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AND BUWP BCNDING APPARATUS Field of the Invention The ent
invention relates to a bunp bonding nmethod and apparatus that forgﬁcgzg
pratrudi ng. el ectrode on the I C side when constructing a flip- ch|p

sem conductor integrated circuit (hereaffiec referred to as an " ' %8/
Background of the Invention A stud bunp bondi ng net hod that app I'es
conventional |ICrelated wire bonding technique to supersonically join

gol den bunps to those portions of a flip-chip ICin which an electrode is
formed is well known and descri bed kgrewricarioNAn exanple of a-»
conventional bunp bondi ng apparatus that is commonly used is shown in Fig.

4. A gold wire 1 is held by a clanper 2 and penetrates a capillary The
capillary 3 is

BUMP BONDING METHOD AND BUMP BONDING APPAR%L}K{

Field of the Invention

The present invention relates to a bump bonding method
and apparatus that forms a protruding electrode on the IC side
when constructing a flip-chip semiconductor integrated circuit

(hereafter referred to as an "IC").

Background of the Invention

A stud bump bonding method that applies a conventional
IC-related wire bonding technique to supersonically join
golden bumps to those portions of a flip-chip IC in which an
electrode is formed is well known and described below.

An example of a conventional bump bonding apparatus that
is commonly used is shown in Fig. 4. A gold wire 1 is held by
a clamper 2 and penetrates a capillary 3. The capillary 3 is
provided at the tip of a supersonic horn 4 provided on a
supporting frame 5 that can rotatibnally move around the
horizontal axis. When the supporting frame 5 is rotationally
moved by a head vertical driving apparatus 6, the capillary 3
is moved in the vertical direction wvia the supersonic horn 4.
The head vertical driving apparatus 6 comprises a coil motor.
In addition, a supersonic oscillator 7 is provided on the

supersonic horn 4.



provided at the tip of a supersonic horn 4 provided on a supporting frane
5 that can rotationally nove around the horizontal axis. Wen the
supporting frane 5 is rotationally noved by a head vertical driving
apparatus 6, the capillary 3 is noved in the vertical direction via the
supersoni c horn 4. The head vertical dwiging apparatus 6 conprises a coi
notor. |In addition, a supersonic oscillator 7 is provided on the
supersoni ¢ horn 4. - 2- The
supporting franme 5 is provided on a horlzontal noving table 8 that can

nove in the X anghe’ sligpsdtidiy firfdnle G Q8Sprodsbeat BAr ai RofidOitID MG ing
pl ane. Wen the noving table 8 is noved, the capillary 3 noves in the

hori zont al thblket8 dthat rcamawbvie dm, ﬂh@fxrehaeyndﬁeeetlenssthaﬂlem&axenent
detection sensor that detects the vertical displacenent of the supporting
frame 5, arsh¢hethert iigula josiiizomtadfl pllaaecapWhear $he3mosingtbablencdl imsed
on the displacenent of the supporting
moved, the capillary 3 moves in the horizontal direction. 1In
addition, reference numeral 9 is a displacement detection
sensor that detects the vertical displacement of the
supporting frame 5, and the vertical pdsition of the capillary
3 is determined based on the displacement of the supporting
frame 5 detected by the displacement detection sensor 9.
An air tensioner 10 that lifts the gold wire 1 is
provided above the clamper 2. In addition, a heat stage 12
that supports and heats an IC 11 is provided below the
capillary 3. A heater 13 is provided in the heat stage 12. A
spark generating apparatus 14 is provided near the tip of the
gold wire 1 that is inserted through the capillary 3. A
position-recognizing camera apparatus 15 for recognizing the
position of the IC 11 is provided above the heat stage 12.
According to this configuration} the position-recognizing
camera apparatus 15 recognizes the IC 11 on the heat stage 12
for positioning. Then, as shown in Fig. 5a, the spark
generating apparatus 14 applies sparks to the tip of the gold
wire 1 protruding downward from the capillary 3 in order to
form a gold ball 16.
Subsequently, the head vertical driving apparatus 6
lowers the capillary 3, as shown in Fig. 5b. When the gold

ball 16 abuts a portion of the IC 11 in which an electrode is

formed from above, the wvertical displacement of the supporting



frame 5 detected by the displacenent detection sensor 9. An air
tensioner 10 that lifts the gold wire 1 is provided above the clanper 2.
In addition, a heat stage 12 that supports and heats an IC 11 is provided
bel:ow the .capillary 3. A heater 13 is provided in the heat stage 12. A
spark generating apparatus 14 is provided3near the tip of the gold wire 1
that is inserted through the capillary 3. A position-recognizing canera
apparatus 15 for recognizing the position of the IC 11 is provided above
t he heat stage 12. According to this configuration, the

posi ti on-r egogé 25 POwh LEHEi . ddEitid byl thec ddgplacemene détddtdont he heat
stage 12 for positioning. Then, as shown in Fig. 5a, the spark generating

appar at us ldeappti 25 spopksat a idondtigntoivalline ¢gol dllwoir €hé bebdghtidi ng
downward fromthe capillary 3 in order to forma gold ball 16
Subsequent | pesitibomeafl wie téladtmbidey ifiogmimgapatrkdof offokbesI€hilchpibeary
3, as shown in Fig. 5b. Wen the gold ball 16 abuts a portion_of the IC 11
in whi ch andetectedde A spredetauninesinaziovns ofheressureaisdappliedntdt of

t he supporting . _
the capillary 3 to press the gold ball 16 downward, and the

supersonic oscillator 7 oscillates supersonic waves via the
supersonic horn 4 to join the gold ball 16 to the electrode
forming portion of the IC 11. This operation allows a bump
pedestal 17 to be: formed in the electrode forming portion of
the IC 11.

Then, as shown in Fig. 5c¢, the capillary 3 is elevated a
specified amount by the head vertical driving apparatus 6 and
then moved in the horizontal direction a specified amount by:
the movement of the moving table 8, followed by lowering.

Then, as shown in Fig. 5d, the gold wire 1 abuts the bump
pedestal 17 from above. The head vertical driving means is a
VCM (voice coil motor) which allows the displacement detection
sensor 9 to detect displacement while the value of driving
current is measured. The current value increases at the time
of abutment, but there occurs no more displacement. When the
current exceeds a certain value (threshold value), it is so
judged that the gold wire 1 has abutted the bumé pedestal 17,
and displacement at that time is stored. A predetermined
amount of pressure is then applied to the capillary 3 to press
the gold wire 1 downward to join it to the bump pedestal 17.

