°C and the applied pressure is 20 gf/lead.

The primary bonding rate is 100% £or the 10 samples.

Further, the secondary test is carried out for the ten

- 3 —— e b= R - ~ oS ~ - . TR -
Sempies &s akbcva-meaticnel, Zn each sampie, the leads ¢

'U
th

the bump-bonded TAB tape thus made ars bonded to elec-
trodes of IC chip by using bonding machine under a
condition that the tool temperature is 540°C and the
applied pressure is 60 gf/lead. 1In the secondary test,
the secondary bonding rate.is 100% with no short-

circuiting between adjacent leads.

TEST 8

An arranging substrate made of stainless steel
having a thickness of 0.1 mm is used to bond gold bumps to
the leads of the TAB tape used for packaging an IC chip
having total 328 electrodes at 102 um pitch along the

peripheral four sides, which is similar to that ¢f TEST



at a portion facing to the through-holes of the substrate may be used.

The substrate is reinforced by provision of a porous plate in the bunp
arrangi ng apparatus in this - 31

enbodi ment so that the substrate is considerably strong against a pressure
fromthe bonding tool. Therefore, defors#ation of the substrate and
formation of the recesses around the through-holes hardly occur so that

the nunber 7af tiHeesabyawdiodh $uies stdisé rag er anehewusadstepeatiedl y is

remar kably i ncreased. Since use of the porous plate 54 enhances
heat - i nsul attinrgp uygloperleesyhidte d sakages oée heat thbsthef b@sdi agitool to the
vacuum suction portion 11 is greatly reduced so that transfer and bondi ng
of the bunp$ld@nment perfloriel axrgnamdhy aattefhi ofehbkyelectrodes. A
further enbodi ment of a bunp arranging apparatus is shown in Fig. 16. The
bunp arrangiihgt §dbst§%&%¢4s??ﬁﬁkﬁ%ﬁné%nh%féﬁeﬁa§bb§ﬁﬁéﬂésaSéiamétEb. The
upper substrate Sa is formed wth the through-holes 13 each having a

di aneter sl ioght Q W 3%F 19EPRd it bhetheont side of the substrate

to a2 depth of 30 um by precise electric discharging
machining and the thfough—holes of 40 um diameter are
formed at the positions of the provisional holes by laser
machining. Although it is hard to bore the 70 um thick
substrate with through-holes of 40 um diameter, through-
heles each having excellent roundness is obtained by
rotating the substrate in a plane perpendicular to the
direction of laser light radiation, while a focussed laser
spot beam is repeatedly rediated.

The subsitrzte is coazted by plating with rnickel
until the 40 um diameter of the through-holes is reduced
to 35 um when measured at a depth of 30 pum from the
front side of the substrate. The diameter of the through-
holes measured at the front side of the substrate, which
is originally 50 um, is also reduced to about 45 um.

A Primary bonding test for bonding small gold
balls each having a diameter of 40 um arranged on the
substrate made in the above manner to the leads of the TAB
tape is conducted as follows: ©Small gold balls each
having a diameter of 40 um are sucked by reducing the
pressure in the rear cside of the substrate and dropped in

the holes each having a2 diameter of 45 um at the front



bunmp at positions in which the bunps are to ‘be arranged.. The | ower .
substrate 5b is formed with through-hol es each  having a dianeter slightly
smal l er than that of the bunp in alignment with the through-holes of the
upper substrate 5a. For exanple, for the bunps of 80 pm the thickness A
of the upper substrate 5a is 60 [err]m %he dianeter C of the

t hrough-holes 13a is 100 [err]m the thickness B of the |ower substrate 5b
is 30 [err]&dAdofhéhei aubserabeof tIhe dropeemth-bolks 488 hel80bpm Forni ng
t he through-holes_ stepwi se in such a manner can prevent a defective bunp
ar r angenent S§82ReEhBRE TERE BuRSS hate wim e 1 3meher ¢hr dBgh®hoPé she/or a
bunmp whi ch as been .sucked ance .i renoved_fromthe through-hole

1S 'S 1 €
by vibratiof®"®® and Prov?ﬁéoﬂ&%ﬁﬁwﬂﬂﬁPE?ﬂaEﬁ%ﬁ%terlofatﬁéu?hroﬁéﬁ-hoIe
13a is S"ggﬁg¥tk§E%eﬁst§§%dt c% %&f;ﬁﬁéﬁ%ﬁ%é&%ﬁség Sb%g%¥noge bunp wi |l

enter the through-hole™1 cor _ _ g 80 [err]m
Choneter o §aUEEas ke LRt usRay AP Bie R AATEL RO LIR. o e
t hrough- hol 85,480+ RkaY u® stz Ofu sHEC KNG HWIMPS 4 8L 0 EBBodiment has in

the front side holes each having a diameter slightly

larger than the diameter of small balls, only cne small

ball is allowed to fall in the hole and then trapped by

the step-portion of the hole having 35 um diameter by a

suction force exerted by reducing the pressure in the rear

fo)

side. Even if another small gold ball approaches to the
same hole, suction force is not applied to this ball.
Accordingly, it is possible to prevent a plurality of very

3T

4]

11 gold balls f£rom being cocllected in cne through-hole.

]

Since the diameter cf each hole is 45 pm at a
portion from the front surface of the substrate to its
depth of 30 um which is slightly smaller than the
diameter of the small gold balls, the tops of the small
balls project above the front surface of the substrate by
5 ym when arranged thereon. Therefore, there is no
difficulty in bonding the balls on the substrate to the
leads of the TAB tape.

It is confirmed that the substrate having
stepped through-holes, of which the diameter 1s larger at
its front side than its rear side, is very effective to
treat very small bumps as mentioned-above.

