DESCRI PTI ON
SEM CONDUCTOR DI E PI CK- UP APPARATUS AND METHOD OF PI CKI NG UP
SEM CONDUCTOR DI E USI NG THE SAME

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a structure of
sem conduct or di ce pi ck-up apparatus and a nmet hod of picking

up the sem conductor dice using this apparatus.

BACKGROUND ART
[ 0002]

Asem conductor dieis fabricatedbydicinga6-inchlarge
or 8-inch large wafer into dice of a predeterm ned size. Wen
di ci ng, an adhesiveretainingtapeis attached on a back surface
of a wafer so that senm conductor dice may not fall apart after
di cing, andthewafer i sdicedfromafront surfaceusingadicing
sawor the like. At thistine, the retainingtape onthe back
surface is slightly cut into but not cut off, and retains the
sem conductor dice. Then, the sem conductor dice that have
been di ced are picked up one by one fromthe retaining tape,
and transferred to the next step such as die bondi ng.

[ 0003]

Conventionally, as a nethod of picking up the
sem conductor dice froman adhesive retaining tape, a nethod
usi ng a pl unge-up needl e i s conmonl y used (see FI G 15 i n Pat ent

Docunent 1, for exanple). Accordingtothis nethod, the center



of the sem conductor dieis plunged up with a plunge-up needl e
fromunder aretainingsheet towhichatensileforceis applied
toward a surrounding areainastateinwhichthe senm conductor
die is suctioned wwth a collet, the adhesive retaining sheet
is separated fromthe sem conductor die by the tensile force
applied to the retai ning sheet, and the sem conductor die is
pi cked up with the collet.

[ 0004]

However, this method using the plunge-up needl e has a
probl emthat the sem conductor di e nay becone broken by bei ng
pl unged up i f the sem conductor dieis thin, and therefore it
beconmes difficult to use this nmethod in picking up of recent
thin sem conductor dice.

[ 0005]

Thus, there have been proposed net hods of separati ng and
pi cking up the sem conductor die from an adhesive retaining
sheet w thout usi ng a pl unge-up needl e. As an exanpl e, Patent
Docunent 1 proposes a net hod of : provi ding a projectingportion
whose width is smaller than that of the sem conductor die to
be picked up on a front surface of a stage; providing suction
holes in the front surface of the stage around the projecting
portion; when picking up the sem conductor die, placing the
sem conductor die to be picked up on the projecting portion so
that the sem conductor die to be picked up sticks out fromthe
projecting portion and held with a collet; vacuum sucti oning
aretainingsheet downwardthroughthesuctionholestoseparate

a portion of the retaining sheet that sticks out fromthe



projecting portion off fromthe sem conductor die; and
thereafter noving the projecting portion horizontally with
respect to the stage front surface whil e the sem conductor die
I's being suctioned wwth the collet to separate the remaining
portion of the retaining sheet fromthe sem conductor die (see
FIG 9 to FIG 10 in Patent Docunment 1).
[ 0006]

Furt her, Patent Docunent 2 proposes a mnethod of:
provi di ng sucti on openingsinacontact surface of astage; when
pi cki ng up the sem conductor die, causing atip end of a cover
t hat opens and cl oses the suction opening to be advanced from
t he contact surface; causing the cover to slide while pushing
up a retai ning sheet and the sem conductor die to sequentially
open the suction openings; sequentially causing the opened
suction openings to suction the retaining sheet and separate
t he retai ni ng sheet; and causing a col |l et that stands by above
t he sem conduct or di etosequentially suctionthe sem conduct or
di e, thereby picking up the sem conductor die (see FIG 11 and
FIG 13 in Patent Docunent 2).
RELATED ART DOCUMENTS
PATENT DOCUMENTS
[ 0007]
Pat ent Docunent 1: Japanese Patent No. 3209736

Pat ent Docunent 2: Japanese Patent No. 4215818

SUMVARY OF THE | NVENTI ON

Techni cal Probl ens



[ 0008]

In contrast, in recent years, sem conductor dice have
becone i ncreasingly thinner, and there are cases in which the
conventional techni ques described in Patent Docunents 1 and 2
cannot sufficiently separate aretaining sheet. Accordingto
t he conventi onal techni que described in Patent Docunent 1, if
a sem conductor dieis thinner andits strengthis | ower, when
the portion of the retaining sheet sticking out fromthe
projecting portionis suctioned downward, this portion can not
be separated fromthe sem conductor die, and rather the
sem conduct or di eat thisportioncanbe adversely bent downwar d
along with the retaining sheet, and therefore there is a case
i n which the retaining sheet cannot be separated even when t he
projecting portion slides, or the sem conductor die can be
damaged. Further, according to the conventional technique
descri bed i n Pat ent Docunent 2, theretainingsheet i ssuctioned
downwar d al ong a chanfered portion provided at each corner of
bot h si des of the cover as t he cover i s advanced f romt he cont act
surface, and whereby the retaining sheet at si de edges of the
sem conductor dieis separated fromthe sem conduct or die (see
FIG 8 in Patent Docunment 2). This provides triggers for
separating the retaining sheet at the side edges of the
sem conductor die, and the retai ning sheet is separated from
an entire surface of the sem conductor die by these portions
and triggers for separating the retaining sheet at the side
edges of the sem conductor die fornmed by causing the tip end

of the cover to be advanced fromt he sucti on surface. However,



i f the sem conductor dieis thinner andits strengthis |ower,
t he retai ni ng sheet at the side edges of the sem conductor die
can not be separated fromthe sem conductor die when the
retai ning sheet is suctioned downward al ong the chanfered
portions of the cover by causing the cover to be advanced from
t he contact surface, and rather the sem conductor die of this
portion can be adversel y bent downward al ong with the retaining
sheet, andthereforethereis acaseinwhichtheretainingsheet
cannot be separated even when the cover slides, or the

sem conductor die can be danmaged.

