BONDING APPARATUS AND BONDING METHOD FIELD OF THE INVENTION The present
invention relates to a bonding apparatus and a bonding method for, for example, flip-chip-bonding
bumps of semiconductor devices, which are adherad on a substrate by a non-conductive adhesive, to
terminal sections of the substrate. BACKGROUND OF THE INVENTION In Fig. 23A, cable
patterns are formed on a substrate 51, and semiconductor devices (flip chips) 53 are adhered to
terminal sections 5BA0NIRd BUbsARE LI 3D FiAYNDP o8B G Bubhive ddHedild@D) e.g., NCF
(non-conductive film), NCP (non-conductive paste). In this state, metal bumps 54, e.g., solder bumps,
gold bumps, of the semiconductor devices 53 are not electrically bonded to the terminal sections 51a.

For examplg,the prlsiraterpl i$198F pRaIpWyR! die 55 and clamped between the lower die 55 and an
upper die 56. In this state, the substrate 51 is heated until reaching a melting point of the metal bumps

54, so that the senildoaductereaevices Bt aom etedtricadlyt bomdedrid the tappnahsectiamsiSda, the
non-conductive adhesive 52 cures and the semiconductor devices 53 are underfilled. Further, a

conventionéa%ﬁm@ dpgsARRGs, iR r/vh@remgémipéhm&&iaeheé@i%mbarautys of
Compress")@é%?{‘@gﬁ_&b%&'8?0' rame and then the d@?@“'&%gldé&%‘af %Gﬁ“caess%:?s%%‘tpe yn ublication

thermal-compression-bonded thereto at’a time, Is disclosed in Japanese Laid-open Pat
No. 2000-1@@33%conductive adhesive, to terminal sections of the substrate.

BACKGROUND OF THE INVENTION

In Fig. 23 A, cable patterns are formed on a substrate 51,
and semiconductor devices (flip chips) 53 are adhered to
terminal sections 51la of the substrate 51 by applying a
non-conductive adhesive 52, e.g., NCF (non-conductive film),
NCP (non-conductive paste). In this state, metal bumps 54, e.g.,
solder bumps, gold bumps, of the semiconductor devices 53 are
not electrically bonded to the terminal sections 51a.

For example, the substrate 51 is set on a lower die 55 and
clamped between the lower die 55 and an upper die 56. In this
state, the substrate 51 is heated until reaching a melting point of
the metal bumps 54, so that the semiconductor devices 53 are
electrically bonded to the terminal sections 51la, the
non-conductive adhesive 52 cures and the semiconductor devices
53 are underfilled.

Further, a conventional bonding apparatus, in which each
of semiconductor devices is temporally compression-bonded to a
lead frame and then the semiconductor devices are completely
thermal-compression-bonded thereto at a time, is disclosed in
Japanese Laid-open Patent Publication No. 2000-100837.

In case of flip-chip-bonding the semiconductor devices 53



In case of flip-chip-bonding the semiconductor devices 53 2 to the substrate 51, whose thermal
expansion coefficient is great, at a time, the substrate 51 is heated in, for example, a reflow furnace
until reaching the melting point of the metal bumps %4, e.g., melting point of solder, curing temperature
of the adhesive. By heating the substrate 51, the substrate 51 is thermally expanded as shown in Fig.
23B. If the semiconductor devices 53 are compression-bonded to the substrate 51 in this state,
position gaps wihiche westrese etweeh tse rktalbarh e b4 antathecteafifnall sadtiovhg 5¢atand poor

connection will occur. urther, in case qf heating and pressing the substrate 51 and the
cemicondudtbrbe i 5N TH 516 ALimoeH b (16 AEI5E and e FAEUN foratedby eater of the

upper die 56,jsabserhaet Py a5 layer.dien35 Ma e subsiale BF and the semieandysios gevices 53,

and a thermal capacity for heating the substrate 51 and the semiconductor devices 53 are increased.
Therefore, a hpatmgeiitne gintid ieacbing e ereliéng pointt ohilpe naetal bunfpshet ael by ¢ smekking point of
solder, curing temperature of the adhesive, must be long. In case of usigng some types of solder, the

adhesive 5 é’uré&e@éﬂg th’é@olcﬂ"é’rtlﬁ}r’?@%eS{lSa]rg e‘i@&riﬂlg) ?)tdﬁ‘déd_, thte & .Sr58§§ib.ﬂity of
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SUMMARYa@E dbitn PYYENSKBonded to the substrate 51 in this state, position
gaps will be occurred between the metal bumps 54 and the
terminal sections 51a and poor connection will occur.
Further, in case of heating and pressing the substrate 51
and the semiconductor devices 53 which are clamped by the dies
55 and 56, heat generated by a heater of the upper die 56 is
absorbed by the lower die 55 via the substrate 51 and the
semiconductor devices 53, and a thermal capacity for heating the
substrate 51 and the semiconductor devices 53 are increased.
Therefore, a heating time until reaching the melting point of the
metal bumps 54, e.g., melting point of solder, curing temperature
of the adhesive, must be long. In case of using some types of
solder, the adhesive 52 cures before the solder bumps 54 are
electrically bonded, so there is a possibility of occurring poor
connection.
If the heating time is long, air included in the adhesive 52
will be expanded or foamed and adhesive force for retaining the

semiconductor devices will be reduced.

SUMMARY OF THE INVENTION
Accordingly, it is objects to provide a bonding apparatus
and a bonding method capable of solving the above described

problems of the conventional bonding apparatus. Namely, the



Accordingly, it is objects to provide a bonding apparatus and a bonding method capable of solving the
above described problems of the conventional bonding apparatus. Namely, the 3 bonding apparatus
and the bonding method of the present invention are capable of effectively increasing temperature of a
substrate and reducing occurrence of position gaps and poor connection in a process of
flip-chip-bonding semiconductor devices. To achieve the object, the present invention has following
structures. bomNHmgly,ahe bontirsg sppdrathe of briengresgnt ineéhtsh fliptcHipbomds bamips of
semiconductor devices, which havs bee%ad red.on a substrate by a non-conductive adhesive, to

terminal secHE St tH BGFsHAR2 the BInGirg ShoaThiud RERTEHEES T BISISHIREEMRAA for
supporting epihgate, fQ Wﬁh@&?weeﬁ%@tﬁ& deyiceshaveibeenadiered @door

heating/pressing means for heating and pressing the substrate, the heating/pressing means having a
built-in heatsounes éreina dlamping faoes ontoodhichi fhecduilpstbaia dupgortegibydba dugponting means
is pressed, .

devices.

To achieve the object, the present invention has following
structures.

Namely, the bonding apparatus of the present invention
flip-chip-bonds bumps of semiconductor devices, which have
been adhered on a substrate by a non-conductive adhesive, to
terminal sections of the substrate. The bonding apparatus
comprises:

supporting means for supporting the substrate, on which
the semiconductor devices have been adhered; and

heating/pressing means for heating and pressing the
substrate, the heating/pressing means having a built-in heat
source and a clamping face, onto which the substrate supported
by the supporting means is pressed,

the substrate, which is supported by the supporting means,
is moved toward the clamping face of the heating/pressing means
so as to preheat the substrate and the semiconductor devices by
radiation heat, and

the semiconductor devices are pressed onto the clamping
face of the heating/pressing means, in the state where the
substrate is supported by the supporting means, so as to cure the
non-conductive adhesive and bond the bumps of the
semiconductor devices to the terminal sections of the substrate.

Note that, the word “bonding” means not only electrical

connection between the bumps and the terminal sections but also



the substrate, which is supported by the supporting means, is moved toward the clamping face of the
heating/pressing means so as to preheat the substrate and the semiconductor devices by radiation
heat, and the semiconductor devices are pressad onto the clamping face of the heating/pressing
means, in the state where the substrate is supported by the supporting means, so as to cure the
non-conductive adhesive and bond the bumps of the semiconductor devices to the terminal sections of
the substrat nnerote thap,ahéosord dbdnding” meankissl valy addetricalcoanektibhdietvaden the

bumps and the terminal sev;tt?ions but aljo 4 co n%ctgi)n performed by a conductive adhesive and
thermal corﬁﬁﬂgﬁgﬁ bUni gj)fh‘élf?]glt thepse HB'ﬂl?egr'bonding apparatus of the present

invention bonds lamjpaipd-medbers of agrrkawhich areflaminated with 20 ashesive e The
bonding apparatus comprises:
laminated members of a work, which are laminated with an
adhesive layer. The bonding apparatus comprises:

an upper die; and

a lower die for clamping the work with the upper die,

the upper die includes a first heating/pressing section for
heating and pressing the work, and

the lower die includes: a second heating/pressing section
for heating and pressing the work, the second heating/pressing
section being moved upward and downward; and a supporting
section being relatively retracted into a clamping face of the
second heating/pressing section by relatively moving the second
heating/pressing section upward, the supporting section being
relatively projected from the clamping face of the second
heating/pressing section by relatively moving the second
heating/pressing section downward.

By employing the bonding apparatus of the present
invention, reliability of bonding constructional members of the
work, which are adhered by the adhesive, can be improved.

For example, the semiconductor devices and the substrate
are preheated, and then heated to bond the semiconductor device
to the substrate at a time, so that occurrence position gaps
between the bumps and the terminal sections can be prevented.

The substrate, on which the semiconductor devices are
adhered, is supported, by the supporting means, and separated
from the clamping face, so that a thermal capacity of the

substrate can be reduced and the substrate, etc. can be heated in a



an upper die; and a lower die for clamping the work with the upper die, the upper die includes a
first heating/pressing section for heating and pressing the work, and the lower die includes: a
second heating/pressing section for heating and préssing the work, the second heating/pressing
section being moved upward and downward; and a supporting section being relatively retracted into a
clamping face of the second heating/pressing section by relatively moving the second heating/pressing
section upwirdthet sopsporiinyesediiore beipg oglathwenngijeered from e dampingsfade bfithe second

heating/pressing section by relatively moving,the second heating/pressing section downward. By
employing S EPALREARE BRIRG HASEAE HY GRS SHAEIS BF HEhcRAg K6 detional

members of the wogk Wpich afe.adherd by thr.adiagves fap DEMBIavESh m e O £Xample, the

semiconductor devices and the substrate are preheated, and then heated to bond the semiconductor
device to theesuibstrdte at astime, settimad gehenrenceposiion gaps betweed thetbnopsteectthe
terminal sections can be prevented. . The substrate, on which the semiconductor devices are

adhered, is%@ﬁéﬁé@gbw@r&pp%ﬁ% teths, add eepusatddrsHiOkCcldmbiHG BACES LAfthat a
thermal capagity of & SHPFUIE G be ifusRi.and e sUDSIAtR. Sig. Gan bf peaied &

adhesive force for retaining the semiconductor devices can be

maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
described by way of examples and with reference to the
accompanying drawings, in which:

Figs. 1A and 1B are sectional views of a bonding apparatus
of Embodiment 1, in which a bonding step is performed;

Figs. 2A and 2B are sectional views of the bonding
apparatus of Embodiment 1, in which the bonding step is
performed;

Figs. 3A and 3B are explanation views explaining effects
of the bonding step;

Figs. 4A and 4B are sectional views of a bonding apparatus
of Embodiment 2, in which a bonding step is performed;

Figs. 5A and 5B are sectional views of the bonding
apparatus of Embodiment 2, in which the bonding step is
performed;

Figs. 6 A and 6B are sectional views of a bonding apparatus
of Embodiment 3, in which a bonding step is performed;

Figs. 7A and 7B are sectional views of the bonding

apparatus of Embodiment 3, in which the bonding step is



5 short time. Therefore, poor connection, which is caused by rapidly curing the non-conductive
adhesive, can be prevented. Further, the heating/pressing step is performed in the
reduced-pressure atmosphere or the pressurized aamosphere according to properties of the adhesive.
Therefore, influences of voids formed in the adhesive can be restrained, and enough adhesive force
for retaining the semiconductor devices can be maintained. BRIEF DESCRIPTION OF THE
DRAWING 9 erf@amdiments of the present invention will now be described by way of examples and

with reference to the.accogmpanyi rawings, in which: . Figs. nd 1B.are sectional views of a
poncing apparatus HEmBEMABHL L ArAUR IS SHLBAdhY S e e QI MBEL 1 Sp D tu
of Embodiment 4, in which a bonding step is performed;

Figs. 9A and 9B are sectional views of the bonding
apparatus of Embodiment 4, in which the bonding step is
performed;

Figs. 10A and 10B are sectional views of a bonding
apparatus of Embodiment 5, in which a bonding step is
performed;

Fig. 11 is a plan view of the bonding apparatus showing
layout thereof;

Fig. 12 includes sectional views of a bonding apparatus of
Embodiment 6 in operation;

Fig. 13 is a sectional view of the bonding apparatus
showing a step following the steps shown Fig. 12;

Fig. 14 is a sectional view of the bonding apparatus
showing a step following the step shown Fig. 13;

Fig. 15 includes sectional views of a modified example of
the bonding apparatus shown in Fig. 12;

Fig. 16 includes sectional views of a bonding apparatus of
Embodiment 7 in operation;

Fig. 17 is a sectional view of the bonding apparatus
showing a step following the steps shown Fig. 16;

Fig. 18 is a sectional view of the bonding apparatus
showing a step following the step shown Fig. 17;

Fig. 19 is a schematic sectional view of a semiconductor
device in the bonding step;

Fig. 20 is a schematic sectional view of the semiconductor

device showing a step following the step shown Fig. 19;



Figs. 2A and 2B are sectional views of the bonding apparatus of Embodiment 1, in which the bonding
step is performed,; Figs. 3A and 3B are explanation views explaining effects of the bonding step;
Figs. 4A and 4B are sectional views of a bonding apparatus of Embodiment 2, in which a bonding step
is performed,; Figs. 5A and 5B are sectional views of the bonding apparatus of Embodiment 2, in
which the bonding step is performed; Figs. 6A and 6B are sectional views of a bonding apparatus
of Embodiment 3, iR Mghichlailsoadied) staya s pertarinedal vRigs. OA tnel y8mie soctivatd views of the
Ponding apgrEts e A Y NI PRSI R B R Fie. 20

Fig. 22 is a graph showing effects of a bonding method

relating to the present invention; and
Figs. 23A and 23B are sectional views of the conventional

bonding apparatus, which explains the problems thereof.

DETAILED DESCRIPTION OF THE EMBODIMENTS
Preferred embodiments of the bonding apparatus and the
bonding method relating to the present invention will now be

described in detail with reference to the accompanying drawings.

(Embodiment 1)

Embodiment 1 of the present invention will be explained
with reference to Figs. 1A-2B.

In Fig. 1A, a substrate 1, on which cable patterns have
been formed, has terminal sections la, on which semiconductor
devices 3, e.g., semiconductor chips, are adhered by a
thermosetting non-conductive adhesive 2, e.g., NCF, NCP. The
substrate 1, on which the semiconductor devices 3 are adhered, is
an organic substrate, but other types of substrates, e.g.,
inorganic ceramic substrate, may be employed. Further, lead
frames, semiconductor wafer, etc. may be employed as the
substrate. A plurality of lines and rows of the semiconductor
devices 3 are adhered by a known flip-chip bonder (not shown).

Edges of the substrate 1 are held by chucks 4a, so that the
substrate 1 is held by a substrate holding plate 4. A bottom face
of the substrate holding plate 4 is supported by a plurality of

supporting rods 5 so as to hold the substrate 1 without



performed; Figs. 8A and 8B are sectional views of a bonding apparatus of Embodiment 4, in which
a bonding step is performed,; Figs. 9A and 9B are sectional views of the bonding apparatus of
Embodiment 4, in which the bonding step is perforraed; Figs. 10A and 10B are sectional views of a
bonding apparatus of Embodiment 5, in which a bonding step is performed; Fig. 11 is a plan view
of the bonding apparatus showing layout thereof; Fig. 12 includes sectional views of a bonding
apparatus of Erabotitient 6 ih opehatiom in Hig £13 Ishe sébgorsal pieorbfnige bodding apparatus
showing aitggg?lelgweiurt]gtflheeS%eglstlsgg\év%ﬂ%t%gl; from the semiconductor devices 3

so as to prevent the semiconductor devices 3 from being

disproportionately supported or pressed. Coil springs 7 are

provided to a lower die (supporting means) 6 so as to

floating-support the supporting rods 5 in a state where upper

ends of the supporting rods 5 are separated from a clamping face

6a of the lower die 6. In a normal state, projecting lengths of the

supporting rods 5, from the clamping face 6a, are equal, so that

the substrate holding plate 4 are uniformly separated from an

upper die 8. The supporting rods 5 are equally spaced, so that the

substrate holding plate 4 is horizontally held without being bent

by own weight. The lower die 6 is moved upward and downward

by a die driving mechanism (not shown). Note that, in case of

using a hard and less flexible substrate, e.g., ceramic substrate,

the substrate holding plate 4 may be omitted and the substrate 1

may be directly supported by the supporting rods 5.

With this structure, when the substrate 1 is heated by
heaters (heat source) 13 provided in an upper die
(heating/pressing means) 8, thermal resistance immediately
under the substrate 1 can be increased and heat loss can be
restrained. In other words, a temperature of the substrate 1 can
be increased in a short time by reducing heat capacity of the
structural members contacting the substrate 1. Therefore, poor
connection caused by rapid curing of the non-conductive
adhesive 2 can be restrained.

For example, as shown in Fig. 3A, the temperature T of the

substrate 1 can be increased in a short time. Therefore, timing of

minimizing viscosity nn of the non-conductive adhesive 2 can be



Fig. 14 is a sectional view of the bonding apparatus showing a step following the step shown Fig. 13;
Fig. 15 includes sectional views of a modified example of the bonding apparatus shown in Fig. 12;

Fig. 16 includes sectional views of a bonding apparatus of Embodiment 7 in operation; Fig. 17 isa
sectional view of the bonding apparatus showing a step following the steps shown Fig. 16; Fig. 18
is a sectional view of the bonding apparatus showing a step following the step shown Fig. 17; Fig.

19 is a schernatie seetichad viewt ofrd Bgntidonduntoridavige inshe iddimb siépthe mwigltzalis a
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adhesive (thermosetting resin) 2 is minimized when a prescribed
amount of heat is applied. In a range where the viscosity nn is
lower than a dotted line, the viscosity of the melted bump 3a is
suitably decreased and the bumps 3a can be bonded. Therefore,
the bumps 3a of the semiconductor devices 3 can be securely
electrically bonded to the substrate 1. Note that, in case that the
temperature T of the substrate 1 cannot be increased in a short
time as shown in Fig. 3B, the timing of minimizing the viscosity
nn is earlier than that of minimizing the viscosity nb. Namely,
the timings cannot be corresponded. So, there is possibility that
the bumps 3a are not securely electrically connected.

As shown in Fig. 1A, the upper die 8 is constituted by an
upper die base 9 and an upper die block 10, which is suspended,
from the upper die base 9, by coil springs 11. Spring force of the
coil springs 11 is greater than that of the coil springs 7. Note that,
the coil springs 11 may be omitted. Coolers 12, which
respectively correspond to the semiconductor devices 3, and the
heaters 13, which do not correspond to the semiconductor
devices 13, are alternately arranged in the upper die block 10.
The upper die block 10 preheats the substrate 1 and the
semiconductor devices 3 by radiation heat when the substrate 1
and the semiconductor devices 3 are moved close to the upper die
block 10. Further, the upper die block 10 bonds (flip-chip-bonds)
the bumps 3a, e.g., solder bumps, gold bumps, to the terminal
sections la of the substrate 1 when the semiconductor devices 3
are pressed onto the upper die block 10.

For example, if the dies 6 and 8 are opened in a state where



7 Fig. 21 is a schematic sectional view of the semiconductor device showing a step following the
step shown Fig. 20; Fig. 22 is a graph showing effects of a bonding method relating to the present
invention; and Figs. 23A and 23B are sectionaliviews of the conventional bonding apparatus,
which explains the problems thereof. DETAILED DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the bonding apparatus and the bonding method relating to the present
invention wilhgobwuiss plestaisee imddtidyitth eafereh peotes it Hidgo bisenping dieevings: (Embodiment
b occurs between the bumps 3a and the terminal sections la.
Therefore, the coolers 12 are provided. The dies 6 and 8 are
opened in a state where the bonded parts between the bumps 3a
and the terminal sections la are fully cooled and cured by the
coolers 12. Coolers 6b, which correspond to the terminal sections
la, may be provided in the lower die 6 in light of cooling
efficiency. If a temperature of the lower die 6 is overheated by
repeating the bonding operations of the semiconductor devices,
curing the non-conductive adhesive 2 is excessively accelerated.
However, the problem can be solved by the coolers 6b. Further,
the entire dies can be cooled rapidly, so that throughput of the
bonding operation can be improved.

Note that, the upper die 8 including no coolers 12 may be
used as a heating die, and the lower die 6 may be used as a
cooling die. Further, the lower die 6 may have heaters, the both
dies 6 and 8 may be used as heating dies. In this case too, the
substrate holding plate 4 is floating-supported by the supporting
rods 5, so that conducting heat to the substrate 1 from the both
dies 6 and 8 can be effectively prevented. Therefore, curing the
non-conductive adhesive 2 can be delayed while the substrate 1
is set and pressed.

A release film 14 1is sucked and held on a clamping
(contacting) face 10a of the upper die block 10, which will clamp
(contact) the semiconductor devices 3. The release film 14 has
enough heat resistance to heat of the heaters 13. The release film
14 can be easily peeled off from the clamping face 10a and has
enough flexibility and extensibility. The release film 14 may be

composed of PTFE, ETFE, PET, FEP film, glass cloth including



Embodiment 1 of the present invention will be explained with reference to Figs. 1A-2B. In Fig. 1A,
a substrate 1, on which cable patterns have been formed, has terminal sections la, on which
semiconductor devices 3, e.g., semiconductor chipsl, are adhered by a thermosetting non-conductive
adhesive 2, e.g., NCF, NCP. The substrate 1, on which the semiconductor devices 3 are adhered, is
an organic substrate, but other types of substrates, e.g., inorganic ceramic substrate, may be
employed. Eluthernieag bynos petdoonduotwr waferyetcy hhdy be elhployiele astite substrate. A

plurality of lines and rows af the semiconductor ices 3 are adhered by a known flip-chjp bonder (not
Chown),  EdgesisFthd SUbSrAlbes 4% RERE by thikd A, 55 101t BLEAHAE 190 ndlkoy a
substrate heldina Riatg e b Patiom &se of thessibsiiate hpldipgirlate 4 issyRrparrd, by gdplurality of

supporting rods 5 so as to hold the substrate 1 without 8 deformation. As shown in Fig. 1A, the
supporting todsth are tdcateelatthe pokitiohd ghitted frosntthe sesiceddadtioe sevices Bremas to
prevent the semiconductor devices 3 from being disproportionately supported or pressed. Colil springs

7 are providddas iR e PRt suppBRingiFeahs)d sd a8 ¢ ﬂ&é{&@%ﬁﬁ&ﬁ&hégﬁbﬁs&mé rods 5 in a
state Whefeﬂ?@ﬁ! £s of Eﬂ?tzlﬂﬂggat{fi‘lg éggﬁé E{Lﬁﬁp?‘f%%ff%'ﬁ %‘hcéag‘gfgﬁlé%%edﬁg pj jhe lower

die 6. In a normal state, projecting lengt porting rods 5, from the clamping face 6a, are
equal, so thg¢ the sybstratel NAHdNgl piate it gre apiformly, sepakateckirpdhan Lpper digmd. bee
supporting rods 5 are equally spaced, so that the substrate holding plate 4 is horizontally held without
being bent By ®WsnWeikht. The lower die 6 is moved upward and downward by a die driving
mechanism (not shgwn). Not?% thaé.in case of u%%a hard and less flexibl(i substrat ceramic

t

Substrate, the subah Sthotdig BB LPbd briftec AT LB 8le TSVAT 55 dirdltl) supported
by the SUPPKtRG AdS Sed. IWithibis SHUGHIE WBBN TiR-SYBSHALS 4 ds beated by heaters (heat

source) 13 provided in an upper die (heating/pressing means) 8, thermal resistance immediately under
the substrate icdn bainerdased amddieat dabs canddhrestrdinkg. Ihhatheravorde nalweeiperature of the

contaciing FRREbSS(E 1 TRk A 150 ERRAIEN CA.LR8 b FHERdSiLg of the non-conducive

cUbstrate 1 can be raited IS ShoiPi T g Bf Sing eSay i o he

non-conduciivm adbasive Pogan eevices 3, whose bumps 3a have been
corresponded to the terminal sections la of the substrate 1, to the
substrate 1 by the non-conductive adhesive 2. If the
semiconductor devices 3 can be correctly positioned on the
substrate 1 and held there while conveying them, the
semiconductor devices 3 need not be adhered. Further, if the
semiconductor devices 3 can be correctly positioned on the
substrate 1, the non-conductive adhesive 2 may be applied to the
entire surface of the substrate 1 to adhere the semiconductor
devices 3.