In order to manufacture a TAB tape having leads



t hrough- hol es 13a under a suction force, it wll suffice to formthe

t hrough-holes 13b smaller than the size of the bunps. The upper substrate
5a is formed in such a manner that a bunp trapped in the through-hole 13a
projects partially above the surface of the substrate 12a. The bunp is
proj ected above the upper surface of thegfgubstrate 5 by about 7 [err]min
the present enbodinment and it is generally preferable that the projection
hei ght is ngt.. er, .t al.f, of;: & I i Bl ik

effect sinmi é?’tbgétahgtt (l;);%r} hesra%s*e* 5 “té\}ge%md d%?‘?‘%@i‘ﬁbtgu‘égf?a%%%ga and
5b can be oBtabgediby ikORRERG reldhe of QDo €5, 13 sE8RMLEEcENsRRE bunp
arrangi ng substrate as shown in Fig. 17. The through-holes may be forned
in the revensedicoainqal wehape.is used for Men: hbBethynpsmpgetsuppbki ed to
the bunp arrangi ng substrate, the bunps which are triboelectrically
charged maylbedat bfatched TME tagach @Eyherhansbavpl arabtéiyenef bunps may be
collected in one through-hole and/or be attracted to positions other than
t he t hroughehekébleAto emeddizeemt sthghretenteddpsedstol bastsatiedoin Fig.

18. In
making such an arrangement cf very small metal balls or

spherical bumps which are hithertc very difficult to be
practically used. As a result, it becomes possible to
realize high density packaging which is a feature of TaAB
process by using very small spherical bumps which are
excellent in bonding properties and eliminating a problem
of very small burns on the substrate which prevents smooth
transfer of bumps to the leads of TAB tape thereby

realizing stable primary bonding.

to
b

Further, in the TAEs havincg lzzis &% piltches

18]
[{H
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which have been ccnventionally realized, it is possible to
prevent short-circuiting between adjacent leads in the

secondary bonding for connecting the leads of TAB tape to
the electrodes of IC chip by using smaller spherical bumps

for the TARB tape.



this enbodinent, the bunps 4 are irradiated with ion beans. froman ion
generator 40, when the bunps aré sucked to the substrate 5 of the vacuum
suction chanmber 11 froma bunp supply 15. Such an | jnak “MBP ion
beans causes the bunps to be electricallgg neutri zgﬂ“i“ﬂmgmﬁ\“l
electricities in the ionized gases since the bunps ¢c t nangfefred through

i oni zed atnq;p%gﬁgzto the substrate 5. Miutual attraction of the bunps is

avoi ded so that collection of plurality of punps in one through-hole is

prevented. For exanpl ey aBch8R Q4N BRULACTHIEA by, ShidEo cf]ai)af‘aé‘%’é’?é" ki
Kai sha may be used as the ion generator. ~ Alternatively, an air injected
froma conpresspriksngl @Akzedeard ogenerated i ons may be bl own upon the
bunps. Fig. 19 is a view showi ng a further enbodi nent in which
ion beans are irradiat edepath@ghunptd tare-e drppati apois ard nidédedi tn
substrate 120 froma bunp supply 80 so that the bunps 4 rolls on the
substrate 12bhrotghi-hedegag 139 ,bleawh thevimg faald izw Whuinpgs doesn@ant i on

bl ower 300 (Mbdel A300 manufactured by Shinto Japan Kabushi ki Kaisha).
Since there &slow bheublmgst (40t iton passorigidnatdsrdughthist cess) tosubstrat e
which is fornmed at the bunp arrangi ng positions with recesses 130 each
having a di @ABEEFPORAERE| oI ROFGEd tthaA? tidorst dfurphe riadg he3) of the

TAB tzpe where the bumps are to be bonded;

provisionally arranging the bumps at positions
of the throuch-holes at one side of the substrate by
reducing a pressure in another side of the substrate
opposite to said cne side to suck the bumps in said
through-holes;

disposing the substrate on which the bumps are

crovisicnally arranged and saii TAS tape in such &
positional relaticnship that sasid bumps face to the

bonding positions of the leads of said TAB tape; and
bonding the provisionally arranged bumps to the
leads at the bonding positions.
2. A method according to claim 1 in which said
bonding step is carried out by operating a bonding machine
(17) while said substrate on which said bumps are arranged
and the leads of said TAB tape are disposed in an
operating pcsition of said bonding machine and said
provisionally arranging step is carried out prior to
carrying out said bonding step while disposing said
substrate a2t the operating position of saic¢ bonding

machine.



bunps in the recesses as 'shown in Figs. 20A and 20B so that an individual
bunp can be readily arranged in each Trece W t hout evacuati on

opposite side of the substrate. IJ!MAUWM“!UJ!II JII - 34 -
A bunp arranging substrate which is formed with ecesses

I's used in the afore-nentioned enbodiAead. -Laser machi ni ng,

el ectroform ng, precise electric discharge machi ning processes and the
like are usked for foraimgthiddosghe bdlies to theimubstnakkichveaigfl any
process is used, formation of round through-hole having a dianeter of 60
pmis a |intorfifariemationcéoried subsbyateehaving a practngahathiigkness.
It is desired that these through-holes give no danages to bunps nade of
very smal | sile rétiale sphid esubstrate on withchheadtthermhandrenetrakngpkier es
each having a _smaller dianmeter are used as bunps in association with

i ncrease i n PUCKE ng® Aehs? £ yS v SEMR cbpBBCEEPSC IFgPSedxahpke, obemas -each
having a dianeter less thap 50, pm nay be depanded Accordi ngly, precise
fabri cation 99 HQﬁ%ﬁiﬁPH%fe§chgvPﬁﬁﬁhn%nﬁFFhapénéﬂérSﬁéddéﬁﬁﬁaédoﬂéﬂ—a

ly arranging step is carried out prior to carrying out
s&id bonding step while disposing said substrate at a
remote positidn remote from the operating position of szid
bonding machine, said substrate on which said bumps are