[ 0009]

Thus, an obj ect of the present inventionistofacilitate
pi cki ng up of athinner sem conduct or di e usi ng a sem conduct or
di e pi ck-up appar at us.

Sol utions to Probl ens
[ 0010]

A sem conduct or di e pick-up apparatus according to the
present i nventionis asen conductor di e pi ck-up apparatus for
pi cki ng up the sem conduct or di e applied to aretaining sheet,
t he appar atus provi dedw t h: astage i ncl udi ngacontact surface
configured to be in close contact with one surface of the
retaining sheet, the one surface being opposite of another
surface to which sem conductor dice are applied; a suction
openi ng provided in the contact surface; a cover provided for
the stage so as to allowa tip end of the cover on a cl osing
si de of the suction opening to advance freely fromthe cont act

surface, and configured to slide along the contact surface to



open and cl ose t he sucti on openi ng; a projection arranged al ong
acircunferential edge of the suction openi ng and projects from
the contact surface; suction holes provided in the contact
surface on a side of an outer circunference of the stage from
the projection; and a collet configured to suction a

sem conduct or di e.

[ 0011]

In the sem conductor die pick-up apparatus accordingto
the present invention, it is preferable that when picking up
the sem conductor die, in a state in which at | east a portion
of a contour of the sem conductor die to be picked up sticks
out fromthe projection toward the outer circunference of the
stage, theretaining sheet at the portion stickingout fromthe
projection toward the outer circunference of the stage is
suctioned into the suction holes, the tip end of the cover is
caused to advance up to a position equal to or higher than an
upper end surface of the projection fromthe contact surface,
the cover is caused to slide while the retaining sheet and the
sem conduct or di e to be pi cked up are pushed upward t o open t he
suction openi ng sequentially, the opened suction opening is
caused to suction the retaining sheet sequentially to separate
the retai ni ng sheet fromt he sem conductor di e to be pi cked up,
and the collet is caused to suction the sem conductor die to
be pi cked up.

[0012]
I n the sem conductor di e pick-up apparatus accordingto

the present invention, it ispreferablethat thesuctionopening



extends linearly, and the projection includes tw side

proj ections respectively provided along linearly extending
opposi ng sections of the circunferential edge of the suction
openi ng, and an interval between outer surfaces of the side
proj ections on an opposite side of the suction opening is
smal l er than a wi dt h of the sem conduct or di e to be picked up.
It is also preferable that the projection further includes an
end surface projection provided along a section of the
circunferenti al edge at an end of the sucti on openi ng whi ch t he
tip end of the cover noves closer to and away from

[ 0013]

In the sem conductor die pick-up apparatus accordingto
the present invention, it is preferable that the suction holes
i nclude four primary holes arranged at four corners of a
rectangul ar regi on that i ncl udes t he end of t he sucti on openi ng
which the tip end of the cover noves closer to and away from
and at | east a portion of the side projections, two faci ng si des
of the rectangul ar region being parallel with the side
projections, a wdth of the rectangular regionin adirection
perpendi cular to a direction in which the suction opening
extends is substantially the sane as a width of the
sem conductor die to be picked up, and a |l ength of the
rectangul ar regioninthedirectioninwhichthesuctionopening
extends is substantially the same as a length of the
sem conductor die to be picked up.

[ 0014]

In the sem conductor die pick-up apparatus accordingto



the present invention, it is preferable that when picking up
the sem conductor die, the tip end of the cover is caused to
advance up to the position equal to or higher than the upper
end surface of the projection fromthe contact surface, the
cover iscausedtoslidetoafirst predeterm nedpositionwhile
the retaining sheet and the sem conductor die to be picked up
are pushed upward to open the sucti on openi ng sequentially to
the first predeterm ned position, the opened suction opening
I's caused to suction the retaining sheet sequentially to
separate the retaining sheet fromthe sem conductor die to be
pi cked up to a portion near the first predeterm ned position,
the collet is noved down i nmedi at el y above the sem conduct or
die to be picked up to suction a portion of the sem conduct or
die to be picked up, the cover thereafter is caused to slide
further inthe sliding direction fromthe first predeterm ned
position while the retaining sheet and the sem conductor die
to be picked up are pushed upward to open the sucti on openi ng
sequentially further in the sliding direction fromthe first
predet erm ned position, the further opened suction openingis
caused to suction the retaining sheet sequentially to separate
t he retai ni ng sheet fromthe sem conductor die to be picked up
further intheslidingdirectionfromthe portionnear thefirst
predeterm ned position, and the collet is caused to
sequential |l y suctiontherenainingportionof thesem conduct or
die to be picked up.