Next, in Fig. 1A, the upper die 8 is heated by the heaters 13,

the substrate 1 is transferred onto the substrate holding plate 4,
which has been supported by the supporting rods 5 of the opened
lower die 6, and then the edges of the substrate 1 are held by the

chucks 4a. In this case, one substrate 1 may be set at the center

part of the substrate holding plate 4, further a plurality of



9 corresponded to timing of minimizing viscosity rib of the melted bumps 3a. Note that, the viscosity
Tin of the non-conductive adhesive (thermosetting resin) 2 is minimized when a prescribed amount of
heat is applied. In a range where the viscosity Tin i2lower than a dotted line, the viscosity of the
melted bump 3a is suitably decreased and the bumps 3a can be bonded. Therefore, the bumps 3a of
the semiconductor devices 3 can be securely electrically bonded to the substrate 1. Note that, in case
that the tenspebatunat T sof thmgpbduate Yneamabtise Ihgressedin dlstosutméras showhdimeg. 3B, the

timing of minjmizing the, viscosity Tin is earlier.than that of minimizing the viscosity rib. Namely, the
timings canfbt b Gorradtior tae 50 Uheh L BTG} ek % LU 38 SanioP Sl electrically

connected. 1) « A% SRR S0 44 $hg HAPES dig 8ISAPHSUURE BY 2 PIRRY FifRage %and an
upper die block 10, which is'suspended, from the upper die base 9, by coil springs 11. Spring force of

the coil spritigs 1t egredier thail hmtrefl ttveseoif dpningd h Notedbat, phre cod springsukkeady be
omitted. Coolers 12, which respectively correspond to the semiconductor devices 3, and the heaters

13, which d%%tlkﬁ)lrijegﬁ’qﬁh %Cﬁ?et%@.lmgoﬁaa&&r%@e\ﬂéetélfs}laﬂéearné.iﬁakéiy %lkralf%eaﬁme upper
die block 1Q; The HP@%{edA%eqlg’Cﬁ%ﬂyﬁét%&?ﬁé&g&Ha&?tJela_@%EP@%@?H%"QQ gPJaCE%VhC.eS 3 by

radiation heat when the substrate 1 and the semiconductor devices moved close to the upper die

block 10. Further, tRe: uppehdiei BlogkBLOthands {lir-chie-lsondshiee ddnpswdes ¢ go $eseE bumps,
gold bumps, to the terminal sections la of the substrate 1 when the semiconductor devices 3 are
pressed ontdl thé eppsrdid B 1d o€ estampiewit itk dies 6l antps aige e ddin & Ettiewhere 10

upper die block 10. Therefore, the substrate 1 and the
semiconductor devices 3, which are held by the substrate holding
plate 4, are preheated, by radiation heat from the clamping face
10a heated by the heaters 13, until reaching a prescribed
temperature, so that the substrate 1 is thermally expanded
(linearly expanded). Preferably, the prescribed temperature is,
for example, 10-30°C lower than a melting point of the bumps 3a.
In case of solder bumps, the melting point is 260°C, so the
prescribed temperature may be around 240°C. In case of gold
bumps, the melting point is 180°C, so the prescribed temperature
may be around 160°C.

In comparison with a case of heating a substrate on a
cooled block of a lower die, the non-conductive adhesive 2 and
the bumps 3a can be rapidly heated by preheating the substrate 1
held on the substrate holding plate 4. Further, the substrate 1 can
be fully expanded before clamping. On the other hand, in the
case of heating and pressing the substrate on the cooled block of
the lower die for compression bonding, a non-conductive
adhesive will cure before melting bumps. In the present
embodiment, this problem can be solved by the above described

rapid heating.



the bumps 3a are melted, there is possibility that poor connection occurs between the bumps 3a and
the terminal sections la. Therefore, the coolers 12 are provided. The dies 6 and 8 are opened in a
state where the bonded parts between the bumps 3a and the terminal sections la are fully cooled and
cured by the coolers 12. Coolers 6b, which correspond to the terminal sections la, may be provided in
the lower die 6 in light of cooling efficiency. If a temperature of the lower die 6 is overheated by
repeating the bondMgbetatidng ofAke sdmicondsittet delidess dwiey e prondohdugtieeadhesive 2

is excessively gccelerated, However, the problem can Qe salved py the coolers 6b. Further, the entire
dics can b5 IER tabféty! b 13t BoER OPHEBAMNG SHABENESamEe SpHREE T4 Note

that, the uppgr clie &ingluding A cRRKRTS k7 T e Lised a7 aheRENG di ArLthe lwarodje 6 may be

used as a cooling die. Further, the lower die 6 may have heaters, the both dies© and 8 may be used
as heating diéstHr thiswasalton,thedubklraterhd|dingmplthe 4sisrfioatngisupportdd bicthe Supporting
rods 5, so that conducting heat to the substrate 1 from the both dies 6 and 8 can be effectively

prevented. %%r@fb?é,sslfﬂr?gwﬁe%ﬁteéndmwe Leheliee thR pB akibyed Miktneisibsrate 1 is

set and preﬁjﬁg}? Os v:\% cr;ilf/vﬁ:%?: %q%'r]ed' i?ﬁgcﬁﬁ‘éﬂgg tﬁd 9 arﬁl%[gg_i@ga(éar_:_t f:éi@ if@lg Oa of the

upper die b amp (tontact emiconductor devices e release film 14 has

enough hed ¢esigidnce th bead Ghthimheasers dgsThe.release film 14 can be easily peeled off from the
clamping face 10a and has enough flexibility and extensibility. The release film 14 may be composed

of PTFE, ETFE, PET, mh@wmgmgc_|@hﬁin@|u&mtjaﬁ:@_ﬂu_loriﬁ@,qoowomﬁénéqnmdy&_ww]yndene

P SN Gl T T S

aftaching ogipy4RRgY faRed 8f the semicandygiandeyicems: Theeefase. RN @pIiNapigdlhs upper faces

of the semiconductor devices 3 and the clamping face 10a, with the adhesive 2, can be prevented.
of the lower die 6.

As shown in Fig. 2B, the lower die 6 is further moved
upward. The supporting rods 5 are retracted into the lower die 6,
with compressing the coil springs 7. Namely, the semiconductor
devices 3 are pressed and heated until the substrate holding plate
4 contacts the clamping face 6a of the lower die 6. In this action,
the substrate 1 and the semiconductor devices 3 are clamped,
between the upper die block 10 and the substrate holding plate 4,
by the spring force of the coil springs 11 of the upper die 8. Note
that, the upward movement of the lower die 6 may be stopped at
the position shown in Fig. 2A, and the semiconductor devices 3
may be heated and pressed there.

By the above described actions, the non-conductive
adhesive 2 can cure after fully expanding the substrate 1, and the
bumps 3a can be electrically bonded to the terminal sections la,
so that the semiconductor devices 3 can be securely bonded to
the substrate 1. With the above described structure, heat capacity

of the structural members contacting the substrate 1 and the

semiconductor devices 3 is small, so that the preheating can be



Next, a bonding step of the semiconductor devices 3 will be explained. In the bonding step, the
semiconductor devices 3, which have been mounted or adhered by the non-conductive adhesive 2,
are electrically bonded to the substrate 1. Firsthy the flip-chip bonder (not shown) adheres the
semiconductor devices 3, whose bumps 3a have been corresponded to the terminal sections la of the
substrate 1, to the substrate 1 by the non-conductive adhesive 2. If the semiconductor devices 3 can
be correctlyepdsitiondd Yorphef subserdte Huand esid therelwhilp ictgvaying thesn pitief semicsnductor

devices 3 need nagt be adhered, Further, if the semiconductor devices 3 can be correctly positioned on
the substralehf! HEnAHEMATULA BGHRARE St BB SSHEl B W S RRPiAde bf the Substrate 1

to adhere the semigARIUCIHALYIBSTSrte 1NGX 4]Figa LA, e HPREL W6 f [sheated Ryghe heaters

13, the substrate 1 is transferred onto the substrate holding plate 4, which has been supported by the
supporting tools deaf the ofenectiawen ale §¢ atibthenlthe wdgkes of the substrate b ara hield by the
chucks 4a. In this case, one substrate 1 may be set at the center. part of the substrate holding plate 4,
further a pl&aRy bk A Seisnasds 11y etrlcafy!derdiitBe SUBBPAIE Hofthsh phdte 4. The

substrate hgldi tq 4 is floating-s rt Wi S ngr lgc b e
clamping fa%éj gl'e% gf%haez}éllwlér %%} %t 1“‘J e (r%elggs%% mcll é)aqs{ '&e%r§ gﬁea\?lcgu chiaaéﬁggqaﬁéigqld on the
clamping fagg dRa&Xfite upperidie biack ddu Neode that, the heatersthe may he deingd ori after setting
the substrate 1. Next, in Fig. 1B, the lower die 6 is moved upward to move the semiconductor
devices 3 taWdveisheccRniping fhed 804 wiehenshpendiél blockr10.2T he efodd! the Bdibsfatec] and the

semiconductg(i’ldevices 3, which are held b){[tlée substrate holding plate 4, are preheated, by radiation
heat from tfié Sﬁ%ﬁ’iﬁngacceafog heB&d %Iy} RE€ heaters 13, until reaching a prescribed temperature, so

that the substrate INg therpaily; gxpepdag) dinear ity pxPeRdad). iRref@kbrithg uessdheshtemperature
is, for example, 10-30C lower than a melting point of the bumps 3a. In case of solder bumps, the

melting poirtds BBOGC 6do tredorb2crlved tempedature swayabetaroumde240€. bocabdedfotdsoumps, the
melting POl 2 waar The bhmps 55 Sna he Terainal Sections Ta. Next, the
dies 6 and 8 are opened by moving the lower die 6 moved
downward, and then the substrate 1 1s taken out and
accommodated in an accommodating section (not shown). By
accommodating the substrate 1, the process of bonding the
semiconductor devices 3 is completed. In this action, even if pull
force is applied to the bumps 3a while opening the dies 6 and 8§,
the electrical connection between the bumps 3a and the substrate
1 can be securely maintained. Therefore, connection reliability
can be improved.
(Embodiment 2)
Next, the apparatus and the method of Embodiment 2 will
be explained.
In comparison with Embodiment 1, the substrate holding
plate 4 of the present embodiment has a different structure, and
the semiconductor devices 3 are located on the lower side of the

substrate 1. Other structural elements of the apparatus of

Embodiment 2 are the same as those of Embodiment 1. Therefore,



In comparison with a case of heating a substrate on a cooled block of a lower die, the non-conductive
adhesive 2 and the bumps 3a can be rapidly heated by preheating the substrate 1 held on the
substrate holding plate 4. Further, the substrate 1 aan be fully expanded before clamping. On the other
hand, in the case of heating and pressing the substrate on the cooled block of the lower die for
compression bonding, a non-conductive adhesive will cure before melting bumps. In the present
embodimerith this tsroblemadan lsersoned by sheikisala deEeribedliapieintiedtiage13ssigued, in Fig. 2A,

the substrate 1 has been expanded by the preheating. In this state, the lower die 6 is further moved
Uwara 10 gIREs FREmRE MR cRUlects BTG SRmBIng a88 164K diupgat dlBlock 10,
and then theBicPRIUGIA daYieess alf Riassediand brated tirtilisaehingthe mglting point of the
bumps 3a. Therefore, the bumps 3a are melted and electrically bonded to the terminal sections la.

In this actiom dle Isulestiate thadd the semiconductor devices 3 are clamped, between the upper die
block 10 and the substrate holding plate 4, by the spring force of the coil springs 7 of the lower die 6.

As shown in Fig. gér,lm%l%wéréd;e %WQHBMéE&]o%B%B%érd’(h"hé"’éhﬂ%rﬂ?ﬂgaftﬁ"s § ¢ refracted into
the lower digy fﬁﬁ'ﬁ C%%%fﬁséﬂggﬁ% Cﬁﬂ SPIPes NG ¥cm?cﬁ§£?'89“g;é§;fé QEVBCGSag@fe pressed

and heated u substrate ing plate 4 contacts the clamping face 6a of the lower die 6. In this

action, the sypstiaiél ¥ gndike seditanguetns deticesad arp slamped hetweenTthe tper ¢lie block 10
and the substrate holding plate 4, by the spring force of the coil springs 11 of the upper die 8. Note

that, the upivarchmcviebtdiede theolblierdip 8 teagf b@ stopped dehatsoditiomskbg IWvEign2A, and

th ' tor devices 3 be. heated and , the above descriped actions,
the nom-conUGIVb ABNEC e D BT ELTE e 1) it Qs STnm BOipe 2a ean

be electricaljy bppdedtothe iRsminal §eplons st ipat g sespicensivstandeyigesydigan e securely
bonded to the substrate 1. With the above described structure, heat capacity of the structural members
contacting thé shibstrdizes s thensdihisonthuietot lueyices 3ne srdalf ogurtkalt the pheheatisg can be

action. A distance between the adjacent supporting sections 4b is

nearly equal to that of the adjacent semiconductor devices 3.

When the substrate 1 is transferred onto the substrate holding

plate 4, centers of the semiconductor devices 3 are corresponded

to centers of the supporting sections 4b, and the supporting

sections 4b support the semiconductor devices 3 in this state.

Preferably, a thermal expansion coefficient of the substrate

holding plate 4 is nearly equal to that of the substrate 1. For

example, in case of using the ceramic substrate 1, a preferable

material of the substrate holding plate 4 is ceramic or a material

whose thermal expansion coefficient is equal to or nearly equal

to ceramic.

As shown in Fig. 4B, a rear face (an upper face) of the

substrate 1 is moved close to the clamping face 10a of the upper

die block 10 so as to preheat the substrate 1, etc. The substrate 1,

the non-conductive adhesive 2, the semiconductor devices 3 and

the substrate holding plate 4 are preheated from the rear face of

the substrate 1 by radiation heat radiated from the clamping face



14 efficiently performed. Further, the clamping action is performed and the bumps 3a are bonded to
the terminal sections la in the state where the substrate 1 is expanded, and the bumps 3a can be
bonded to the terminal sections la without occurringgoosition gaps therebetween. The substrate 1 is
floating-supported and can be heated in a short time by reducing heat capacity, so that poor
connection, which is caused by heating the non-conductive adhesive 2 for a long time and rapidly
curing the nobacoliuctibe aphebivet2, tha beubretsrted] améxthia Figb2erate healstsd are turned

off, and then the coolers 6b and 12 are turned on so as to cyre the bonded parts between the bumps
3a and the Pe]r?‘njiﬁaf' se@‘b‘ﬁ%qagw 'ﬁjfeed’fé%aéléh%% SR b(ffeedl%/ r%?/ir%eﬁlél%v&&lﬂ?é 6 moved

downward, and 1pgq H1e,subsisats deld tan-outaRd acsRmmOgAted,a ar ascommedating section

(not shown). By accommodating the substrate 1, the process of bonding the semiconductor devices 3
is completedain tlitsldoton daven dfquuth barce stapplied tortha bainpsel= while openiad théa dies 6 and
8, the electrical connection between the bumps 3a and the substrate 1 can be securely maintained.

Therefore, éé‘rhfé&i’dﬁ re,lnat_}m’fyean be iﬁﬁd}é@é’dk@mﬁbﬁi%ﬁf@al RRERE B AP paY t68@nd the
method of %@fg?ﬁ%‘t%w"”ﬁﬁ{%‘ pgd- ggs;pé%?é@%?@ﬁ?” Wigh '%H‘é’%%l%%b&ﬁg‘évt?%”ate

holding plate e present embodiment h erent structure, and the semiconductor devices 3
are located devthedoviersidh ekthieesstibstiath 4. sQthersttectureh aleseeplseafdhesapparatus of

Embodiment 2 are the same as those of Embodiment 1. Therefore,

Next, as shown in Fig. 5A, the substrate 1 is pressed onto
the clamping face 10a of the upper die block 10 so as to increase
the temperature of the substrate 1. As described above, the
thermal expansion coefficients of the substrate 1 and the
substrate holding plate 4 are nearly equal. Therefore, even if the
substrate 1 1is expanded after being clamped, the clamped
substrate 1 can be heated and pressed without displacing the
semiconductor devices 3 mounted on the substrate holding plate
4 with respect to the substrate 1. Further, as shown in Fig. 5B, in
case that the clamping face 6a of the lower die 6 contacts the
substrate holding plate 4 to clamp the substrate 1 with great
clamping force, the substrate 1 can be heated and pressed without
displacing the semiconductor devices 3 with respect to the
substrate 1 as well as the case shown in Fig. 5A. Therefore, even
if the semiconductor devices 3 which are located on the lower
side of the substrate 1 are mounted on the substrate holding plate
4, the bumps 3a can be securely electrically bonded to the
terminal sections la of the substrate 1.

While performing this action, the melted non-conductive
adhesive 2 will flow down via spaces between the substrate 1 and
the semiconductor devices 3. If the substrate holding plate 4 is a

flat plate having no supporting sections 4b, there is a possibility



15 the structural elements described in Embodiment 1 are assigned the same symbols and
explanation will be omitted. In the following description, unique structures of Embodiment 2 will be
mainly explained. In Fig. 4A, supporting sections 4b, whose planar size is slightly smaller than that
of the semiconductor devices 3, are upwardly projected from the substrate holding plate 4. Therefore,
in the substrate holding plate 4, grooves 4c are formed between the adjacent supporting sections 4b.
Edges of ththgdniilsenductoe devives@ard motihaldasihibeisipgothapsedivornb @bs whis Wialths of the
edges are they are not deformed by the §ress action. A distanﬁg between the adjacent

J

mall so that
Supporting BOMISAPATEarl, AR HALSA LIS AGAR SoRiioHEE ol BevishD S HHon the
substrate 1, yans{erisrh potoythe,sybsirate Boleling pIAIR fy £oaters af he seryicongusigr devices 3

are corresponded to centers of the supporting sections 4b, and the supporting sections 4b support the
semicondugtbredevices 81n this thaten Brefecably atthesnwad krpansiod coefficest ofi the Hubstrate
holding plate 4 is nearly equal to that of the substrate 1. For example, in case of using the ceramic

substrate 1g&Bfefefé@@%ﬁate_ﬁapoffiﬂé@&&traﬂé h&kAi phe 2 is éhﬁanﬁ@mlzs% i UWhose
thermal expc?%t&%%"?ff'%'?'}t%% es%@%{?aqfe”ﬁ%rigglggar%ﬁ%{v‘@@@'&:co éﬁnﬁ%?w{}e@ Bigq 4P, a rear

face (an upper face) of’'the substrate 1is moved e clamping face 10a of the upper die block

10 so as to prehaahipergihsttatenli etee  hesubstrate 1, the non-conductive adhesive 2, the
semiconductor devices 3 and the substrate holding plate 4 are preheated from the rear face of the

substrate 1 by radihtliohhtfedti@gifaté ol eneRiripinl $asd B AUE By $6€ preRsaft bhe Bubstrate 1

dth bstrate holdi late 4 th I ' fficient I Il
expanded. ROV HE SATTES AT by EaU P Can NG HEpIREREA of e EHhibAFsections la

of the subsiraighrWHER IS eause sy herifieral&aision B thessHasti@tethakherpiere f
displacement of the semiconductor devices 3 with respect to the substrate 1 can be prevented.

Next, as sholvn iscfig.s) dhes sabsidate 1T ssprésshovoato theddamping dacef 20z of the thper die

block 10 so as to incrgase the temperatyre of the substraée ﬁl Asd scribi)d above thE thermal
expansion SGAHEENE BEY LBEHSES PaRbBoe B &ISE Fotdthd biat! éré"}jf@ah)? GLUAE Therefore,

even if the yyhstaty 1 isexnandsd. aftey,geing elamped, (he clgnped pubsirate 1,cap by peated and

pressed without displacing the semiconductor devices 3 mounted on the substrate holding plate 4 with
respect to the bubstrate2 1i Fwibgrpasd showh én Fagy &B cin dase fihdi ¢he iclemiog faod Ga of the lower
die 6 contacts the substrate holding plate 4 to clamp the substrate 1 with great clamping force, the

substrate 158 beodehted @hd Fe346E Withdut dpladiRglthesentitBibRBtor RIS 3 With respect to

the substrate 1 as we#nas the case shown ir} F{% 5A 'I'-hergfo(r)% e%(len if .tatee semiconduc %redevices 3

which are located on %CI%Wgr Side of the stbs ra{gtlaérrleemounte 6n the substrate hol Ing plate 4,

the bumps 3aede b seecutalyRisGitiea!ly hondeshie theteamnalisaeiions laabthe suhstate 1.
the semiconductor devices 3 and the substrate holding plate 4,
the retained adhesive 2 becomes fillets so that the above
described problems, which are caused by flowing the adhesive 2
downward, can be solved. The surplus adhesive 2 is collected and
retained on the side faces of the semiconductor devices 3, widths
of the fillets can be narrow, and a density of mounting the
semiconductor devices 3 on the substrate 1 can be increased.
Further, in case of using a substrate in which contamination of
surface becomes a problem, e.g., semiconductor wafer, the
contamination caused by the surplus adhesive can be securely
prevented.

To prevent the contamination, the release film 14 may be



While performing this action, the melted non-conductive adhesive 2 will flow down via spaces between
the substrate 1 and the semiconductor devices 3. If the substrate holding plate 4 is a flat plate having
no supporting sections 4b, there is a possibility 17 tlsat the melted non-conductive adhesive 2 flows to
the substrate holding plate 4 and invades into gaps between the substrate holding plate 4 and the
semiconductor devices 3 by capillary phenomenon. If the non-conductive adhesive 2 invades into the
gaps, flashds dretfotmed on shdacesoi amnsbinsitondustan desices 31 od thehsubsuhtethalding plate 4

[ taminated and a cleani tion i ired. In th t embodi t, th ti
sectons AL alth) WicHe DEU 6 6 WA B A ovbs 1) UM (8 Wartr S5 of the

supporting saqans,thys gallsh hrg\iba ofdherseiemdusior deyirenr Igygs ends oy

the semiconductor devices 3 are Separated from the substrate holding pl

Therefore,

the melted perftonduatyye hdhebive @ idstoppkd dtdkeilowewenklspafethel sigetiacesedketinee
semiconductor devices 3 by surface tension. Since the non-conductive adhesive 2 is retained on the

side faces df i éélntbbrmuetéhaeﬂ&\g so\ﬁifﬁwq%dm@mwm@ St _
ﬁ?é@% &P@fﬁfa}gﬁ @A%'Qgtﬁﬂe tﬁéh%‘?{%ﬂoegﬂq?@ﬁ%&‘zée 2esomes fliefs g9 hagthe above
y esive 2d

owing the a ownward, can be solved. The

devices 3
described

oblems, which are cause

e faces of

e flow of

Weerltie SeRfconductor

surplus adhgigive d isweallediedfand setbingd o thel ditiedasestef the sanbeonductondelisas 3, widths
of the fillets can be narrow, and a density of mounting the semiconductor devices 3 on the substrate 1
can be incrégaged nRuftherr il easé dfilising 4 substrate in which contamination of surface becomes a

blem, e.g., ' t fer,. taminati d byt I dhesi b
Cocurely rovened TECHHGUeAT NG dbriAr RSN 1S rOISQLTAS Re A e g 1h (R o

clamped state, the semiconductor devices 3 never displace with
respect to the substrate 1. Therefore, the heating and pressing the
substrate 1, etc. can be started, without preheating the substrate
1, after setting the substrate 1, until reaching the prescribed
temperature, so that throughput of the bonding operation can be
improved.