rranged is returned to the operating position of said
bending machine prior to carrying out said bonding step.
4. 2 method accoréding to claim 1 in which szid
substrate is integrally combined as an integrzl unit with
a pressure reducing chamber (1ll1) capable of reducing the

ure in the cther side ¢f said substrate and mecvable

el

e

Ui
n

betwezen a fi

r

position where said suizstrate is located

2
O
1

s
at an operating position of a bonding machine (17) and a
second position where said substrate is remoted from the
operating position of szid bonding machine and in which
said bonding step is carried out by operating the bonding
machine (17) while szid substrate on which said bumps are
arranged and the leads of said TAB tape are disposed at
the operating position of the bonding machine by moQing
said integrai unit to its first position and szid
provisionally arranging step is carrried out prior to
carrying out said bonding step by operating said pressure
reducing machine while moving said integral unit to said

second position.



bu

gmﬁﬁl i

bunp arrangi ng substrate used for these small bunp t he
smal ler in size, the possibility that small burrs reiﬂlﬂﬂﬁu@
peri pheral edges of the through-holes are obstructiv

the bunps to the TAB tape becones | argeg; Therefore, snoothi
peripheral edges of the through-holes is strongly denanded f

arrangi ng supstrate 'nAaggtﬁé@naET?gﬁﬁﬂano §q?EL %UQ%EQ%|%%L

In order to achieve this is e ctive in ornmati on of the

t hrough- hol esn ¢ &g #duggi t hes di apet 851 ef sot fa% tRr Qugh- haligs o g‘ér%fh%ﬂe
initially formed with a diameter slightly larger than the sired “di anet er

t he
a bunp
a

to a position and inoperating posit32r dudesigl edsdioaret-et 2ty o .at i ng
on the walls thereof. A known chem cal nickel plating method can be used
for the platéng. A methddesecaréimnar icet iceaiaf 1t He biiphasrdrgi ng

substrates such as a substrate which is forned, in order to use a thicker
material, wiphoviwiereppedathengghghskey ilkaviamgizd augebydiradeicdmngn t he
si de wher e bunps are arranged and a snaller diameter on the opposite side
wher e pressure in a pressure reducing chamber (1l1) provided to

said other side of said substrate and said method further
comprises the steps of separating saiéd TAB tape after the
bonding step from said pressure reducing chamber and
increasing the pressure in said pressure reducing chamber
at least during the separating step.

7. A method according to claim 1 in which said
provisionally arraznging step is carried cut by reducing a
pressure in a pressure reducing chamber (11) provided to

with a small
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8. A method according to claim 1 in which said
provisionally arranging step is .carried out by reducing a
pressure in a pressure reducing chamber (11) provided to
said other side of said substrate with an intermediate
porous and air-permeable plate (54) therebetween.

9. A method according to claim 1 in which each of
said through-holes has a diameter of a first value
measured at the one side of said substrate and a second
value measured at the other side of said substrate and
different from the first value.

10. A method according to claim 9 in which said

first value is larger than said second value.



evacuation is perforned, a substrate which is for to prevent
a plurality of bunps fromcollecting in one throu mﬂ IE ii!ﬂﬂﬂl” m

t hrough- hol es having a smaller dianeter on the rig rger
diameter on the opposite side and a subgfrate formed with through hol es
each having a dianeter of the internediate portlon smaller than those on
both sides §q that bogp ffeq}s E%é%dlrx”Qyned a&tgﬂ-nentloged pl ati ng
met hod may bé " effectively usedﬁ? any” t o? su frate

Bunp arrangi syhsty atgs; gach Vi N 1 d
st ai nl ess stsg%IS g?e etrjgéﬁ'sjf béc}flod”ng goﬁ%fﬁps on '9 I‘(:a sm 85 2B t ape

used for paglkagi-ng @n d&ﬁu Re NaYI k12 &ple&l 29&) @é?«ﬁécﬁ ogdesh i 95&40 [err]m

pitch along peripheral four sides. Two kinds of arranging substrafes are

used. Each ehraghlhardses 1ubsIIwy) es 1di 5f &r £00VEDIMOPAL s sUPsEpate (as a
control) which is formed with 200 t hrough-hol es each having a dianeter of

60 [err] mi tniaedatt v morirEspondiouy dspdidingftot beeepest tDors of the chip
by the electric discharge
through-hcles of said substrate.
12. A method according to claim 1 in which each of
said through-holes is initially formed with a diameter
larger than a desired diameter and adjusted to the desired
diameter by plating.
13. A method according to claim 1 in which said
provisionally arranging step is carried out in an icnized
atmosphere.
14, An apparatus for arranging bumps in a positional

1 nshiz ¢
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-
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~
- ot
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spording to bonding positions cf leads

~ & = -

a TAB tape, said apperatus comprising:

[¢]
N

2 substrate (5) which is provided with through-
holes (13), each having such a size that the bumps (4) to
be bonded are not allowed to pass, in a positional
relationship corresponding to bonding positions of the
leads (3) of the TAB tape (12); and

pressure reducing means including a pressure
reducing chamber (11) disposed on a rear side of said
substrate opposite to a front side of said substrate on
which the bumps are to be arranged for reducing a pressure
on the rear side to a lower pressure than that on the
front side so that the bumps are sucked to said through-

holes at said front side of said substrate,
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machi ni ng met hod. Each of No. 2 series subst r at es mﬂ’u“ﬂnﬁw lﬂﬂeﬁmﬂ
enbodi nent is formed with through-hol es having r] m by
the precise electric discharge nachlnlng and then coated 'wi th hi ckel by

the chem cal plating method so that the Pnrer di ameter of the

t hr ough- holef Is reduced to 60 [err]m whi.ch is the sane as that of t he
through hol e*®f the subRtRRPBTESUS Ccordl"gBGHdFﬁqlﬁTlﬁheﬂﬂuﬁﬁﬂq t he

| ead f the TAB b db t hes

i nds of SUbSTT LR Sht ChaF R aP (BRnRPEs 2or SB0LErr P A r SS
bunps. The Bengl00e 000l Ehons,oh - Dot Bokbads s af RIS -aLe Spch tJL;%; 4de
tenperature o oo C and the ap Ileé pressure s T