[ 0015]

In the sem conductor die pick-up apparatus accordingto



the present invention, it is preferable that when picking up
the sem conductor die, the tip end of the cover is caused to
advance up to the position equal to or higher than the upper
end surface of the projection fromthe contact surface, the
cover iscausedtoslidetoafirst predeterm nedpositionwhile
the retaining sheet and the sem conductor die to be picked up
are pushed upward to open the sucti on openi ng sequentially to
the first predeterm ned position, the opened suction opening
I's caused to suction the retaining sheet sequentially to
separate the retaining sheet fromthe sem conductor die to be
pi cked up to a portion near the first predeterm ned position,
the collet is noved down i nmedi at el y above the sem conduct or
di eto be pi cked up to suctionthe sem conductor dieto be picked
up, the cover thereafter is caused to slide further in the
sliding direction fromthe first predeterm ned position while
the retai ning sheet and the sem conductor die to be picked up
are pushed upward to open the suction opening sequentially
further inthe sliding direction fromthe first predeterm ned
position, and the further opened suction opening is caused to
suction the retaining sheet sequentially to separate the
retai ning sheet fromthe sem conductor die to be picked up
further intheslidingdirectionfromthe portionnear thefirst
predet erm ned position.
[ 0016]

In the sem conductor die pick-up apparatus accordingto
the present invention, it is preferable that when picking up

the sem conductor die, the collet sequentially suctions the



sem conductor die to be picked up as the retaining sheet is
sequentially separated fromt he sem conductor di e to be pi cked
up in astate in which the collet holds the sem conductor die
to be picked up. It is also preferable that when picking up
the sem conductor die, the collet is noved upward in
synchroni zation as the tip end of the cover is advanced up to
t he position equal to or higher than the upper end surface of
the projection fromthe contact surface.

[0017]

In the sem conductor die pick-up apparatus accordingto
the present invention, it is preferable that the stage is
cylindrical, the cover is substantially as wi de as the suction
openi ng, and when the tip end is advanced fromthe contact
surface, a surface that pushes up the retaining sheet is
i nclined dowmmward froma side of the tip end to a back end on
the side of opening the suction opening, a sliding groove is
provi ded, the sliding groove being recessed fromthe contact
surface by a thickness of the cover, the sliding groove being
substantially as wide as the cover, and the sliding groove
extendi ng toward an outer circunferential surface of the stage
froma position of an end of the suction openi ng on an openi ng
side of the cover to a position on a side of an inner
ci rcunference of the stage froma position of the back end of
thecover inastateinwhichthecover cl osesthesucti onopening
at apositionthat deviates fromoverl appingw th acylindrical
surface of the outer circunference of the stage, an inclined

surface is provided, the inclined surface extending froma
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bottomsurface of the sliding groove at a side edge of at the
outer circunference of the stage toward a si de opposite of the
cont act surface, and when pi cki ng up t he sem conduct or di e, the
cover is caused to slide to sequentially open the suction
openi ngwhi | e asurfaceof thecover that i s oppositeof asurface
pushi ng up the retaini ng sheet i s brought into contact with an
edge between the bottomsurface of the sliding groove and t he
i nclined surface.

[ 0018]

In the sem conductor die pick-up apparatus accordingto
the present invention, it is preferable that an inclination
angle of the inclined surface with respect to the contact
surface is greater than an inclination angle of the surface of
the cover that is opposite of the surface pushing up the
retaining sheet withrespect tothecontact surface. It isalso
preferable that a stepped portion is provided, the stepped
portion extending fromthe inclined surface to the outer
ci rcunference surface of the stage al ong t he contact surface,
and an angl e of a surface i ncluding the edge and t he si de edge
of the stepped portion at the outer circunference of the stage
with respect to the contact surface is greater than an
i nclination angl e of the surface of the cover that is opposite
of the surface pushing up the retaining sheet with respect to
t he contact surface.

[ 0019]
A nmet hod of picking up a sem conductor die according to

t he present i nventionis a method of picking up a sen conduct or

11



die applied to a retaining sheet using a sem conductor die
pi ck-up apparatus for picking up a sem conductor die applied
to the retaining sheet, the apparatus including: a stage

I ncludi ng a contact surface configured to be in close contact
wi t h one surface of the retaining sheet, the one surface bei ng
opposite of another surface to which sem conductor dice are
appl i ed; a suction opening provided in the contact surface; a
cover provided for the stage so as to allowa tip end of the
cover on a cl osi ng si de of the sucti on openingto advance freely
fromthe contact surface, and configured to slide along the
contact surface to open and close the suction opening; a
proj ectionarrangedal ongacircunferential edge of the suction
openi ng and projects fromthe contact surface; suction holes
provided in the contact surface on a side of an outer
circunference of the stage fromthe projection; and a coll et
configured to suction a sem conductor die, the nethod is
provided with: an alignnment step of, when picking up the
sem conduct or di e, aligning positions of the sem conductor die
tobepickedupinastateinwhichat | east aportionof acontour
of the sem conductor die to be picked up sticks out fromthe
projection toward t he outer circunference of the stage; and a
pi ck-up step of picking up the sem conductor di e by sucti oni ng
the retaining sheet at the portion sticking out fromthe
projectiontowardthe outer circunference of the stageintothe
suction holes, causing the tip end of the cover to advance up
to a position equal to or higher than an upper end surface of

the projection fromthe contact surface, causing the cover to

12



slide while the retaining sheet and the sem conductor die to
be picked up are pushed upward to open the suction opening

sequenti al | y, causi ngthe opened sucti on openingtosuctionthe
retai ning sheet sequentially to separate the retaining sheet
fromthe sem conductor die to be picked up, and causing the
collet to suction the sem conductor die to be picked up.