Note that, in case of treating the work of Embodiment 1 in
which the semiconductor devices 3 are adhered on the upper side
of the substrate 1, a plate whose thermal expansion coefficient is
nearly equal to that of the substrate 1 is provided above the
semiconductor devices 3. The apparatus of the present
embodiment can treat the work as well, and the same effects can
be obtained. In this case, the plate expands, in the
heating/pressing step, as well as the substrate 1. Therefore,
displacement of the semiconductor devices 3 with respect to the
substrate 1 can be prevented. The plate may be mounted on the
semiconductor devices 3. Further, the plate may be provided on
the substrate holding plate 4 and supported above the
semiconductor devices 3, by suitable means, e.g., elastic member,

until starting the press action.



fed between the semiconductor devices 3 and the substrate holding plate 4 before setting the
substrate 1. In this case, a flat plate may be employed as the substrate holding plate 4. By performing
the above described action with pressing the release film 14 by air, the flow of the non-conductive
adhesive 2 can be prevented. In case that the non-conductive adhesive 2 does not flow down, the flat
substrate holding plate 4 can be used without feeding the release film 14. Further, even if the
substrate 1 is heated and pressed in the di&Empeddtme nthedsemiconductor devices 3 never displace

with respect to the substrate 1. Therefore, the heating and pressing the substrate 1, etc. can be
started, without pr 85%9%1% SRRYALYS zfﬂb‘fsté}ﬁnajtﬁ[eﬁﬁfis rgtgl’f%?l 1 FB&&HinY e Prescribed

temperaturg S0y RAUANPHLohhedIRding OPeEAipR can beATPIDVeRo o Naighatyp case of

treating the work of Embodiment 1 in which the semiconductor devices 3 are adhered on the upper
side of the stibstratar 4] a ptdterwbnse thedmst edpadsion noeffibient isbearty eqdalstortiat df the
substrate 1 is provided above the semiconductor devices 3. The apparatus of the present embodiment
can treat the WBAHINFAL SaAATRSsAgRHIES Samfe DHIAMRES IR IRd e eidands, in
the heatingltpﬁegﬂﬁqtsétap, as well as the substrate 1. Therefore, displacement of the semiconductor
devices 3 with respect to the substrate 1 can be prevented. The plate may be mounted on the

semiconductor deviges 3tHirthey; ¢ke plate siap be pioyided onlile suhstatedtelding plaig 4 and
supported above the semiconductor device}z};,qta/ suitable means, e.g., elastic member, until starting
Nexs. e

the press a8tér Mo Ehabediment 3)a appacatus afid ted method OfERBoditent 3 will be
explained V\fi%rtefere ce to Figs. 6A-7B. Note that, the structural elements described in the above
Jaie

described e RsSare' 8 ignegltﬁ%%%me s%\ ols afd %R&&f%é{%n willB& Bhitted. 2

reduced-pressure atmosphere or a pressurized atmosphere is
produced in the closed space, and then the semiconductor devices
3 are heated and pressed in the closed space.

As shown in Fig. 6 A, a substrate holding plate 15 has an
air path 15a and a plurality of sucking holes 15b, which are
opened in a surface. An air tube 16a of a sucking mechanism 16,
which is provided in a lower die block 19, is connected to the air
path 15a. A stretchy spiral tube 16b is provided to a part of the
air tube 16a. When the substrate holding plate 15 is pressed by
the upper die 8, the spiral tube 16b absorbs a surplus of the air
tube 16a. The sucking mechanism 16 is communicated to a
sucking pump (not shown). A lower surface of the substrate 1,
which is an opposite surface of a mounting surface (upper
surface) on which the semiconductor devices 3 are adhered, is
sucked by the sucking holes 15b, so that the substrate 1 is sucked
and held by the substrate holding plate 15.

In a lower die 17, the lower die block 19 is supported by a
lower die base 18, and the supporting rods 5 are provided in the
lower die block 19 and floating-supported by the coil springs 7.

A movable clamper 20, which encloses the lower die block 19, is



In the present embodiment, the substratelis accommodated in a closed space, which is closed by
heating/pressing means and supporting means, a reduced-pressure atmosphere or a pressurized
atmosphere is produced in the closed space, and ti@n the semiconductor devices 3 are heated and
pressed in the closed space. As shown in Fig. 6A, a substrate holding plate 15 has an air path 15a
and a plurality of sucking holes 15b, which are opened in a surface. An air tube 16a of a sucking
mechanisms1g) whichds pripvidedlin spiowgsdi€ block hdcis canpectbrsto aladlair patviiske &\ stretchy

spiral tube 16b is provided to a of the air tube_16a. When the substrate holding plate 15 is pressed
by the Uppdl 0 8 Ehel Gird e 1D SLABHIER AL A Wbk 965, ThESERndvechaniam

16 is commynictech 108 SUCKIDBRUTR NPhshpume A 9wWep suEace of fae aubsitAiged. which is an

opposite surface of a mounting surface (upper surface) on which the semiconductor devices 3 are
adhered, istsLw&&d I8y.the sucking holes 15b, so that the substrate 1 is sucked and held by the

substrate holding plate 15,  In a lower die 17, the lower die block 19 is supported by a lower die
base 18, and the stppdiihbi®d8S BB rovidad if-the 16WEr Bid-bicckP 19 BHiISHaBREYEEFPorted by

the col sprijgs 1, A\MAYaDIa slapEer 20, MICh;enClpses the jayer fis black A0yp 2q.syeported by

coil springs Ich are elastically provi between the movable clamper the lower die base

18. An air paths23 isriermedrintibe Iower, die bas©18iand the lpwey dircdlosk 19. c1ah sealing member
23a, e.g., 0-ring, is provided between the movable clamper 20 and side faces of the lower die block

19. A sealirlg fferiB&PE3b, fa.ge 0-7iRg, ie brovriea o atdampiagaes (dpperltheey 2daastehe
movable clamper 20..The release film 14 is,sucked and held on the clamping f 10a of the upper die
Dlock 10 ALLROW A B CThe B8 B 6 S SabtS S Her 50 Do the
clamping fagec18a o kha ypp&Lk dig BlRGK 1R, ngme,t%éE@%;ilm 4pscheldowhen filower die

17 is moved upward. By this action, a closed space K (see Fig. 6B) is formed between the upper die 8
and the lowaradi@b¥e clamper 20 contacts the clamping face 10a of the upper

die block 10, on which the release film 14 is held, when the
lower die 17 is moved upward. By this action, a closed space K
(see Fig. 6B) is formed between the upper die 8 and the lower die
17.

In Fig. 6A, the substrate holding plate 15 is supported by
the supporting rods 5 and located at a position, at which upper
faces of the semiconductor devices 3 are located lower than the
clamping face 20a of the clamper 20, when the substrate 1 is set.
Therefore, when the closed space K is formed, the clamping face
10a of the wupper die block 10 1is separated from the
semiconductor devices 3, so that the preheating can be performed
in the closed space K. A reduced-pressure atmosphere can be
produced in the closed space K by discharging air therefrom via
the air path 22, or a pressurized atmosphere can be produced in
the closed space K by introducing compressed air thereinto via
the air path 22. As shown in Fig. 6 A, the coolers 6b and 12 are
omitted, but they may be provided to the dies.

Next, the process of bonding the semiconductor devices



In Fig. 6A, the substrate holding plate 15 is supported by the supporting rods 5 and located at a
position, at which upper faces of the semiconductor devices 3 are located lower than the clamping
face 20a of the clamper 20, when the substrate 1 igset. Therefore, when the closed space K is
formed, the clamping face 10a of the upper die block 10 is separated from the semiconductor devices
3, so that the preheating can be performed in the closed space K. A reduced-pressure atmosphere
can be productd bre thes plossteshace K by discharging air therefrom via the air path 22, or a

pressurized atmosphere can be produced in the closed e K hy introducing compressed air
thereinto via the ai Ba %2.%’sﬁg\ﬁ/nuimﬁd. geeﬁioc%%l)jr@ B g{?oai% . yo?hl?t e&,etﬂ}tet'h%y may be
provided to fhe diggj NRxt, taerogessi af bpading dhe gericangusiorieyices 21 ilRp fxplained.

In Fig. 6A, the upper die block 10 is heated by the heaters 13, and the release film 14 is sucked and

held on the felampifig fadet h@awh trer uppebdieciiotk 10ninlihis state,, thb suhshreteat ¢s feckand set on
the substrate holding plate 15. In this action, the dies 8 and 17 are opened and the substrate holding

plate 15 is d6sb 59ttrfénsaaﬁomhlasmsts SrahdiB& e tader A Nekp i sudkiHg fredh&nism 16
sucks air froythegsyck 91'2)'5?&%5@%%%%%%%%@&% E'}%éé*%f?aq%}ﬁi’g%%*pw face of the

substrate holdelng plate 15. Evenif t ubstrate 1 Is originally bent or ben eing unevenly heated,

the substrata:p pa feaisbsuiely hel@ po thimgubstdatesholdifigeplaiey 5. damety, tNe substiate 1 can be
flatly held without being deformed or inclined. Therefore, the entire substrate 1 can be held parallel to

the clampingfekén@anses tha th&s s aeks calt e aniféinglys Hedea ahd pessdedh so mext, as
shown in Fg;. 6B, the |O\aﬁ¥ dga]géls m%vetd upward unttﬂ the movabhle cla s r 20 cBniactg the upper
die block 1030 8S To 30 t0e C168&a°shate K Qnd Wen"dir P e cldsed Lpact K i8St ?ged, via the
air p_ath 22’1§@l%§ﬁ%rﬁ%@€ iﬂﬂemﬁlﬂetﬁfet%%@ﬁﬂtépﬁ% *%r\{\éli{?a}?%f%gmgothiﬁ églion, the
semiconductor devices 3 are moved toward the clamping face 10a of the upper die block 10 so as to

preheat thebsyistiatg Lard thel sehniedrdlctbredevibesrd te thecelosbe spanerk] wriietelaoming the

prescribed temperature, by radiatjon heat. Next, as shown in Fig. 7A, the lower die 17 is further
moved upvﬁ}ﬂ SRS ?)FSS%H@%@& Getdr deMEd8 3! ¥ntd ke %}hl?ﬁﬁﬁ?gt?aie £84 oPthe upper

die block 1Gy QPFkthﬁeﬁLéPs%?{%&@Pdo%‘ﬁq%”ai&%PH%‘%f dRvighe B AkNeRd AL PLes3gd in the

closed space K, until reaching the meltingpoint
entire substrate 1 can be held parallel to the clamping face 10a,

so that the substrate 1 can be uniformly heated and pressed.
Next, as shown in Fig. 6B, the lower die 17 is moved
upward until the movable clamper 20 contacts the upper die
block 10 so as to form the closed space K, and then air in the
closed space K is discharged, via the air path 22, so as to reduce
inner pressure of the closed space K. While performing this
action, the semiconductor devices 3 are moved toward the
clamping face 10a of the upper die block 10 so as to preheat the
substrate 1 and the semiconductor devices 3 in the closed space
K, until reaching the prescribed temperature, by radiation heat.
Next, as shown in Fig. 7A, the lower die 17 is further
moved upward so as to press the semiconductor devices 3 onto
the clamping face 10a of the upper die block 10, and the
substrate 1 and the semiconductor devices 3 are heated and

pressed, in the closed space K, until reaching the melting point



22 of the bumps 3a. While this heating and pressing action, the substrate 1 is clamped between
the upper die block 10 and the substrate holding plate 15 by the spring force of the coil springs 7 of the
lower die 17. The movable clamper 20 is moved de&nward, together with the upper die block 10, with
compressing the coil springs 21. Next, as shown in Fig. 7B, the lower die 17 is further moved
upward, so that the supporting rods 5 are retracted into the lower die block 19 with compressing the
coil springsof Therbforsptheadsubstrate holding plate 15 is moved until contacting the clamping face

19a of the lower die black 19, and the heating and pressing action is cqntinued. In this action, the
Substrate 115 stll X RbE BLiNeBAAHE Bl Uk LRSS A8 i 198 sul L ASKGF pd 1E

The healing sigh pEgSIBg ASKRNS PRUCHAIFIIR e LedypseiprassUra AimesRNelg feq iEvolds have
been included in the non-conductive adhesive 2, the voids can be purged from the non-conductive
adhesive 2 hoddhe ggmctnduttbrydeticesd cag Howeatl wrifdehfdledo iMhestibsgrat& lboif pheheated to
linearly expand before being clamped as well as the former embaodiments, so that occurring position

gaps, whicH @PeaudEdl bl therhie eRpaNSiBHG! e BRBtratd1, iarbe Hrévehtl Mi¥ie ibstrate 1 is
floating-su g%%%gig&%b?ﬂgqéﬁgg%aﬂp%Il&% SPdh%? ugrenc r%fs%éfl%r CTnggt qn can be

prevented. , there -pressure state in’the closed space eleased, and the dies
8 and 17 argpanenad2Then, the sucking mechanism 16 releases the substrate 1, and the substrate 1

is taken out and accommodated. By accommodating the substrate 1, the process of
Next, as shown in Fig. 7B, the lower die 17 is further

moved upward, so that the supporting rods 5 are retracted into
the lower die block 19 with compressing the coil springs 7.
Therefore, the substrate holding plate 15 is moved until
contacting the clamping face 19a of the lower die block 19, and
the heating and pressing action is continued. In this action, the
substrate 1 is still clamped between the upper die block 10 and
the substrate holding plate 15.

The heating and pressing action is performed in the
reduced-pressure atmosphere. Even if voids have been included
in the non-conductive adhesive 2, the voids can be purged from
the non-conductive adhesive 2 and the semiconductor devices 3
can be well underfilled. The substrate 1 is preheated to linearly
expand before being clamped as well as the former embodiments,
so that occurring position gaps, which are caused by thermal
expansion of the substrate 1, can be prevented. The substrate 1 is
floating-supported and can be heated in a short time, so that
occurrence of poor connection can be prevented. Next, in Fig. 7B,
the reduced-pressure state in the closed space K is released, and
the dies 8 and 17 are opened. Then, the sucking mechanism 16
releases the substrate 1, and the substrate 1 1s taken out and

accommodated. By accommodating the substrate 1, the process of



23 bonding the semiconductor devices 3 is completed. According to types of the non-conductive
adhesive 2, a property of adhering the semiconductor devices 3 can be maintained, without being
badly influenced by voids, by performing the heatirgg and pressing action in the reduced-pressure
atmosphere. On the other hand, the non-conductive adhesive 2 may cure in a pressurized
atmosphere. Namely, the pressurized atmosphere is produced in the closed space K, and the
preheating biep diigHd boseingaepslaret peridemiddn the £leset ppated in which the pressurized
atmosphere is proi%ced. In this case, even if voids are included jn the non-c nductivegdhesive 2, the
g %‘ﬁ‘aﬁf

voids are compres$edSNE i atfizEAPE that tHd EeMRABREOAOF eSS bESweir uflderfilled.
Further, thejeducediprespure impspherenand e Ressirethatmgerhessmay bealterpately

produced in the closed space K for performing the preheating step and the bonding step. (Embodiment
4) Nextntla @pyparatlis and the methbdiofd=mbadihyent 4 fililldrecexplaimed with daferebge to Figs.

8A-9B. Note that, the structural elements described in the above described embodiments are assigned
the same sPRBbN BHd Explahiion Wit B BiittedNd 1P ptgent &fbtimentithe ¢RSed space K

is divided intg @urélgrcg_lw of gﬂ\fiéiefhﬁ%%%fev}’@i(:h corresponds to each of the semiconductor devices
3. '

On the other hand, the non-conductive adhesive 2 may cure
in a pressurized atmosphere. Namely, the pressurized atmosphere
is produced in the closed space K, and the preheating step and
the bonding step are performed in the closed space K in which
the pressurized atmosphere is produced. In this case, even if
voids are included in the non-conductive adhesive 2, the voids
are compressed and miniaturized so that the semiconductor
devices 3 can be well underfilled. Further, the reduced-pressure
atmosphere and the pressurized atmosphere may be alternately
produced in the closed space K for performing the preheating
step and the bonding step.

(Embodiment 4)

Next, the apparatus and the method of Embodiment 4 will
be explained with reference to Figs. 8A-9B. Note that, the
structural elements described 1in the above described
embodiments are assigned the same symbols and explanation will
be omitted.

In the present embodiment, the closed space K is divided
into a plurality of cavities, each of which corresponds to each of
the semiconductor devices 3.

In Fig. 8A, an upper die 24 has an upper die block 25, in
which a concave section 25a i1s formed. A clamper 27 is

suspended in the concave section 25a. An upper end of the



In Fig. 8A, an upper die 24 has an upper die block 25, in which a concave section 25a is formed. A
clamper 27 is suspended in the concave section 25a. An upper end of the 24 clamper 27 is connected
to guide rods 27a, each of which is suspended, froza the upper die block 25, by a coil spring 26a. The
guide rods 27a are respectively pierced through guide holes 25b formed in the upper die block 25. The
clamper 27 is provided above the supporting rods 5 and capable of clamping the substrate 1 with the
supporting edds1® ¢atice-sasathparatiods PYbgwhibh cordsspdnd toeredngemenhatineis
semiconductor deviges 3, are formed in the clamper 27. The partitions.27b clamp_the oyter edges of
tho Substratit B0 e LT SUBHRIRT Sadh bIasHct s Doatbd BLvIde 1 Aot
semicondugigl deviesd 3 2510cg {berelened SRACK Kisdivdac R diespatiieas A/bigkinesgamper 27,
cavities 27c, each of which is capable of accommodating the semiconductor device 3, are formed. A
presser 28 opravidedrin dechugfplee cdviidsldodk The. pfEhsersl28gre re2featively eondedted to lower

ends of guide rods 28a. The guide rods 28a are suspended, from the upper die block 25, by coil
springs 26t BA¥ GuitlGodd PRL Al HespELtelypict&eh tidREh Yuidhofds DR idEmed i the upper

die block 25, ko, prayeni invasionl t?ﬁ@%ﬁeﬁ LENR d%‘%tilea"f‘{’i*&eﬁ%%@r’\gﬁfg %Pﬁ%%ds by

capillary phenomenon, a planar size 0 pressers 28 Is made smaller t the semiconductor

devices 3. Dieppreaders 28 @se hegierhldy heatars ok showy) psavided insthe uppaddie fJeck 25. As
shown in Fig. 8A, in a normal state where the substrate 1 is not clamped, pressing faces (lower end
faces) of the Prassers 28 areclofatan edova tHd fevel dmpietve? énd (d1ampinkt fatensf thé Rlamper 27.

Tne el i ety e ece e s nand Mo capeg spR e
device 3. | cach of which is located between the adjacent semiconductor
devices 3. Since the closed space K is divided by the partitions
27b of the clamper 27, cavities 27c, each of which is capable of
accommodating the semiconductor device 3, are formed. A
presser 28 is provided in each of the cavities 27c. The pressers
28 are respectively connected to lower ends of guide rods 28a.
The guide rods 28a are suspended, from the upper die block 25,
by coil springs 26b. The guide rods 28a are respectively pierced
through guide holes 25¢ formed in the upper die block 25.
To prevent invasion of the melted non-conductive adhesive
2 which is caused by capillary phenomenon, a planar size of the
pressers 28 is made smaller than that of the semiconductor
devices 3. The pressers 28 are heated by heaters (not shown)
provided in the upper die block 25. As shown in Fig. 8A, in a
normal state where the substrate 1 is not clamped, pressing faces
(lower end faces) of the pressers 28 are located above the level
of a lower end (clamping face) of the clamper 27. The height
difference between the pressing face of the presser 28 and the
clamping face of the clamper 27 is greater than a total thickness

of the non-conductive adhesive 2 and the semiconductor device 3.



25 Spring force of the coil springs 26a and 26b is greater than that of the coil springs 7. With this
structure, the pressing faces of the pressers 28 are separated from the semiconductor devices 3 and
the preheating can be performed until the substratesl is clamped by the clamping face 17a and the
clamper 27. The guide rods 28a of the pressers 28 are guided by the guide holes 25c, which are
vertically bored in the upper die block 25, and the pressing faces of the pressers 28 can be moved with
maintainingSqarailgl tothecciamphry taed ofpiengsmpen 27nthafdioles, thiepiegséhsn?s Hre tcapable of

pressing the semiconductor devices 0 the substrate 1 with uniform pressing force, so that each of
the semcofdutls deV eSS berhotbhtaly Bortia it RBBIRLERSIBE, [ACAN Q1 path 250,

which is cogypupiFalRd Q. 105 SXAIMRIE, 3, CAPAMas RN (TSN IS RS in dside wealkof the

concave section 25a of the upper die block 25. A sealing member 29, e.g., 0-ring, is provided between
the clampenadamt ¢he coheanta sgctian?Saesopas fo fonrmdher aloded spaca Ks When the substrate 1
is clamped as shown in FiI%QSB, the closed space K is formed by the substrate 1, the concave section

25a, the clarhparR A B Scalmly RidhshEn 29, 58 3hanihidt st Gt thé closed space K can be
d d. Positignj i d ich , i d
reduce Os't'ﬁgilg?ngugfd‘é Zﬁ'@g f@é??&?.oﬂ?etﬁ%tbfg%%t% esiges of t %%&Qa"%? %nge projecte

from the substrate ate e positioning pi are respectively’pierced through substrate

holes (throygihtieles) id 97ibe subisticlie e H1al thd subsiiatd s wosre@lyqoditionsdard held by
the substrate holding plate 4. Preferably, a plurality of the substrate holes id are elongate
through-holé8, viich Hhe didsgatattinfa eeclibribe pressers 28 can be moved with

maintaining parallel to the clamping face of the clamper 27.
Therefore, the pressers 28 are capable of pressing the
semiconductor devices 3 onto the substrate 1 with uniform
pressing force, so that each of the semiconductor devices 3 can
be horizontally bonded without height variation.

An air path 25d, which is communicated to, for example, a
compressor (not shown), is formed in a side wall of the concave
section 25a of the upper die block 25. A sealing member 29, e.g.,
O-ring, i1s provided between the clamper 27 and the concave
section 25a so as to form the closed space K. When the substrate
1 is clamped as shown in Fig. 8B, the closed space K is formed
by the substrate 1, the concave section 25a, the clamper 27 and
the sealing member 29, so that inner pressure of the closed space
K can be reduced.

Positioning pins 4d, which correspond to the outer edges of
the substrate 1, are projected from the substrate holding plate 4.
The positioning pins 4d are respectively pierced through
substrate holes (through-holes) 1d of the substrate 1, so that the
substrate 1 1s correctly positioned and held by the substrate
holding plate 4. Preferably, a plurality of the substrate holes 1d

are elongate through-holes, which are elongated in a direction of



26 a center line of the substrate 1. With this structure, the substrate 1 can be securely set at a
predetermined position on the substrate holding plate 4, and the semiconductor devices 3 can be
suitably positioned with respect to the pressing faces of the pressers 28. On the other hand,
positioning holes 27d, into which upper ends of the positioning pins 4d can fit, are formed in the lower
end face of the clamper 27. When the dies 17 and 24 are closed as shown in Fig. 8B, the positioning
pins 4d respectveigit inte 1€ positionrsd rgles1278Y il thessgbstratai1¢is thgnpeb Hir die clamper

27. Nex{, the process of b ndin%the semicqnductor. devjces 3. will be exgi“ained In Fig. 8A, the
substrate 1, oh&thi2h tHetsEhicond Aor B REES SHAVEH IPQ&HE@B, % 8nstﬂg Ui Fate holding

plate 4, whigly js provigeshin the ppgnaskiawsh fis h A iha Postioninapins ¥ wsnegiively fit into

the positioning holes id. Next, the lower die 17 is moved upward until the clamper 27 contacts the
substrate 1po fotnothe closethspasp dcastsholn iprigs 88z Ther,saio IS tiscipargesidfron2 e closed
space K via the air path 25d, so that the reduced-pressure atmosphere is produced in the closed

space K. InGHis rgight ise éméonaaétwaw&gs@éﬁesn«?o%d Ese whhehraensg faeéss of the
pressers 28, & Q%fgfﬁssi?ggﬁr’éﬁﬁgﬁgq d?lasa ddlﬂbea ETRiEONAHCtor, F&V&;%%ﬁ %ﬁ?&f@%}i"%ﬁwhe

reduced-pressure atmosp tion heat from the pressing faces heate eaters (not

shown), untibreachinglike prasspleed 1eMmparatise t e thidkthelsubstrate 4 is thermalle éxpanded. By
moving the lower die 17 upward, the sealing member 23b provided on the clamping face of the
movable clafpay 20 edntgetS the Uppdrase thippkps p2rs 4d respectively fit into the

positioning holes 27d, and the substrate 1 is clamped by the
clamper 27.

Next, the process of bonding the semiconductor devices 3
will be explained.

In Fig. 8A, the substrate 1, on which the semiconductor
devices 3 have been adhered, is set on the substrate holding plate
4, which is provided in the opened lower die 17, and the
positioning pins 4d respectively fit into the positioning holes 1d.

Next, the lower die 17 is moved upward until the clamper
27 contacts the substrate 1 to form the closed space K as shown
in Fig. 8B. Then, air is discharged from the closed space K via
the air path 25d, so that the reduced-pressure atmosphere is
produced in the closed space K. In this action, the semiconductor
devices 3 are moved close to the pressing faces of the pressers 28.
Therefore, the substrate 1 and the semiconductor devices 3 are
preheated, in the reduced-pressure atmosphere, by radiation heat
from the pressing faces heated by the heaters (not shown), until
reaching the prescribed temperature, so that the substrate 1 is
thermally expanded. By moving the lower die 17 upward, the
sealing member 23b provided on the clamping face of the

movable clamper 20 contacts the upper die block 25.