Then, as shown in Fig. 5e, the capillary 3 is again

elevated a specified amount by the head vertical driving



- 3- frame 5, which is detected by the displacenent detection sensor 9,
stops at a constant value to allow the height position of the el ectrode
form ng portion of the 1C 11 to be detected. A predeterm ned anount of
pressure is applied to the capillary 3 to press the gold ball 16 downward,
and the. supersonic oscillator 7 oscill at@s-supersonic waves via the
supersonic horn 4 to join the gold ball 16 to the electrode formng
portion of the I1C 11. This operation allows a bunp pedestal 17 to be
formed in the electrode formng portion of the IC 11. Then, as shown

in Fig. 5 apperaews!éaryrnd igold @Mzecd as thed ragdeanBynthéyaihe head
vertical driving apparatus 6 and then noved in the horizontal direction a

speci fied apongiomer 1bewinilee irNtisohelllde byDthegclahbers?,f théneleyl by

| oweri ng. Then, as shown in Fig. 5d, the gold wire 1 abuts the bunp

pedest al 17céusimgbthve. jdire: edweenr tthealgodd wimg deand theabumigM (voi ce

coil notor) which allows the displacenent detection sensor 9 to detect

di spl acenerpedestalthe talbe hyjoken tionforsuer drotrudingsgted. byme E§rimnt

val ue increases at the time of abutnment, but there occurs no npre_,

di spl acenenthe\ptectrede forming portion of the IC 11, as shown in Fig.
5f. |

Such a conventional technique has the following problems.-

Fig. 6 shows the stud bump 18 that is normally shaped.
According to the conventional technique, however, in forming
the stud bump 18, if, in the step shown in Fig. 5d, the
position at which the bump pedestal 17 is formed is offset in
a direction that leaves the capillary 3 in the horizontal
direction (that is, to the left of the normal forming position
as shown by imaginary line A in Fig. 7), the position at which
the bump pedestal 17 and gold wire 1 are joined together
becomes lower than the normal position. If the position at
which the bump pedestal 17 is formed is offset in a direction
that approaches the capillary 3 in the horizontal direction
(that is, to the right of the normal forming position as shown
by imaginary line B in Fig. 7), the position at which the bump
pedestal 17 and gold wire 1 are joined together becomes higher
than the normal position.

Thus, if the forming position of the bump pedestal 17 is
offset in the.horizontal direction to vary the height of the
joining position between the bump pedestal 17 and the gold
wire 1, the stud bump 18 may be inappropriately shaped; for

example, it may be destroyed while the gold wire 1 on the stud



current exceeds a certain value (threshold value), it is so judged that
the' gold wire 1 has abutted the bunp pedestal 17, and displacenent at that
time is stored. A predeterm ned anount of pressure is then applied to the
capillary 3 to press the gold wire 1 downward to join it to the bunp

pedest at 17. Then, as shown in Fig 558, the capillary 3 is again
el evated a specified anmount by the head vertical driving
-4- apparatus 6. The gold wire 1 is then raised by the air tensioner 10

while it is held by the clanper 2, thereby causing the joint between the
gold wire lbanf 18esbdepis psgatdidlg ih thebeditieal dirketion psoshowhnin

stud bunp 18 in the electrode formng portion of the IC 11, as shown in

Fig. 5f. Fig. Such whibavehd igolad wisehili que thes sttind bampolBngigeobsens.

Fig. 6 shows the stud bunp 18 that is normally shaped. According to the

convent i onareleased gficom hohe eump ipedestiéilnd7. Such an inappropriate )
shape of the stud bump 18 causes the electrode to be connected
inappropriately, thereby causing an inappropriate IC 11 to be
produced.

In addition, the electrode forming position of the IC 11
and the position of the bump pedestal 17 are detected when the
displacement detected by the displacement detection sensor 9
stops at a constant value. The search time required for
detection, however, is relatively long and two detections
(that is, the detection of the position of the electrode
forming portion of the IC 11 in Fig. 5b and the detection of
the position of the bump pedestal 17 in Fig. 5d) are required
to form a single stud'bump 18, resulting in a long production
tact.

It is an object of this invention to provide a bump
bonding method and apparatus that pfevents bumps from being

shaped inappropriately and that reduces the time required to

form bumps.

Discloéure of the Invention

To achieve this object, the bump bonding method according
to this invention sets the height of the capillary stop
position based on the height of the bump pedestal detected by

the displacement detection apparatus and again lowers the



the stud bunmp 18, if, in the step shown in Fig. 5d, the position at which
the bunp pedestal 17 is forned is offset in a direction that |eaves the
capillary 3 in the horizontal direction (that is, to the left of the
norsmal for# ng position as shown by imaginary line Ain Fig. 7), the
position at which the bunp pedestal 17 -arfd-gold wire 1 are joined together
becones | ower than the normal position. If the position at which the bunp
pedestal 17 is forned is offset in a direction that approaches the
capillary 3 in the horizontal direction (that is, to the right of the

nor mal forncapgipdatryi dowastshelven stnp ipoagitiary HeirghtB tion jeig. the, wike to
position at which the bunp pedestal 17 and gold wire 1 are joined together
becormes hi ghbe bumpnpedeshalial position. Thus, if the formng
position of the bunp pedestal 17 is offset in the horlzontal direction to
vary the hei ght Bhighénveatiemprrrentsburnswdsen heingnshe@sdstal 17 and
the gold w,re 1, the stud bunpp 18 nmay he inappropriately shaped; for
exampl e, |t LAPDEEDELSERLY AAFEAIGIR. The FAMG oo Fach s foam bumps .

"o The bump bonding method according to this invention
comprises forming a ball at the tip of a wire that is inserted
through a capillary, lowering the capillary while ﬁsing a
displacement detection apparatus to detect the vertical
dispiacement of :the capillary, detecting the position of that
portion of a semiconductor integrated circuit in which an
electrode is formed, based on the displacement of the
capillary detected by the displacement detection apparatus
when the ball abuts the semiconductor integrated circuit,
pressing the ball against the electrode forming portion to
form a bump pedestal,'elevating the capillary a specified
amount while moving it in the horizontal direction a specified
amount, setting the height of a position at which the
capillary is stopped based on the height of the bump pedestal
detected by the displacement detection apparatus, again
lowering the capillary down to the stop position height to
join the wire to the bump pedestal, again elevating the
capillary a specified amount, and then lifting the wire to
break the joint between the bump pedestal and the wire to form
a bump in the electrode forming portion of the semiconductor
integrated circuit.

According to this method, the height of the capillary

stop position is set based on the detected height of the bump



bunp 18 side is standing in the vertical direction as shown in Fig. 8 or
while the gold wire 1 on the stud bunp 18 side is released fromthe bunp
pedestal 17. Such an inappropriate shape of the stud bunp 18 causes the
el ectrode to be connected inappropriately, thereby causing an

I nappropriate IC 11 to be produced. = 7 kn addition, the el ectrode
formng position of the IC 11 and the position of the bunp pedestal 17 are
detected when the displacenent detected by the displacenent detection
sensor 9 stops at a constant value. The search tinme required for

det ection, pedRstal, iso rdieatwine andotheabdmpwpedesteli ane joined is, the
detection of the position of the el ectrode formng portion of the IC 11 in
Fi g. 5b andte$rthrx hasesh f thenhedgbtt p§ntbe bHapbRAgeptadst aThiy in Fig.
5d) are required to forma single stud hu resuylting in a,lon

product i on SeBEguration precl SOGPGCPeéﬁgghég’FH?eﬂP&Bﬁ PBsﬁFBQng a bunp
bondi g et eo2ng SRRk Ak L R0UTRE (R URkDtngSHRES dnen
the forming position of the bump pedestal is offset in the
horizontal direction, thereby preventing bumps from being
inappropriately formed.

In addition, during the second lowering of the capillary,
the conventional technique uses a displacement detection
sensor to detect the position of the bump pedestal, whereas
this invention does not require this detection. Accordingly,
although the conventional technique requires two detections
(that is, the detection of the position of the electrode
forming portion of the semiconductor integrated circuit and

" the detection of the position of the bump pedestal) to form a
single stud bump, this invention requires only a single
detection (only the detection of the electrode forming
position of the semiconductor integrated circuit), thereby
reducing the time required to form bumps.