[ 0020]

In the nethod of picking up the sem conductor die
according to the present invention, it is preferable that the
pi ck-up step i ncl udes, when pi cking up the sem conductor die,
causing the tip end of the cover to advance up to the position
equal to or higher than the upper end surface of the projection
fromthe contact surface, causing the cover toslidetoafirst
predeterm ned position while the retaining sheet and the
sem conduct or di e to be pi cked up are pushed upward t o open t he
suction opening sequentially to the first predeterm ned
posi tion, causing the opened suction opening to suction the
retai ni ng sheet sequentially to separate the retaining sheet
fromthe sem conductor die to be picked up to a portion near
the first predeterm ned position, noving the collet down
i medi atel y above the sem conductor die to be picked up to
suction a portion of the sem conductor die to be picked up,
thereafter causing the cover to slide further in the sliding
direction fromthe first predeterm ned position while the
retai ni ng sheet and t he sem conductor die to be picked up are
pushed upward t o open t he sucti on openi ng sequentially further

intheslidingdirectionfromthefirst predeterm ned position,
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causi ng the further opened suction opening to suction the
retaining sheet sequentially to separate the retaining sheet
fromt he sem conductor dietobe pickedupfurther inthesliding
direction fromthe portion near the first predeterm ned
position, and causing the collet to sequentially suction the
remai ni ng portion of the sem conductor die to be picked up.
[ 0021]

In the nethod of picking up the sem conductor die
according to the present invention, it is preferable that the
pi ck-up step i ncl udes, when pi cking up the sem conductor die,
causing the tip end of the cover to advance up to the position
equal to or higher than the upper end surface of the projection
fromthe contact surface, causing the cover toslidetoafirst
predeterm ned position while the retaining sheet and the
sem conduct or di e to be pi cked up are pushed upward t o open t he
suction opening sequentially to the first predeterm ned
posi tion, causing the opened suction opening to suction the
retai ni ng sheet sequentially to separate the retaining sheet
fromthe sem conductor die to be picked up to a portion near
the first predeterm ned position, noving the collet down
i medi atel y above the sem conductor die to be picked up to
suction the sem conductor die to be picked up, thereafter
causingthecover toslidefurther intheslidingdirectionfrom
the first predeterm ned position while the retaining sheet and
t he sem conductor di e to be pi cked up are pushed upward t o open
the suction opening sequentially further in the sliding

direction fromthe first predeterm ned position, and causi ng
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the further opened suction opening to suction the retaining
sheet sequentially to separate the retaining sheet fromthe
sem conductor die to be picked up further in the sliding
direction fromthe portion near the first predeterm ned
position.

[0022]

In the nethod of picking up the sem conductor die
according to the present invention, it is preferable that the
pi ck-up step i ncl udes, when pi cking up the sem conductor die,
causing the collet to sequentially suction the sem conduct or
die to be picked up as the retaining sheet is sequentially
separated fromt he sem conductor dieto be pickedupinastate
in which the collet holds the sem conductor die to be picked
up. It is also preferable to nove the collet upward, when
pi cki ng up t he sem conductor die, i nsynchronizationasthetip
end of t he cover i s advanceduptothe positionequal toor higher
than t he upper end surface of the projection fromthe contact
surf ace.

[ 0023]

It ispreferablethat the projectionof the sem conduct or
di e pick-up apparatus using the nethod of picking up the
sem conductor di e according to the present invention includes
two side projections respectively provided along linearly
ext endi ng opposi ng sections of the circunferential edge of the
suct i on openi ng, the suction hol es i nclude four prinmary hol es
arranged at four corners of arectangul ar regi on that includes

the end of the suction opening which the tip end of the cover
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noves cl oser to and away fromand at | east a porti on of the side
projections, two facing sides of the rectangul ar regi on bei ng
parall el with the side projections, aw dth of the rectangul ar
regioninadirection perpendicular toadirectioninwhichthe
suction openi ng extends is substantially the same as a width
of the sem conductor die to be picked up, a length of the
rectangul ar regioninthedirectioninwhichthesuctionopening
extends is substantially the same as a length of the
sem conductor die to be picked up, and the alignnent step
i ncl udes al i gni ng the positions of the sem conductor dieto be
pi cked up such that four corners of the sem conductor die to
be picked up respectively come above the prinmary hol es.
Ef fects of Invention
[ 0024]

The present i nvention provi des an effect of facilitating
pi cking up of a thinner sem conductor die using the

sem conductor di e pick-up apparat us.

BRI EF DESCRI PTI ON OF DRAW NGS

[ 0025]

FIG 1 is an explanatory diagramillustrating a wafer
attached to a retaining sheet.

FIG 2 is an explanatory diagramillustrating
sem conductor dice attached to the retaining sheet.

FIG 3 is an explanatory diagramillustrating a
configuration of a wafer hol der.

FIG 4 is an explanatory diagramillustrating a

16



configuration of a sem conductor die pick-up apparatus
according to an enbodi nrent of the present invention.

FIG 5is aperspectiveviewillustrating a stage of the
sem conduct or di e pi ck- up appar atus accordi ngtothe enbodi nent
of the present invention.

FIG 6isaperspectiveviewillustratinganupper surface
of the stage of the sem conductor die pick-up apparatus
according to the enbodi nent of the present invention.

FIG 7 is aplanviewillustrating the upper surface of
t he st age of the sem conductor di e pi ck-up appar atus accordi ng
to the enbodi nent of the present invention.

FIG 8 is an explanatory diagramillustrating a state
before a slider driving nechani smof the sem conductor die
pi ck-up apparatus according to the enbodi nent of the present
i nvention starts its operation.

FIG 9is an explanatory diagramillustrating astatein
whi ch the stage for a sem conductor die is aligned with the
sem conductor die in the sem conductor die pick-up apparatus
according to the enbodi nent of the present invention.

FIG 10 is an explanatory diagramillustrating a state
in which a vacuumis produced within the stage of the
sem conduct or di e pi ck- up appar at us accordi ngtothe enbodi nent
of the present invention.