Pri mary bon@énaeoﬁczguiéansé Pheeagh; ofslaeb%tfr %taea %La@Q%AeS rﬁ?ndUCt ed.
The results of the test are shown in Table 1. Primary bondi ng shows

di fferent bongdf ngrs&at esrbat weenst her bg@ugerles of the substrates 1 and 2.
Bunps are not conpletely bonded to | eads in some of No. 1 series of the
substrates 116This is Aneappanatast atbatdihe konped zdke 15t r dppechinn t he

burrs around the through-holes of the substrates 1 and not snoothly

renoved thereéidnfiSschvalupr Dbl éarpevethaacsr ifoseNond? vedniees of t he

substrates 2.
17. An apparatus according to claim 14, in which
said substrate_includes two laminazted plates (5a, 5b)
which are integrally bonded with each other and formed
with short through-holes (13a, 13b), respectively, in
alignment relationship with positions corresponding to the
positions of the through-holes 0f szid substrate, each cf
the short through-holes formed to one of the plates having
& Cizmeter different £rom that of a diamster of each
through-hole formed to the other glate.
18. An apparatus according to claim 17 in which the
diameter of each short through-hole formed to one of the
plates is larger than the diameter of each through-hole
formed to the other plate.
l9. An apparatus according to claim 14, further
comprising an intermediate plate (54) disposed between
said substrate and szid pressure reducing chamber, said
plate being made of a porous material so as to allow an
gir to pass between said pressure reducing chamber and the
front side of sazid substrate.

20. An apparatus according to claim 14 in which each

of szid through-holes is coated by plating to provide a



Very stable prinmary bondi ng i s condUcted ' I s under st ood from

gg%g test that the prinary bonding rate:ol e. the (raﬁlll;“HW"rlmﬁmwmf o

bunps in one frane, is inproved even wh

Table 1

1

100.0
100. 0
100.0

which are reliably bonded to the leads to th

(cont'd) 13 : 100.0
$Aooth slrface thereof. 100.0 15 "
16 " " 100. 0 17
21. 1 8 An apparatus for arranging bumd®0i a positiodsl
20 ' 100. 0

relationship corresponding to bonding pesitizns cf laads
of a TAB tape, said apparatus comprising:

a substrate (5) which is provided with through-
holes (13), each having such a size that the bumps {(4) to
be bonded are not allowed to pass, in a pesitional
relationship corresponding tc bending positions of the
leads (3) of the TAB tape (12);

pressure reducing means including a pressure
reducing chamber (l1) disposed on a rear side of said
substrate opposite to a front side of said substrate on
which the bumps are to be arranged for reducing a pressure
on the rear side to a lower pressure than that on the

through

vl

(¢

froent side so that tha bumss a: ucked to sai

w3
4
[
n

th

noles at said front sids of said substrate, and

means {60, 300) for ionizing an atmosphere
surrounding the bumps when the bumps are sucked to said
through-holes by reducing the pressure on the rear side of
said substrate by said pressure reducing means.
22. " An apparatus for arranging bumps in a positional
relationship corresponding to bonding positions of leads
of a TAB tape, said apparatus comprising:

a substrate (5) which is provided with through-
holes (13), each having such a size that the bumps (4) to
be bonded are not allowed to pass, in a positional

relationship corresponding to bonding positions of the

leads (3) of the TAB tape (12);



TEST 6 A TAB tape which is the sane as t used.
After a substrate made of stainless steel having a mﬂ’;gpﬁ%”’f m mmis
formed with t hrough-hol es each having a di aneter off 60 [er

el ectric discharging machining process,>the substrate is plat ed W t h

ni ckel so that the dianeter of each through hole is reduced to 50 [err]m
Smal | gold balls each phagésigra deduneirns ©€aB6 pnrtlacengr capgedsmret he
substrate. Primary bonding of the balls to the |eads of 10 frames of the
TAB t ape i s regayiurd eghamdde bbhdihispased obn therplﬁkrrar‘siEb@rfdlswgcl s 100%
in all the substrates.

Then, seconé&FfQiﬁﬁﬁrﬁfﬂ?ﬁlh%nﬁ?n@ bEPpE bdrdRdo S TABE Fasévﬁéaé§et@FIC chip

el ectrodes i rried out in ten sanples using ten frames of the TAB tape
to whi ch buffp X é’c‘?ﬁh%ﬁf?% T Dreterabie ﬁﬁe?efi;]:nfﬁ%élb@eﬁ BIFFEF “&nd 10
sanpl es u5|n%t%nfrarres of the TAB tape, Ilstg Nos. 11.to 20 in
TEST 5, to WA ch DUPS eacte havihg & edl%h%?%?rﬁf 86 [érffnPﬁa 8€heen

bonded. front side so that the bumps are sucked to said through-

holes at said front side of said substrate;
means for integrally incorpcrating as an

integrated unit said substrate and szid pressure reducing
chamber and mounting said integrel unit movably between a
suction position where the bumps are cazpable of being
sucked to said thrcugh-holes of said substrate by reducing
the pressure on the rezar side of said substrate by said
pressure reducing means and a bonding pesition where the

bumps arranged on saié substrate are capable c¢f being
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(1)

pe tonding machine (17) for transferring
and bonding the bumps arranged on sai d substrate to the
leads of the TAB tepe when said integral unit is et said
bonding position.