Another bump bonding method according to this invention
compri;es determining the variation of the surface height
position of a semiconductor integrated circuit, forming a ball
at the tip of a wire that is inserﬁed through a capillary,
lowering the capillary while using a displacement detection
apparatus to detect the vertical displacement of the
capillary, measuring beforehand the vertical distance between

the ball and the position of that portion of a semiconductor



Di scl osure of the Invention To achieve this object, the bunp bondi ng
met’hod according to this invention sets the height of the capillary stop
position based on the height of the bunp pedestal detected by the

di spl acenent detection apparatus and again | owers the

- 6- ‘capillary down to the stop posit+o8 Reight to join the wire to the
bunp pedestal . This invention prevents bunps from bei ng shaped
i nappropriately and reduces the tinme required to form bunps. The bunp

bondi ng nethod according to this invention conprises formng a ball at the
tip of a wirtddrated dirsarittedn whichghnaetepttodeyis| Howemedyg hdsedan |l ary
whil e using a displacenent detection apparatus to detect the verti cal
di spl acenerthefdisplacemdntaof, thet cepibdariedevectednbyfthedisplaasmantof a
sem conductor integrated circuit in which an electrode is forned, based on
t he disp|ad@gﬁgqt¥gntqpparatus when the ball abuts the semiconductor
integrated circuit, lowering the capillary over the above
vertical distance plus the variation of the surface height of
the semiconductor integrated circuit, pressing the ball
against the electrode forming portion to form a bump pedestal,
while determining the height of the bump pedestal based on the
displacement of the capillary detected by the displacement
detection apparatus, elévating the capillary a specified
amount while moving it in the horizontal direction a specified
amount, setting the height of a position at which the
capillary is stopped based on the height of the bump pedestal,
again lowering the capillary down to the stop position height
to join the wire to the bump pedestal, again elevating the
capillary a specified amount, and then lifting the wire to-
break the joint between the bump pedestal and the wire to form
a bump in the electrode forming portion of the semiconductor
integrated circuit.
According to this method, the height of the capillary
stop position is set based on the height of the bump pedestalf
so the wire and the bump pedestal are joined together based on
the height of the bump pedestal. This configuration precludes
the height of the joint position between the bump pedestal and
the wire from varying even when the forming position of the

bump pedestal is offset in the horizontal direction, thereby

preventing bumps from being inappropriately.formed.



capillary detected by the displacenent detection apparatus when the bal
abuts the sem conductor integrated circuit, pressing the ball against the
el ectrode formng portion to forma bunp pedestal, elevating the capillary
a specified anount while noving it in the horizontal direction a specified
anount ,* setting the height of a positior @t -which the capillary is stopped
based on the height of the bunp pedestal detected by the displacenent
detection apparatus, again lowering the capillary down to the stop
position height to join the wire to the bunp pedestal, again elevating the
capi l l ary a specririitesforsg)l thikd melttidd niclasngeishbefbrehand bheakettibcabi nt
bet ween the bunp pedestal and the wire to form a bunp in the el ectrode
form ng pordistamnde tetwssmn aded balldr anidntthegr efledtrodeuiforming poxtion dbfig
to this nethod, the height of the capillary stop position is set based on
t he det ect echénesemicanidudkobumtegrated circuit, so the capillary must be.-

pedestal, so the wire and the bunp pedestal are joined
at first lowered only over a distance obtained by adding the
variation of surface height plus the above vertical distance.
Thus, the operation time is reduced by the amount of the
search time required for detection compared to the method of
determining that the stop position is reached wheﬁ the amount
of displacement=de£ected'by the displacement detection
apparatus becomes constant.

A bump bonding apparatus according to this invention
comprises a capillary through which a wire can be inserted; a
ball forming means for forming a ball at the tip of the wire
inserted through the capillary; an elevating apparatus for
.elevating and lowering the capillary; a moving apparatus for
moving the capillary in the horizontal direction; a supporting
member for supporting a semiconductor integrated circuit below
the capillary; a joining means for joining the ball to that
portion of the semiconductor integrated circuit in which an
electrode is formed; a wire lifting apparatus for lifting the
wire; a surface height position detecting apparatus for
detecting the surface height position of the semiconductor
integrated circuit supported on the supporting member; and a
displacement detection apparatus for detecting the vertical
displacement of the capillary.

According to this apparatus, the surface height position

detection apparatus determines the variation of the surface



t oget her based on the height of the bunp pedestal. This configuration
precl udes the height of the joint position between the bunp pedestal and
the wire fromvaryi-ng even when the form ng position of the bunp pedestal
is.offset in the horizontal direction, thereby preventing bunps from being
| nappropriately forned. In additiomoduring the second | owering of
the capillary, the conventional techni que uses a di splacement detection
sensor to detect the position of the bunp pedestal, whereas this invention
does not require this detection. Accordingly, although the conventi onal

t echni que rﬁeygn@s?émﬁ% et itHeS senlildhdustokhendeyeaté@ncifcibe, petse tion
of the el ectrode ormng portion of the sem conductor integrated circuit

and the depglli porming heedisifioraiz @f bale Bdmehpedept af)the wiren aandi ngl e
stud bunp, this invention requires only a single detection (only the

det ecti on othéhelevatingdepgaratusy lowesist ithe chptihdasgni cTheuct the
integrated circuit), thereby reducing the time required to_form bunps.
Anot her bungisphacememetdatbctvion dppgrasushdetestenthenvesbiprl ses
determning the variation of the surface height position of a

sem conduct 8isphaegrent O£ itheiiqapildemyng andohrsedapnt khe AhsBiagem#Rte ( hat
Is inserted through a capillary, . ,
: of the capillary detected by the displacement detection

apparatus when the ball abuts the semiconductor integrated
circuit, the vertical distance between the ball and the
electrode forming: portion of the semiconductor integrated
circuit is measured beforehand.

Subsequently, the elevating apparatus lowers the
capillary over the above vertical distance plus the variation
of the surface height of the semiconductor integrated circuit
in order to press the ball against the electrode foimiﬁg
portion, and the joining means joins them together to form a
bump pedestal. In this case, the height of the bump pedestal
is determined based on the displacement of the capillary
detected by the displacement detection apparatus, and the
elevating apparatus elevates the'capillary a specified amount
while the moving apparatus moves it in the horizontal
direction a specified amount. The height of the capillary
stop posiﬁion is set based on the height of the bump pedestal,
and the elevating apparatus again lowers the capillary down to
the stop position height to join the wire to the bump
pedestal. After the elevating apparatus again lifts the
capillary a specified amount, the wire lifting apparatus lifts

the wire to break the joint between the bump pedestal and tbe



| owering the capillary while using a displacenent detection apparatus to
det'ect the vertical displacenent of the capillary, measuring beforehand
the vertical distance between the ball and the position of that portion of
a sem conduct or - 8- I nt egrated
circuit-in which an electrode is forned. lpased on the displacenent of the
capillary detected by the displacenent detection apparatus when the bal
abuts the sem conductor integrated circuit, |lowering the capillary over

t he above vertical distance plus the variation of the surface height of

the sem congyebQr thBreByaE6emehg Call Bump i St dlctialde feawiingt pbBetion
el ectrode formng portion to forma bunp pedestal, while determning the

hei ght of tbg bBhHepspmrddeshduchbeseintegtdved dixduwiaenent of the capillary
detected by the displacenent detection apparatus, elevating the capillary
a specified anpoastdebckébadvabgve; the thesidiot ichrithel clipiddergnsaoppeci fi ed
anount, setting the height of a position at which the

position is set based on the height of the bump pedestal, so

the wire and the bump pedestal are joined together based on

the height of the bump pedestal. This configuration precludes

the height of the joint position between the bump pedestal and

the wire from varying even when the forming position of the

bump pedestal is offset in the horizontal direction, thereby

preventing bumps from being inappropriately formed.

