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BONDING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]

The present invention relates to an improvement of a
bonding apparatus for bonding a chié to a substrate, and
particularly relates to a bonding apparatus characterized by
a delivery mechanism for moving a chip and a substrate onto a
relay stage and a substrate stage respectively.

The present application is based on Japanese Patent
Application No. 2000-238960, which is incorporated herein by

reference.

2. Descriptioﬁ of the Related Art

[0002] | |

Conventionally, there have been some bonding apparatus
for feeding chips and substrates, bonding them, aﬁd storing
completed articles. For example, a bonding apparatus
disclosed in Unexamined Japanese Patent Publication No. Sho.
63-229724 comprises means for moving a chip f;dm a chip tray
Uaachippre—alignmentportion(correspondingtoarelaystage),
means for moving a substrate from a substrate tray to a substrate
pre-alignment portion, and means for moving the substrate and

a completed article (the substrate which has been bonded with

the chip, hereinafter referred to as “completed substrate”) from
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the substrate pre-alignment portion to a bonding stage
(co-rresponding to a substrate stage) and from the bonding stage
to a completed-article storage tray respectively.

[0003]

However, since the bonding apparatus had respective means
for moving the chip, the éubstrate and the completed substrate
(the substrate which had been bonded with the chip), there were
some problems that the manufacturing cost of the bonding
appafatus increased and the size of the bonding apparatus also

enlarged.

SUMMARY OF THE INVENTION

[0004]

It is an object of the present invention to implement the
means for moving the chip and the substrate by a single delivery
mechanism so as to reduce the manufacturing cost of the bonding
apparatus while making the bonding apparatus compa;ct.

[0005] |

According to the present invention, the bonding apparatus.
employs -the following constitution. |

First, a bonding apparatus comprises: a relay stage for
rmounting a chip thereon temporarily; a bonding head for holding
the. chip on the relay stage and bonding the chip on a substrate;

and a substrate stage for mounting the substrate thereon, the

bonding head and the substrate stage being moved relatively so
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as to position the chip and the substrate so that the chip is
bonded to the.substrate.

[0006]

Second, a delivery'mechanisnlhaving a retention portion
for retaining the chip and the substrate is provided movably
relatively to the relay stage and the substrate stage.

[0007]

Third, the delivery mechanisﬁ functione to mount the chip
retained by the retention pertion onto the relay stage, while
the delivery mechanism further'function to mount the substrate
retained by the retention portion onto the substrate stage, or
while the delivery mechanism further functions to make the
retention portion retein the substrate mounted on the substrate
stage.

Features and advantages.of the.inventionxﬂill be evident
from the following detailed description of the preferred

embodiments described inconjunctionwiththeattacheddrawings.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying araWings:
Fig. 1 shows a schematic perspective view showing an
embodiment of a bonding apparatus; and
Fig. 2 shows apartially enlarged explanatory view showing

three retention tools of a pick and place unit.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0008]

A mode for carrying out the invention along with its
embodimeht willbe describedbelowwithreference to the drawings.
Fig. 1 is a schematic perspective view showing an en\bodiment
of abonding apparatus. Abondingapparatuslhas, asmainparts,
a substrate stage 2, a relay stage 3, a bonding head 4, a pick
and place unit 5 which functions as a dellivery mechanism, and
a storage tray 6 for storing chips 30, substrates 20 and completed
substrates 21.

[0009]

The substrate stage 2 has a first moving mechanism 7 for
moving the substrate s£age '2. The first moving mechanism 7 is
constituted by an XY table mechanism 8 and a @-axis drive
mechanism 9. The XY table mechanism 8 can move in the. direction
of an X-axis direction which is hereinafter referred to as an
“X-direction” and which is a horizonﬁal direction aiong which
the substrate stage 2 comes close toor goe.s away from the storage
tray 6, and in the direction of Y-axis which is hereinafter
referred to as a “Y-direction” and which is a direction
perpendicular to the X-direction, that isahorizontal direction
along which the substrate stage 2 advances to or recedes from
a bohding pésition 28. The ®-axisdrivemechanism 9 is provided
to rotate the substrate stage 2. Incidentally, a chip

recognition camera 10 is provided on the XY table mechanism 8.
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[0010]

A secohd moving mechanism 11 is provided on the XY table
mechanism 8. The second moving mechanism 11 allows the relay
stage 3 to move horizontally in the X-direction and in the
Y-direction independently of the movement of the substrate stage
2. The second moving mechanism 11 is constituteéd by an X-axis

moving table mechanism 12 and a Y-axis moving table mechanism

13 as shown in Fig. 1. The relay stage 3 is provided on the

Y-axis moving table mechanism 13. A chip 30 carried by the pick
and place unit 5 is mounted on the relay stage 3 temporarily
and then delivered to the bonding head 4.