Note that, the substrate 1 is clamped in the state where the positioning pins 4d fit in the positioning
holes 27d, but the clamping force is generated by the coil springs 7 only. So, the substrate 1 can
thermally expand. In the present embodiment, the gubstrate holes id are elongate holes extended in
the direction of the center line of the substrate 1. Therefore, even if the substrate 1 thermally expands,
deformation of the substrate 1 is not limited and no stress is applied thereto. Next, as shown in Fig.
9A, the lower die 1NistReirthert mtlvedsupward,tso hist i suppdrting rbdsss alompress ehtheoil springs

7 and the suppaorting rods 5 are rejracted into the lower die black 19. In this action, the movable
clamper 20 SHIAL RS gbE i lolkiod Dt e BESAN MERbel 9L o4 dikn (Rl mahbble clamper
20 is moved downward 13ince the piessing pesf thedPresser 4%-¢ad bermainigingd,pargliel to the
clamping face of the Clamper 27 while moving the presser 28, the entire surface of each

semicondustobdevite 3| canibe luaiforallyysepgrated.fromtine pnessing facebos thengrassah28.
Therefore, the entire surface of each semiconductor device 3 can be uniformly heated, so that the

non-conduawéﬁaﬁégidé%%déu?erarﬁﬂdfwfpeuhﬁéeSm%xaﬁme%alea%e%w&m%@é}ed.
Next, as shpyn gleeﬁltgeﬁ%ﬁ e&?"i!ﬁ%dé%éﬂﬂ%t Cr PPYE Mafgégéﬁ?f‘%ﬂéeﬁﬁ%@PE{@'CO”"UCW

devices 3 onto the pressing faces of the pressers 28, and the serhiconductor devices 3 are heated

until reachingtthe meiting exiptefdie Bempsndatio thisfCese, $he stamper 2isand themiessers 28 are
pressed onto the lower die 17, with the substrate 1, by the upward movement of the lower die 17, so

that the coilRSpHiny@ s6ecandiscprpéieshnidtesséa. In this action, the substrate 1, etc. are 28 clamped
by the spring force gf the coil springs 26a and.26b. . Therefore, even if the sybstrate 1 thermally
expands, the subst e bt et el e Bt o 1S BimbS Puthal Enelanti dLHABS bf each
semicondugis device i hated anhprensed inhe RarzonHakisiate withavk beighhvariaian, so that

each semiconductor 3 can be securely bonded by the non-conductive adhesive 2. As described
above, the spmio@wdUctandetlvess3 preoegpertivedspfessad by titrecpratsers@8 hevéa W éieights of

the semiconductor devices 3 from the substrate 1 are different, the differences can be absorbed by the
coil spnngsdzeﬂo*gﬁ%st KD SO BRGREIO P ovIlER DL SN BBt O RHS B, the

meers o EEIRUIS SRR ST rese s i oty colnge g6 o
e.g., hydrautioeydibtierc haetqs ewliich is ecapalie af verticaty dri\8rig slee tdl@nmper 1 mpdfihecpressers
20 A K e Presser 28 can be maintained parallel to the clamping face
of the clamper 27 while moving the presser 28, the entire surface
of each semiconductor device 3 can be uniformly separated from
the pressing face of the presser 28. Therefore, the entire surface
of each semiconductor device 3 can be uniformly heated, so that
the non-conductive adhesive 2 can cure uniformly. Further, the
bumps 3a can be uniformly heated.
Next, as shown in Fig. 9B, the lower die 17 is further
moved upward so as to press the semiconductor devices 3 onto
the pressing faces of the pressers 28, and the semiconductor
devices 3 are heated until reaching the melting point of the
bumps 3a. In this case, the clamper 27 and the pressers 28 are
pressed onto the lower die 17, with the substrate 1, by the upward

movement of the lower die 17, so that the coil springs 26a and

26b are compressed. In this action, the substrate 1, etc. are



In case that the pressurized atmosphere is produced in the closed space K shown in Fig. 8B,
compressed air is introduced into the closed space K, via the air path 25d of the upper die 24 and the
air path 22 of the lower die 17 so as to press the sabstrate 1, from above and below, by the air. With
this structure, the pressurized atmosphere can be produced in the cavities 27c¢, and the preheating
and the bonding steps can be performed in the cavities 27c¢ without bending the substrate 1. In
case of usired amepreléabe filch € 4s prasvgmimicationfgridoveard, whichnigsindibatednid R@.18A, by
dotted line, is, 29 formed. The communication groove 27e js formed in the clamping, face of the clamper
27. The cavte&T530 e il hy CAmiicALRBYHHE cmrh ORI Hro60e 378 Sand I

communicagigs GrppKe 378 imCHBMUNIGALERIOHREPUISIER ¥R tTedRyities 276 FipRIEfofReeven if the

release film 14 is held on the clamping face of the upper die 24, air can be flown via the
communicatinni geooserZ de csoothiat thehpressnie canl be redudad/oc incBeaseditheegh tha dir path 22
(see Fig. 6A) of the lower die 17. Note that, in case of pressing by air, the release film 14 must be

pressed froR §pe6d by nthsd g %;emles%@or améwairlwtg%a/ B 44 193ber ie! hatas
described a@&%ﬁ’ e%%ﬁ@‘@&‘%f@%%@% K5 givided '”%@89@1&“6 feathg S%fyw’}%%é‘“or

C
devices 3 can be heated and pressed, in the reduced-pressure atmosphere or the pressurized

atmospherey yithcsiri b veleag évid 2(Embodiment 5) Next, the apparatus and the method of
Embodiment 5 will be explained with reference to Figs. 10A and 10B. Note that, the structural
elements described\if tHECaISGVE idsctibed embdtimesiase askigied théxarae syribold and

explanation will be pmitted. In the present embodiment, the er dig (first die) 8 includes the
Cper e bISAPES AHICH hRS A TIER, NEehd 13513 stabpdt DAL oD D1 AReckn tHE camping
faqe 10a; the:loweb digseend ekl muqf%;ﬂogp@rm&&rpvw anfhe elrmping face 6a. A
height of each of the stopper blocks 30 and 31 is equal to a total thickness of "the heated and pressed

substrate 1dnélisding ¢hs seatichredwdtsrodddded § atftetheondns pondgetivRtdd rasivd 2t tlus "the

substrate holding platg
semicon

lfg'tor devices 3 can be securely bonded.

Note that, the means for pressing the clamper 27 and the
pressers 28 is not limited to the coil springs 26b. For example,
air springs, elastic members, etc. may be employed. Further, a
suitable drive mechanism, e.g., hydraulic cylinder, motor, which
is capable of vertically driving the clamper 27 and the pressers
28 and linking with the vertical movement of the lower die 17,
may be employed.

In case that the pressurized atmosphere is produced in the
closed space K shown in Fig. 8B, compressed air is introduced
into the closed space K, via the air path 25d of the upper die 24
and the air path 22 of the lower die 17 so as to press the substrate
1, from above and below, by the air. With this structure, the
pressurized atmosphere can be produced in the cavities 27c, and
the preheating and the bonding steps can be performed in the
cavities 27c¢ without bending the substrate 1.

In case of using the release film 14, a communication

groove 27e, which is indicated, in Fig. 8A, by dotted line, is



30 As shown in Fig. 10A, the substrate 1 is set on the substrate holding plate 4, and the edges of
the substrate 1 are held by the chucks 4a. Next, in Fig. 10A, the lower die 6 is moved upward to
move the semiconductor devices 3 toward the claraping face 10a of the upper die block 10a. In this
state, the substrate 1 and the semiconductor devices 3 are preheated until reaching the prescribed
temperature, and then the lower die 6 is further moved upward as shown in Fig. 10B. Therefore,
semicondudior edces Bhege pressationioatieo olangping Yace 208 ofithe Gpparatle blockti®and

heated, in this state, until reaching the melting point of the bumps 3a. By closing the dies 6 and 8
il he St T BUES 5ot S ol BT other, M SRS Bebicod B b idhave been

motnted on, W, SESYEIA J eI O Vg SUbSIFAIE ARKIAGBAte (5 ARmPed betijsep thupper i

block 10 and the substrate holdirig plate 4. The semiconductor devices 3 are heated and pressed in
this state. coBwheating ot pressingah2 Bemisonductauadaviaes @ withtdteppingdedelsvafathe dies,
the semiconductor devices 3 can be uniformly bonded, In this case, a clearance for clamping can be

easily adjusted K5 ¥hhHging HeighRUhR Stospet bIbEHE S0raha e Thiterbrt 18veRlid ifiBknesses of
e swraiyd SARTEIEL e EmReIE bR by e
provided ongoeh the Hiksabiaid 8rburiken meckanism fehadpisiingibe keightsofribeésteuper blocks
30 and 31 may be provided so as to deal with the change of the thickness of the substrate 1. The
stopper bloéis Bocreased through the air path 22 (see Fig. 6A) of the lower

die 17. Note that, in case of pressing by air, the release film 14

must be pressed from above by introducing compressed air via

the air path 25d of the upper die 24. As described above, even if

the closed space K 1is divided into the cavities 27c¢, the

semiconductor devices 3 can be heated and pressed, in the

reduced-pressure atmosphere or the pressurized atmosphere, with

using the release film 14.

(Embodiment 5)
Next, the apparatus and the method of Embodiment 5 will

be explained with reference to Figs. 10A and 10B. Note that, the

structural elements described 1in the above described

embodiments are assigned the same symbols and explanation will

be omitted.

In the present embodiment, the upper die (first die) 8

includes the upper die block 10, which has the built-in heaters 13

and stopper blocks 30 provided on the clamping face 10a; the

lower die (second die) 6 includes stopper blocks 31 provided on

the clamping face 6a. A height of each of the stopper blocks 30

and 31 is equal to a total thickness of “the heated and pressed

substrate 1 including the semiconductor devices 3 and the

non-conductive adhesive 2” plus “the substrate holding plate 4.



31 and 31 may be provided to an upper platen (not shown), to which the upper die 8 is attached, and a
lower platen (not shown), to which the lower die 6 is attached. In this case, it is hard to conduct the
heat of the heaters 13 to the stopper blocks 30 an®@0, so that the heights of the stopper blocks 30
and 31 can be maintained without thermal expansion. In the above described embodiments, the
lower die is moved upward and downward, but the upper die may be moved upward and downward.
Further, the upper &l IslWwemdiesimay bg mdved upiveed and sfowhevard. 1s Bigt 101s & lpkan view

showing layout of the bonding apparatus. The layout may be applied to the ponding apparatuses of
Embomet A58 NSTALE TR aB b SABA 16 A aaRiehiing SIBLALE nblchiG plate 4,

and a semigcm@.:ggm@egﬁ%gga{g) 1, on which cable patterns are formed and semiconductor
devices are mountéd, is held by the substrate holding plate 4. The bonding apparatus comprises: a
loader 32 for conveyiegttha sutbatpateltd A prelss shetioer (piessreisomding seéctigny Br dntunloader 33
for taking out and accommodating the substrate on which the semiconductor devices have been

bonded; ana?axsn{ﬁaerﬁﬁdmsaqaﬂgm&% %Vm%%_r%z%w&m’g mﬁoaéérrwng fﬁ%esd@s'«tratg |
feeding SGCJB‘?”@&%;%P@%%?@g‘&éEemss %nV%'HZ?L‘ %&%%Sm{%oé‘%‘i@%? jRs Pf%%%%‘iwy dicing a

semiconductor wafer; are a on the substrate (semiconductor wa , on which no
semicondugtente\dertuang begsvadhared3 Preferabhy.dhe adheringnstdp is @ecieimed itha vacuum

atmosphere so as to prevent voids from being formed in the non-conductive adhesive 2. The loader 32
receives th@rgzcribed temperature, and then the lower die 6 is further moved

upward as shown in Fig. 10B. Therefore, semiconductor devices

3 are pressed onto the clamping face 10a of the upper die block

10 and heated, in this state, until reaching the melting point of

the bumps 3a.

By closing the dies 6 and 8 until the stopper blocks 30 and
31 contact each other, the semiconductor devices 3, which have
been mounted on the substrate 1 held by the substrate holding
plate 4, is clamped between the upper die block 10 and the
substrate holding plate 4. The semiconductor devices 3 are
heated and pressed in this state.

By heating and pressing the semiconductor devices 3 with
stopping levels of the dies, the semiconductor devices 3 can be
uniformly bonded. In this case, a clearance for clamping can be
easily adjusted by changing heights of the stopper blocks 30 and
31. Therefore, even 1f thicknesses of the substrate 1, etc. are
changed, the apparatus can deal with the change easily. Note that,
the stopper blocks 30 and 31 need not be provided to both of the
dies 6 and 8. The stopper blocks may be provided one of the dies
6 and 8. Further, mechanisms for adjusting the heights of the
stopper blocks 30 and 31 may be provided so as to deal with the
change of the thickness of the substrate 1. The stopper blocks 30



substrate 1, on which the semiconductor devices 3 have been adhered, from the substrate feeding
section S and transfers onto the substrate holding plate 4, which has waited on a plate feeding stage
T. Next, the loader 32 conveys the substrate holdirsg plate 4, on which the substrate 1 is mounted, to
the press section P. In the press section P, the semiconductor devices 3 are bonded to the substrate 1
by the bonding method described in each of Embodiments 1-5. The loader 32 takes out the substrate
holding pla®n] wWHich hasbedr heatdddiid presspg,drop #ie prere tedtiow R)anbtrarsfels the same

to a stage U, Next, the unloader.33 receiyes the supstrate 1 from the stage U and conveys the same
to an accorhodHRRE Seltorras TR QU edldhgl NEE™ R EiftnhgeRd T hdruhfed to the

plate feeding stage ThBY B8/epdel 326and copleds o 4 Intthe desent embagiment, a-glugglity of the
plate feeding stages T are provided, so a plurality of the substrate holding plates 4 are cooled outside
of the presseantion Ptioe rease. Sindectheeatbstrald 1t ¢s Het art tpgpeoolekb slssBéteanal dir, plate 4
and conveyed to the press section P, the substrate 1 can be rapidly heated and the non-conductive

adhesive 2 HRvéPalrddSerbiei BbdfinPandhresting Y st 13 Phetird stibstFa® hBRiing plates
4 can be al&%rg'ﬂé)%’iH%eﬁj’ﬁf)twgﬁﬁr{ﬁ?fmgls%@éérz?ﬁ% n%jing plates 4 can be cooled and the
lle't u

substrate 1 can be set thereon w e other substrate holding plate 4 is used for performing the
bonding step. Thergfioregheo waiting tichesfor tpoling:ans seiting ihe sullsérale hodding platesd is
required, so that production efficiency can be improved. Note that, the substrate 1, on which the
semicondudto? dediced B hisde ieéndriveysth idaytet stivpligd frem Buesitieast the bosdisglapparatus.
33 Theﬁggarai&us agd he method of the %refer{ d embodimen slhave degscribed, bubthe present
invention is Iithited 1S the AV EEschiBdd Embodim M8 SFnd's pﬁ’o‘ﬁﬁrg 94s$ 5'Afe ndf located

immediately{detthg,SeFHE0RHUCIPs AayiFas @, but the present invention is not limited to this
structure. For example, the supporting rods 5, whose number is equal to that of the semiconductor

devices 3, may be Hogtind-upportedibg thevasihsprhgsvi,remndlthe supporfinth@db 8 mday ge provided
immediately under the sen}ilconductor devicsﬁ) 3 so as.to support tkbe substrate holdingt] plate 4. In this
case, the prRRBtAdtEe bP Frédding thB8dmicoRdURbF He\Rctl S BATHA™MEARBA 1 4djESting the

Spring force,¢f g, 6l SRH0GT S 13-\5‘.4”1%‘&{{’%'3%%3%93“‘533 Ing freedds i qail ﬁi%?g? /' the.
semiconductor devices 3 can be uniformly pressed. A rod porting plate, on which the supporting
rods 5 are eregiedemaythe pravidaa an ¢henlohdEimdie §.1ht ¢hisicaaa by suppeitiog iidwotbsupporting
plate with the coil springs 7, projection lengths of the supporting rods 5 can be equalized. The
structures oVthECtippEHABIEH T th loWr b bhay BB lavardd eEBs exdinpled iHeesibaditske holding

plate 4 holding the su§str te 1 may.he suspended from the lower face pf the upper die, and the
oaters may 0L UL 10 e e e i CALB el S 10 ke R iHifeen the

substrate halging plate faand4heTheatess Atfiegonep die sa aciomipeld dke radiatiancheatuntil the
preheating begins, so that heating the substrate 1 can be prevented. Note that, the shield plate may be
used, for sHielding teeratiagidh fesis HA thet abbyeadpseritsed eptbotirpnes Rulteb eletiargs may be
provided In (8 Sr T e AU DR 3 3% IR 00T e c R g e M e

substrate on which the semiconductor devices have been bonded;

and a common rail 34 for guiding the loader 32 and the unloader

33.

In a substrate feeding section S, the semiconductor devices

3, which are semiconductor chips produced by dicing a

semiconductor  wafer, are adhered on the substrate

(semiconductor wafer) 1, on which no semiconductor devices

have been adhered. Preferably, the adhering step is performed in

a vacuum atmosphere so as to prevent voids from being formed in

the non-conductive adhesive 2. The loader 32 receives the



34 the pressing step. In this case, the problem of curing the non-conductive adhesive 2 early by the
radiation heat can be securely prevented. In case that the substrate holding plate 4 is omitted and the
supporting rods 5 directly support the substrate 1, flange sections may be provided to upper ends of
the supporting rods 5 so as to broaden supporting areas (contact areas). In Embodiments 3-5 too,
the substrate 1 to be heated and pressed may be inverted as well as Embodiment 2. Suitable means
(e.g., chucksy batkirig mechanismhpobitibhingssins] etetdrestatic chckey may buaeraploged as means

for holding and positioning the substrate 1. In the apove described embogdiments except Embodiment
T the bondHTE Snalf B pISBOTH ST CRErS S Lot ROlGRBIBLS 20 D5 1

clamped by; glangg Qe APAIIE AN e FRUSANINGS: T Refore the sidkptsate.hglding plasg ther 15

contacts the clamping face 6a of the lower die 6. In case of using the substrate 1 whose thermal
expansion coeficidnt IS gxeatt keegl,cardamid Qubstnate yit islpeeferbble 410 pdrédun ritge prebeating step
after stopping the die-closing action. On the other hand, in some cases where the substrate 1, e.g.,

semicondu&Br_Winé‘rhhﬁéea%lhli’eﬂF’EﬁéPrnblléog?ﬁ{}?é}ﬁ?_gatiﬁﬁ’etﬁélgtﬁé%?éh%ed‘fiﬂ@&é?o rhay BE shortened,
so the prehgating S&%@ﬁ%'bb%P?H%@S%Wﬁ@%‘ﬁ&&%?gé%P'é%ss- 3 ﬁTJ%eB‘B PLNg Jogg » are used

as the supporting means. Further, in case that thermal resistance of the member on which the

substrate 14s betisigeeat ang yhetempéyaiude of thensiibsirate deca Decefficientiyineeaset, other
supporting means can be employed. For example, lattice-shaped grooves may be formed in the

clamping faEélﬂbp&‘itWee River die- 6T &red th@id@Ish’{ﬁ)efdlk@ﬁp@ﬂﬂihqlﬂﬁem%bﬁé,f\?«hﬁ‘c}h @é_ﬁ Beginserted
L R
immediately gpgiey thp sanacandicter davices SRe othes Rads thereok Yith iNe Siréugcthe
substrate 1 can be horizontally held without height variation.

33 receives the substrate 1 from the stage U and conveys the

same to an accommodating section 35. The substrate holding

plate 4 left on the stage U is returned to the plate feeding stage T,

by the loader 32, and cooled.

In the present embodiment, a plurality of the plate feeding
stages T are provided, so a plurality of the substrate holding
plates 4 are cooled outside of the press section P for reuse. Since
the substrate 1 is set on the cooled substrate holding plate 4 and
conveyed to the press section P, the substrate 1 can be rapidly
heated and the non-conductive adhesive 2 never cures before
heating and pressing the substrate 1. The two substrate holding
plates 4 can be alternately used, so that one of the substrate
holding plates 4 can be cooled and the substrate 1 can be set
thereon while the other substrate holding plate 4 is used for
performing the bonding step. Therefore, no waiting time for
cooling and setting the substrate holding plate 4 is required, so
that production efficiency can be improved. Note that, the

substrate 1, on which the semiconductor devices 3 have been

adhered, may be supplied from outside of the bonding apparatus.



The structure for supporting the substrate holding plate 4 or 15 by the coil springs 7 has been
described. In the present invention, the substrate holding plate 4 or 15 may be supported by other
means. For example, air spring or other elastic megabers may be employed. The elastic member may
be omitted, and a suitable vertical drive mechanism, e.g., hydraulic cylinder, motor, which is capable of
linking with the vertical movement of the lower die 6, may be employed. For example, the drive
mechanism is contiolied toampke ale Substrate holding preeéhdosk 150sepatrhte a presteibeeiddistance

f the cl j 6 d 10a whil formjng, th heati tep. On the other hand, whil
porforming GE HRASALFAHA RS ahr s rvE et @i S Cahy LKA RS Miin{S i dertain
distance befyyaefu e glameing fce 08 eFib e substatreldiay pile Ao eaPegWih this

control, the pressing force can be precisely controlled, so that the semiconductor devices 3 can be well
under filled5 ardmihie bboyeede sorimetieatieddimerds rthbh syrpoitcwrdds toard doating-Sypported by
the coil springs 7 provided in the lower die 6. However, other supporting means may be employed as
far as the woH caﬁ]%dbﬁﬁe%%@a RS TR IRdhtiny/Brbsigieshst Fotehiampié GHeSuppdiing rods 5

may be mogQ%. pfpne%%éd g{}séi gﬁgﬁ\gg{gﬁbﬁv 9&11%3@%%@9 Hl&g?ggﬁgg %L(?SI ﬁir&ylﬁ}ddetr, 0316 hydraulic

cylinder, motor supporting rods 5 may be fixe porting plate and integrally

moved upwgid ansheiyeivaid 1By réspeetively maving the suppaiting Kdspiprvad ayd dewnward
according to flexure, inclination and swell of the work, an upper face of the work can be horizontally
set, withoutEijhs Pariagsn, $e thatdhd horis sardiees Umiridsre Ssethwithdue repdieritd ad the shape
of the work. Note that, the sugaortir&means is not Iimiéed tq the rod. Qther means having f%lsmall

sectional ared A B%Fneg %a‘}il) &'o 8iasoeal¥iléglf§/ns%%§ Ping the $GBstratd 1ar?1a)? b%ué[mp 6yed as the

supporting peanrs KERedimenith g pNAX, dherappriatusard e mathedalEmaedinggyit 6 will be
explained. Note that, the structural elements described in the above described embodiments are

assigned thersarmengymblots asidrexplandtiort ouill bécomitted. 3 kathe presend pasthodimbnt, the

bonding apparatus.bonds laminated members of a work W, which are laminated with an adhesive
fayer, with AHHbHEBe W6k BUiHEn| 28 U pRF I Snél & loWBr e S hb whik WHERFEHeing

Fia. 19, an DIk Eominent LD et porariy Bondeh (adhcan) o 4 VBt bubrd 103 with an
adhesive layeniliQd mdiatht isrcodyposessof, Yor example, NG o iR, Ipites wedk WAa pludality of
connection pads, e.g., copper pads, 105, which are exposed from an insulating layer 108, are
respectivel;?‘E&P@ﬁéﬁﬂeﬁi@t@on‘hﬁc‘ﬂ’éﬁ BONMPS, 84P PRIAER BURPS, 2087 ¢nahesisd: W aown in Fig.
21, the congeclion DYAIRP 108 £L 1§ ¢ e UG PATRNL 12 218y RIRSsBieng Giicply Ponded to

supporting plate with the coil springs 7, projection lengths of the

supporting rods 5 can be equalized.