Brief Description of the Drawings
Figs. la to 1f show the procedure of a bump bonding
" method according to Embodiment 1 of this invention;

Fig. 2 shows a bump bonding apparatus according to
Embodiment 2 of this invention;

Figs. 3a to 3f show tﬁe procedure of a bump bonding
method using a bump bonding apparatus according to Embodiment
2;

Fig. 4 shows a conventional bump bonding apparatus;

Figs. 5a to 5f show the procedure of a conventional bump
bonding method;

Fig. 6 shows a normally shaped bump;

Fig. 7 is used to explain problems in the conventional
bump bonding method;

Fig. 8 shows an inappropriately shaped bump formed by the

conventional bump bonding method; and



capillary is stopped based on the height of the bunp pedestal, again

| owering the capillary down to the stop position height to join the wr
to the bunp pedestal, again elevating the capillary a specified anount,
and then lifting the wire to break the joint between the bunp pedestal
the wire to form a bunp in the el ectrodeiform ng portion of the

sem conductor . integrated circuit. According to this nethod, the
hei ght of the capillary stop position is set based on the height of the
bunp pedestal, so the wire and the bunp pedestal are joined together ba
on

the hei ght ofi§heg byhgwesiesirmdppripf AUy WHapdd buipe Eowfied biyhehe

hei ght of the joint position between the bunp pedestal and the wire fro
varyi ng eveoconhentibeal ot bgraking aetHod.he bunp pedestal is offset i
the horizontal direction, thereby preventing bunps from being

| nappropriately forned. -9-
Furthernore, this nethod neasures beforehand the vertical distance between

t he bal | anBes@riptiéenroficthierEmbadimanton of

Embodiments of this invention are described with
reference to Figs. la to 3f.

(Embodiment 1)

A bump bonding apparatus according to Embodiment 1 has
the same configuration as the above conventional apparatus, so
the same reference numerals are used to describe a bump
bonding method.

That is, the position-recognizing camera apparatus 15
recognizes the IC 11 on the heat stage 12 for positioning. As
shown in Fig. la, the spark generating apparatus 14 applies
sparks to the tip of the gold wire 1 (an example of a wire)
protruding downward from the capillary 3 in order to form a
gold ball 16. o

Subsequently, as shown in Fig. 1lb, the head vertical
driving apparatus 6 lowers the capillary 3.from a standby
position P. When the gold ball 16 abuts the electrode forming
portion of the IC 11 from above, the vertical displacement of
the supporting frame 5 detected by the displacement detection
sensor 9 stops at a constant value to allow the position of
the electrode forming portion of the IC 11 to be detected.

The determined height of the cﬁpillary 3 is read by the
displacement detection sensor 9 and is stored in a control

section as a pedestal height Hi. 1In this case, the

e

and

sed

m
n



the sem conductor integrated circuit, so the capillary nust be at first

| owered only over a distance obtained by adding the variation of surface
hei ght plus the above vertical distance. Thus, the operation tine is
reduced by the anount of the search tinme required for detection conpared
to the nethod of determning that the stgg position is reached when the
anmount of displacenent detected by the~dirSplacenent detection apparatus
beconmes const ant. A bunp bondi ng apparatus according to this

i nvention conprises a capillary through which a wire can be inserted; a
bal | form ng.nmeans _for fornin bal I at t tip af .the re. lnsert

t hr ough theg&éﬁ’?PFm?taﬁseF%%%tal?%gs%Hp‘é}%t RRSLIEIOR, 85 RF1ErE Pgwggfeng
t he capil | ary; ' o) [ e ielary.in.t '

nor i zont al - SrPELeEReny GREEERIA Selaoh Y 410 L Eletoh Ymelel BB o or
i ntegrated glbgdhtHeko ' "Ya | O1 41 $cf 91 . OipR he
ball to tha'(téab%g'rlt fgﬁ op,éft’l{ﬁg&.srg%%%in%u%atlol? jié;t%md% ed Ci rccuilt in \?\/&?ch an
el ectrode i preaetedmifed hiownt LdH G ARNALA Uss faipllidd itdd theecapiitard 3
surface hei ght position detecting apparatus for "detecting the surface
hei ght posi ticopresst khesgoLeOBALT I8 ddwiiviiid) ethd ithelistupeatgpatited on the
supporting nenber; and a displacenent detection apparatus for detecting
the verticalbscillator 7 oscillates supersonic waves via the supersonic

horn 14 to join the gold ball 16 to the electrode forming
portion of the IC 11. This operation allows the bump pedestal
17 to be formed ‘on the electrode forming portion of the_IC 11.

Then, as shown in Fig. 1lc, the capiilary 3 is elevated a
specified amount by the head vertical driving apparatus 6 and
then moved in the horizontal direction a specified amount by
the movement of the moving table 8.

Subsequently, as shown in Fig. 1ld, the capillary 3 is
lowered down to a second stop position héight S that is a
relative position based on the pedestal height Hl. The second
stop position height S is defined as follows.

Second stop position height S = pedestal height H1 *

offset height H2
As specific numeral values, the pedestal height may be 20um
and the offset height be 5 to 10um (when the gold wire is 25
Mm). In this case, the offset height value is a value for
correcting the height even when the actual capillary
displacement and the displacement given by the displacement
detection sensor 9 do not agree to each other because of
elastic deflection of the supersonic horn or the like, and is

a correction value in order for joining the gold wire to the



di spl acenent of the capillary. According to this apparatus, the
surface height position detection apparatus determ nes the variation of

t he surface - 10 - hei ght position
of the sem conductor integrated circuit, the ball formng neans forns a
ball at:-the tip of the wire, and the elLeygting apparatus |owers the
capillary. Then, the displacenent detection apparatus detects the vertical
di spl acenent of the capillary, and based on the displacenent of the
capillary detected by the displacenent detection apparatus when the bal

abuts the spgascepstiCbeE At &l Al 1€ ' Gdsedilentiss,! aCpedetbafiCRe@Cl WEEN

the ball and the electrode formng portion of the sem conductor integrated
circuit is aRosHEedf Defesardtis applicd/ReeHRNdapillaeyeBevat pRgsapereé at us

| owers the capillary over the above vertical distance plus the variation:-
of the surfaskdmeigdtl cdovivearsdnirc @1dext o ijolitgrhiecdotdr allke 1 to the
bump pedestal 17.

Then, as shown in Fig. le, the capillary 3 is again
elevated a specified amount by the head vertical driving
apparatus 6. The gold wire 1 is then raised by the air
tensioner 10 while it is held by the clamper 2, thereby
causing the joint=betwéen the gold wire 1 and the bump
pedestal 17 to be broken to form a protruding stud bump 18 in
the electrode forming portion of the IC 11, as shown in Fig.
1f. |

As described above, the second stop position height S is
set based on the pedestal height Hl1, so the gold wire 1 and
Ehe bump pedestal 17 are joined together based on the pedestal
height H1. This configuration'precludes the height of the
joint position between the bump pedestal 17 and the gold wire
1 from varying even when the forming position of the bump
pedestal 17 is offset in the horizontal direction, thereby
preventing the bump 18 from being inappropriately formed.