23. An apparatus according to claim 22, in which
said integral unit is rotatably mounted so as to pass said
suction pcsition and said bonding positicn during one
rotation.

24. An apparatus according to claim 23, in which
said integrzl unit is formed into a shape of polygon
rotatable around a center thereof and provided with the

substrates on respective sides of the polygon and the



In several cases of the TAB tape using the nps each havin d| anet er of
80 [err]m short-circuiting between adj acent ﬁmllmlﬂﬂ:lﬂ"ﬂi "m
deformati on of the bunps on bonding while no sh urs in
the TAB tape to which bunps each havi ng: a_di anet er of err] m are
bonded. This shows that use of the bunps which are rel atlvely smal ler in

di ameter gi,ves<hgss 4 Al idy, € sholfsgifeulting JpL( en.a cent | eads
so that a sta%ﬁe “TAgggg%kégf%ﬁacéarb% ad%lééed %%ehp ?’?ﬁeg?tgéﬁlg i s not

a hi gh-densijt yvpackaged- £hip having a specially narrow Lead pitch.
It is confirmed that the substrate of the present enbodinent is effective

to provide23n arrangiang asddss Hiad e—dutg'nrsgmgli ¢ NE@H9H- hol gsuhi ehygan be
used for arranging small’'er bunps. An arrangi ng

substrat e nraede abram@wwnyﬁ:ow:egﬂw ﬂswrv:mg; apd di eknesscof 10adsmmii s
used to bond gold bunps to the |eads of the TAB tape used for packagi ng an
| C chip haviing TéEalt 328 ezt ragesratud 02oferrdimgi tch al ong
& Substrate (5) which is provided with tarcugh-
noles {13), each having such a siz= that the bumps (!) to
be bonded are not allowed to pass, in a pcsitional
relationship corresponding to bonding positions c¢f the
leads (3) cf the TARBR tape (12);
pressure reducing means including a pressure
reducing chamber {(11) &disposad on a rezsar side of said
substrate opposite to a f£ront side ¢f said substrakte on

wnich the kbumps are toe be arranged fcr reducing a pressurs

noles at said front sids of said substrate; and

pressure adjusting means (30; 28; 32, 45, 50;
34, 31; 31, 34, 46, 51) for s=zlectively adjusting thne
pressure on the rear side of said substrate as reduced by
said pressure reducing means to a different pressure at
least equal to or slightly higher than the pressures on the

front side of said substrate.



- 40 - the peripheral four sides. The arranging substrate is fornmed with
st epped through-holes in alignment with the electrodes arranged in
pattern. That is, first, provi- sional holes each having a dianeter of
100 [err]mare formed to a depth of gbogt 450 pmin a rear side of the
substrate by the precise electric di ' nachlnlng and t-hen

t hr ough- hol es each having a di aneter of 40 [err]m are forned by |aser

machi ning at the positions of the provisional holes. . Inthis case, the
provi si onal holes each having 100 [err]mdianeter are not isolated from
each other since adjacent holes are overl apped with each other around the
periphery ther esfeTHoHOWSV @oNDINe tHunMughediol @sos hewings 40 per syim diyanet er
are formed on the front side of the substrate. The two--step nmethod of
form ng through- APHE\TUS adRaNRFOIBIOHEMPE (SIMeDESSEEY faMZUSe a

thi cker substrate to assure a strength of the substrate but it is very
difficult to directly formthrough-holes having 40 pmdi aneter in a

t hi cker substrate having a thickness of 0.3 nm for exanple.

The di aneter of hol es hemstired af thadfngnbugiode toofl eeke Sdbst Tatfe Hape
reduced to 35 pmby plating the resultant substrate with nickel. Since
the substrat@®PriaeectPRcalEyScBRIBELERE L08r AniSESShAStE SNdedEn et t he

provided with through-holes (13), each having a size which
will not allow the pumps (4) to pass therethrough, &t
positions corresponding to bonding positions of the lesads
(3) of the TAB tape (12) where the bumps are to be bondead;
provisionally arranging the bumps at positions of the
through-holes at one side of the substrate by reducing a
pressure in another side of the substrate opposite to said
cne side ther=sof to such the tumps in said through-hcles;
disposing the substrate on which the bumps ars provi-
sionally arranged and said TAB tage in such a positional
relationship that said bumps face to the bonding positions
cf the leads of said TAB tape; and bonding the provi-
sionally arranged bumps to the leads at the bonding
positions and an apparatus for arranging bumps in a
positional relationship corresponding to bonding positions

of leads of a TAB tape.

This Sheet Has Been Repl
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surface becomes rough by |aser machining in conparison wth the substrate
of stainless steel used i.n TEST 6, it is useful in that the plating o
provi des an effect for reducing the hole dianeter as well as an effect for
snoot hi ng the surface around the hol es thereby nmaking the

- 41 - separation of bunps easier. 1/14 A primary bonding test is
performed for ten sanples each using tﬁg substrate nade in the above
manner. I n each sanple, the bunps of small gold balls each having a

di aneter of 45 pmare arranged at positions of through-holes each having a
dianeter of 35 pmformed in the substrate nade in the above manner by
reducing the pressure in the rear side of the substrate. Then the bunps
thus arranged in ten sanples are bonded to the |eads of ten frames of TAB
tape, respectively, by using bonding tool under a condition that the tool
tenpe- rature is 520[err]C and Fnﬂgapp ied pressure is 20 gf/lead. The
primary bonding rate is 100% for'*t 10* sanpl es. Further, the secondary
test is carried out for the ten




‘sanpl es as above-nentioned. In each sanple, the | eads of the bunp-bonded
TAB tape thus made are bonded to elec- trodes of I C chip by using bonding
machi ne under a condition that the tool tenperature is 540[err]C and the
applied pressure is 60 gf/lead. In the secondary test, the secondary
bonding rate is 100%wth no short- Féyﬁgélng bet ween adj acent | eads.