[0011]

The bonding head 4 sucks and holds the chip 30 on the relay
stage 3, and moves down to a substrat_e 20 on the substrate stage
2 so that the chip 30 is bonded.to the éubstraté 20. The bonding
head 4 has a Z-axis drive mechanism 14. Thus, the bonding head
4 'can move up/down between a retracted positj.on (thé position
of the bondinghead 4 in Fig. 1) and the suﬁstrate stage 2 located
in the bonding position 28 under the retracted position.
Incidentally, a substrate recognition camera 24 moving
synchronously with the bonding head 4 by the %Z-axis drive
mechanism 14 is provided in the vicinity of the bonding head
4.

[0012]

The pick and place unit 5 acting as a delivery mechanism



10

15

20

.25

has a third moving mechanism 15 for moving the pick. and place
unit 5. The third moving mechanism 15 can move the pick and
place unit 5 in the X-direction, the Y-direction and the
Z-direction which is perpendicular to both the X-direction and
the Y-direction, as indicated by respective arrows in Fig. 1.
Thus, thepickandplaceunit 5delivers the chip 20, the substrate
20 and the complej:ed substrate 21 between the storage tray 6
and the delivery position 27.

[0013]

A reténtion portion for retaining a chip or a substrate
is formed in the pick and place 'unit 5. In this embodiment,
as shown in Fig. 2, the retention portion is constituted by a
chip sucking/retaining- tool 16, a substrate sucking/retaining
tool 17 and a completed-substrate sucking/retaining tool 18.

The chip sucking/retaining tool 16 sucks the center of the upper

surface of the chip 30. On the other hand, each of the substrate

sucking/retainihg tool 17 and the completed—subst:éate
sucking/retaining tool 18 is designed to sﬁck the substrate 20
at an offsef position which is away from the place where the
chip 30 is to be bonded or has been bonded. The chip
sucking/retaining tool 16 may be omitted in accordance with the
size of the chip 30. 1In such a case, the chip 30 is sucked by
the substrate sucking/retaining tool 17 or the
completed-substrate sucking/r_etiaining tool 18. Incident.ally,

a chip recognition camera 19 and a substrate recognition camera



10

15

20

25

25 for recoghizing the chip 30 and the substrate 20 on the storage
tray 6 respéctively are attached tb the pick and place unit 5.

[0014]

The storage tray 6 for storing the chips 30, the substrates
20 and the completed substrates 21 is mounted on a tray conveyor
26. When the chips 30 and the substrates 20 supplied by the
storage tray 6 have been bonded, the étorage tray 6 is qonveyed
out.

[0015]

Description will be made below about the operation of the
bonding apparatus 1. First, in the condition that the relay
stage 3 is locéted in a first delivery position 27, the pick
and placeunit 5 recognizes a chip 30 on the storage tray 6 through
the chip recognitioncameral9, thereafter moves down and retains
the chip 30 by the chip sucking/reta_ihing tool 16. In addition,
the pick and placeunit 5 recognizes a substrate 20 on the storage
tray 6 through the substrate recognition camera 25, t-hereafter
moves down and retains the substrate 26 by the substrate
sucking/retainingtool17. 1Inthiscondition, thepickandplace
unit 5 retains the chip 30 and the substrate.ZO.

[0016]

Second, the pick and place unit 5 moves above the relay
stage 3 located in the delivery position 27, and moves down to

deliver thechip 30 totherelay stage 3. Thechip 30issubjected

to ®-adjustment (adjustment of the rotation angle) on the relay



10

15

20

25

stage 3. At this time, in the pick and place unit 5, only the
substrate 20 is retained by the substrate sucking/retaining tool
17.

[0017]

Third, the second moving mechanism 11 is driven so that
the relay stage 3 moves to the bonding position 28 which is a
second delivery position to deliver the chip 30 to the bonding
head 4. At the same time, the first moving mechanism 7 is driven
so that the substratg stage 2 moves to the delivery position
27.

[0018]

Fourth, the bonding . head 4 moves .down to suck and hold

the chip 30 on the relay stage 3 located in the bonding position

28 which is the second delivery position. On the other hand,
the pick and place unif 5 delivers ‘the retained substrate 20
to the -substrate stage 2. At this. time, when delivering the
substrate20, the pick and place unit 5 rotates the.substrate
sucking/retaining tool 17 by a not-shown @—éxis drive mechanism
so as to adjust the direction of the sucked substrate 20 and
deliver the adjusted substrate 20. Then, the bonding head 4
sucks and holds the chip 30 while thepick andplaceunit 5 retains
nothing.