In addition, during the second lowering of the capillary
3, the cénventional technique uses the displacement detection
sensor 9 to detect the position of the bump pedestal 17,
whereas Embodiment 1 does not require this detection.
Accordingly, although the conventional technique requires two

detections (that is, the detection of the position of the

electrode forming portion of the IC 11 in Fig. 5b and the



in order to press the ball against the electrode formng portion, and the
joining neans joins themtogether to forma bunp pedestal. In this case,

t he hei ght of the bunp pedestal is deternm ned based on the displacenent of
the.capillary detected by the displacenent detection apparatus, and the

el evating apparatus el evates the capillargsa-specified anount while the
novi ng apparatus noves it in the horizontal direction a specified anmount.
The height of the capillary stop position is set based on the height of
the bunp pedestal, and the elevating apparatus again |owers the capillary
down to thaeteopipAsofi the heoghEidw 9Pithd bumh PFedestdle Iudn Fhgdesdyal .

After the el evating apparatus again lifts the <capillary a specified
anmount, thetwi forii &t shngbppstwd Usump 18, Enlsdimentt d hreepidrielseopdina
bet ween the bunp pedestal and the wire, thereby form ng a bunp
in the el ecsindgéef deheayipns{only the détecisinmt oflthopasitdgnapddtber cuit .
As descri bed above, the height of the capillary stop
electrode forming portion of the IC 11 in Fig. 1lb), thereby
reducing the time required to form the bump 18.
(Embodiment 2)
As shown in Fig. 2, 30 is a bump bonding apparatus
according to Embodiment 2, and a gold wire 31 (an example of a
wire) is held by a clamper 32 and inserted through a capillary
33. The capillary 33 is provided at the tip of a supersonic
horn 34 provided on a supporting frame 35 that can
rotationally move around the horizontal axis. When the
supporting frame 35 is rotationally moved by a head vertical
driving apparatus 36 (an example of an elevating apparatus),
the capillary 33 is moved in the vertical direction via the
supersonic horn 34. The head vertical driving apparatus 36
comprises a coil motor. 1In addition, a supersonic oscillator
37 is provided on the supersonic horn 34. The supersonic horn
34 and the supersonic_oscillator 37 are an example of joining
means for joining a gold ball 47 and an electrode forming
portion of an IC 41.
| The supporting frame 35 is provided on a horizontal
moving table 38 (an example of a moving apparatus) that can
move in the X and Y directions that cross each other in a -
horizontal plane. When the moving table 38 is moved, the

capillary 33 moves in the horizontal direction. Reference

numeral 39 is a displacement detection sensor that detects the_;



position is set based on the height of the bunp pedestal, so the wire and
t he bunp pedestal are joined together based on the height of the bunp
pedestal. This configuration precludes the height of the joint position
bet.ween the bunp pedestal and the wire fromvarying even when the form ng
position of the bunp pedestal is offset g tthe horizontal direction,
thereby preventing bunps from being i nappropriately forned. Bri ef
Description of the Draw ngs Figs. la to 1f show the procedure of a
bunp bondi ng nethod according to Enbodinent 1 of this invention;

Fig. 2 showseztl¢an agagnaaeaeﬂer@f UShECHBEbIEiAg £loBTERnd tie thi s
I nventi on; Figs. 3a to 3f show the procedure of a bunp bondi ng

met hod usi nyextican posdtiignappathé USaplllaxy 3B tDs HMdxsiimimed bised on
Fig. 4 shows a conventional bunp bondi ng appar at us; Figs. 5a to 5f
show t he pr ¢dheddiepdhcementvefit theasutpomt idg nfiramge 38 dekected byFithe 6
shows a nornmally shaped bunp; Fig. 7 is used to explain problens in
t he convent iddsplacemeptbdatieagiont $enisor 39.

An air tensioner 40 (an example of a wire lifting
apparatus) that lifts the gold wire 31 is provided above the
clamper 32. In addition, a heat stage 42 (an example of a
supporting member) that supports and heats the IC 41 is
prqvided below the capillary 33. A heater 43 is provided in
the heat stage 42. A spark generating apparatus 44 (an
example of a ball forming means) is provided near the tip of
the gold wire 31 that is inserted through the capillary 33.

In addition, a position-recognizing camera apparatus 45 for
recognizing the position of the IC 41 and a displacement gauge
46 (a surface height position deteétion apparatus) that
measures the surface height position of the IC 41 are provided
above the heat stage 42.

A bump bonding method using the bump bonding apparatus 30
is described below.

First, the position-recognizing camera apparatus 45
recoénizes the IC 41 on the heat-stage 42 for positioning.
Furthermore, as shown in Fig. 3a, the displacement gauge 46 is
used to measure the surface height of the IC 41 on the heat
stage 42, and the measured surface height is stored in a
control section as HO(n). In this case, the surface height

HO(n) of the IC 41 slightly varies among a plurality of ICs

41, so the control section compares HO(n) with the stored



Fig. 8 shows an inappropriately shaped bunp fornmed by the conventi onal

bunp bondi ng net hod; and - 12 -

Fig. 9 shows an inappropriately shaped bunp fornmed by the conventi onal
bunp bondi ng net hod. Description of the Enbodi nents Enbodi ment s of
this invention are described with referebde-to Figs. la to 3f.

(Enbodi nent 1) A bunp bondi ng apparatus according to Enbodi nent 1 has
t he sane configuration as the above conventional apparatus, so the sane
reference nunerals are used.to describe a bunp bondi ng nethod. That

is, the possurfaceebeighti B@(mahpref diipnmataceding I€cddnionewhiibb aCbampon

the heat stage 12 for positioning. As shown in Fig. |la, the spark

generating bppabeensfommedpin cgrder to determine the difference between
them AHO. Then, the spark generating apparatus 44 applies
sparks to the tip of the gold wire 31 protruding downward from
the capillary 33 in order to form a gold ball 47.

Subsequently, as shown by the imaginary line in Fig. 3a,
the head vertical driving apparatus 36 lowers the capillary 33
from a standby position P. Based on the displacement of the
cépillary 33 detected by the displacement detection sensor 39
when the gold ball 47 abuts the electrode forming portion of
the IC 41, the vertical distance BL (bonding level)'between
the gold ball 47 and the electrode forming portion of the IC
41 is determined beforehand while the capiliary 33 is standing -
by at the standby position P.
As shown in Fig. 3b, the head vertical driving apparatué

36 lowers the capillary 33 over the vertical distance BL +
ABO. Then, the gold ball 47 abuts the electrode forming
portion of the IC 41 from above to apply a predetermined
amount of pressure to the capillary 33 to press the gold ball
47 downward. Furthermore, the supersonic oscillator 37
oscillates supersonic waves via the supersonic horn 34 to join
the gold ball 47 to the electrode forming portion of tne IC
41. This operation allows a bump pedestal 48 to be fofmed in
the electrode forming portion of the IC 4l. In this case, the,
position of the capillary 33 that has lowered over the

vertical distance BL + AHO is detected by the displacement



sparks to the tip of the gold wire 1 (an exanple of a wre) protruding
dowhward fromthe capillary 3 in order to forma gold ball 16
Subsequently, as shown in Fig. 1lb, the head vertical driving apparatus 6

| owers the.capillary 3 froma standby position P. Wen the gold ball 16
abuts the electrode formng portion of_tlpg LC 11 from above, the verti cal
di spl acenent of the supporting frane 5 detected by the displacenent
detection sensor 9 stops at a constant value to allow the position of the
el ectrode formng portion of the 1C 11 to be detected. The determ ned

hei ght of taetéaPidhaddnsor S39 et Baddif ol it AGRIBRL A hlel RRigRESAL 9

and is stored in a control section as a pedestal height HL. In this case,

the of the bump pedestal 48 is deterhdimed. displacement is read by
setting the position of origin of the displacenent detection sensor 9 at

t he position wheTkenheas csipown alry Hidadag the gepd Mardy B3 dsuedevvheedCall.
Then, a predeterm ned anmount of pressure is applied to the capillary 3
specified amount by the head vertical driving apparatus 36 and
then moved in the horizontal direction a specified amount by
the movement of the moving table 38.