- TEST 8 An arrangi ng substra e of stainless steel having a
- thickness of 0.1 mmis used to bond gold bunps to the |eads of the TAB
tape used for packaging an I1C chip having total 328 el ectrodes at 102

[err]mpitch along the pekipheral four sides, whi ' Ll ar to that of

TEST ?glé éA - 42 - 7.%aé&i ng substrate

is formed with stepped through-holes which are inverse to those of TEST 3

in alignnment mﬁtPE;he arr angement Fttern of the electrodes That is,

first, provisional \Woles each hav'ng a di aneter l Q51are kned in the
reqrs

front side of tﬂgé tTafe or0 de;fféu of 30 pm by e efectric

di schar gi ng d
a0

coooc.»c:‘:": d s

57jfﬂ""'—-“"c 4 b c 14
e
FIG.3A 5




machi ni ng and the through-holes of 40 pmdianmeter are formed at the
positions of the provisional holes by |aser machining. Athough it is hard
to bore the 70 [err]mthick substrate with through-holes of 40 pm

di aneter, through- holes each having excellent roundness is obtained by
rotating the substrate in a plane per@idikular to the direction of |aser
light radiation, while a focussed | aser spot beamis repeatedly radiated.
The substrate is coated by plating with nickel until the 40 [err]m

di anet er of :TF_e Z;'o h-holes is reduced to 35 pmwhen neasured at a depth
of 30 pmfro rl nt side of the subs [ . The di aneter of the

t hrough- hol es neasured at thedront _side of the subsqyrate, which is
originally 50 pm is also reduced peZahQ . /S A primry
bondi ng test for bonding small ' havf ng a di ameter of 40 pm
arranged on the substrate nad X Nenrfe to the | eads of the TAB
tape is conducted as follows;/Small W ach havi ng a di aneter of
40 [err]mare sucked by red Nef g rear side of the
substrate and dropped in the holes each g idmeter of 45 [err]m at
the front 3

@

FIG.5 l
]




- 43 - side of the substrate. The dropped balls are held by stepped
portions each having a diameter of 35 [err]m of the holes and
provisionally secured there. If a usual flat substrate is used for _
arranging such small balls, a plurality of gold balls may be often sucked
to one hole. Since the substrate usedﬁ%? fﬁe present enbodi nent has in

the front side holes each having a dia er 'slightly larger than the

di aneter of small balls, only one small ball is allowed to fall in the
hol e and then trapped by the step-portion of the hole having 35 [err]m
dianeter by a suction force exerted by reducing the pressure in the rear
side. Even if another small gold ball approaches to the sane hole, suction

force is not applied to this ball. Accordingly, it is possible to prevent
a plurality of very small gold balls frombeing collected in one
t hr ough- hol e. Since the diameter of each hole is 45 [err]mat a

portion fromthe front surface of the substrate to its depth of 30 [err]m
which is slightly smaller than the dianeter of the small gold balls, the
tops of the small balls projecg:aﬂs;eéége front surface of the substrate
by 5 [err]mwhen arranged therdon\Jh fore, there is no difficulty in
bonding the balls on the substrate to the |eads of the TAB tape. :




It is confirned that the substrate having stepped through-holes, of which
the dianmeter is larger at its front side than its rear side, is very
effective to treat very small bunps as nenti oned-above. In
order to manufacture a TAB tape having | eads

- 44 - disposed at very small pitches@nd donded with very small  bunps,
it isrequired to provide an arrangenent of small netal balls which is
used for bonding the bunps to the |eads of the TAB tape. By the above
enbodinment, it is possible to realize a substrate adapted to be used for
maki ng such an arrangenent of very small netal balls or spherical bunps
which are hitherto very difficult to be practically used. As aresult, it
beconmes possible to realize high density packaging which is a feature of
TAB process by using very snall spherical bunps which are excellent in
bondi ng properties and elimnating a problem of very small burns on the
substrate which prevents snooth transfer of bunps to the | eads of TAB tape
thereby realizing stable primary bondi ng.

FIG.7




Further, in the TABs having | eads at pitches which have been
conventionally realized, it is possible to prevent short-circuiting

bet ween adj acent leads in the secondary bonding for connecting the |eads
of TAB tape to the electrodes of IC %ﬂ}quy usi ng smal l er spherical bunps
for the TAB tape. CLAI MS: g A nmet hod of bondi ng bunps to
| eads of a TAB tape conprising the steps of: preparing a
substrate (F)J @i ﬁg provided with through-holes (13), each having a

si ze whi ch*ddeS' n |l ow the bunps (4) to pass therethrough, at positions
correspondi ng to bondi ng fposi Ul qQ_%; the leads (3) of the TAB tape where
the bunps are to be bondey; | 1} | provisionally arrangi ng the bunps at
positions of th hr ough- t, one s« de of the substrate by reducing a

pressure in anot her] si stratie opposite to said one sjide to
ughE digggsing the strate
if (2 A