The structures of the upper die 8 and the lower die 6 may

be inverted. For example, the substrate holding plate 4 holding

the substrate 1 may be suspended from the lower face of the

upper die, and the heaters may be provided in the lower die. In

this case, preferably, a shield plate is set between the substrate

holding plate 4 and the heaters of the lower die so as to shield the

radiation heat until the preheating begins, so that heating the

substrate 1 can be prevented. Note that, the shield plate may be

used, for shielding the radiation heat, in the above described

embodiments. Peltier elements may be provided in the substrate

holding plate 4 so as to maintain the cooled state until beginning



37 the connection pads 105 of the circuit board 102, and the electronic component 103 is
flip-chip-bonded to the circuit board 102 with the adhesive layer 104. Next, a bonding apparatus
101A of the present embodiment will be explained suith reference to Fig. 12, etc. The bonding
apparatus 101A produces a semiconductor device 107 (see Fig. 21), in which a plurality of electronic
components 103 are electrically bonded to the circuit board 102. The bonding apparatus 101A has
an upper dithkl 1pares ailbgersdiepl 12 iwhidh sirecaerticality arrarigel tnelamp the worg Whiei the

present embodiment, the upper dig 111 is fixed to a center Qf a moyable platen (not shown); the lower
e 112 is GRS BTGB 3 AR BAtE CroP S Bl P00 S BAHATof e i s an outer
edge parts of the-aRyahie plaien arerrornrderhhy tig Rats (bt shawp) e fxpdAiaten is fixed to the

tie bars, and the movable platen is capable of moving, upward and downward; on the tie bars. The
movable platen t$ ediveemdyleeknowp oetiingl doding nackanisms@mppshavih)e esgh stbatidéaring screw

driven by an electric motor. By moving the movable platen away from the fixed platen, the dies 111
and 112 ard SEpEFattticahabheRay. e etatd et QoMiP MERs §81h e BRethd 2151R8e Fig. 12).
On the othe[r

or e S fage Sy e b s vessintiagpdsiosno e des 111 o
Note that, the upperdig Aldodasbe fixesl-to thedixed plaiehs tha lewer edld hvoaydee fixed to the
movable platen and the lower die 112 may be verticalle/ moved with respect to the upper die 111.
pressed may be inverted as well as Embodiment 2. Suitable
means (e.g., chucks, sucking mechanism, positioning pins,
electrostatic chucks) may be employed as means for holding and
positioning the substrate 1. In the above described embodiments
except Embodiment 1, the bonding step may be completed in the
state, where the substrate holding plate 4 or 15 is clamped by
clamp force applied by the coil springs 7, before the substrate
holding plate 4 or 15 contacts the clamping face 6a of the lower
die 6. In case of using the substrate 1 whose thermal expansion
coefficient is great, e.g., organic substrate, it is preferable to
perform the preheating step after stopping the die-closing action.
On the other hand, in some cases where the substrate 1, e.g.,
semiconductor wafer, has a small thermal coefficient, a time for
the preheating step may be shortened, so the preheating step can
be performed without closing the dies.
The supporting rods 5 are used as the supporting means.
Further, in case that thermal resistance of the member on which
the substrate 1 is set is great and the temperature of the substrate
1 can be efficiently increased, other supporting means can be
employed. For example, lattice-shaped grooves may be formed in
the clamping face 6a of the lower die 6, and lattice-shaped

supporting members, which can be inserted into the



38 The bonding apparatus 101A further comprises: a supporting mechanism 110, a
heating/pressing mechanism 113; a sealing mechanism 114 and a pressure adjusting mechanism 115.
The supporting mechanism 110 floating-supports the work W, which is set between the upper die 111
and the lower die 112. The sealing mechanism 114 seals the closed space 131 accommodating the
clamped work W. The pressure adjusting mechanism 115 increases inner pressure of the closed
space 131 éeatédwhmp%é@gqn@mnmmnb@ Tise dupportingsnegranisnglao; ames for

heating/pressing mechanigm 113 and the mechanlsm 114 nstituted by the upper die 111
and the lovsh BIEOTTSN Fnd5rebi g SRy HOtaMaTF 19595 Idctetodidecar e HES 111 and
112.  Firgfly, Sae NelingdRrassing mephanis rw"'t%%e%@&edo/f\s BheWR in,Eigale, the upper

die 111 has an upper heatlng/pressmg section (a first heating/pressing section) 116, which faces the
lower die 11anddhedtslgndipréssesiioe searki Y\ idhe dower dieevid2 had solowerhteaatinaipsessing
section (a second heating/pressing section) 117, which faces the upper die 111 and heats and presses

the work WEIRGREN, ifMH hélatmg%wﬁlag%éé}ﬁrﬁ% Sit18 thel upASr ReatiRypFessiRd Section 116
and the Iovvl% {1&3% %Q{ﬁﬁ, %C[t'QQI]]]a %lch respectively generate heat, are moved close to

each other S0 as to heat an ss the wor The upper heating/pressing section 116 is a block

composed of, for exarepka-,raﬂowwlféeeh@pg@ﬁs@gnluh&ilty@t) buiiie Neaterimbl® dstleat sources.
The lower heating/pressing section 117 is a block composed of, for example, alloy tool steel, and has

a plurality o bullRintheatbes £09 bhsspeangsurel aphd 8omvstr Wishsampltl 46 heegsd By the upper

heating/ tion 116, h the heaters 118, and the lower heat i
cection 117 WSEH 1 el 5 P hEo LB, BT Ror 2 iohir RAstit PG deion 117

toward the ypPek R8RLRG/RIESSIPG SRHIMBIE, tﬁ?r"‘%'f1\ﬁ/g08§t%@}?@1w‘@%%ﬂi‘€ WPPRIbers
heating/pressing section 116 and the lower heatmg/pressmg section 117 are clamped and pressed by

the heatingfpregsing seotiphsyldé. adctht1 z [ss¢ikignietinber Toimprbwe heatirtg functiod of the

heaters 118 andéi}]l[ﬁg 9, the heate s 1 8 and 119 are provided in the hl&fﬁ%r heﬁmng/pr ssing section 116
and the lowd H /pY8§§Frﬁf Bh"fl?rﬁﬁﬁ fhbHtEd iff tBe di BLtberdiddiaf td the paper

surface of the drawing i /H; slga'gﬁ%tl'%gd]fcl@ﬁﬁy?é heheaters did apd 1R 3 spliogythe basis of

heat capacities of the structural members constituting the upper heating/pressing section 116, the
lower heatinpipressingrsedtion 617 netoy Itisneoessksy talhedtdhe elamped svorkhw udtil veaching the
melting point of the connection bumps (e.g., solder bumps) 106 of the electronic component 103 (see

Fig. 21) and"tRé Ranng e Eranieod eh HIHa&bs 1her tahs o, N@M@(&Pﬁéﬁ%%&rﬁﬁle the

melting point.of solder is about 250-260 NCF NCPis cured by, eat at.the cyrin
temperaturg gbo&aﬂ@ésezé‘oﬁf?éf 5126)re§cﬁl5% (REURMRY R PIRAL B %

10a while performing the preheatlng step. On the other hand,
while performing the heating and pressing step, the drive
mechanism is controlled to maintain a certain distance between
the clamping face 10a and the substrate holding plate 4 or 15
clamped. With this control, the pressing force can be precisely
controlled, so that the semiconductor devices 3 can be well
underfilled.

In the above described embodiments, the supporting rods 5
are floating-supported by the coil springs 7 provided in the lower
die 6. However, other supporting means may be employed as far
as the work can be pressed onto the heating/pressing means. For
example, the supporting rods 5 may be moved upward and

downward by a suitable driving mechanism, e.g., air cylinder,



The upper heating/pressing section 116 and the lower heating/pressing section 117 act as clamping
sections (pressing means) for clamping the work W. Therefore, a lower face of the upper
heating/pressing section 116 acts as a clamping fa@& 116a, and an upper face of the lower
heating/pressing section 117 acts as a clamping face 117a. 40 In the upper die 111, an upper base
121, which is composed of, for example, alloy tool steel, is fixed to the movable platen (not shown).
The upper headingydrassirdissbtionm s o fixedtdn a tawer, fhlee stithe epperdase 121 nAdfiked spacer

section 122, which is,composed of, for example, allgy tool steel, is fixed on the clamping face 116a of
tho upper MRATNGHLae oL o 478 Ok Mo LEEGt SRTidd SPAE b AR oD R S e
according 19 AdhigkiRsReL ae Wark Weaanig suigbinFlampdna ek Wrhebesrine dipeer
heating/pressing section 116 and the lower heating/pressing section 117. In'some cases, no fixed
spacer sectipml22dsaneduiredvaceanding do dhrel thigkhe$d ok theewonicWn a t1 dmthe bwerdie 112, a
lower base 123, which is composed of, for example, alloy tool steel, is fixed.to the fixed platen (not

shown). A ftdrdht§ oF QifporhFHIRS fstassrml sBEiohey ko8 aihhe ézr%rdémaégélgvoﬁ %61 example,
alloy tool s 1't1%%%‘f_§ﬁ$%/ﬂ[’w%‘%ﬁ5%&?e loyer page des: B§IY a%'xnths_éu%%olff*q&ﬂlfgfolz“ are

composed of a materi ing low heat cohductivity, e.g., ceramic, heat resistance glass as to

restrain hegs consiuidtion fhen the: ivyendie 182 tctke wesk dY vieethe stippotiong ping tldh e
Through-holes 123a, through which the supporting pins 124 pass, are formed in the lower base 123.

Intervals be&Wé@@tﬁé@pﬁ@ﬂihg ;iﬁw§151224lbmai_6@ Rinee gfét@rcﬁh&it@r.a@i'iém the WAtk W. Lower
ends o e SRR B 21 A Sr g 0 e g S SemeeRed
LY DRIt 0P 1 P TSR B T
means.
(Embodiment 6)

Next, the apparatus and the method of Embodiment 6 will
be explained. Note that, the structural elements described in the
above described embodiments are assigned the same symbols and
explanation will be omitted.

In the present embodiment, the bonding apparatus bonds
laminated members of a work W, which are laminated with an
adhesive layer, with clamping the work between an upper die and
a lower die. The work W before being clamped is shown in Fig.

19; the work W being clamped is shown in Fig. 21. In the work W
shown in Fig. 19, an electronic component 103 is temporarily
bonded (adhered) to a circuit board 102 with an adhesive layer
104, which is composed of, for example, NCF or NCP. In the
work W, a plurality of connection pads, e.g., copper pads, 105,
which are exposed from an insulating layer 108, are respectively
corresponded to connection bumps, e.g., solder bumps, 106. In

the work W shown in Fig. 21, the connection bumps 106 of the

electronic component 103 are respectively electrically bonded to



the lower base 123 and capable of moving upward and downward in the lower die 112. A plurality of
through-holes 117b are formed in the lower heating/pressing section 117. The supporting pins 124 are
respectively pierced through the through-holes 1174y of the lower heating/pressing section 117. With
this structure, when the lower heating/pressing section 117 is moved upward and downward, the
supporting pins 124 slide on inner faces of the through-holes 117b. Preferably, thermal expansion
coefficientstbfethe owee tbating/pasbsing G2 ctioh 1t117€ar¥dit‘l¢elieta‘mea11¢5 bf2equean dThidrefore, even

if the lower heating/pressing section 1 nd t reta 25t ermally and, the ing pins
24 can oSl SRS (i AE s N § i TRBRAmEIAR o G B B Hsles 117 i
sufficiently gigater than g Qe eglp‘née[%r};gllhp(w'pportlng plns 124, the lower heating/pressing
section 117 and the retainer 125 may have different thermal expansion coefficients. A plurality of

supporting rods 128l aret camposed of fop prampie, hlldyAool sthel. pfepemandmdfidke muepptorting rods

126 are fixed to the lower heating/pressing section 117 soasto s §port the Iower heating/pressing
section 117%Fhkob§h-FoR1D84 akeifdtmicd ff ARCBWE Dake 133 antitthe rebs M}z@l%mh is fixed

on the lowep base 183, withaprssarivedinterval Tecypaating ipds 126 arpyraspsetely pierced

through the through-holes 12 Lower ends of the supporting ro o an elévating

section 1283 whicH is a«)mﬂp@ﬁediofphrrexaﬂsyple) falleydeoet sierd, thium@teélﬁnsmqroberaﬁ@l The
elevating section 128 is linked to a vertical driving mechanism (not shown). By actuating the vertical
driving mechkgidii ekl suppardeg rodlst heec iwisithtaboaiettéd dpward from the 42 elevating section

128, the | t 11 dd d. When the |
neatingipressing sadlin 147 1 HovBB BWA ard Seriara e B portHs -3 158 dide on nner
faces of they faugaH101e$ QZ%MCH@T evf@fm@ﬁlwnﬁr d2s® 12 A R riAPRIW2S. By

floating-supporting the lower heating/pressing section 117 with the supporting rods 126, the heat of the
lower heatlﬂg/ptllessm@secttonmbbldlmneaaslll;h@onqh.mddmethbldlemtfmgséctmralQSHBglrprowdlng

the insulation members 1|j27 between the su portln E 26 and Jevatlng ectlin 128, the heat
conduction @b ERIMARY Fe@farad. (10 NERO tKB Ky pBErgRECALRIdh 476 dithehdRdhg

apparatus 1016 will B¢ expaine. ??aﬁ!%%”?ﬂb’?'%ﬁ@&ﬁ? S‘@H‘?QP“%H‘%% lgﬁri"éh"&'f 3 yertically

pierced through the lower heating/pressing section 117, afe provided to wer die 112. By moving
the lower hé€atiod/prelssiog se@tubndﬁ,vempwdrglettpaaupparﬁnglmnsﬁazﬂraabeeetrﬂ@te@lrinmme clamping
face 117a (see Fig. 14). On the other hand, by moving the lower heating/pressing section 117
downward, §9d? ng pirisel DAsfe ﬁﬂé]éc%é’d)ﬁb‘hg th& RfarhprfglidrbaienaicelxRd 19.  For
example, aj atnx of the su ﬁDIPﬁ |Hg %lns 12041are ?\?wded on th wer base 123 and su?PIp rta

t

supporting p hikte 1% o Ework Wis s amelly e ower 8|e T haSthelsl supporting plate

129, which @fﬁip&wﬁﬁ@v@b@{edﬁetlwv@[@Qﬁtm/wwlﬁﬂoiﬂ%l@@ bl @i theisipeartig pins 124, so
as to support the work W. The supporting pins 124 are equally spaced, so that the supporting plate

129 is not Henpbyrits vourt Weihhidamd issg be hohzontaily sUpported owthivut Hight varidtioH. By

supporting the work W with usjn the upportin )
P g'hearmg SCrew %fr %ypan e?ectmc motor.

By moving the movable platen away from the fixed platen,
the dies 111 and 112 are separated and opened. In this state, the
work W is set on the lower die 112 (see Fig. 12). On the other
hand, by moving the upper die 111 toward the lower die 112 and
closing the dies 111 and 112, a closed space (chamber) 131 is
formed and the work W is accommodated therein (see Fig. 14).
Note that, the upper die 111 may be fixed to the fixed platen, the
lower die 112 may be fixed to the movable platen and the lower
die 112 may be vertically moved with respect to the upper die

111.



43 plate 129, the work W can be supported parallel to the upper heating/pressing section 116 (fixed
spacer section 122) when the work W is clamped. Note that, in case of treating a rigid and
undeformable work, e.g., ceramic substrate, as thesgircuit board 102, the supporting plate 129 may be
omitted. The supporting mechanism 110 supports the supporting plate 129, on which the work W
has been set, in a state where the supporting pins 124 are projected from the clamping face 117a of
the lower heating/pkdssingbsertion 817 dpgeaFigisl 512 dridli). The Supportigmectsatism 810
transfers the work W.from the supporting pins 124 to the lpwer heating/pressing sectjon, 117, together
By PRty Tevach Bl thel dis

with the suﬁb‘d?ﬁr?grbllﬁt% 128 )Wélﬁlﬁ\/ ﬁ&ttH%gsPler&ﬁ”flh@%)l £ 5'the mﬁing face
117a (see Kiga i Nareelyathawork\y %Qisfsfmdg*s%m%'%h@%%@ ofpiEsRing;isehtion 417 is seton

the clamping face I17a together with the suppor plate 129. e supporting mechanism 110,
the work WThftoatinpseipiaorge dvy ¢he supportingpifisobd4 ngtis thepoats W e fed bekvedh the upper
die 111 and the lower die 112 and transferred from the supportin%]/pins 124 to the lower

heating/pre¥8H§ Beldtisih 1 PR I PHeFdrdrec VR Sttt €l ReMfindypriQdisg sBdidrl 216TdHd the lower
heating/preggigﬁ 5 ctioqrge]gh%rglggﬁ:ed,ﬂe@t co&jﬂ:&ion {4?1 éhe v&qrgs\élacan ? %ggtrainlegllbecause
| y t i , t

the work W is floating-supporte e supporting pins 124, which are pierced through the lower

heating/pregsiog saatinhatid gNamelye hragpess oletinge adhesipe dayerrt04adiasidgvhich
temporarily bonds the electronic components 103 to the circuit board 102 of the work W, can be
restrained. MRCHPPh Pidsiizs a@s as insulatingginsu g4 of the closed space 131

sealed by the sealing mechanism 114. The supporting mechanism
110, the heating/pressing mechanism 113 and the sealing
mechanism 114 are constituted by the upper die 111 and the
lower die 112. The pressure adjusting mechanism 115 is located
outside of the dies 111 and 112.

Firstly, the heating/pressing mechanism 113 will be
explained. As shown in Fig. 12, the upper die 111 has an upper
heating/pressing section (a first heating/pressing section) 116,
which faces the lower die 112 and heats and presses the work W.
The lower die 112 has a lower heating/pressing section (a second
heating/pressing section) 117, which faces the upper die 111 and
heats and presses the work W. Namely, in the heating/pressing
mechanism 113, the upper heating/pressing section 116 and the
lower heating/pressing section 117, which respectively generate
heat, are moved close to each other so as to heat and press the
work W.

The upper heating/pressing section 116 1is a block
composed of, for example, alloy tool steel, and has a plurality of
built-in heaters 118 as heat sources. The lower heating/pressing
section 117 is a block composed of, for example, alloy tool steel,

and has a plurality of built-in heaters 119 as heat sources. The



In the heating/pressing mechanism 113, the work W is pressed onto the clamping face 116a of the
upper heating/pressing section 116, in a state where the work W supported by the supporting plate
129 is set on the clamping face 117a of the lower I3ating/pressing section 117, so as to clamp the
work W. Then, the upper heating/pressing section 116 and the lower heating/pressing section 117
clamp and heat the work W. Namely, the lower heating/pressing section 117 is further moved upward
in the state wioglEmPingd shee horkpwdscaasdtolseraridy priesshice wprew betotiegdppessing

heating/ [ ti 16. Therefore, th W is heated and dbyt
neating/preSEiE SauohCr18 BHE thdTollEP FELURaIplBESIIG Shcton 1 AME cnd EORBE
components, 403, 63 BR.SRGWE!Y PORHSS torthe GiieHiLPard PR (5apyFig2hea te Y Flagnping the

work W between the upper heating/pressing section 116 and the lower heating/pressing section 117,
the work WBig wihiolv thes citheit board 1l GPeartditiad ptectsonig corpoaant$ 103 tarev lardinabed by the
adhesive layer 104, can be rapidly heated. . In the bonding apparatus 101A, even if the work W

includes tha' Betre ikt BRI §661MEIteacH frskhifed e atkirdVaha tRécHIReNE S er 104

melted or C%%d aciﬁg%d%’?g _tql%oé@ gggi}y thes\_é@'{k W ca secéthrgly b ged.lgl%rgFly, before

{52 p
thermally curing the esive layer ggﬁ tghe coﬁnectlon umpsril g are melted, in a short time, so as

to bond thelceoatigoiiopreymissl Osctotimeonnectiare pads Ak Andiildery the astedve layer 104
cures, so that reliability of bonding the electronic components 103 to the circuit board 102 can be

improved. Nied& ! BifgCBY 65 tHa Bonelirid appalatasa1ol A Will becas Riglairett with reference to Figs. 3A
and 3B. In each of Eigs. 3A and 3B tr%e horj ont?l axis i??‘lﬁ%ﬁ time t, %hle%eft \%Frr# gl is indicates
viscosity ii and the ri hltr\rllé)rfigzﬁeaxé?n&i%t g?ecmlpoerga?ure . eea&?gﬁh shdt te E ratlre T of the
work W, visgegity fdn pf g‘?dﬁ@f't?‘ﬂ @d@ﬁéi\ﬁr@{% é_@4 i@PC{H@(?Qﬁiﬁ/e'iib}Pé ahe ¢B?_@ §§iﬁf§0ti0n
bumps 106. As shown in Fig. 3A, the viscosity Tin of the adhesive layer 104 varies like a U-shaped

curve with respeot o thé éimerntdin the adbasire lhyart 104/ thee visoogitys TintiominimiZechwden a

prescribed quantity of heat is applied, and the melted connection bymps 106 can be bonded around
the minimu %ggsﬁafrﬂm IhPsig yﬁ%@%@ﬁ@@%ﬁg@%&%g SSW?iﬁrisSt%lg%\FS ted line. By

bonding the meliad, Go %iP’Fl?gmﬁ’é ;%égt%%ctg}l%@c@m Padsrl{ipdn, e anag pglow ghe dotted

line, reliability of bondingthe electronic compone to the circuit board 102 with the adhesive
layer 104 cdrl be improsied (sae g Bdsis AS shewn it &pn SBi & cade thad thertemparature T of the
circuit board 102 cannot be increased in a short time, timing of reducing the viscosity Tin of the
adhesive [aftf DEEEScafiRS thidH the Ghtha! PiBEIsIhF Abl BRNRIESTABEISS HLiAPs 1D6. R ely, the

both timing coavr&réc%t e, c?{rrllci(;ecri evxéigq r(leacheo(giger.nﬂ‘ieé\7isc!g)§(i:ty rfp of theec%nr%%crtiont bqus 106 is not
lowered in t]he range WheretHe viscosi%/ T of e adhesive layer 194§ Beid the dotted line. In this

case, theredif @ RAssPPIBAthAL SR& camnestion brersh1AG of the elestionis cpampenests 1R cannot be
securely electrically bonded to the connection pads 105 of the circuit board 102. However, by

employing thetboading Bpparaps 10EAL the sedtheratorepefthé WorloW tha beliaeteased rapidly.

component 103 (see Fig. 21) and the curing temperature of the
adhesive layer (e.g., NCF, NCP) 104. For example, the melting
point of solder is about 250-260°C. The NCF or NCP is cured by
heating at the curing temperature (about 200-260°C) for a
prescribed time.

The upper heating/pressing section 116 and the lower
heating/pressing section 117 act as clamping sections (pressing
means) for clamping the work W. Therefore, a lower face of the
upper heating/pressing section 116 acts as a clamping face 116a,
and an upper face of the lower heating/pressing section 117 acts

as a clamping face 117a.



46 Therefore, the timing of reducing the viscosity Tin of the adhesive layer 104 can be coincided with
that of the viscosity rib of the connection bumps 106. Next, the sealing mechanism 114 of the
bonding apparatus 101A will be explained. As showm in Fig. 12, the sealing mechanism 114 is
constituted by an upper seal block 132 and a lower seal block 133. The upper seal block 132 encloses
the upper heating/pressing section 116, and the lower seal block 133 encloses the lower
heating/pressing séetidh el 1 iée deal bldcke 1.32parer 133ssedlZahd wibse la shacenfigrasedmmodating

the work W. The lower seal blgck 133 is.composed of,.for example, alloy tool steel, and has a
oo franaliE gt AR fouibl S35 BIETAS o 1Red o0 S oog VAR 51 A tHMer base

ey b

123. A box BeGIAMIA Y haspAIRRRI d2opds ARRNahds daipedk b e Ioper bass L@3cand the lower

seal block 133, in the lower die 112. The lower heating/pressing section 117 and the supporting pins
124 are acdemmeodétactinotfiethex segiion b3is of thz llowkr flie dd2spsealingauéemnber11s2, e.g.,

0-ring, is provided on an upper face of the lower seal block 133. The upper seal block 132 is
composed 8f ¥ _xEmpRINABY toldtedio hrithrid Bl B H¥niekeSiRSpe. HPhENSSerdal block

132 s fxed 0 A auop FHICTRAN f (B 4FPER D5 12T 1 B aoqian L, s dques e i

opened, is ttorme pper base 121 an pper sea nthe upper die 111. The

upper heatingiiresking seetionhld §is agcopuredated ti dhe boR sectier] dsteaf thecwnbmngie 111. A
lower face of the upper seal block 132 faces the upper face of the lower seal block 133, on which the
sealing meithér 1Back peside.the work W so as to suitably clamp the work W

between the upper heating/pressing section 116 and the lower
heating/pressing section 117. In some cases, no fixed spacer
section 122 is required according to the thickness of the work W.

In the lower die 112, a lower base 123, which is composed
of, for example, alloy tool steel, is fixed to the fixed platen (not
shown). A plurality of supporting pins (supporting sections) 124,
which are composed of, for example, alloy tool steel, are erected
upward from the lower base 123. Preferably, the supporting pins
124 are composed of a material having low heat conductivity,
e.g., ceramic, heat resistance glass, so as to restrain heat
conduction from the lower die 112 to the work W via the
supporting pins 124.