Subsequently, as shown in Fig. 3d, the capillary 33 is
lowered down to a second stop position height § that is a
relative position based on the pedestal height H1. The second
stop position height S is defined as follows.

Second stop position height § = pedestal helght Hl =

offset height H2
As specific numeral values, the pedestal height may be 204um
and the offset height be 5 to 10um (when the gold wire is 25
Mm). In this case, the offset height value is a value for
correcting the height even when the actﬁal capillary
displacement and the displacement given by the displacement
detection sensor 9 do not agree to each other because of
elastic deflection of the supersonic horn or the like, and is
a correction value inﬁorder for joining the gold wire to the
pedestal but not to the IC. Subsequently, a predetermined
amount of pressure is applied to the capillary 33 to press the
gold wire 31 downward in order to join the gold wire 31 to the
bump pedestal 48.

Then, as shown in Fig. 3e, the capillary 33 is again
elevated a specified amount by the head vertical driving

apparatus 36. The gold wire 31 is then raised by the air



to press the gold ball 16 downward, and the supersonic oscillator 7
oscill ates supersonic waves via the supersonic horn 14 to join the gold
ball 16 to the electrode formng portion of the IC 11. This operation
allows the.bunp pedestal 17 to be fornmed on the electrode form ng portion
of the IC 11. Then, as shown in FLgjglc, the capillary 3 is elevated
a specified anobunt by the head vertical driving apparatus 6 and then
noved in the horizontal direction a specified amunt by the novenent of

t he noving table 8. Subsequently, as shown in Fig. 1d, the capillary

3is | ower gdndpunel 018 SEEODUELAP RN by LrieIclingScl L kheenyel ative

position base e pe erg he 'secon stop position height

S is defi neéaagiﬁgl tR¥Sjoint betifddHdrd YRIRPHildePB1N@ndkhe pupgdest al
hei ght H1 ffset“height H2 As spéecific nuneral values, the pedestal

hei ght may BeddSt&Lri9 +8Me ib¥oKdd SV fotindld trdddnk0[seud] Bufmphed the

gold wire is 25 J[err]m. In this case, the offset height value Is a val ue
for correcthageléethodghforming Wt idie ofcttlad Tl | asy shewapliac@dgnt and
t he di splacenent given by the displacenent detection sensor 9 do not agree
to each oth8f.because of elastic deflection of the supersonic horn or the
'Tke, and is As described above, the second stop position height S is
set base& on the pedestal height H1, so the gold wire 31 and
the bump pedestal 48 are joined together based on the pedestal
height Hl. This configuration precludes the height of the
joint position between the bump pedestal 48 and the gold wire
31 from varying even when the forming position of the bump
pedestal 48 is offset in the horizontal direction, thereby
preventing the bump 49 from being inappropriately formed.
In addition, during the second lowering of the capillary
33, the conventional technique uses the displaceﬁent detection
sensor 39 to detect the position of the bump pedestal 48, -
whereas Embodiment 2 does not require this detection.
Accordingly, although the conventional technique requires two
detections (that is, the detection of the position of the
electrode forming portion of the IC 11 in Fig. 5b and the
detection of the position of the bump pedestal 17 in Fig. 5d)
to form a éingle stud bump 49, Embodiment 2 uses a first IC 41
to detect the vertical distance BL shown in Fig. 3a and adapts
it to a second and subsequent ICs 41, so if the bump 49 isﬁ

formed in the second or subsequent ICs 41, this embodiment

requires only a single detection (only the detection of the



a correction value in order for joining the gold wire to the

- 14 - pedestal but not to the IC Subsequently, a predeterm ned anount
of pressure is applied to the capillary 3 to press the gold wire 1
downward in order to join the gold wire 1 to the bunp pedestal 17.

Then, as shown in Fig. le, the capillary 3pis again elevated a specified
anount by the head vertical driving apparatus 6. The gold wire 1 is then
raised by the air tensioner 10 while it is held by the clanper 2, thereby
causing the joint between the gold wire 1 and the bunp pedestal 17 to be
broken to f ohbk4dhponst PhEH [ | g tar .0r3gyng portion
of the IC 1%(23221:5%0&%5!?%9':?38@' % %%%%:{ﬁiédﬁ;bléeg,qd; hgys)e'cond st op

position heigereby fedaeingatRé €imé NFedpetfsd o hEdEttHdl buai t1ge gold wire
1 and the bunp pedestal 17 are joined together based on the pedestal
As described above, this invention prevents bumps from

being inappropriately shaped and reduces the time required to

form bumps. Particularly, in Embodiment 2, actual height of

the gold wire can be detected as the effect of measurement of

the surface height position of the IC by the displacement

gauge, whereby the displacement detection sensor can be free

of such problem:as is caused by deflection of the horn. Aas a

result, further improvement can be made to the accuracy of the

displadement and to the control of the gold wire height.



hei ght Hl. This configuration precludes the height of the joint position
bet ween—the—bunrp—pedestal—-17 and the gold wire 1 fromvarying even when

the formn osition of the bunp pedestal 17 is offset in the horizontal
directio ﬂnﬁmﬂm HIHH ting the bunp 18 from being i nappropriately
f or med. , during the sec@hd-l owering of the capillary 3,

t he conventlond1 fechnlque uses the displacenent detection sensor 9 to
detect the position of the bunp pedestal 17, whereas Enbodi nent 1 does not
require this detection. Accordingly, although t he conventional technique
requires two detections (that is, the deaAgmsi on of the position of the
el ectrode formng portion of the IC 11 in Fig. 5b and the
- 15 - detection of the position of the bunp pedestal 17 in Fig. 5d) to
forma single stud bunp 18, Enmbodinment 1 requires only a single detection
(only the détectAchunp bﬂ@dmmmod)fcqmmlsur&tﬁmngombng pokt kbe of
the IC 11 in Fig. Ib), thereby reducing the tinme required to formthe bunp
18. tip of a wire that is inserted through a capillary, lowering
said capillary while using a displacement detection apparatus
to detect the vertical displacement of the capillary,
detecting the position of that portion of a semiconductor
integrated circuit in which an electrode is formed, based on
the displacement of the capillary detected by the displacement
detection apparatus when said ball abuts the semiconductor
integrated circuit, pressing said ball against said electrode
forming portion to form a bump pedestal, elevating said
capillary a specified amount while moving it in the horizontal
direction a specified amount, setting the height of a position
at which the capillary is stopped based on the height of the
bump pedestal detected by said displacement detection '
apparatus, again lowering the capillary down to said stop
position height to join said wire to the bump pedestal, again
elevating said capillary a specified amount, and then lifting
said wire to break the joint between said bump pedestal and

the wire to form a bump in the electrode forming portion of

the semiconductor integrated circuit.