[(0019]

Fifth, the pick and place unit 5 recognizes anothef chip

30 on the storage tray 6 through the chip recognition camera
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19, and retains the chip 30 by the chip sucking/retaining tool
16. Iﬁ addition, the pick and place unit 5 recognizes another
substrate 20 on the storage tray 6, and retains the substrate
20 by the substrate sucking/retaining tool 17. On the other
hand, the firstmovingmechanism7 is driven so that the subs_trate
stage 2 moves to the bonding position 28. At the same time,
the second moving mechanism 11 is driv;en so that the relay stage
3 moves to the delivery position 27. At this time, the pick
and place unit 5 retains the chip 30 and the substrate 20.

[0020] |

Sixth, the first moving mechanism 7 is driven so th;-at the
substrate 20 on the substrate stage 2 located in the'bonding
position 28 is recognized by the substrate recognition camera
24 provided on the side of the bonding head 4. The chip 30 held
by the bonding head 4 is recognizedby f:he chip recognition camera -

10 provided on the XY table mechanism 8 of the substrate stage

2. Then, the substrate stage 2 is moved in the X-, Y- and ©

~directions sothat thesubstrate20andthechip30are positioned.
After that, the bonding head 4 moves down to bond the chip 30
to the substrate 20.

[0021]

During the bonding, the pick and place unit 5 delivers
another chip 30 to the relay stage 3 located in the delivery
position 27, and ®—adjustment is carried out on the relay stage

3. At this time, the bonding head 4 does not hold any chip 30,
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while the pick and place unit 5 retains a substrate 20.

[0022]

Seventh, the second moving mechanism 11 is driven so that
the relay stage 3 moves to the bonding position 28. At the same
time,thefirstmovingmechani&n?isdrivensothatthesubstrate
stage 2 moves to the delivery positibn 27.

[0023]

Eighth, the bonding head 4 holds the chip 30 on the relay
stage 3 located in the bonding position 28. In addition, the
pick and place unit 5 receives, by the completed-substrate
sucking/retaining tool 18, a completed substrate 21 on the
subsﬁrate stage 2 located in the delivery stage 27. Then, the
pickandplaceunit5 deiivers th_e substrate 20 retained in advance
by the substrate sucking/retaining tool 17 onto the substrate
stage 2. At this time, the bonding head 4 sucks and holds the
chip 30 while the pick and place unit 5 retains the completed
substrate2llnrthecompleted—substratesucking/retainingtool
18. In such a manner, when the pick and piace unit 5 receives
the completed substrate 21, the pick and place unit 5 beforehand
retains the substrate 20 to be delivered next. Thus, the tact
time is shortened.

[0024)

Ninth, the first moving mechanism 7 is driven so that the
substrate stage 2moves to the bonding position 28, and the éecond

moving mechanism 11 is driven so that the relay stage 3 moves

10
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to the delivery position 27. The pick and place unit 5 puts
the completéd substrate 21 onto the storage tray 6, recognizes
another chip 30 on the storage tray 6 and retains the chip 30.
In addition, the pick'and place unit S rnecognizes another
substrate 20 on the storagé tray 6 and retains the substrate
20. Then, the pick and place unit 5 retains the chip 30 and
the substrate 20 while the bonding heaa 4 sucks and holds another
chip 30.

[0025]

When one cycle of the bonding operation is terminated in
the ninth operation step, the sixth to_ ninth operation steps
are carried out repeatedly. Incidentally, in this embédiment,

the substrate stage 2 and the relay stage 3 are located in the

" same delivefy position 27 by 'the first and second moving

mechanisms 7 and 11 respecti.vely. .Thus, the operation range
can be reduced even with the single pick and place unit 5, and
the pick and place unit 5 itself can be miniaturi?:ed.

[0026] | |

The operation steps were described about the case where
one chip30wasbonded toone substrate20. Notto say, aplurality
of chips 30 can be bonded to one substrate 20. In such a case,
the following steps are added after the sixth operation step.

- [0027]

As a first additional operation step, the substrate stage

2 recedes from the bonding position 28, and the relay stage 3

11
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moves to the bonding position 28.

[0028]

As a second additional operation step, the bonding head
4 sucks and holds the chip 30 on thé relay stage 4. On the other
hand, the pick and place unit 5 recognizés another chip 30 on
the storage tray 6, and retains the chip 30. Then, the bonding
heaa 4 holds a chip 30 while the pick and place unit 5 retains
another chip 30 and a substrate 20.

[0029]

In a third additional operation step, the substrate stage
2 moves to the bonding position 28, and the relay stage 3 moves
to the delivery position 27. After that, the operatibn moves
to the sixth operation.step again, that ié, the bonding step.
Such steps are repeated by the number of times corresponding
to thenumber of chips to be bonded to the substrate 20. Then,
the operation moves to the séventh step et sed.

fo030]

With such a configuration, the présént invention shows
effects as follows.