suck the bunps in

on which the bunps? { L
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. provisionally arranged and said TAB tape in such a positional relationship
- that said bunps face to the bonding positions of the |eads of said TAB '
t ape; and bondi ng the provisionally arranged bunps to the |eads
at the bonding positions. 2. A nmet hod according to claim21 in which
said bonding step is carried out by opefatding a bondi ng machine (17)
whi |l e said substrate on which said bunps are arranged and the |eads of
said TAB t re _di sposed in an operating position of said bonding
machi ne anggjdgb_SSqéyisionall arranging step is carried out prior to
carrying out said bonding [$tep i ngisposing said substrate at the
operating position of saio\-onm| 9 chi ne.
- 46 - 3. 3\ A et hod a¢rq&ding:§o claim1 in which said bonding
step is carried out_iby 0O rng_a bondi ng machine (17) while gg%g
substrate on which s ake™—s d and the | eads of saj AB t ape
are di sposed at an @ gtgt- {1LNng (pogi ti of sai d bondi ng machifné and said
provi si onal - < 13 !%
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|y arranging step is carried out prior to carrying out said bonding step
whi | e di sposing said substrate at a renote position rempte fromthe
operating position of said bonding machine, said substrate on which said
bunps are arranged is returned to the operating position of said bonding
machine prior to carrying out said bonding step. 4. A et hod
according to claim1 in which said é irate is integrally conbined as an
integral unit with a pressure reduci g{s arrber (11) capabl e of reducing
the pressure in the other side of said substrate and novable between a
first posigd V\g aid substrate is located at an operating position of
a bondi ng F&Laﬁésn m and a second position where,said substrate is
renoted fromthe operating on of said bon ™ Ddohi ne and i n which
said bonding step is carri ) mperatl ng the ndi ng machine (17)
whil e said substrate on whi nd the | eads of
said TAB tape are “dijspo % ton of the bonding
machi ne by novi ng EH=ERR) | o e i pg§ot| on and,48& d
provi sionally arragdngf ' Arrie [ carryiy
bondi ng step by op ' Ah

Rd presst e —+rb
integral unit to sai 3{5‘/& oﬁ% pgls:)igion. W

E’i

sai d
e noJi ng said
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5. A met hod according to claim4 in which said integral unit is
rotatable so as to pass said operating position and inoperating position
during its one rotation. 6. ~ A nmethod according to claim1 in which
said provisionally arranging step is carried out by reducing a pressure
in a pressure reduci ng chanmber (11) provided to said other side of said
substrate and said nmethod further dES the steps of separating said
TAB tape after the bonding step fronr pressure reduci ng chanber and

i ncreasing the pressure in said pressure reduci ng chanber at |east during
the separating step. 7. A nmet hod according to claim1l in which said
provisionally -arranging step is carr ed out by reducing a pressure in a
pressure reduci ng chanber (11) provided to said other side of said
substrate and fornmed with a sa?LI hglye A(28). 8. A met hod accordi ng
toclaiml1l in which said pro shGiaﬁly rranging step is carried out by
reducing a pressure in a pressure reducing chanber (11) provided to said
ot her side of said substrate with an intermnmedi ate porous and air-perneabl e

pl ate (54) therebetween. Wﬂ]ﬂ
L

Wﬂ\ﬁ i 32 34
- ﬁfﬂm
33
%_f__fbti_—(? 3 ?
A AW {
X I ey — < 7
| <
N\
FIG.1IB
7 3D 134
N 'Tﬁl L LALAAN
f i 33
LN s = 0
r
2
z J
2 5/ 13 13
Al




9. A nethod according to claim1 in which each of said
't hrough-hol es has a dianeter of-a first value neasured at the one side of
said substrate and a second value neasured at the other side of said

substrate and different fromthe first value. 10. A et hod
according to claim9 in which said first value is larger than said second
val ue. - 11, A net hod

according to claim1 in which said gﬁ%ét}éte i ncludes two | am nated pl ates
(5a, 5b) which are integrally bonded with each other and fornmed with short
t hrough-hol es (13a, 13b) of different dianeters, respec- tively, at
positions corresponding to the 4l gnhs, of the through-holes of said
Substrate. 12. A et hod aﬁgz(BLﬁgiz¢6plain1l in which each of said

t hrough-holes is initially formed with a dianmeter |larger than a desired

di aneter and adjusted to the desired dianeter by plating. 13. A
met hod according to cl in which said provisionally arranging step is
carried out in ﬁ%,lonl dilf at noshRer e.
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14. An apparatus for arranging bunps in a positional relationship
correspondi ng to bonding positions of |eads of a TAB tape, said apparatus
conpri si ng: a substrate (5) which is provided with through-

hol es (13), each having such a size that the bunps (4) to be bonded are
not allowed to pass, in a positional relationship corresponding to bonding
positions of the leads (3) of the TAB tape (12); and pressure
reduci ng nmeans including a pressure {rfeducdng chanber (11) disposed on a
rear side of said substrate opposite to a front side of said substrate on
whi ch the bunps are to be arranged for reducing a pressure on the rear
side to a | ower pressure than tg?t t front side so that the bunps are
sucked to said through- holes Légdlf nt side of said substrate.

15. An apparatus according to claim 14, in which each of said

t hr ough- hol es has a dianeter of a flrst v ue measured at the front side
of said substrate and a second val ue red at the rear side of said

substrate and different fromthe J st Wji;j;L/
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16. An apparatus according to claim15, in which said first value is
| arger than said second value. 17. An apparatus according to claim
14, in which said substrate includes two |am nated plates (5a, 5b) which
are integrally bonded with each other and forned wth short through-holes
(I3a, 13b), respectively, in alignment] 2l atg onship with positions
corresponding to the positions of the through-holes of said substrate,
each of the short thﬂﬂgﬂ-? es formed to one of the plates having a
dianeter different ffo a f a dianmeter of each through-hole formed to
the other plate. 18. An apparatus according to claim17 in which the
di aneter of each short through-hole foQgEd to one df3the plates is |arger

than the dianeter of each through-hole 0 the other dle. 19.
An apparatus according to claim 14, furth&s ¢ ‘ gﬁyﬁternediate
’ ! re reducing
S ow an air

pl ate (54) disposed between said subst
chanber, said plate being made of a
to pass between said pressure reduc) :
substrate. 20. An appar at us faccordi ng 3%,
said through-holes is coated by plfating to proviy