2. A bump bonding method comprising determining the
variation of the surface height position of a semiconductor
integrated circuit, forming a ball at the tip of a wire that

is inserted through a capillary, lowering said capillary while



(Embodi ment—2)y—————As—shown in Fig. 2, 30 is a bunp bondi ng appar at us
accbrding!ﬂﬂgEnbodinent 2, and a gold wire 31 (an exanple of a wre) is

hel d by quﬁ,l "ml nserted through a capillary 33. The capillary 33
IS provi - Ml a supersonic horn 34 provided on a supporting
frame 35 that can rotationally nove arqupg the horizontal axis. \Wen the
supporting frane 35 is rotationally noved by a head vertical driving
apparatus 36 (an exanple of an elevating apparatus), the capillary 33 is
noved in the vertical direction via the supersonic horn 34. The head

vertical driging 8PA3LE}YSeRt WEBLLEE HGAdadl Yo debedidihicon, 2

supersoni ¢ osci Il at I'S provi super soni ¢ horn

supersoni c barRici4, aﬂgplgéeﬁé’ﬂlé’réﬁg%lfe Qe 1 B, Tl iNy PeToReRanl

joining neans for joining a gold 47 "and an el ectrode Tormng portion

of an IC 41l¢he vertiBalsdpBeahédbdtwden Fnid BHIW iR thie posatiisanbal
novi ng table 38 (an exanple of a noving apparatus) that can nove in the X

and Y dir ecthamspblrttioar 6§sacsenhicdridictdr ainteyraamd dingdne inVlvhdchhean
noving table 38 is noved, the capillary 33 noves in the horizontal
direction. Pdketznde isuflorméd3based ah sthectimpitachxtendt iodn thensor t hat

detects the
capillary detected by the displacement detection apparatus
when said ball abuts the semiconductor integrated circuit,
then lowering said capillary over the above vertical distance
plus the variation of the surface height of said semiconductor
integrated circuit, pressing said ball against said eiectrode
forming portion to form a bump pedestal, while determining the
height of said bump pedestal based on the displacement of the
capillary detected by said displacement detection apparatus,
elevating said capillary a specified amount while moving it in
the horizontal direction a specified amount, sett;ng the
height of a position at which the capillary is stopped based
on the height of said bump pedestal, again lowering the
capillary down to said stop position height to join said wire
to the bump pedestal, again elevating said capillary a
specified amount, and then lifting said wire to break the
joint between said bump pedestal and the wire to form a bump
in the electrode forming portion of the semiconductor

integrated circuit.

3. A bump bonding apparatus comprising a capillary through
which a wire can be inserted; a ball forming means for forming

a ball at the tip of the wire inserted through the capillary;



- 16 - ___vertical displacenent of the supporting frame 35, and the
vertical position o‘&“ﬂe capillary 33 is determ ned based on the

di spl a g“ﬁ““ porting frame 35 detected by the displacenent
detectﬁ An air tensioner 40 (an exanple of a wire

lifting * aﬁpafatus) that lifts the gold wire 31 is provided above the
clanper 32. In addition, a heat stage 42 R3an-exanple of a supporting
menber) that supports and heats the 1C 41 is provi ded bel ow the capillary
33. A heater 43 is provided in the heat stage 42. A spark generating
apparatus 44 (an exanple of a ball formng neans) is provided near the tip
of the gol dnwelevatingaapparatesrfed e¢levaming rnd dgiwaring aid | n
addition, a position-recognizing canera apparatus 45 for recognizing the
positi on of cepéliery: anaoulggSpm@mﬁ geovise (spid)qapid Jesyghn the
position detection apparatus) that neasures the surt?ce hEI%Pt p05|t|on of

the I C 41 apgrﬁpggpegddlrectlon, a supporting member for supporting
semiconductor integrated circuit below the capillary; a
joining means for joining said ball to that portion of the
semiconductor integrated circuit in which an electrode is
formed; a wire lifting apparatus for lifting said wire; a
surface height position detection apparatus for detecting the
surface height ébéition of the semiconductor integrated
circuit supported on the supporting member; and a displacement

detection apparatus for detecting the vertical displacement of

said capillary.



above the heat stage 427 A bunh.bonding met hod using the bunp bonding
appératus.ﬁgsm¥§ cq&di bel ow. First, the p05|t|on recogn|2|ng
E§ , as shown in Fig. 3a, the m

camera appa gnlzes the I C 41 on the heat'

posktioni ng”llmg Age‘a 5@" 6
is used to urface hei ght of jhe I1C 41 on_the REE&ACE age 2,
and t he neasured surface hei ght is st or ed |n a control section as '

In this case, the surface height HO(n) of the IC 41 slightly varies anong
a plurality of 1Cs 41, so the control section conpares HO(n) with the
stored o surface height HQ(n-1)
of the preceding IC 41 on which almnn)A%agu%een formed in order to
determ ne the difference between them[err]HO Then, the spark generating
apparatus 44 applies sparks to the tip of the gold mﬁre 31 protruding

downward from the capiiPaBONISNG METHOD AND BOMP dosbrfcbabbadATus
Subsequently, as shown by the inmaginary line in Fig. 3a,

The present invention provides a bump bonding method that
can prevent bumps from being inappropriately shaped. The bump
bonding method comprises forming a gold ball (16) at the tip
of a gold wire (1) that is inserted through a capillary (3),
lowering the capillary (3) while using a displacement
detection senso;:to detect the vertical displacement of the
capillary (3), detecting the position of that portion of an IC
(11) in which an electrode is formed, based on the
displacement of the capillary (3) detected by the displacement
detection sensor when the gold ball (16) abuts the IC (11),
pressing the gold ball (16) against the electrode forming
portion to form a bump pedestal (17), elevating the capillary
(3) a specified amount while moving it in the horizontal
direction a specified amount, setting the height S of a
position aé which the capillary (3) is stopped based on the
height Hl of the bump pedestal (17) detected by the
displacement detection sensor, again lowering the capillary
(3) down to the stop position height S to join the gold wire
(1) to the bump pedeétal (17), and then lifting the gold wire

(1) to break the joint between the bump pedestal (17) and the

gold wire (1).



the head vertical driving apparatus 36 |lowers the capillary 33 froma

st andby position P. Based on the di spl acement- of the capillary 33 detected
by the di spl acenent.detection sensor 39 when the gold ball 47 abuts the

el ectrode form ng portion of the IC 41, the vertical distance BL (bonding
| evel ) between the gold ball 47 and the el ectrode form ng portion of the
IC 41 is determ ned beforehand while thé capillary 33 is standing by at

t he standby position P. As shown in Fig. 3b,:the head vertical
driving apparatus 36 lowers the capillary 33 over the vertical distance BL
+ [err]HO. Then, the gold ball 47 abuts the electrode form ng portion of
the 1C 41 fronlabove to apply a predetermned anount of pressure to the
capillary 33 to press th gold ball 47 downward. Fu herqEL t he
supersonic oscillator 3 | ,c 8l at es supersoni c wave e supersonic
horn 34 to join the gold Ball 47 to the el ectrode fornlng portion of the
IC 41. This operation alloms 5 bunp pedestal 48 to be fornmed in the

IC 41. In this caseJ‘rﬁé Tposi fgon of the
capillary 33 that has ’A:red ojer the vertical disﬂanca 7

detected by the displacCent ti
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- 18 - detection sensor 39 and based on this position, the height HL of
t he bunp pedestal 48 'is determ ned. Then, as shown in Fig. 3c, the
capillary 33 is elevated a specified amunt by the head vertical driving
apparatus 36 and then noved in the horizontal direction a specified anmount
by the novenent of the noving table 38. Subsequently, as shown in
Fig. 3d, the capillary 33 is |owered doﬁ% to a second stop position height
Sthat is a relative position based on the pedestal height HlL. The second
stop position height S is defined as follows. Second stop position
hei ght S = pedestal height Hl of fset height H2 As specific nuneral
val ues, the pedestal height may be 20[err]m and the offset height be 5 to
10[err]m (when the gold wire is 25 J[err]m. In this case, the offset

hei ght value is a value for correcting the height even when the actual
capillary displacenent and the displacenent given by the displacenent
detection sensor 9 do not agree to each other because of