FIG 11 is an explanatory diagramillustrating a state
inwhichatipend of acover of the sem conductor di e pick-up
appar at us accordi ng to t he enbodi nent of the present i nvention

is advanced from a contact surface.
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FIG 12 is an explanatory diagramillustrating a state
inwhichthetipendof thecover of t he sem conduct or di e pi ck-up
appar at us according to t he enbodi nent of the present i nvention
I's advanced fromthe contact surface.

FIG 13 is an explanatory diagramillustrating a state
i n which the cover of the sem conductor die pick-up apparat us
according to t he enbodi nent of the present invention slidesto
a first position.

FIG 14 is an explanatory diagramillustrating a state
i n which the cover of the sem conductor di e pick-up apparat us
according to the enbodi nent of the present invention slidesto
the first position.

FIG 15 is an explanatory diagramillustrating a state
i nwhichacollet noves down to the sem conductor die after the
cover of the sem conductor die pick-up apparatus according to
t he enbodi nent of the present invention slides to the first
posi tion.

FIG 16 is an explanatory diagramillustrating a state
i nwhichthe collet of the sem conductor di e pi ck-up appar at us
accordi ng to t he enbodi ment of the present i nventi on has pi cked
up the sem conductor die.

FIG 17 is an explanatory diagramillustrating a state
i n which the coll et noves down to the sem conductor die after
t he cover of the sem conductor di e pi ck-up appar atus accordi ng
to a different enbodi nent of the present invention slides to
the first position.

FIG 18 is an explanatory diagramillustrating a state

18



i n which the coll et noves down to the sem conductor die after
a stage for the sem conductor die is aligned with the

sem conduct or di e and a vacuumi s produced within stage inthe
sem conduct or di e pick-up apparatus according to a different
enbodi nent of the present invention.

FIG 19 is an explanatory diagramillustrating a state
inwhichthetipendof thecover of t he sem conduct or di e pi ck-up
apparatus according to the different enbodi nent of the present
I nvention is advanced from a contact surface.

FIG 20 is an explanatory diagramillustrating a state
i n which the cover of the sem conductor die pick-up apparat us
accordingto the di fferent enbodi nent of the present i nvention
sl i des.

FIG 21 is a plan view illustrating an arrangenent of
proj ections on the upper surface of the stage of the
sem conduct or di e pick-up apparatus according to a different
enbodi nent of the present invention.

FIG 22 is a plan view illustrating an arrangenent of
proj ections on the upper surface of the stage of the
sem conduct or di e pi ck-up apparatus accordingtothe different
enbodi nent of the present invention.

FIG 23 is aplanviewillustrating the upper surface of
t he st age of the sem conductor di e pi ck-up appar atus accordi ng
to a different enbodi nent of the present invention.

FIG 24 is an explanatory diagramillustrating a state
I n which the stage for the sem conductor die is aligned with

the sem conductor die in the sem conductor die pick-up
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appar atus according to the different enbodi nent of the present
I nventi on.

FIG 25 is an explanatory diagramillustrating a state
in which a vacuumis produced wthin the stage of the
sem conduct or di e pi ck-up apparatus accordingtothe different
enbodi nent of the present invention.

FIG 26 is an explanatory diagramillustrating a state
inwhichthetipendof thecover of t he sem conduct or di e pi ck-up
apparat us according to the different enbodi nent of the present
invention is advanced froma contact surface.

FIG 27 is an explanatory diagramillustrating a state
i n which the cover of the sem conductor di e pick-up apparat us
accordingto the different enbodi nent of the present i nvention
slides to the first position.

FIG 28 is an explanatory diagramillustrating a state
i n which the coll et noves down to the sem conductor die after
t he cover of the sem conductor di e pi ck-up apparatus accordi ng
tothe di fferent enbodi nent of the present invention slidesto
the first position.

FIG 29 is an explanatory diagramillustrating a state
i nwhichthe collet of the sem conductor di e pi ck-up appar at us
accordingto the di fferent enbodi nent of the present i nvention
pi cks up the sem conductor die.

FIG 30is across-sectional viewillustratingthe cover
and a sl i di ng groove of t he sem conduct or di e pi ck-up appar at us
according to the enbodi nent of the present invention.

FIG 31 is a plan view illustrating an arrangenent of
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| ongi t udi nal grooves, hol es, and si de projections on t he upper
surface of the stage of the sem conductor di e pi ck-up appar at us
according to a different enbodi nent of the present invention.
FIG 32is across-sectional viewillustratingthe cover
and the sliding groove of the sem conductor die pick-up
apparatus according to a different enbodi nent of the present

i nventi on.

DESCRI PTI ON OF EMBODI MENTS
[ 0026]

Herei nafter, enbodi nents according to the present
invention will be described with reference to the draw ngs.
Bef ore descri bing a sem conductor die pick-up apparatus
according to the present invention, awafer and a waf er hol der
shal | be described. AsillustratedinFIG 1, adie attachnent
filml2a and an adhesi ve retaining sheet 12 are applied to a
back surface of a wafer 11, and the die attachnent fil ml2a and
the retaining sheet 12 are attachedtoanetallicring 13. The
t hi ckness of the thin wafer 11 of recent years is on the order
of 15 um, the thickness of the die attachment film 12a of recent
years is somewhere in the range from 5 to 20 uym, and the thickness
of the retaining sheet is on the order of 100 pym. The wafer
11 is handled in a manner attached tothe netallicring 13 with
the die attachnment film 12a and the retaining sheet 12
i nt erposed t herebetween as descri bed above. Then, as
illTustratedinFIG 2, thewafer 11 and the die attachnment film

l2a aredicedwithadicing sawor theli ke froma front surface
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inadicingstep, resultinginsem conductor di ce 15 each havi ng
the die attachnent fil ml2a attached to a back surface t hereof.
Acut-ingap 14 that has been producedinthedicingis provided
bet ween t he sem conductor dice 15 and the die attachnment fil ns
12a. Wiilethedepthof thecut-ingap1l4issuchthat it reaches
a portion of the retaining sheet 12 t hrough t he sem conduct or
dice 15, the retaining sheet 12 is not cut off, and the

sem conductor dice 15 areretainedw ththe retaining sheet 12.
[0027]