Through-holes 123a, through which the supporting pins
124 pass, are formed in the lower base 123. Intervals between the
supporting pins 124 are determined according to a size of the
work W. Lower ends of the supporting pins 124 are securely
fixed to a retainer 125, which is composed of, for example, alloy
tool steel, so as not to disconnect therefrom. The supporting pins
124 have the same length, and the work W is supported by upper
ends of the supporting pins 124.

The lower heating/pressing section 117 is provided above



a7 In the bonding apparatus 101A, a small gap must be formed between each of the supporting
rods 126 and an inner face of each of the through-holes 123a so as to smoothly move the supporting
rods 126 in the through-holes 123a of the lower bage 123. Thus, the sealing mechanism 114 includes
sealing members 135, e.g., 0-ring, are respectively provided in the through-holes 123a so as to close
the gaps between the supporting rods 126 and the inner faces of the through-holes 123a of the lower
base 123. theBypmievirathe lggenbabe 1p2 Wdwaed thiwoioweg base 428, @uded othaviagd sections

136 and 137 contact each other so that a closed space 131.is formed (see Fig. 13).
accommodéﬂngﬂﬁ?e WA/ ir(flcﬁe Libsed Spd ufg Ite ﬁjrtbrlﬁ\}\?(&'éﬁtééﬁgg%y fizjt%vd BY%he upper
heating/pressing saCtion 16 8Rddth oyveh BopiRg/prRgsGee6tion 147 mhe ppIReRtigbodiment,
heaters (heating sections) 138 are provided in the lower base 123 and the lower seal block 133. With
this structunei ke Mlatka\e aceopunodatdy ip the clabed spagd lidilectinrioar@pidiy heatéd7b  The
lower seal block 133 of the lower die 112 has inner faces 133a, which enclose outer faces of the lower

heating/pregéinﬁlé’eéﬁbw?Lﬁ?h%@ﬁ&@??ﬁéééﬁ%%%‘r@ﬁé‘atleél by Weiﬂeat@ﬁss 185" Biolid&d in the
lower seal gﬁﬁé&?’ d hﬁ{gf%ﬁﬁ’ﬁ %l‘?ﬂ’%@ﬁé@%ﬁé@fgépﬁ 8%“'9{‘_7111]% IS, mayved %P%«g% nd

downward g the heated inner faces e lower heating/pressing sect , the lower

seal block k32dartbthe lewed basee123 ppoeonposechef thesanmpdwataiialng er, ahayetpad steel, their
thermal expansion coefficients are equal. Therefore, if the sections in the lower die 112 are uniformly

heated, thetld®er HEd@itgdreBsilgssectlon/bL7 adtrgkciswdyseal bieoknaB sirsiaryesdsahd so that
the prossur ST LLHRE ThGe iGN 119'5¢ e SARUI RASAIILE TR WMod brpINLaLAE shown i
Fig. 13, theyressiee adjussng mechapiginllS hpg @reqwmpsessaridd. whfch igeapaRigyefsupplying
compressed air into the sealed closed space 131 via an air path 139 formed in the upper seal block
132. heating/pressing section 117 and the retainer 125 thermally

expand, the supporting pins 124 can smoothly slide on the inner

faces. Note that, if an inner diameter of the through-holes 117b is

sufficiently greater than an outer diameter of the supporting pins

124, the lower heating/pressing section 117 and the retainer 125

may have different thermal expansion coefficients.

A plurality of supporting rods 126 are composed of, for

example, alloy tool steel. Upper ends of the supporting rods 126

are fixed to the lower heating/pressing section 117 so as to

support the lower heating/pressing section 117. Through-holes

123a are formed in the lower base 123 and the retainer 125,

which is fixed on the lower base 123, with a prescribed interval.

The supporting rods 126 are respectively pierced through the

through-holes 123a. Lower ends of the supporting rods 126 are

fixed to an elevating section 128, which is composed of, for

example, alloy tool steel, with insulation members 127. The

elevating section 128 is linked to a vertical driving mechanism

(not shown). By actuating the vertical driving mechanism, the

supporting rods 126, which are erected upward from the



In the closed space 131, the adhesive layer 104 (see Fig. 19) is heated by radiation heat from the
upper heating/pressing section 116 and the lower heating/pressing section 117. By heating the
adhesive layer 104, voids will be formed in the adhesive layer 104, the adhesive layer 104 is expanded
and the electronic components 103 will be separated from the circuit board 102. Thus, forming voids
can be prevented by increasing the inner pressure of the closed space 131. Further, in the bonding
apparatus XJEA a4 iplgradiecof ave &28tromio kemidondmavios laea borgiguresthia girsdicboand 102 at a

time, so th heating gction can be performe ith applying uniform pressing, force, without
forming vorls. S nERHE et BPUBRAG Lo col ASEb LS8 HE Shs Afhoard 102
can be imprvedon 1MMe PEEsRYR AdiYSINgraerhaniiiw My, Nae 4 4R50MRIESSAY d§-9-

vacuum pump, for reducing the inner pressure of the closed space 131 instead of the compressor 141.
By reducind thé inhed pressuraoé the oiaseddpabe 181 air grh theoddkedi28 layer hddicamriee removed.
Further, foreign particles suspended in air filling the closed space 131, e.qg., fine dust, and oxides badly

influencing fiod Bt divethgelonyg chnss dcd emrﬁb\?eﬂ?fmélﬁlreés%ﬁe adjusting mechanism 115
may have e compiesIgn AN 1A SOMPIPRAT 1033 [ IERSS e aneL A9 areRsyre of the

closed space 131 aiter reducing’the inher pressure of the closed space 131 to remove air in the
adhesive layer7104 ilfhthisicases e talidbility ebdendingahe eiectrarig componanrts 193/ terthe circuit
board 102 can be further improved. ~ The method of bonding the electronic components 103 onto
the circuit bogAd IO/ fri@ thenBetlid biggtodutihg the BermhicomsiUctoraRidBs 1o, Whichlete
performed by the bonding appara 01A, will be.explained with reference to Figs. 12- nd 19-21.
Figs. 12145 G et LR S ot tFe Hhis e htdt A0 S RIBGas, b 19-21 are
enlarged Se&@?%é’ﬂﬁ"ﬁ’ﬁ@@ﬁ%ﬁ’@f'ﬁ\ﬁ/g”?%t&g Q)Qtaeal}ﬁﬁ‘dﬂﬁ% PRI AU 038¢tiomn {regbonding
method of the present embodiment, the work W, which includes the circuit board 102 and the
electronic ctmepbrearits 0031 laotiated dmeteof Witth the exittesivedayer 104, is clamped between the

upper die 111, which has the upper heating/pressing section 116, and the lower dje 112, which has the
lower heating/pres%?d‘éectﬂ}iel1%”&585@%gbe‘iﬂﬁ‘ii‘&)’é’c?gbwérfjoanﬁ’%o \‘R/arb %’ﬁgltﬂg supporting

pins 124 vertigally grecteglogo,asdq gonghthe lagliguig COmMPoRRRLs 103 fo hpcirgit bagrd 102.

Firstly, as shown in Fig. 19, the circuit board 102 and the electronic components 103 are correctly
positioned sa pp tor tiatgh phia conhection biyhps 106 Wit tba ldgnneatiotepidh 109 glhetwerk W, in
which a plurality of the electronic components 103 have been laminated on the circuit board 102 with
the adhesiveOI8yRdr RGA i graper a8 Ky t & ubbés diEeL PT MuisRGH® Udierd Revtingipessing

section 116,314 the Joper i 117,02y e YRl DEAIPOINGRE R S9FERN 147 AP,

the supporting pins 124 are retracted into the clamping face 117a
(see Fig. 14). On the other hand, by moving the lower
heating/pressing section 117 downward, the supporting pins 124
are projected from the clamping face 117a (see Fig. 13).

For example, a matrix of the supporting pins 124 are
provided on the lower base 123 and support a supporting plate
129, on which the work W is set. Namely, the lower die 112 has
the supporting plate 129, which are provided above the lower
heating/pressing section 117 and the supporting pins 124, so as
to support the work W. The supporting pins 124 are equally
spaced, so that the supporting plate 129 is not bent by its own
weight and can be horizontally supported without height

variation. By supporting the work W with using the supporting



50 supporting pins 124, which have been explained above as the structural members of the bonding
apparatus 101A, are used. In the work W, the adhesive layer 104 is firstly applied on the circuit
board 102, and then a matrix of the electronic comp®nents 103 are correctly positioned and
temporarily bonded onto the adhesive layer 104 by a known flip-chip bonder (not shown). For
example, the circuit board 102 is a glass epoxy board, cable patterns are formed inside of the circuit
board 102, phaitthelébhnedrionwads 186 arerexposed fromntedinpalndihs layier 108, THrpadéctronic

components 103, e.g., semiconductar. chips, capacitors, have the connecti umps 106, which are
composed B 1 BEAIHEHS S4BHet S ifdpd i 4 BOCREAE TS SHIER bhinies YO Brd Hielied and

bonded to the,¢anngction pagdsm . N NextAS Bhawnda Fig-o2.dhearts W is et prathg lower die
112, by a known feeder (not shown), in the state of opening the upper and fower diés 111 and 112. In
the lower dierld 2f thersuipbortingrkine 184, whichnhayes béean projected flom diecelampiogifdce 117a of
the lower heating/pressing section 117, support the work W. Next, as shown in Fig. 13, the upper
and lower dl&zlltﬂlﬁnﬁl’iﬂﬁ%?@Elgslélﬁﬁﬁtilﬂ%g &ag¥s s tREYEeskction 136 (the lower end of the

155 contact each er S4 B0 10 oo nq CHAdE S B e gy Hoset B e g

member 134] ge@ be ormadw hhiemn, the:piesskraradiustipg sieshanism 413 supplias conopeessed air
into the sealed closed space 131 so as to increase the innerﬁEressure of the sealed closed space 131.

The pressufig@d pate gsmnainthidRse Wit fottexhiisan the ssdrah the@oseeiespdckalst is

released. Preferably, the closed space 131 is formed iLat least the adhgesive Jayer 104 cures so as

o orovent fh B R T RES R Hanar e Tt ne P oatdey ) 1 ¥
supporting mechanism 110 transfers the work W from the

supporting pins 124 to the lower heating/pressing section 117,
together with the supporting plate 129, by relatively retracting
the supporting pins 124 into the clamping face 117a (see Fig. 14).
Namely, the work W transferred to the lower heating/pressing
section 117 1s set on the clamping face 117a together with the
supporting plate 129.

In the supporting mechanism 110, the work W s
floating-supported by the supporting pins 124 until the work W is
fed between the upper die 111 and the lower die 112 and
transferred from the supporting pins 124 to the lower
heating/pressing section 117. Therefore, even if the upper
heating/pressing section 116 and the lower heating/pressing
section 117 are heated, heat conduction to the work W can be
restrained because the work W is floating-supported by the
supporting pins 124, which are pierced through the lower
heating/pressing section 117. Namely, progress of curing the
adhesive layer 104 (Fig. 19), which temporarily bonds the
electronic components 103 to the circuit board 102 of the work W,

can be restrained. The supporting pins 124 act as insulating pins.



After forming the closed space 131, the inner pressure of the closed space 131 may be reduced, by
the decompressor, e.g., vacuum pump, via the air path 139, before producing the pressurized space.
By reducing the inner pressure, air in the adhesivedayer 104 and foreign particles suspended in air
filling the closed space 131, e.g., fine dust, can be removed. Therefore, mixing foreign particles into
the semiconductor device 107 including the circuit board 102 and the semiconductor components 103
can be prevented. In Nest, hs sHovgd pr Eig.i04 thedelenhentind/pdessihg secaok 1W issnoved

upward from the state shown in Fjg. 13. With this actiop, the projected supporting pins 124 are
relatively refrseted tho tﬂgtéfamﬁiﬁa fac%lilf?BI(]i’fghe |6RhET hezi)tﬁ]%]?pre&?ng £§ion YPPEb as to

transfer theyyuars W fToP 36 SHPRATLIRGLRINS| 434 tojfhe £lagmping fagschErayind {gpx theviower

heating/pressing section 117 is further moved upward so as to press the work W, which has been set
on the clampinfacteetl By, ohto sl plantping faket 8 162 Dfithe epper bkatiobdpngssirgg fsection 116.
Further, the work W is clamped by the upper heating/pressing section 116 and the lower
heating/presding seétibhe 12 %Ad the WoNNP iCRe iRl 4R HieBsdd if tHe climbihg Stdt?  The

upper healgipiesRagecfi 418 804 6 IME NGanGUPLesaing sselan 17 v beep previously

heated. Therefore, the lower heating/pressing section starts t¢' 52 direc eat the work W when

the work Wiig Wamstested drenp s siipgosiing ivms 124. Qnathgpothed hasdt thi ¢ipperrikeaiing/pressing
section 116 starts to directly heat the work W when the work W is pressed by the lower

heating/pred5iiy sbetidh a 12 Whe Wead W aiPids st slansssd ynthklupper Heddrypreesiag section

116 and the | i i ion 117 from the both sides,is rapidly heated. Note that,
emperaturd EHAG Uotbl DSads 51 ks ARG Ball 1) ot Yot ok NCHDRS

heating/pregsingssqationydfang thmlewankeatingfyrersing seotar 14 sodhe werk Wig indirectly
heated. As shown in Fig. 3A, if the temperature T of the work W is rapidly increased, the
connection bhreps{to® ard hapidiyomielted. Namblgatiealvisaodityprib sfdide tgltetch conmpption bumps

106 is rapidly lowered. The adhesive layer 104 is in the molten state when the viscosity Tin of the
adhesive I%@Pi@ﬁg&?ﬁ e %ﬁgesﬁglh\ﬁﬂwe?diéec?ﬂfi s‘iﬁﬁvn_liﬂ‘ﬁ?gr. 3 ."?ﬁg}&zﬂéfﬁ%%lten
connection bupmps L0B1cAN b segiiely bendsd e e aywRction PASS 19mby pressing the both.

Namely, reliability of bonding the electronic components 103 to the circuit board 102, with the adhesive

layer 104, daobédhpiowdt cirbutitetosling bppa(ats FagA,2hg work W, in which the electronic

components 103 are adhered to the circuit board 102, is clamped to bond the structural members of

the work W at a tirfY Thefdforep thesendiBEndudterdevicdV107, 88 Whfchithe dR@troniPdifiponents

103 are mOHQtaetqr?g/tBreecsirsci%itgbos%%fl'i%zﬂ Caﬂ%e %rgguc,ﬁge lower heating/pressing
section 117, the work W, in which the circuit board 102 and the
electronic components 103 are laminated by the adhesive layer
104, can be rapidly heated.

In the bonding apparatus 101A, even if the work W
includes the connection bumps 106 melted at prescribed
temperature and the adhesive layer 104 melted or cured
according to total heat quantity, the work W can be securely
bonded. Namely, before thermally curing the adhesive layer 104,
the connection bumps 106 are melted, in a short time, so as to
bond the connection bumps 106 to the connection pads 105. And
then, the adhesive layer 104 cures, so that reliability of bonding

the electronic components 103 to the circuit board 102 can be

improved. Next, effects of the bonding apparatus 101 A will be



In the present embodiment, the heating action and the pressing action are simultaneously performed,
so that the 53 connection bumps 106 can be melted when the connection bumps 106 are bonded to
the connection pads 105. Therefore, the connectiomsbumps 106 can be easily bonded
(compression-bonded) to the connection pads 105. The pressurized space is maintained until the
electronic components 103 are mounted on the circuit board 102. Therefore, even if tiny amount of air
is included #xtpkaadieskivel thyec fon¢ theeting din gan Bécamprédded marmaminicnizEdgso that gaps

between the circyit. board 102 and the electronic components 103 can he well underfilled with the
heanve IO B B ol AR e S SR o N LAEAL! N6 P AR &t Dumpe 106

and the conpretion;pads,1Q3 ganihe nrevepted.nd relighility of igeding fhe eleshgnic.gerponents
103 to the circuit board 102 can bé improved. Upon completing the step of bonding the work W,

the pressurecadjustingumectianBhel s spdps thie qwe sistmizationt el theddwigr dheatinddpwssing
section 117 is moved downward to separate the work W from the clamping face 116a of the upper

heating/pre¥ditigPsdétion 1 15t ekt s disshadh e vesl e drnaashg/pressittysakiod 117 is
moved dowm\éa%gﬂ?ihg?%%tg ﬁh%\/ﬁnﬂ% E{ .Slff §8 as to project the supporting pins 124 from the
a of the lo e

clamping face 1 wer heating/pressing section 117 and transfer the work W to the

supporting pins 124 Nexto asnshawmni i, Ao\ 12hihe uppet tie hid afd He dewerdiecl 12ya¢e opened
(separated), so that the closed space 131, which is constituted by the box sections 136 and 137, is

opened. Nekf) 4hE avoas W ksaakdh-clnarsrd the 13wewdid 113 by khdwrt Beéntiaying miearns ¢not shown).

By taking out the work W, the ong cycle of bonding the work W is completed. Note that, the work W
o2 may be BSIA Vand SEAb of Baing HiBpoHBd by e slBoohingtbiRs a4 s

e zi:lon%ection
bumps 106 £ c2pE daeq dhg o5k ¥ may bedakepaeld, and the melted connection

bumps 106 can be bonded around the minimum viscosity nn. In
Fig. 3A, the bondable range of the viscosity nn is below a dotted
line. By bonding the melted connection bumps 106 to the
connection pads 105 in the range below the dotted line,
reliability of bonding the electronic components 103 to the
circuit board 102 with the adhesive layer 104 can be improved
(see Fig. 21).

As shown in Fig. 3B, in case that the temperature T of the
circuit board 102 cannot be increased in a short time, timing of
reducing the viscosity nn of the adhesive layer 104 is earlier than
that of the viscosity nb of the connection bumps 106. Namely, the
both timing cannot be coincided with each other. The viscosity
nb of the connection bumps 106 is not lowered in the range where
the viscosity nn of the adhesive layer 104 is below the dotted
line. In this case, there is a possibility that the connection bumps
106 of the electronic components 103 cannot be securely
electrically bonded to the connection pads 105 of the circuit
board 102. However, by employing the bonding apparatus 101A,

the temperature T of the work W can be increased rapidly.



In the present embodiment, the supporting rods 126 are fixed to the one elevating section 128, but the
supporting rods 126 may be individually moved upward and downward. For example, as shown in Fig.
15, at least three supporting rods 126 may be respégtively moved upward and downward, by driving
sections 128a, so as to support the lower heating/pressing section 117 with maintaining balance. In
this case, posture and position of the clamping face 117a, with respect to the clamping face 116a, can
be controllebloertheolgsis Biambumiigf nwolvineehe supporting rods ¢26 idiven by e dilving sections

128a and heights of the parts of the clamping face 117a corresponding. tq the supporting rods 126.
With this SRS SRR o B Ao toSAMBIE bt i bacinth 198 <43 BBSHEI Precisely
equalized v@prﬂ}péampmget@gwﬁrlﬁyl\ﬁpﬁgiq% ¢ herefore, the work W can be uniformly clamped, so that
no sideling force acts on the electronic components 103 and the bonding can be performed suitably.

Even if the work Whikelatget thesentirengonk o lcan iberclaiyb eolfnitieubiéaordi algnagipag fartes so that the
bonding can be performed suitably. (Embaodiment 7) Next, the apparatus and the method of
Embodimert% i BEidkplBfed i fHed - thé Sruth il Rleients desclibed iR ¢hes 884 VB Bescribed

embodimenys arg asigneg {e ?@@%ﬁéﬁv\?ﬁﬁeﬂ“% XQ@’\%&%}%W ?s?loﬁligﬁ% S}_?%_‘%@ﬁﬁﬁesem

embodiment, a bonding apparatus e explained reference to

Embodimentéy #ie sasuppoikg pis. 127hfixedjp #ie kawgr base k23 3k used as #ie shipporting
means. In the present embodiment, movable supporting pins 141, which are not fixed, are used.
Further, in BinBedimeat 51 H® firedigpacetdetivn 192 isndedhgslow gpasen bdrtippkbliBd movable

spacer section 44 3 7ed [o e Presert epBod e T vt FURCRYS oL Ao eR
132 and 133 seal and close a space for accommodating the work
W.

The lower seal block 133 is composed of, for example,
alloy tool steel, and has a hollow frame-like shape. The lower
seal block 133 is fixed on an upper edge part of the lower base
123. A box section 137, whose upper face is opened, is formed,
by the lower base 123 and the lower seal block 133, in the lower
die 112. The lower heating/pressing section 117 and the
supporting pins 124 are accommodated in the box section 137 of
the lower die 112. A sealing member 134, e.g., O-ring, is
provided on an upper face of the lower seal block 133.

The upper seal block 132 is composed of, for example,
alloy tool steel, and has a hollow frame-like shape. The upper
seal block 132 is fixed on a lower edge part of the upper base 121.
A box section 136, whose lower face is opened, is formed, by the
upper base 121 and the upper seal block 132, in the upper die 111.
The upper heating/pressing section 116 is accommodated in the
box section 136 of the upper die 111. A lower face of the upper
seal block 132 faces the upper face of the lower seal block 133,

on which the sealing member 134 is provided.



In the lower die 112, a plurality of the movable supporting pins 141 are respectively pierced through
through-holes 123b formed in the lower base 123. Lower ends of the movable supporting pins 141 are
fixed to a pin elevating section 142, which can be moved upward and downward. In the present
embodiment, the work W is moved to a position short of the upper heating/pressing section 116,
without moving the lower heating/pressing section 117, so as to restrain the curing of the adhesive
layer 104 until shorkly blefoteosohtaging therapper heathg/pressidd gaqionudsbsebdinge@mbers 143

are respectjvely provided in the through-holes 123b so as ta tightly close gaps between the.movable
upporting HHET S BN B o HERRSUGIENRA 260 & the tdBrE 15£ 51 b precen

embodiment fya thermayable, sBaGek S661RY 1443uhich isroyisled adaing uprRer hegfipg/pressing

section 116. Namely, the movable Spacer section 144 is capable of moving upward and downward
under the uppepplasenl®rods THetmavethle spacar ghetiarl 4441i2 Tonyfoshd db foc exaayae, alloy tool

steel. A plurality of cooling paths 147 are formed in the movable spacer section 144, at regular
intervals, a|&>%§ a Lotdet Hee Rt G ARRSD R dB K WA BRIy € 9) S8 58 Mg B6bling

medium, e.g. gooled ligpd le ich e ter ' C t.shown),
through thegc%%l’in%' %él‘[hesj 15%?%%%%%\%%@ gs%ﬁ‘é?@éc%ﬁ%@?ﬁ?a#ﬂ%gg@go %O%e%g}%g movable
spacer sectigI3A4 hasscosltih binalian ghpther exdwality of hesiess theat sodisce)6L 4k dre provided
in the movable spacer section 144, at regular intervals, along the contact face which contacts the work
W (see Figthe).iNaskel{a arsnedvhbie thaewededtiohctad has weafihg flaetion bosse | Note that, the
cooling function ang the heating function of the mov spacer section 144 are not us

%o b enzbéﬁle E & Eﬁ%ea

simultaneously. Th r%f(glrl@,‘ﬁlng i%guéjé?ﬁg 12%°% QAte1s"1 eoéth%FthaeW pfg\ﬁded, so that
the work W&PQE@WE the revakle SRAGR! sergonld4 aan s dyty: eaoledapehaated.hgtmovable

spacer section 144 can be made thinner to reduce heat capacity and the temperature of the work W
can be rapidlyciheseabetparnd rddutets Notentieat, {lse cobling pbdns 137 amccthemeatdas 48 may be
arranged in two rows, (an upper,row and a lower rowias_(}) as to equaljze the temperature of the movable

spacer secfi ﬁl‘ﬁ'z_?.rll—‘orvgxé?nﬁié?tl‘f Aoiing Ritifs mg}eoé”é?_if o¥d i3 thd fovkéPidtt Yocated
close to theh%%@d”%egﬁ%@W%?%P%ﬁﬁ&é@g?@é’ﬁ% MA0gER R e HPPRG W AQRNE dhe lower
spacer xed

row. The movabl ction 144 is to lower ends of holding rods 145, which are

composed ofe faii exdmpis satiey teatiterl, lanm. shispdnsed bydhe kolthngliods A45ha plemlity of
through-holes 116b are formed and equally spaced in the upper heatin%/pressin section 116, which is

fixed to the UpprtiBess 4941100 sllirkity 8f thidiRHINGEs 121RC IRiBte&rE 368pdeitvei Bofifunicated to
tﬂg throughrBolRs 1180, Aredeingd N 118 UPREI BASq A7 e NOIARE rods 445,@is Rierggd through
t accommodated in the closed space 131 can be rapidly heated.
The lower seal block 133 of the lower die 112 has inner

faces 133a, which enclose outer faces of the lower

heating/pressing section 117. The inner faces 133a are heated by

the heaters 138 provided in the lower seal block 133. Therefore,

the lower heating/pressing section 117 is moved upward and

downward along the heated inner faces 133a. Since the lower

heating/pressing section 117, the lower seal block 133 and the

lower base 123 are composed of the same material, e.g., alloy

tool steel, their thermal expansion coefficients are equal.