First, adeliverymechanismhaving retentionportions for
retainingachipanda substrate respectively isprovidedmovably
relaﬁively to a relay stage and a substrate stage. The chip
retéined in the chip retention portion is mounted on the relay
stage while the substrate retained in the substrate reteﬁtion

portion is mounted on the substrate stage. Alternatively, a

12
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completed substrate mounted on the substrate stage is retained
ina completéd—substrate retention portion. Thus, the chip and

the substrate can be conveyed and mounted by the single delivery

mechanism. It isthereforepossible to reduce the manufacturing

cost of the bondihg apparatus while making the bonding apparatus
compact. |

[0031]

When the completed substrate subjected to bonding and
mounted on the substrate stage is retained in the
completed-substrate retention porti.on, the substrate retention
portion retains another substrate which-has not been bonded and
which is to be subjected to bonding next. Thus, the next
substrate can be mounted on the substrate stage whiie the
completed substrate is retained. Accordingly, in spite of the
single delivery mechanism, the tact'; time can be shortened in
comparison with the conventional example in which a completed
substrate and a next substrate are moved from_ a sub'st;“ate stage
to a completed—article tray and from a sﬁbstrate pre-alignment
portion to a substrate stage respectively.

Although the invention has been described i_n its preferred
form with a certain degree of particularity, it is understood
that the present disclosure of the preferred form can be changed
in the details of construction and in the combination and
arrangement of parts without departing from the spirit and the

scope of the invention as hereinafter claimed.

13



10

15

20

25

S

R

WHAT IS CLAIMED IS:

1. A bonding apparatus comprising:

a reiay stage for mounting a chip thereon temporarily;

a bonding head for holding said chip on said relay stage
and bonding said chip on a substrate; |

a substrate stage for mounting said substrate thereon,

saidbondinghead and said substrate stage beingmovedrelatively

‘thereby bonding said chip to said substrate; and

a delivery mechanism having a retention portion for.
retainingsaidchipandsaidsubstrateandbeingmovablyprévided
relatively to said relay stage and said substrate stage;

wherein said delivery mechanism functions to mount said
chip retained by said.rétentiongportion.onto said relay stage,
and after that (i) to mount said substrate fetained by said
retention portion onto said substrate stage or(ii) to make said
retentionportionretainsaidsubstratemountedonsaidsubstrate

stage.

2. A bonding apparatus according to claim 1, wherein
said retention portion includes a chip retention portion and

a substrate retention portion.

3. A bonding apparatus according to claim 1, wherein
said retention portion includes at least a substrate retention

portion for retaining said substrate which has not been bonded

14
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yet, and a completed-substrate retention portion for retaining

said substréte which has been bonded.

4. ‘A.bonding apparatus according to claim 1, further
comprising:

a first moving mechanism for moving said substrate stage
horizontally; and

a second moving mechanism for moving said relay stage
horizontally;

wherein said moving mechanisms are controlled so that said -
relay stage is located in a delivery position of said delivery
mechanism when said substrate stage is in a bonding pdéition,
and said substrate stage is located in-said‘delivery position

of said delivery mechanism when said relay stage is in said

. delivery position where said chip is delivered to said bonding

head.

5. A bonding apparatus compriéing:

a relay stage for mounting a chip thereon tempofarily;

a bonding head for Holding said chip on said relay stage
and bonding said chip on a substrate;

a substrate stage for mounting said substrate thereon,
saidbondingheadandsaidéubstratestagebeingmovedrelatively
thereby bonding said chip to said substrate; and

a delivery mechanism being provided movably relatively

15
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e

to said relay stage and said substrate stage, said delivery
mechanism including a substrate retention portion for retaining
said substrate which has not been bonded yet, and a
completed-substrate retention portion for retaining_said
substrate which has been bonded;

wherein said delivery mechanism makes said substrate
retention portion retain another substrate Which has not been
bonded andwhich istobebondednext whilesaiddeliverymechanism
makes said completed-substrate retention portion retain said
completed substrate which has been bonded and mounted on said

substrate stage.

6. A bonding apparatus according to claim 5, wherein
said delivery mechanism further includes a chip retention

portion.

7. A bonding apparatus éccording to claim é, further
comprising: o

a first moving mechanism for moving said substrate stage
horizontally; and

a second moving mechanism for moving said relay stage
horizontally;

wherein saidmovingmechanisms are controlled so that said
relay stage is located in a delivery position of said deiivery

mechanism when said substrate stage is in a bonding position,

16
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and said substrate stage is located in said delivery position
of said delivery-mechanism when said relay stage is in said

delivery position where said chip is delivered to said bonding

head.

17