The sem conductor dice 15 to which the die attachnent
films 12a, the retaining sheet 12, and thering 13 are attached
inthis manner are attached to a wafer holder 10 as il lustrated
in FIG 3(a) and FIG 3(b). The wafer holder 10 is provided
wi t h an annul ar expand ring 16 having afl ange, and ari ng hol der
17 that secures the ring 13 on the flange of the expand ring
16. Thering holder 17 is driven along a direction of approach
and retraction with respect to the flange of the expand ring
16 by aring holder drivingunit that i s not depicted. Aninner
di ameter of the expand ring 16 is greater than a di aneter of
t he waf er havi ng t he sem conduct or di ce 15 arranged, t he expand
ring 16 has a predeterm ned thickness, and the flange is
provi ded outside the expand ring 16 and attached on an end
surface on a side away fromthe retaining sheet 12 so as to
proj ect outward. Further, anouter circunference of the expand
ring 16 on a side of the retaining sheet 12 is configured as
a curved surface so that the retaining sheet 12 can be expanded

snoot hl y when attaching the retai ning sheet 12 to the expand
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ring 16. Moreover, the wafer holder 10 is configured to be
novabl e in adirectionalongthe surface of the retaining sheet
12 by a waf er hol der horizontal directiondrivingunit that is
not depi cted.

[ 0028]

As illustrated in FIG 3(b), the retaining sheet 12
applied to the sem conductor dice 15 is substantially flat
before set to the expand ring 16.

[ 0029]

FIG 4 is a diagramillustrating a configuration of a
sem conduct or di e pick-up apparatus 100 according to the
enbodi nent of the present invention, showing a state i n which
stacked bodi es of the die attachnment film 12a and the
sem conductor die 15 applied to the retai ning sheet 12 are set
to the sem conduct or di e pi ck-up apparatus 100. Inthis state,
thering hol der 17 noves downward ontothering 13, andatensile
force of the retaining sheet 12 is adjusted by adjusting a
descendi ng anmount (or push-in anpbunt). As the expand ring 16
i ncl udes a step between an upper surface with which the
retaining sheet 12 is brought i nto contact and a surface of the
flange, when the ring 13 is pressed agai nst the surface of the
flange, the retaining sheet 12 is expanded al ong the curved
surface of the upper portion of the expand ring 16 by an anount
of the step between the upper surface and the surface of the
fl ange of the expandring 16. For this reason, atensile force
directed outwardly fromthe center of the retaining sheet is

exerted on the retaining sheet 12 secured on the expand ring
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16. Further, astheretaining sheet 12 is expanded duetothis
tensil e force, the gap between t he sem conduct or di ce 15 havi ng
the die attachnment filml2a applied to the retaining sheet 12
I ncreases.

[ 0030]

The wafer holder 10 has a wafer hol der horizontal
direction driving unit 72 configured to nove the wafer hol der
10 in a plane along the retaining sheet 12. The wafer hol der
hori zontal direction driving unit 72 can be configured, for
exanpl e, todrive the waf er hol der 10 hori zontally wi th a not or
and a gear provided inside, or to nove the wafer holder 10 in
an XY direction along a guide with a driving source such as a
not or provi ded outside. Further, above the wafer hol der 10,
there is provided a collet 18 configured to suction and nove
a stacked body of the die attachnent film 12a and the
sem conductor die 15. The collet 18 i ncl udes suction hol es 19
for suctioning the sem conductor die 15 in a suction surface,
and each of the suction holes 19 is connected to a vacuum
apparatus 71. Moreover, under the wafer holder 10, there is
provi ded a stage 20. The stage 20is driven by a stage verti cal
directiondriving nechanism73 in avertical directionthat is
a direction of approach and retraction with respect to the
retaining sheet 12. The stage vertical direction driving
nmechani sm73 can be confi gured, for exanple, todrivethe stage
20 vertically with a notor and a gear provided inside, or to
nove t he stage 20 vertically al ong a guidewi th adriving source

such as a notor provided outside.
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[ 0031]

As illustrated in FIG 5, the stage 20 is provided with
a cylindrical case 21 having, on its upper surface, a contact
surface 22 that i s brought i ntoclosecontact withtheretaining
sheet 12, a base body 24 di sposed on a si de of t he case 21 opposite
fromthe contact surface 22, and adriving unit 25 attached to
t he base body 24 and configured to drive a slider driving
mechani sm 300 nounted within the case 21. The base body 24 of
the stage 20 is attached to a stage securing unit that is not
depi cted. The contact surface 22 is provided with a suction
openi ng 41, and t he sucti on opening 41 is opened and cl osedw th
a cover 23 configured to slide along the contact surface 22.
Al ong a ri mof the suction opening 41, side projections 31 and
an end surface projection32projectingfromthecontact surface
22 are provided, and four primry holes 33a, 33b, 33c, and 33d
and a plurality of subsidiary holes 35 that are comuni cat ed
with an interior of the case 21 are provided in the contact
surface 22 on a side of an outer circunference of the stage 20
fromthe side projections 31 and t he end surface projection 32.
The projection height of the side projections 31 and the end
surface projection 32 fromthe contact surface can be on the
order of 0.3 mm for exanple.
[ 0032]