Therefore, if the sections in the lower die 112 are uniformly

heated, the lower heating/pressing section 117 and the lower seal

block 133 similarly expand so that the lower heating/pressing



57 through-holes 116b and 121a. Upper ends of the holding rods 145 are fixed to an elevating
section 146, which is composed of, for example, alloy tool steel. The elevating section 146 is
connected to a vertical driving mechanism (not shossn), which is capable of moving the elevating
section 146 upward and downward. By moving the movable spacer section 144 upward and downward
by actuating the vertical driving mechanism, the holding rods 145 slide on inner faces of the
through-holescitiem ahti 712k Niete thatp tbil sprivgsehaybe prdvivied iserweew ahd upper base 121
and the elevating sl%ction 146 so as to adjust.the upward and downWTrd m%z%ent of the movable

spacer section 144 €Xin thE RESIRYEMBSAMTAR EnBESHRB RifktiorPof oPQHE Y& cer section
144 is obtaiggd by ieCopliToNpaiig 48, Tasrgiars, die caalingifunetion s sespensisd ingstate

where the movable spacer section 144 contacts the upper heating/pressing section 116, and the work
W supporteplriays ther supdortsig pinsiddlia nostad il & diate wheoailpe essvablé4pacethsedtion 144 is
separated from the upi)er heating/pressing section 116. Namely, when the work W is separated from

the upper hEatigRFBSing SetdBk b Bgh o MR RIFSSEehim prdSinghe ctisa e, ¢he Hedted work W
b led by t | ti iththi , in Fig.
can be 0005@@% hesmayap &ggar?@e AR é‘ltf%r\%@d hig %ﬂ%cmggfgeg%@gﬂ%cgpfgﬁwn In Fig

22, the wor can be compu ooled, and the connection b y cured.

The adhesive layen #04coropleselyl asas i a 3hort Hmead e,/ bonged partbgiyeaerrte connection
pads 105 and the connection bumps 106 are cooled by the cooling function of the movable spacer

section 1441 80 thathise bothded gaves ahiPthelrs8 peripReiheat Be ¢igHig oM deEd SNEhgely,
reliability of bonding t ectronic components 103 to the circuit board 102 can be imprqyed. For
exemple, e S Eratl & G e ABReq SN Eyer A LPE HHECHIEION B s 106 arehiSauced i
the state ofjciarpping heavark V¥ s $0 dhatsalidifying (Cwrii@heuRumms 168 Mich havergen adhered
to the connection pads 105, can be accelerated. The temperature of the adhesive layer 104 can be

lower than a dlessitvansitipapdind Thaefadh thva conhegton blithps 106maddhd condettien pads 105
can be securely electrically bonded each other, an(i arping the work \3{5 which is cause by shrinkage
r, t

of the adheSMECIHRR 04C RAMRRSHBIRnted> Fultier, fifneSfoR bR tHEWBrdNF e H'dhortened,
so that a thipyghpu geeed fLYE PORAITE ARPGTAYISGAD BE BPEXEed by increasing

the inner pressure of the closed space 131. Further, in the
bonding apparatus 101A, a plurality of the electronic components
103 are bonded to the circuit board 102 at a time, so that the
heating action can be performed, with applying uniform pressing
force, without forming voids. Therefore, reliability of bonding
the electronic components 103 to the circuit board 102 can be
improved.

The pressure adjusting mechanism 115 may have a
decompressor, e.g., vacuum pump, for reducing the inner
pressure of the closed space 131 instead of the compressor 141.
By reducing the inner pressure of the closed space 131, air in the
adhesive layer 104 can be removed. Further, foreign particles
suspended in air filling the closed space 131, e.g., fine dust, and
oxides badly influencing the adhesive layer 104 can be actively
removed. The pressure adjusting mechanism 115 may have the

compressor 141 and the decompressor so as to increase the inner



In some cases, small gaps are formed between the holding rods 145 and the inner faces of the
through-holes 121a, because the holding rods 145 slide on the inner faces of the through-holes 121a.
Sealing members 149, e.g., 0-rings, are provided iag¢he through-holes 121a of the upper base 121 so
as to seal the gaps between the holding rods 145 and the inner faces of the through-holes 121a. With
this structure, the closed space 131 is formed between the upper die 111 and the lower die 112 (see
Fig. 17), sonhastheraerk Wiean be adpidiy beated i fite ciosdd spageth8linn e Spacessivaly, the

bonding method performed in the bopding apparatus 101C,.in which the electronic components 103
are bondecl HFCFIRE0ATE 105, b thict L RO e SERCBHAGAY GeUice 0T O be

explained wiifh {RIRIQNL&IO0 frigS: dfi-A8i Firsty ras ShaMnd FY- e dhiewReeE dig A bk Jirich 59

includes the upper heating/pressing section 116 and the movable spacer section 144, and the lower
die 112, whidh3inobudks tberlower beatidg/dessing deetitunrih € manchiheomewvable supporting pins 141,

are prepared. Next, the work Wfisee Fig. 19) is set on the lower die 112, by a feeder (nhot shown), in
the opened state of thE A RPd a0 b 99 BB gcide Iy RAHOBise LA PLA ¢k vdRANPR Kupported by

the movabl?ﬁéjpp@ir}i@giqin ]o4a]r hi% re z%%iec %defro élg @mBin Z?n thall wer
?P CK\II ﬂmcﬁtﬁe lower e(i are

heating/pressing section 117. ext, the upper die 11 oved close to

each other,ssmihiabthd edges dicthecax sectionshlid3h anck13 é cutact aably ather bwithdthegsealing
member 134, so that the closed space 131 is formed. Then, the pressure adjusting mechanism 115

supplies coffppessdd airliltbAhewehlcbciezdad spaed 181 tdo BalRrteade thd gthed Brekdure of the
sealed closed sp 1 (see Fig. 13)..Next, the mpvable supporti ins 141 are mqved upward,
together wi%ntﬁej?\;\iér 'ee?f?ﬁ%?prels]ghblieétrign i‘ig,eﬁrﬁﬁltfﬁe \%%?kp\%lﬁréicﬁ’ég ‘é’f)o&%or&%ort of the
upper heatiBQ_/HEﬁﬁﬁi_ﬂglﬁ iﬂ_i‘tﬂl@ I%ﬂeﬁfignlgberaﬂéﬁz P .mefig-éﬂe_teﬁiﬁwgéd
heating/pressing section 117 is moved upward and/or the movable supporting pins 141 are moved
downward se asitoralatvely setodct e movabWstippatting bing h41bsmihn ghe proak s transferred

from the mm@i)l supporting pins 141 to the lower heating/pressing section 117. Then, the lower
heating/pre% ection 117 is further moved upward, in a state where the movable spacer section

144 whose coolingjfngiion '%%Qﬁ‘ﬂ%s%%%%ec? GOP1ags tgﬁrHQBﬁrt healiBYRiEREAY, SqHion 116, to

make the work W contact the movable spacer section 144, so that the work W is
work W, which includes the circuit board 102 and the electronic
components 103 laminated thereon with the adhesive layer 104,
is clamped between the upper die 111, which has the upper
heating/pressing section 116, and the lower die 112, which has
the lower heating/pressing section 117 capable of being moved
upward and downward and the supporting pins 124 vertically
erected, so as to bond the electronic components 103 to the
circuit board 102.

Firstly, as shown in Fig. 19, the circuit board 102 and the

electronic components 103 are correctly positioned so as to
match the connection bumps 106 with the connection pads 105.
The work W, in which a plurality of the electronic components
103 have been laminated on the circuit board 102 with the
adhesive layer 104, is prepared. Further, the upper die 111

having the upper heating/pressing section 116 and the lower die

112 having the lower heating/pressing section 117 and the



60 clamped. Next, the work W is heated and pressed, in the state where the work W is clamped by the
movable spacer section 144 of the upper heating/pressing section 116 and the lower heating/pressing
section 117, so as to bond the laminated memberss(i.e., the circuit board 102 and the electronic
components 103). Next, as shown in Fig. 18, the lower heating/pressing section 117 is moved
downward so as to project the supporting pins 141 therefrom. Therefore, the work W is transferred
from the lowamreating/grassiryy d&ctionvih 7etb the seppurting pixp lBdnesd thhothe wisrktieis

supported by the suppprting pins 141.. The movable spacer section is moved downward in the
it wherc 18 ARG LR ELBY Soct bt AU URE PEWLRAANS SELLRA (i 9 15 separatoc
from the upper heafing/pessing.seetion 4 164 Apdithen fRe.wark YVisupparted By ihe sippRrting pins
141 is cooled by the cooling function of the movable spacer section 144. By cooling the work W

supported kb the siuparting pinsi1410the adhésivke dayen 1G4 an xoropletdly curkeintacshost time.
Simultaneously, the bonded é)arts between the connection pads 105 and the connection bumps 106

can be coole@MPRRASAS thboided Parecihy PRYBENBRENB4h amBRAAR tUh Q8¢ etherefore,
i) . STy . N
reliability o @9{1(9'9% §1 %@'ﬁ% ppIc ﬁ%?@?“?lﬁg é@ﬁ};gvz%ﬁs&fﬂx@g@@cﬁg§e‘§§ﬁa%@‘P{%‘? As

described above, in the bonding apparatus inc the electronic
components 163 agheregrore therkipteit bdeed 02 s claoped and thej laningtrtsegpexs can be

bonded at a time. Further, the semiconductor device 107, in which the electronic components 103 are
mounted orP@ergy cable patterns are formed inside of the circuit board 102,

and the connection pads 105 are exposed from the insulating

layer 108. The electronic components 103, e.g., semiconductor

chips, capacitors, have the connection bumps 106, which are

composed of, for example, solder. In the present embodiment, the

solder bumps 106 are melted and bonded to the connection pads

105.

Next, as shown in Fig. 12, the work W is set on the lower
die 112, by a known feeder (not shown), in the state of opening
the upper and lower dies 111 and 112. In the lower die 112, the
supporting pins 124, which have been projected from the
clamping face 117a of the lower heating/pressing section 117,
support the work W.

Next, as shown in Fig. 13, the upper and lower dies 111 and
112 are closed until the edges of the box section 136 (the lower
end of the upper seal block 132) and the edges of the box section
137 (the upper end of the lower seal block 133) contact each
other, so that the closed space 131, which is air-tightly closed by
the sealing member 134, can be formed. Then, the pressure
adjusting mechanism 115 supplies compressed air into the sealed
closed space 131 so as to increase the inner pressure of the

sealed closed space 131. The pressurized space is maintained



circuit board 102, can be produced. After the movable spacer section 144 is moved upward to
separate from the cooled work W and its cooling function is suspended, the movable spacer section
144 may be pressed onto the upper heating/pressisig section 116 with heating the movable spacer
section 144 by the heating function. In this case, the next work W can be fed in a state where
reduction of temperature of the upper heating/pressing section 116 is restrained. Therefore, the work
W can be rapidiy héated sortataelidbilityast boddidietd efetrorimeompdhenss 1O &5 thé. circuit

board 102, with the adhesive layer 104, can be i ved. The preferred embodiments of the
et eI P Dl e ot RREH) CuRBRSedl Aoy bP TS odht T BRARAS hatiited to the

above desciipgd eryRodimgents; hhe embrdiments can be madifiedyyifoutdrviating frop the scope of
the present invention. In the above described embodiments, a first member, e.g., the circuit board,
and a second tnerllyer s gh segicenductor chip, are laminated in the work. However, further

members (a third member, a fourth member ) may be laminated in the work. For example, a circuit

board (the first mefS&P! fiter SaHi8ohBEChHfids (atondlmdmBBs dAdS&cBAs StitoRductor chips

(third member edaminated, itq QQE \Y in K. t rk. W shown in Fig.
19, the con?w%gtirgrﬁgp%d%%g %% tﬂegl\({:ircwt (e)%d?%?? &Sﬁg fir@? n?gr%bgﬁ)ccﬁn n%?%%%érdt & Connection
bumps 106 w4 theuelectsaniecompene ke 103i (the seaond e miberoldeweiey dineiwerk M shown in

Fig. 20, in which the connection pads 105 of the circuit board 102 contact the connection bumps 106
of the electivifié ¢Bfipetent® 208, MRy gzducing the inner pressure, air in the

adhesive layer 104 and foreign particles suspended in air filling
the closed space 131, e.g., fine dust, can be removed. Therefore,
mixing foreign particles into the semiconductor device 107
including the circuit board 102 and the semiconductor
components 103 can be prevented.

Next, as shown in Fig. 14, the lower heating/pressing
section 117 is moved upward from the state shown in Fig. 13.
With this action, the projected supporting pins 124 are relatively
retracted 1into the clamping face 117a of the lower
heating/pressing section 117 so as to transfer the work W from
the supporting pins 124 to the clamping face 117a. And then, the
lower heating/pressing section 117 is further moved upward so as
to press the work W, which has been set on the clamping face
117a, onto the clamping face 116a of the upper heating/pressing
section 116. Further, the work W 1is clamped by the upper
heating/pressing section 116 and the lower heating/pressing
section 117, and the work W is heated and pressed in this
clamping state.

The upper heating/pressing section 116 and the lower
heating/pressing section 117 have been previously heated.

Therefore, the lower heating/pressing section 117 starts to



be used. In this case too, the work W is clamped and the electronic components 103 are bonded to the
circuit board 102 at a time, so that the semiconductor device 107 (see Fig. 21) can be produced. In
the above described embodiments, the connectionsBumps 106 of the electronic components 103 are
melted by applying heat. Further, the connection pads 105 of the circuit board 102 may be melted, and
the both of the connection pads 105 and the connection bumps 106 may be melted. In these cases
too, the worki V¢ &5 byaimpet! Hiel e Biedironicwortiponenskl 08 asctbanddd toadeftivenitbsard 102 as
well. In the above described emqe diments, the ﬁ?rk W is set on the lpwer die 112. However, the

Workaa§Wal&$the%Hb%r di 1lb ing Csucld ‘?ﬁean@?ﬁ dingt Gws, 'O T In the
above descyipggi aahpAkueNts atUiigseNiq Baseskcen ywhishds Aapahls pfarplving:Kitigsonic

vibration to the clamped work W, may be provided at least one of thé upper die and the lower die.
Concretely wheeworkhw issotarkiped inithe hesext dpalog farhredloetveeerhibetupgépdiesandghe lower
die, and the connection bumps are respectively brought into contact with the connection pads. In this

state, the ufREHME trdrsbucdrs virads, ald tﬁ’élbkﬁ#]edﬁoncﬂﬂﬁ?&eé]ndﬁﬂe dBsneBidEBads, which
have been H‘é’é‘é"f‘ﬂﬁ%ﬁ?&?ﬂ?ggaf@ {cegtg by hgatgrsFusiher, e, 89”%&5‘9&%{?@‘#}’%@% Ogt‘ﬁe

connection pa ave been heated, are pressed, so that the connection

connection pagsi 6an be hofiglechtotfactbetiiersidekheiyltiaspndd frahsdiest. viNragies teagonnection
bumps and the connection pads, which have been mutually contacted, so as to remove the adhesive
layer and okiiad By bpplyirgf 6g8he closed space 131 has been increased by

radiation heat from the upper heating/pressing section 116 and
the lower heating/pressing section 117, so the work W is
indirectly heated.

As shown in Fig. 3A, if the temperature T of the work W is
rapidly increased, the connection bumps 106 are rapidly melted.
Namely, the viscosity nb of the melted connection bumps 106 is
rapidly lowered. The adhesive layer 104 is in the molten state
when the viscosity nmn of the adhesive layer 104 is in the range
below the dotted line shown in Fig. 3A. Therefore, the molten
connection bumps 106 can be securely bonded to the connection
pads 105 by pressing the both. Namely, reliability of bonding the
electronic components 103 to the circuit board 102, with the
adhesive layer 104, can be improved.

In the boding apparatus 101A, the work W, in which the
electronic components 103 are adhered to the circuit board 102,
is clamped to bond the structural members of the work W at a
time. Therefore, the semiconductor device 107, in which the
electronic components 103 are mounted on the circuit board 102,
can be produced.

In the present embodiment, the heating action and the

pressing action are simultaneously performed, so that the



ultrasonic vibration to the work W until melting the connection bumps, the adhesive layer and oxides
can be effectively removed. Therefore, reliability of bonding the connection bumps and the connection
pads of the work can be improved. Note that, in casg of applying ultrasonic vibration to the work W,
there is a possibility that voids are generated in the adhesive layer. Thus, preferably, the work W is
accommodated in the closed space, into which compressed air is supplied to produce the pressurized
space, and eftresonid ¢napplivg to thdwerk We meﬁlu@d(ambﬁa@ &hd conaitiontil dan§uane secited

herein are intended for ped ical purposes to aid the read ding the invention and the
concepts colnﬁ utd§ b %ﬁ% ntSr tB“FﬁrtI‘Fe(ﬁ]ﬁB?ﬁélé’r{l aﬂa #orboi i Oefsebei Cwithout

limitation to gUsh spegifically rgg%q)gxamp[@@nd cQigjtions, nor doeg&@g&rgamq%iﬁta ofsuch

examples in the specification relate to a showing of the superiority and inferiority of the invention.
Although thecembedimenis ob the drdgent iovention hascheeacdesaribep dnl sletall it shodld be
understood that the various changes, substitutions, and alternatlons could be made hereto without

departing frBAS B SRR hritPaCHhd Dl laHtied. Lt;atdumsf £ CATSUN NG AR A8 For
flip-chip- boﬁ%gﬁ?ﬁcnve ! d@?eoés g'ﬁ{’é‘dc%t@ﬁ 3'8%?631 &Vee Fen %SJ} §{69q1,f Substrate

(1) by a non-con sive to terminal sections (la oft e substrate the bo ing
apparatus comeusing { aisuppaiogudeans 4t B8) ddtseppostingytbe substratee(1)ion which the

semiconductor devices (3) have been adhered; and

can be compressed and minimized, so that gaps between the
circuit board 102 and the electronic components 103 can be well
underfilled with the adhesive layer 104. By well underfilling the
gaps, poor connection between the connection bumps 106 and the
connection pads 105 can be prevented, and reliability of bonding
the electronic components 103 to the circuit board 102 can be
improved.

Upon completing the step of bonding the work W, the
pressure adjusting mechanism 115 stops the pressurization, and
the lower heating/pressing section 117 is moved downward to
separate the work W from the clamping face 116a of the upper
heating/pressing section 116. Next, as shown in Fig. 13, the
lower heating/pressing section 117 is moved downward from the
state shown in Fig. 14 so as to project the supporting pins 124
from the clamping face 117a of the lower heating/pressing
section 117 and transfer the work W to the supporting pins 124.
Next, as shown in Fig. 12, the upper die 111 and the lower die
112 are opened (separated), so that the closed space 131, which
1s constituted by the box sections 136 and 137, is opened. Next,
the work W 1is taken out from the lower die 112 by known
conveying means (not shown). By taking out the work W, the one

cycle of bonding the work W is completed. Note that, the work W



heating/pressing means (8, 24, 6, 17) for heating and pressing the substrate (1), the heating/pressing
means (8, 24, 10, 25) having a built-in heat source (13) and a clamping face (10a, 28b), onto which the
substrate (1) supported by the supporting means (4415) is pressed, wherein the substrate (1),
which is supported by the supporting means (4, 15), is moved toward the clamping face (10a, 28b) of
the heating/pressing means (8, 24, 6, 17) so as to preheat the substrate (1) and the semiconductor
devices (3) napadiation hbad .anal thetisé asemicohduater slepipes (8Ylabey ptbssed ppterttia glamping

face (10a, 28b) of heating/pressing means (8, 24, 10, 25), in the state where the substrate (1) is
cupported B}/ Lognorth] Eiers PSS L0 RIS KA om0 S0 LR &G and bond

the bumps @ﬁ)ﬂ%@% semicendygter devices (3) to the terminal sections (la) of the substrate (1). 2.
The bonding apparatus according to claim 1, further comprising a substrate holding plate (4, 15),
the substrate holdihg ptate (&S heingsbpabrtedeind depasatpgh G3ing rods 126 are

fixed to the one elevating section 128, but the supporting rods
126 may be individually moved upward and downward. For
example, as shown in Fig. 15, at least three supporting rods 126
may be respectively moved upward and downward, by driving
sections 128a, so as to support the lower heating/pressing section
117 with maintaining balance. In this case, posture and position
of the clamping face 117a, with respect to the clamping face 116a,
can be controlled on the basis of amounts of moving the
supporting rods 126 driven by the driving sections 128a and
heights of the parts of the clamping face 117a corresponding to
the supporting rods 126. With this structure, a clearance between
the clamping faces 116a and 117a can be highly precisely
equalized when clamping the work W begins. Therefore, the work
W can be uniformly clamped, so that no sideling force acts on the
electronic components 103 and the bonding can be performed
suitably. Even if the work W is large, the entire work W can be
clamped with uniform clamping force, so that the bonding can be
performed suitably.
(Embodiment 7)

Next, the apparatus and the method of Embodiment 7 will
be explained. Note that, the structural elements described in the
above described embodiments are assigned the same symbols and
explanation will be omitted.

In the present embodiment, a bonding apparatus 101C will

be explained with reference to Figs. 16-18. In Embodiment 6, the



from the clamping face (6a, 19a). 3. The bonding apparatus according to claim 2,

wherein the heatln /pres&é%means( 24) as a contact face W ich contacts the subs

release filmARPRILIERed ARGHEM on factdée et odiment,

wherein the
substrate holding plate (4, 15) has projected supporting sections (4b), whose planar size is smaller
than that of the semiconductor devices (3). 4. The b®nding apparatus according to claim 1,

wherein the substrate holding plate (4, 15) has a sucking mechanism (16) capable of sucking and
holding a surface of the substrate (1), which is an opposite surface of a mounting surface on which the
semiconductop gevitesg 3 ars nduhtéick &d Tive boadingvappirases hadoraling te adyandloé claims 1-4,

mova

rfxte (1), and a

supporting pins 141, Wthh are not fixed, are used. Further, in
Embodiment 6, the fixed spacer section 122 is used as the spacer
section, but a movable spacer section 144 is used in the present
embodiment. The unique structures of the present embodiment
will be mainly explained.

In the lower die 112, a plurality of the movable supporting
pins 141 are respectively pierced through through-holes 123b
formed in the lower base 123. Lower ends of the movable
supporting pins 141 are fixed to a pin elevating section 142,
which can be moved upward and downward. In the present
embodiment, the work W 1is moved to a position short of the
upper heating/pressing section 116, without moving the lower
heating/pressing section 117, so as to restrain the curing of the
adhesive layer 104 until shortly before contacting the upper
heating/pressing section 116. Sealing members 143 are
respectively provided in the through-holes 123b so as to tightly
close gaps between the movable supporting pins 141 and inner
faces of the through-holes 123b.

The upper die 111 of the present embodiment has the
movable spacer section 144, which is provided under the upper
heating/pressing section 116. Namely, the movable spacer
section 144 is capable of moving upward and downward under
the upper base 121.

The movable spacer section 144 is composed of, for
example, alloy tool steel. A plurality of cooling paths 147 are
formed in the movable spacer section 144, at regular intervals,

along a contact face which contacts the work W (see Fig. 17). By



6. The bonding apparatus according to any one of claims 1-5, wherein the substrate supported by
the supporting means is accommodated in a closed space (K) , which is formed by the
heating/pressing means (8, 24, 6, 17), and the Bubstrate (1) and the semiconductor devices (3) are
heated and pressed in a reduced-pressure atmosphere or a pressurized atmosphere produced in the
closed space (K). 7. The bonding apparatus according to any one of claims 1-6, wherein the
heating/presging imgaascie alfirsg dieq@) having the bwikia ddagsadrce ¢18)e dez as, thvelsigdporting

Comicondudior SRACHG 13, HER A AEH DA AU s R By o S bk Hblding plate
(4), are heaé%q)"f‘ﬁ?ij%p iesaed. 11 @ Siale Whele B sGraepdictar davices (3)are pressad gnio a
clamping face (10a) of the first dié (8) and the substrate holding plate (4) is clamped by the clamping
face (6a) oMttensetpnd bie (@)o by blasing teefirst @nd sacdtidids §6,c8) alntil Stdppee hloaks (30, 31)
contact eacpé);?ﬁ-re.r, a plurality of heaters (heat sources) 148 are provided in

the movable spacer section 144, at regular intervals, along the

contact face which contacts the work W (see Fig. 17). Namely,

the movable spacer section 144 has heating function too.