(4

FIG.I7




- 50 - snooth surface thereof. 21. An apparatus for arrangi ng bunps
in a positional relationship corresponding to bonding positions of |eads
of a TAB tape, said apparatus conprising: a substrate (5) which
is provided with through- holes (13), each having such a size that the
bumps (4) to be bonded are not allowed to pass, in a positional
relationship corresponding to bending positions of the |eads (3) of the
TAB tape (12); pressure reduci ng neans including a pressure
reduci ng chanber (11) di sposed on a 18y 4 { de of said substrate opposite
to a front side of said substrate on “which the bunps are to be arranged
for reducing a pressure on the rear side to a | ower pressure than that on
the front side so that the bunps are sucked to said through- holes at
said front side of said substrate, and means (60, 300) for

i oni zi ng an atnosphere surroundi ng FhEgSunE when the bunps are sucked to
said through-holes by reducing the *r ar n the rear side of said
substrate by said pressure reduci ng neans. 22. An apparatus for
arrangi ng bunps in a positional
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rel ati onship corresponding to bonding positions of |eads of a TAB tape,
sai d apparatus conpri sing: a substrate (5) which is provided

wi th through- holes (13), each having such a size that the bunps (4) to
be bonded are not allowed to pass, in a positional relationship
corresponding to bonding positions of the |eads (3) of the TAB tape (12);
- 51 - pressure reducing neans including a pressure reducing
chanber (11) disposed on a rear side.ﬁ% zug substrate opposite to a front
side of said substrate on which the ﬁg re to be arranged for reducing
a pressure on the rear side to a | ower pressure than that on the front
side so that the bunps are sucked to said through- holes at said front
side of said substrate; means for integrally incorporating as an
integrated unit said substrate and said pressure reducing chanber and
nounting said integral unit novably between a suction position where the
bunps are capable of being sucked to said through-holes of said substrate
by reducing the pressure on the rear side of said substrate by said
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pressure reduci ng neans and a bondi ng position where the bunps arrangedﬂg%
said substrate are cqpanla.of being transferred and bonded to the | eads of
the TAB taper-_ﬁ %ﬂ- {EF P TAB t ape bondi ng machine (17) for

transferri ngm-' o b et bunps arr andBubstituteashieatub4tMeyamber 1586

| eads of thei{TAB tape m@@ saild integral unit is at sard bonding position.
23. An pd)éﬁ@% éiording to claim22, in which said integral unit
is rotatably unted so_as.tlo|pass said suction position and said bonding
posi tion durigg'one rotation.j 24. ABSTRARTapparatus according to claim
23, in whichl_saldeiil.cgra 4ttit is fornmed into a shape of pol ygon
rotatable around a center thereof and provided with the substrates on
respective sides of the polygon and the pressure reducing
chanber inside of the polygon comon to all the substrates. 25. An

apparat us for arafgaoLEnsy i agees| 29akeabs! 8E SASNIRPEORIGSAGNTI NG Lo
bondi ng positions of |leads of a TAB tape, said apparatus conprising:

APPARATUS FOR ARRANGING BUMPS USED FOR THE SAME

A method of bonding bumps'to lesads of a TAB tape
compri;es the steps of preparing a substrate (5) which is
provided with through-holes (13), each having a size which

"will not allow the bumps (4) to pass therethrough, at
positions corresponding to bonding positions of the leads
(3) of the TAB tape (1l2) where the bumps are to be bonded;

. provisionally-arranging the bumps at positions of the
through-holes at one side of the substrate by reducing a
pressure in another side of the substrate opposite to said
one side thereof to such the Eumps in said through-holes:
.disposing the substrate on which the bumps are provi-
sionally atranged and said TAB tape.in such a positional

- relationship that said bumpé face to.the bonding positions

of the leads of said TAB taée; and bonding the provi-
sionally arranged bumps tec the leads at the bonding
positions and an apparatus for arranging bumps in a
positional relationship corresponding to bonding positions

of leads of a TAB tape.

(Figure 1)
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a substrate (5) which is provided with through- holes (13), each having
such a size that the bunps (4) to be bonded are not allowed to pass, in a
positional relationship corresponding to bonding positions of the |eads
(3) of the TAB tape (12); pr ess SubstiasteaiHeet "R NoveRtddsdi 996 a
pressure reducing chanber (11) disposed ona Tear side of Said —sSubsStTate
opposite to a front side of said substraBé& en which the bunps are to be
arranged for reducing a pressure on the rear side to a |ower pressure than
that on the michbhingdmeshotihat Eabe bEnNs .ane setGkar duhSekseddr ougp-

hol es at said front side of said substrate; and pressure
adj usting nekins §8Osels; edbpddbentOis §4rmad wdth Throtfgh-SHilé9rhaving
sel ectively ag$ysting the pressure on the (ear_side qf sajd substrate as
reduced by addapebesupé Fedudi Ry kbansrecisedieflfeertariic prisschasgat | east
equal to or slightly higher than the pressure on the front side of said
substrate Mmacliining and then coated with nickel by the chemical
plating method so that the inner diameter of the
through-holes is reduced to 60 um, which is the same as
that of the through hole of the substrate 1.
Bonding of the bumps to the leads of the TAB
- tape (primary bonding) is performed by using these two
kinds of substrates and small metal spheres of 80 um
diameter as bumps. The bonding conditions of both kinds
.0of bumps are such that the temperature of the tool is
500°C and the applied pressure is 20 gf/lead. Primary
bonding of 20 frames of each of substrates 1 and 2 is
conducted.
The results of the test are shown in Table 1.
Primary bonding shows different bonding rates between the
two series of the substrates 1 and 2. Bumps are not
completely bonded to leads in some of No. 1 series of the
substrates 1. This is due to a fact that the bumps are
trapped by the burrs around the through-holes of the
substrates 1 and not smoothly removed therefrom. Such a
problem never occur for No. 2 series of the substrates 2.
Very stable primary bonding is conducted.
It is understood from above test that the
primary bonding rate i.e. the ratio of the number of bumps

which are reliably bonded to the leads to the total number

of the bumps in one frame, is improved even when the