As illustrated in FIG 6, the contact surface 22 is
provided with a sliding groove 22a that is recessed by the
t hi ckness of the cover 23, whosew dthis substantiallythe sane

as t hat of the cover 23, and that extends | i nearly and outwardly
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froma side of an inner circunference to a side of the outer
ci rcunference of the stage. Asurface of the cover 23 on a si de
of a direction of noving cl oser to and away froman end surface
22k of the sliding groove 22a on the side of the inner
circunference of the stage is a tip end 23a of the cover 23,
a surface of the cover 23 facing toward a side surface 22h of
the sliding groove 22ais a si de surface 23b, and an end surface
on a side opposite fromthe tip end 23a is a back end 23c.
Further, two conmuni cating holes 37 communi cated with the
interior of the case 21 are provided in a bottomsurface 22a’
the sliding groove 22a on the side of the inner circunference
of the stage. Each of the side surfaces of the conmmunicati ng
holes 37 is in the sane plane with the side surface 22h of the
sliding groove 22a, and a surface of each of the conmuni cati ng
hol es 37 on a side of the tip end 23a of the cover 23 is inthe
same plane with the end surface 22k of the sliding groove 22a
on t he side of the inner circunference of the stage. Further,
bet ween the two conmuni cating holes 37, there is provided a
connecting rib 36 whose upper surfaceisinthe sane planew th
the bottom surface 22a’ of the sliding groove 22a. For this
reason, the upper surface of the connectingrib 36 is recessed
fromthe contact surface 22 by the thickness of the cover 23.
When the tip end 23a of the cover 23 is in contact with the end
surface 22k of the sliding groove 22a on the side of the inner
circunference of the stage, the conmunicating holes 37 are
covered with the cover 23, and an upper surface of the cover

23 is in the sanme plane with the contact surface 22.
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[ 0033]

As illustrated in FIG 6, when the cover 23 slides in a
direction indicated by an arrowin FIG 6, the tip end 23a of
t he cover 23 noves away fromt he end surface 22k of the sliding
groove 22a on the side of theinner circunference of the stage,
and two regi ons appear: a hol e regi on 43 communi cated with t he
interior of the case 21 fromthe contact surface 22, and a
recessed region 44 that is recessed fromthe contact surface
22 to the upper surface of the connecting rib 36. The hole
region 43 and the recessed regi on 44 toget her forman openi ng
section 42 that is recessed fromthe contact surface 22, and
are comuni cated with the interior of the case 21. Therefore,
when a vacuumi s produced by t he vacuumapparatus 71 within the
case 21, the hole region 43 and the recessed regi on 44 that
constitute the opening section 42 are both in a vacuumstate.
Specifically, the suction opening 41 is a region that is
recessed fromthe contact surface 22 and comuni cated wi th t he
interior of the case 21 so that the opening section42is forned
by the sliding of the cover 23, the suction opening 41 havi ng
a rectangul ar shape of the width of the sliding groove 22a and
the length fromthe end surface 22k of the sliding groove 22a
on the side of the inner circunference of the stage tothetip
end 23a of the cover 23 when the cover 23 conpletely slides.
Therefore, the end surface 22k of the sliding groove 22a on t he
side of the inner circunference of the stage corresponds to an
end surface 41a of the suction openi ng 41, the side surface 22h

of the sliding groove 22a corresponds to a si de surface 41b of
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t he sucti on openi ng 41, and t he openi ng secti on 42 corresponds
toaregi onwherethecover 23hasslidw thinthesucti onopeni ng
41. Then, when the tip end 23a of the cover 23 is in contact
with the end surface 22k of the sliding groove 22a on t he si de
of the inner circunference of the stage, the suction opening
41 is in a closed state, and when the ti p end 23a of the cover
23 is distant fromthe end surface 22k of the sliding groove
22a on the side of the inner circunference of the stage, the
suction opening 41 is in an open state.

[ 0034]

As illustrated in FIG 6, the band-pl ate shaped side
projections 31 that project fromthe contact surface 22 are
provi ded at the contact surface 22 al ong a ri mof the both side
surfaces 41b of the sucti onopeni ng4l. Further, the band-plate
shaped end surface projection 32 of the sane hei ght as t he si de
projections 31 is provided at the contact surface 22 along a
rimof the end surface 41a of the suction opening 41. The end
surface projection 32 is provided al ong an entire wi dth of the
suction opening 41, and the side projections 31 and the end
surface projection 32 integrally forma shape of aletter Uor
aletter C
[ 0035]