Note that, the cooling function and the heating function of

the movable spacer section 144 are not used simultanecously.

Therefore, the cooling paths 147 and the heaters 148 are

alternately provided, so that the work W contacting the movable

spacer section 144 can be fully cooled and heated, the movable

spacer section 144 can be made thinner to reduce heat capacity

and the temperature of the work W can be rapidly increased and

reduced. Note that, the cooling paths 147 and the heaters 148

may be arranged in two rows (an upper row and a lower row) so

as to equalize the temperature of the movable spacer section 144.

For example, the cooling paths 147 may be arranged in the lower

row located close to the clamping face, and the heaters 148 may

be arranged in the upper row above the lower row.

The movable spacer section 144 is fixed to lower ends of

holding rods 145, which are composed of, for example, alloy tool

steel, and suspended by the holding rods 145. A plurality of

through-holes 116b are formed and equally spaced in the upper

heating/pressing section 116, which is fixed to the upper base

121. A plurality of through-holes 121a, which are respectively

communicated to the through-holes 116b, are formed in the upper

base 121. The holding rods 145 are pierced through the



8.A bonding method for flip-chip-bonding semiconductor devices (3), which have been adhered to
terminal sections (Ia) of a substrate (1) by a non-conductive adhesive (2), to the substrate (1), the
bonding method comprising: a supporting stepsin which the substrate (1), on which the
semiconductor devices (3) have been adhered, is supported, at a position separated from a clamping
face (6a, 19a), by supporting means (4, 15); a preheating step, in which the substrate (1), which
has been stibpongdbh ee subbohingehelah$ 44, 15), is moved toward the clamping face (10a, 28b) of

Subsirate (1) and ISR ToGHUGS10P BeCEs (5, S et Adhsschbid (ehfibratiredBy radiaton
heat; and ¢ | &\hdlipdseieR; i Which, bWmRSH3A) AidhesrRigopduGigr deyices, (%), asq fapted until
reaching a melting point, in a state where the semiconductor devices (3) are pressed on the clamping
face (10a, 28h)loktiee hedfihg/préssiag measso8,024) | dobastocuna thet adnicorductivel adhesive (2)
and bond e DINE Sekhanism (not shown): which 1¢ capable of moving the
elevating section 146 upward and downward. By moving the
movable spacer section 144 upward and downward by actuating
the vertical driving mechanism, the holding rods 145 slide on
inner faces of the through-holes 116b and 121a. Note that, coil
springs may be provided between the upper base 121 and the
elevating section 146 so as to adjust the upward and downward
movement of the movable spacer section 144.
In the present embodiment, the cooling function of the
movable spacer section 144 is obtained by the cooling paths 147.
Therefore, the cooling function is suspended in a state where the
movable spacer section 144 contacts the upper heating/pressing
section 116, and the work W supported by the supporting pins
141 is cooled in a state where the movable spacer section 144 is
separated from the upper heating/pressing section 116. Namely,
when the work W is separated from the upper heating/pressing
section 116 and the lower heating/pressing section 117, the
heated work W can be cooled by the movable spacer section 144.
With this structure, for example, as shown in Fig. 22, the work W
can be compulsorily cooled, and the connection bumps 106 can
be rapidly cured.
The adhesive layer 104 completely cures in a short time
and the bonded parts between the connection pads 105 and the

connection bumps 106 are cooled by the cooling function of the

movable spacer section 144, so that the bonded parts and their



9. The method according to claim 8, further comprising: a step of accommodating the substrate (1),
which is supported by the supporting means (4, 15), in a closed space (K), which is formed by the
heating/pressing means (8, 24, 6, 17); and a st&p of producing a reduced-pressure atmosphere in
the closed space (K) by discharging air from the closed space (K), or producing a pressurized
atmosphere in the closed space (K) by introducing compressed air into the closed space (K),

wherein thepasdprheiadatiranstdpeandi thetpsodgsing stefedre pedonabyl, befoteahelptgheating step.

achesive 120 SO Habaig BpArAb O RIRg A b the {Lia) hrgoard 108 " o"
can be improved. For example, the temperatures of the adhesive
layer 104 and the connection bumps 106 are reduced in the state
of clamping the work W, so that solidifying (curing) the bumps
106, which have been adhered to the connection pads 105, can be
accelerated. The temperature of the adhesive layer 104 can be
lower than a glass-transition point. Therefore, the connection
bumps 106 and the connection pads 105 can be securely
electrically bonded each other, and warping the work W, which is
cause by shrinkage of the adhesive layer 104, can be prevented.
Further, time for cooling the work W can be shortened, so that a
throughput speed of the bonding apparatus can be improved.

In some cases, small gaps are formed between the holding
rods 145 and the inner faces of the through-holes 121a, because
the holding rods 145 slide on the inner faces of the through-holes
121a. Sealing members 149, e.g., O-rings, are provided in the
through-holes 121a of the upper base 121 so as to seal the gaps
between the holding rods 145 and the inner faces of the
through-holes 121a. With this structure, the closed space 131 is
formed between the upper die 111 and the lower die 112 (see Fig.
17), so that the work W can be rapidly heated in the closed space
131.

Successively, the bonding method performed in the
bonding apparatus 101C, in which the electronic components 103
are bonded to the circuit board 102, at a time, to produce the
semiconductor device 107, will be explained with reference to
Figs. 16-18.

Firstly, as shown in Fig. 16, the upper die 111, which



a lower die (112) for clamping the work (W) with the upper die (111),
whereintheupperdie(111)includesafirst heating/pressing section (116) for heating and pressing the
work (W), and wherein the lower die (112) includes: a second heating/pressing section (117) for
heating and pressing the work (W), the second heating/pressing section (117) being moved upward
and downward; and a supporting section (124,141) being relatively retracted into a clamping face

(117a) of thensdostrshBatinglmessingaddotbp (EFF) b reftitisy moving thie seeomd 6able.

fom the RN TaC L of 1k S8k HEAIROIHELi Lachor (HEs oy 1EHINES M he

second heafig/presing; SHENPFeUL AWM 117 and the movable supporting
pins 141, are prepared. Next, the work W (see Fig. 19) is set on
the lower die 112, by a feeder (not shown), in the opened state of
the dies 111 and 112. Concretely, in the lower die 112, the work
W is supported by the movable supporting pins 141, which are
projected from the clamping face 117a of the Ilower
heating/pressing section 117.

Next, the upper die 111 and the lower die 112 are moved
close to each other, so that the edges of the box sections 136 and
137 contact each other, with the sealing member 134, so that the
closed space 131 1is formed. Then, the pressure adjusting
mechanism 115 supplies compressed air into the sealed closed
space 131 so as to increase the inner pressure of the sealed
closed space 131 (see Fig. 13). Next, the movable supporting
pins 141 are moved wupward, together with the Ilower
heating/pressing section 117, until the work W reaches a position
short of the upper heating/pressing section 116 (see Fig. 17).
Next, as shown in Fig. 17, the lower heating/pressing

section 117 is moved upward and/or the movable supporting pins
141 are moved downward so as to relatively retract the movable
supporting pins 141, so that the work W 1is transferred from the
movable supporting pins 141 to the lower heating/pressing
section 117. Then, the lower heating/pressing section 117 is
further moved upward, in a state where the movable spacer
section 144 whose cooling function has been suspended contacts
the upper heating/pressing section 116, to make the work W

contact the movable spacer section 144, so that the work W is



11. The bonding apparatus according to claim 10, wherein the supporting section (141) can be
moved upward and downward, and a movable range of the supporting section (141) is smaller
than that of the second heating/pressing section (14). 12. The bonding apparatus according to claim
10 or 11, wherein the upper die (111) includes a movable spacer section (144), which is provided
under the first heating/pressing section (116) and which can be moved upward and downward, and
the movable kpaqes deerx (144 aw @ doolg iftinktenctheasudling fanetbn is stispentiettin a state

Cupporiod BY BRSSO bothoh (£ AP SHIBY thiE ST UL AR i Uikhel Shcton (144)
is separat_eg fromythe Q{E&;@ati@g{gﬁﬁﬁmg ﬁ?ﬁiﬂ{‘g(lj@ct]i%-n-rhq pgnding APRFrAtUS fgcording to any
one of claims 10-12,
heating/pressing section 117, so as to bond the laminated
members (i.e., the circuit board 102 and the electronic
components 103).

Next, as shown in Fig. 18, the lower heating/pressing
section 117 is moved downward so as to project the supporting
pins 141 therefrom. Therefore, the work W is transferred from
the lower heating/pressing section 117 to the supporting pins 141,
so that the work W is supported by the supporting pins 141. The
movable spacer section 144 is moved downward in the state
where the movable spacer section 144 contacts the work W, so
that the work W is separated from the upper heating/pressing
section 116. And then, the work W supported by the supporting
pins 141 is cooled by the cooling function of the movable spacer
section 144.

By cooling the work W supported by the supporting pins
141, the adhesive layer 104 can completely cure in a short time.
Simultaneously, the bonded parts between the connection pads
105 and the connection bumps 106 can be cooled. Therefore, the
bonded parts and their periphery can be tightly connected.
Therefore, reliability of bonding the electronic components 103
to the circuit board 102 can be improved.

As described above, in the bonding apparatus 101C, the
work W, which includes the electronic components 103 adhered
on the circuit board 102, is clamped and the laminated members
can be bonded at a time. Further, the semiconductor device 107,

in which the electronic components 103 are mounted on the



wherein the lower die (112) includes a plate (129) for supporting the work (W), the plate (129) being

provided above the supporting section (124,141). 69 14. The bonding apparatus according to any

one of claims 10-13, wherein the lower die (118)includes: an inner wall face (133a) being formed

along an outer face of the second heating/pressing section (117); and a heating section (138) for

heating the inner wall face (133a). 15. The bonding apparatus according to any one of claims 10-14,
circuit board 102, can be produced.

After the movable spacer section 144 is moved upward to
separate from the cooled work W and its cooling function is
suspended, the movable spacer section 144 may be pressed onto
the upper heating/pressing section 116 with heating the movable
spacer section 144 by the heating function. In this case, the next
work W can be fed in a state where reduction of temperature of
the upper heating/pressing section 116 is restrained. Therefore,
the work W can be rapidly heated, so that reliability of bonding
the electronic components 103 to the circuit board 102, with the
adhesive layer 104, can be improved.

The preferred embodiments of the present invention have
been concretely described above, but the present invention is not
limited to the above described embodiments. The embodiments
can be modified without deviating from the scope of the present
invention.

In the above described embodiments, a first member, e.g.,
the circuit board, and a second member, e.g., semiconductor chip,
are laminated in the work. However, further members (a third
member, a fourth member ..... ) may be laminated in the work. For
example, a circuit board (the first member), first semiconductor
chips (second member) and second semiconductor chips (third
member) may be laminated, with adhesive layers, in the work.

In the work W shown in Fig. 19, the connection pads 105 of
the circuit board 102 (the first member) do not contact the
connection bumps 106 of the electronic components 103 (the
second member). However, the work W shown in Fig. 20, in
which the connection pads 105 of the circuit board 102 contact

the connection bumps 106 of the electronic components 103, may



wherein the upper die (111) includes a first box section (136), whose lower die side is opened, the
lower die (112) includes a second box section (137), whose upper die side is opened, the first
heating/pressing section (116) is accommodated irs¢he first box section (136), the second
heating/pressing section (117) and the supporting section (124) are accommodated in the second box
section (137), and edges of the first box section (136) contact edges of the second box section
(137) so ashe forsea closed dpeceqase), tmal,attleast wioe bf Acontpredsonplad ) amdla teeompressor

IS connected. to the closed s ace (131). .16, A bo thod or bandin na embers of a
work (), wHER RN A 08 RHTAFS abR AR QYRR (0 By B AbCHHRMBREOA] Beliboen an

upper die (11 it niidena shiRAAGRERTINgeserion 64 eeckadover fledd 18y which

includes a second heating/pressing section (117) 70
produced.

In the above described embodiments, the connection bumps
106 of the electronic components 103 are melted by applying
heat. Further, the connection pads 105 of the circuit board 102
may be melted, and the both of the connection pads 105 and the
connection bumps 106 may be melted. In these cases too, the
work W 1is clamped and the electronic components 103 are
bonded to the circuit board 102 as well.

In the above described embodiments, the work W 1is set on
the lower die 112. However, the work W may be held on the upper
die 111 by using air suction means, holding claws, etc.

In the above described embodiments, an ultrasonic
transducer, which is capable of applying ultrasonic vibration to
the clamped work W, may be provided at least one of the upper
die and the lower die. Concretely, the work W is clamped in the
closed space formed between the upper die and the lower die, and
the connection bumps are respectively brought into contact with
the connection pads. In this state, the ultrasonic transducer is
vibrated, and the connection bumps and the connection pads,
which have been mutually contacted, are heated by heaters.
Further, the connection bumps and the connection pads, which
have been heated, are pressed, so that the connection bumps and
the connection pads can be bonded to each other.

The ultrasonic transducer vibrates the connection bumps
and the connection pads, which have been mutually contacted, so

as to remove the adhesive layer and oxides. By applying



being moved upward and downward and a supporting section (124,141) being extended upward and
downward, the bonding method comprising the steps of: (a) supporting the work (W) by the
supporting section (124,141), which is projected fr@ a clamping face of the second heating/pressing
section (117); (b) transferring the work (W) from the supporting section (124,141) to the clamping
face (117a) of the second heating/pressingsection (117) by moving thesecond heating/pressing
section (11 M) tpasard iand/op rsving tie suippertng section til2med tingwilhwacd orekitively retract

oating/prebUUPRect B AP~ e (15 SFdsaig e W08 BAA ditod Mg YoEE BP thedhrot
heating/pressing segtien (ki By fhes mowing the saronddieatinglRreseinghsactiond iy upward;
and (d) heating and pressing thé clamped work (W) by the first heating/pressing section (116) and
the heating{poessewy sentipn 516X 1 cThenietbad doeordipg doeldimNlGte that, in case

of applying ultrasonic vibration to the work W, there is a

possibility that voids are generated in the adhesive layer. Thus,

preferably, the work W is accommodated in the closed space, into

which compressed air is supplied to produce the pressurized

space, and ultrasonic is applied to the work W.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and
inferiority of the invention. Although the embodiments of the
present invention has been described in detail, it should be
understood that the various changes, substitutions, and

alternations could be made hereto without departing from the

spirit and scope of the invention.



wherein the supporting section (124,141) is upwardly moved, together with the second
heating/pressing section (117), until immediately before the work (W) contacts the first
heating/pressing section (116), in the step (b). 18. &he method according to claim 16 or 17,

wherein the upper die (111) further includes a movable spacer section (144), which is provided under
the first 71 heating/pressing section (116) and moved upward and downward and which has a
function of cooling the work (W), and further céntpfidiNgShe steps of:

l. A bonding apparatus for flip-chip-bonding bumps (3a) of
semiconductor devices (3), which have been adhered on a
substrate (1) by a non-conductive adhesive (2), to terminal
sections (la) of the substrate (1), the bonding apparatus
comprising:

supporting means (4, 15) for supporting the substrate (1),
on which the semiconductor devices (3) have been adhered; and

heating/pressing means (8, 24, 6, 17) for heating and
pressing the substrate (1), the heating/pressing means (8, 24, 10,
25) having a built-in heat source (13) and a clamping face (10a,
28b), onto which the substrate (1) supported by the supporting
means (4, 15) is pressed,

wherein the substrate (1), which is supported by the
supporting means (4, 15), is moved toward the clamping face
(10a, 28b) of the heating/pressing means (8, 24, 6, 17) so as to
preheat the substrate (1) and the semiconductor devices (3) by
radiation heat, and

the semiconductor devices (3) are pressed onto the
clamping face (10a, 28b) of the heating/pressing means (8, 24, 10,
25), in the state where the substrate (1) is supported by the
supporting means (4, 15), so as to cure the non-conductive
adhesive (2) and bond the bumps (3a) of the semiconductor

devices (3) to the terminal sections (la) of the substrate (1).

2. The bonding apparatus according to claim 1,
further comprising a substrate holding plate (4, 15), the
substrate holding plate (4, 15) being supported and separated



(e) transferring the work (W) from the second heating/pressing section (117) to the supporting section
(141) by moving the second heating/pressing section (117) downward and projecting the evacuated
supporting section (141) and separating the work (§%) from the first heating/pressing section (116) by
moving the movable spacer section (144), which contacts the work (W), downward, after performing
the step (d); and (f) cooling the work (W), which contacts the movable spacer section (144) and is
supported By ére shsperting sesgohaea1)dby th8 apoling function of the movable spacer section (144),
after performing the step (e). 19. The method according to claim 18, further comprising the step of:

(g) separating the movable spacer section (144) from the cooled work (W) by moving the movable

spacer section (14flj]qépw§.{{:hﬁggp@ﬁgiggathgscggmm%%og fge;rﬁ@/,able spacer section (144),

and then pressing the movable spacer section (144) onto the first heating/pressing section (116) with
heating the movable bpaceén sebtion bty byea hedting gunpdtictre of 4he higvadhis spacee seetion (144),
after performing the step (f). . . )

supporting sections (4b), whose planar size is smaller than that

of the semiconductor devices (3).

4. The bonding apparatus according to claim 1,

wherein the substrate holding plate (4, 15) has a sucking
mechanism (16) capable of sucking and holding a surface of the
substrate (1), which is an opposite surface of a mounting surface

on which the semiconductor devices (3) are mounted.

5. The bonding apparatus according to any one of claims 1-4,
wherein the heating/pressing means (8, 24) has a contact
face, which contacts the substrate (1), and

a release film (14) is sucked and held on the contact face.

6. The bonding apparatus according to any one of claims 1-5,
wherein the substrate supported by the supporting means is
accommodated in a closed space (K) , which is formed by the
heating/pressing means (8, 24, 6, 17), and
the substrate (1) and the semiconductor devices (3) are
heated and pressed in a reduced-pressure atmosphere or a

pressurized atmosphere produced in the closed space (K).

7. The bonding apparatus according to any one of claims 1-6,
wherein the heating/pressing means is a first die (8) having

the built-in heat source (13),
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the supporting means is a second die (6), which
floating-supports the substrate holding plate (4), and

the semiconductor devices (3), which are mounted on the
substrate (1) held by the substrate holding plate (4), are heated
and pressed, in a state where the semiconductor devices (3) are
pressed onto a clamping face (10a) of the first die (8) and the
substrate holding plate (4) is clamped by the clamping face (6a)
of the second die (6), by closing the first and second dies (6, 8)

until stopper blocks (30, 31) contact each other.

8. A bonding method for flip-chip-bonding semiconductor
devices (3), which have been adhered to terminal sections (la) of
a substrate (1) by a non-conductive adhesive (2), to the substrate
(1), the bonding method comprising:

a supporting step, in which the substrate (1), on which the
semiconductor devices (3) have been adhered, is supported, at a
position separated from a clamping face (6a, 19a), by supporting
means (4, 15);

a preheating step, in which the substrate (1), which has
been supported by the supporting means (4, 15), is moved toward
the clamping face (10a, 28b) of the heating/pressing means (8,
24), which has a built-in heat source (13), so as to preheat the
substrate (1) and the semiconductor devices (3), until reaching a
prescribed temperature, by radiation heat; and

a bonding step, in which bumps (3a) of the semiconductor
devices (3) are heated until reaching a melting point, in a state
where the semiconductor devices (3) are pressed on the clamping
face (10a, 28b) of the heating/pressing means (8, 24), so as to

cure the non-conductive adhesive (2) and bond the bumps (3a) to
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the terminal sections (la) of the substrate (1).

9. The method according to claim 8,

further comprising:

a step of accommodating the substrate (1), which is
supported by the supporting means (4, 15), in a closed space (K),
which is formed by the heating/pressing means (8, 24, 6, 17); and

a step of producing a reduced-pressure atmosphere in the
closed space (K) by discharging air from the closed space (K), or
producing a pressurized atmosphere in the closed space (K) by
introducing compressed air into the closed space (K),

wherein the accommodating step and the producing step

are performed before the preheating step.

10. A bonding apparatus for bonding laminated members of a
work (W), which are laminated with an adhesive layer (104), the
bonding apparatus comprising:

an upper die (111); and

a lower die (112) for clamping the work (W) with the upper
die (111),

wherein the wupper die (111) includes a  first
heating/pressing section (116) for heating and pressing the work
(W), and

wherein the lower die (112) includes: a second
heating/pressing section (117) for heating and pressing the work
(W), the second heating/pressing section (117) being moved
upward and downward; and a supporting section (124,141) being
relatively retracted into a clamping face (117a) of the second

heating/pressing section (117) by relatively moving the second
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heating/pressing section (117) upward, the supporting section
(124,141) being relatively projected from the clamping face
(17a) of the second heating/pressing section (117) by relatively

moving the second heating/pressing section (117) downward.

11. The bonding apparatus according to claim 10,

wherein the supporting section (141) can be moved upward
and downward, and

a movable range of the supporting section (141) is smaller

than that of the second heating/pressing section (117).

12. The bonding apparatus according to claim 10 or 11,

wherein the upper die (111) includes a movable spacer
section (144), which is provided under the first heating/pressing
section (116) and which can be moved upward and downward,
and

the movable spacer section (144) has a cooling function,
the cooling function is suspended in a state where the movable
spacer section (144) contacts the first heating/pressing section
(116), the work (W) supported by the supporting section (141) is
cooled in a state where the movable spacer section (144) is

separated from the first heating/pressing section (116).

13. The bonding apparatus according to any one of claims
10-12,

wherein the lower die (112) includes a plate (129) for
supporting the work (W), the plate (129) being provided above
the supporting section (124,141).
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14. The bonding apparatus according to any one of claims
10-13,

wherein the lower die (112) includes: an inner wall face
(133a) being formed along an outer face of the second
heating/pressing section (117); and

a heating section (138) for heating the inner wall face

(133a).

15. The bonding apparatus according to any one of claims
10-14,

wherein the upper die (111) includes a first box section
(136), whose lower die side is opened,

the lower die (112) includes a second box section (137),
whose upper die side is opened,

the first heating/pressing section (116) is accommodated in
the first box section (136),

the second heating/pressing section (117) and the
supporting section (124) are accommodated in the second box
section (137), and

edges of the first box section (136) contact edges of the
second box section (137) so as to form a closed space (131), and
at least one of a compressor (141) and a decompressor is

connected to the closed space (131).

16. A bonding method for bonding laminated members of a
work (W), which are laminated with an adhesive layer (104), by
clamping the work (W) between an upper die (111), which
includes a first heating/pressing section (116), and a lower die

(112), which includes a second heating/pressing section (117)
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being moved upward and downward and a supporting section
(124,141) being extended upward and downward, the bonding
method comprising the steps of:

(a) supporting the work (W) by the supporting section
(124,141), which is projected from a clamping face of the second
heating/pressing section (117);

(b) transferring the work (W) from the supporting section
(124,141) to the <clamping face (117a) of the second
heating/pressing section (117) by moving the second
heating/pressing section (117) wupward and/or moving the
supporting section (124,141) downward to relatively retract the
projected supporting section (124,141) into the clamping face
(I17a) of the second heating/pressing section (117);

(c) pressing the work (W) onto a clamping face of the first
heating/pressing section (116) by further moving the second
heating/pressing section (117) upward; and

(d) heating and pressing the clamped work (W) by the first
heating/pressing section (116) and the heating/pressing section

(117).

17. The method according to claim 16,

wherein the supporting section (124,141) is upwardly
moved, together with the second heating/pressing section (117),
until immediately before the work (W) contacts the first

heating/pressing section (116), in the step (b).

18. The method according to claim 16 or 17,
wherein the upper die (111) further includes a movable

spacer section (144), which 1is provided under the first
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heating/pressing section (116) and moved upward and downward
and which has a function of cooling the work (W), and

further comprising the steps of:

(e) transferring the work (W) from the second
heating/pressing section (117) to the supporting section (141) by
moving the second heating/pressing section (117) downward and
projecting the evacuated supporting section (141) and separating
the work (W) from the first heating/pressing section (116) by
moving the movable spacer section (144), which contacts the
work (W), downward, after performing the step (d); and

(f) cooling the work (W), which contacts the movable
spacer section (144) and is supported by the supporting section
(141), by the cooling function of the movable spacer section

(144), after performing the step (e).

19. The method according to claim 18,

further comprising the step of:

(g) separating the movable spacer section (144) from the
cooled work (W) by moving the movable spacer section (144)
upward, suspending the cooling function of the movable spacer
section (144), and then pressing the movable spacer section (144)
onto the first heating/pressing section (116) with heating the
movable spacer section (144) by a heating function of the

movable spacer section (144), after performing the step (f).