MEMORY
CONTROL SECTION
36
39
l

ST S S S

Fig.2




capillary 33 to press the
wire 31 to the bunp pedestal 48.
capillary 33 is again
driving

t he bunp pedest al

el astic deflection of the supersonic horn or the like, and is a correction
val-ue in order for joining the gold wire to the
| C. Subsequently, a predeterm ned anount of pressure is applied to the
gold wire 31 downward in order to join the gold
as shown in Fig. 3e, the
el evated a specified anount by the head vertical

pedestal but not to the

apparatus 36. The gold wire 31.is then raised by the air
tensioner 10 while it is held by the clanper 32, thereby causing

the joint between the gold wire 31 and the bunp pedestal 48 to be broken
to forma protruding stud bunp 49 in
| C 41, as shown in Fig.F|#.

position height Sis sgtlgégeg on the pedestal
48 are joined together based on the pedestal

the el ectrode_for 'Ef portion of the
As described ab ég% S

econd stop
hei ght” H1, so the gold wire
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hei ght Hl. This configuration precludes the height of the joint position
bet ween the bunp pedestal 48 and the gold wire 31 fromvarying even when
the form ng position of the bunp pedestal 48 is offset in the horizontal
direction, thereby preventing the bunp 49 from being inappropriately

f or med. In addition, during the second lowering of the capillary 33,
t he conventional techni que uses the digplatement detection sensor 39 to
detect the position of the bunp pedest i} @84 whereas Enmbodi nent 2 does not
require this detection. Accordingly, altTfough the conventional technique
requires two detections (that is, the detection of the position of the

el ectrode formng portion of the IC 11 in Fig. 5b and the detection of the
position of the bunp pedestal 17 in Fig. 5d) to forma single stud bunp
49, Enbodinent 2 uses a first 1C 41 to detect the vertical distance BL
shown in Fig. 3a and adapts it to a second and subsequent 1Cs 41, so if
the bunp 49 is formed in the second or subsequent |ICs 41, this enbodi nent
requires only a single detection (only the detection of the
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- 20 - pedest al

reduces the tine required to
the gold wire can be d
the surface height position of the I C by the displacenent

actual hei ght of
measur enent of
gauge,

hei ght HlL of the bunp pedestal
reaqucing the tine required to formthe bunp 18.
this invention prevents bunps frem being inappropriately shaped and

f orm bunps.

Particul arly,

48 in Fig. 3b),

t her eby
As descri bed above,

i n Enbodi nent 2,

ected as the effect of

probl em as is caused by deflection of the horn. As

i nprovenent can be made to the accuracy of the
of the gold wire height.

A bunp bonp'l'rg geahod conpri si ng forFﬁ
A hi"ough a capillary, lo
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said capillary while using a displacenent detection apparatus to detect
the vertical displacement of the capillary, detecting the position of that
portion of a semi conductor integrated circuit in which an electrode is
formed, based on the displacenent of the capillary detected by the

di spl acenent detection apparatus when sméjtxﬂl abuts the sem conduct or
integrated circuit, pressing said ball agal nst said electrode formng
portion to forma bunp pedestal, elevating said capillary a specified
amount while noving it in the horizontal direction a specified anount,
setting the height of a position at m?}ﬁ@ Z?e capillary is stopped based
on the height of the bunp pedestal detetge® by said di splacenent detection
apparatus, again lowering the capillary down to said stop position height
to join said wire to the bunp pedestal, again elevating said capillary a
specified amount, and then lifting said wire to break the joint between
said bunp pedestal and the wire to forma bunp in the el ectrode formng

portion of the sem conductor intgegrate rcuit. 2. A bunp bondi ng

met hod conprising determning th ar i of e surface hei ght position

of a sem conductor integrated circu \.Ng ball at the tip-of a wire
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-is inserted through a capillary, lowering said capillary while

usi-ng a displacenent detection apparatus to detect the vertical

di spl acenent of the capillary, measuring beforehand the vertical distance
bet.neen said ball and the position of that portion of a sem conductor
integrated circuit in which an electrode,is fornmed, based on the

di spl acenent of the capillary detected t he di spl acenent detection
apparatus when said ball abuts the sem conductor integrated circuit, then
| owering said capillary over the above vertical distance plus the
variation of the surface height of said sem conductor integrated circuit,
pressing said ball against said el ectrode éorn‘i ng portion to forma bunp
pedestal, while determ ning the hei ﬂ§§i aid bunp pedestal based on the
di spl acenent of the capillary detected by said displacenent detection
apparatus, elevating said capillary a specified amount while noving it in
the horizontal direction a specifieqaﬁnnunt, setting the
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~height of a position at which the capillary is stopped based on th«ﬁg’ﬂmﬂﬂ;—wz
of said bunp pedestal, again lowering the .capillary down to said stop

position height to join said wire to the bunp pedestal, again elevating
said capillary a specified anount, andzghen lifting said véyustitardsRédt t he
joint between said bunp pedestal and the wire to forma hynfovéfbbPg998
el ectrode formng portion of the sem conductor integrated circult 3.
A bunp bondi ng apparatus conprising a capillary through which a wire can
be inserted; a ball form ng neans for formng a ball at the tip of the
wire inserted through the capillary; . -
23 - an el evating apparatus for el ABRTRMGT and | owering said capillary;
-a noving apparatus for nmoving said capillary in the horizontal direction;
a supporting nenber for supporting a sem conductor integrated circuit
bel ow the capillary; a

* The bump bonding method comprises forming a gold ball (16)

at the tip of a gold wire (1) that is ihserted through a
capillary (3), lowering the capillary, detecting thé height H1
from the upper surface of an IC (11) in which an electrode is .
formed, based on the displacement of the capillary'détected by
the displacement detection sensbr when the gold baii ﬁbuﬁs the ;
IC, pressing the gold ball agéinst the electrode forming portion
to form a bump pedestal (17), elevating the qapillary a specified
amount while moving it in the horigzontal direction a specified
amount, again lowering the capillary down to the sfép poéition
height S based on séid height H1 to join the gold wire to the
bump pedestal, and then lifting and breaking the gold wire.'

Figure 1 (a-f),
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joining nmeans-for joining said ball to that portion of the sem c%%géc#o]rg’g
integrated circuit in which an electrode is forned; a wire lifting
apparatus for lifting said wire; a surface height position detection
apparatus for detecting the surface heightagosition of the sSubstitateisheet
integrated circuit supported on the supporting nenber; and #6Jahlang 999
detection apparatus for detecting the vertical di'splacenent of said
capillary. : :

ABSTRACT
BUMP _BONDING METHQD AND BUMP BONDING APPARATUS

The bump bonding method comprises forming a gold ball (18)
at the tip of a gold wire (1) that is inserted through a.
capillary (3), lowering the capillary, detecting the height H1
from the upper surface of an IC (11) in which an electrode is
formed, based on the displacement of the capillary detected by
the displacement detection sensor when the gold bali_abuts the
IC, pressing the gold ball against the electrode forming portiqn
to form a bump pedestal (17), elevating the capillary a speéified
amount while mofing it in the horizontal direction a specified
amount, again 1owéring the capillary down to the ;top position
height 'S based on said height H1 to join the gold wire to the

bump pedeStaI,'and then lifting and breaking the gold wire.-

Figure 1 (a-f).
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