As illustratedinFIG 7, the four primary hol es 33a-33d
are arranged at four corners of a rectangul ar region 38 that
i ncl udes the end surface 4l1a of the suction opening 41 which
the tip end 23a of the cover 23 noves closer to and away from

and t he si de proj ections 31, as wel | as a squar e whose two faci ng
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sides are parallel with the side projections 31. The
rectangul ar region 38isinthe sane shape as t he sem conduct or
die 15 to be picked up, and the width and the I ength of the
rectangul ar region 38 are substantially the sane as those of
the sem conductor die to be picked up. Therefore, when
positioning the stage 20, it is possible to positionthe stage
20 such t hat four corners of the sem conduct or di e 15t o be pi cked
up correspond respectively to centers of the primary hol es
33a-33d. Further, as the width of the suction opening 41 in
a direction perpendicular to a sliding direction, and an

i nterval between the suction opening 41 of the si de projections
31 and an opposite surface in the direction perpendicular to
the sliding direction are smaller than the width of the

sem conduct or di e 15, when positioning the stage 20 such t hat
the four corners of the sem conductor die 15 to be picked up
correspond respectively to the centers of the prinmary hol es
33a-33d, a side surface 15b of the sem conductor die 15 sticks
out toward a side of the outer circunference of the stage 20
fromthe side projections 31, or toward a side opposite from
t he sucti onopening4l. Mreover, astheendsurfaceprojection
32 is included in the rectangul ar region 38, and the primary
hol es 33a and 33b are arranged on a si de oppositefromt he sucti on
openi ng 41 of the end surface projection 32, when positioning
the stage 20 such that the four corners of the sem conductor
die 15 to be picked up correspond respectively to the centers
of the primary hol es 33a-33d, atip end 15a of t he sem conduct or

die 15 sticks out toward a side of the outer circunference of
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the stage 20 fromthe end surface projection 32, or toward a
side opposite fromthe suction opening 41.
[ 0036]

Further, as illustrated in FIG 7, the oval subsidiary
hol es 35 are respectively provi ded between the prinmary hol es
33b and 33c and between the primary hol es 33a and 33d on a si de
of the outer circunference of the stage of the side projections
31 or on the side opposite fromthe suction opening 41. The
subsi di ary hol es are provi ded so as to adj acent to the side of
the outer circunference of the stage of the side projections
31. Simlarly, the oval subsidiary holes 35 are al so provi ded
bet ween the prinmary holes 33a and 33b on a side of the outer
ci rcunference of the stage of the end surface projection 32 or
on the side opposite fromthe suction opening 41. Here, the
shape of the rectangul ar regi on 38 i s not necessarily required
to be the sane as that of the sem conductor die 15, and can be
of a size such that the four corners of the sem conductor die
15 to be picked up respectively fall within regions of the
pri mary hol es 33a- 33d when positioni ng the stage 20. Further,
t he rectangul ar regi on 38 can i ncl ude at | east a portion of the
side projections 31, and the |l ength of the cover 23 of the side
projections 31 along the sliding direction can be |ong,
ext endi ng beyond the rectangul ar region 38. Mbdreover, the
shape of the primary hol es 33a-33d can be circular or in a
different shape. Wiile it is described that the subsidiary
hol es 35 are provi ded so as to adj acent to t he si de of the outer

ci rcunference of the stage of the side projections 31 and t he
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end surface projection 32, the subsidiary holes 35 can be
arranged such that the regions of the subsidiary holes 35
respectively overlapw ththeregionsthat the side surface 15b
and the tip end 15a of the sem conductor die 15 stick out
respectively fromthe side projections 31 and the end surface
projection 32 toward the side of the outer circunference of the
st age.

[ 0037]

AsillustratedinFI G 5, theslidinggroove 22a ext endi ng
toward the side of the outer circunference of the stage 20 is
provided with an inclined surface 22b that continues fromthe
bottom surface 22a’ of the sliding groove 22a. The bottom
surface 22a’ of the sliding groove 22a extends substantially
parallelly withthe contact surface 22, at a positionthat does
not reach a cylindrical surface of the outer circunference of
the stage 20, to an end portion 22c at a position on the side
of the inner circunference of the stage froma position of the
back end 23c of the cover 23 in a state in which the cover 23
cl oses the suction opening 41. The end portion 22c is |linear,
and t he back end 23c of the cover 23 slightly projects to the
side of the outer circunference of the stage 20 fromthe end
portion 22c of the sliding groove 22a in a state in which the
cover 23 is closed. The inclined surface 22b is inclined
downward fromthe end portion 22c of the sliding groove 22a to
an opposite direction fromthe contact surface 22. Onthe both
sides of the inclined surface 22b, a side surface 22j that is

inthe same pl anew ththe sidesurface 22h of t he sl i di ng groove
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22a. The side surface 22j and t he si de surface 23b of the cover
23constituteaslidingsurface. Alineof intersectionbetween
the inclined surface 22b and the bottom surface 22a’ of the
sliding groove 22a constitutes a linear ridge line 22d that
ext ends perpendicul ar tothe slidingdirectionof the cover 23.
[ 0038]

As illustratedinFIG 4, according tothe senm conductor
di e pi ck-up apparatus 100 of this enbodi nent, the stage 20 is
provided therein with the slider driving nmechani sm 300
configured to cause a slider 332 to which the cover 23 is
rotatably attached to slide. The slider driving nmechani sm300
isconstitutedfrom afirst Iink 326 driven by the drivingunit
25 attached to the base body 24 of the stage 20 in a direction
of approach and retraction with respect tothe contact surface
22; a piston 370 slidably attached to the case 21 of the stage
20, and configured to approach and retract with respect to the
contact surface 22; a stopper 321a provided within the case 21
and engaged with a fl ange 371 of the piston 370 soto restrict
novenent of the piston 370 in the direction of approach and
retractionwithrespect tothe contact surface 22; a spring 373
that couples the first link 326 with the piston 370 in the
di rectionof approachandretractionw threspect tothecontact
surface 22; a guide rail 331 attached to the piston 370 and
extends along a direction that is substantially parallel with
t he cont act surface 22 and whi ch t he sucti on openi ng 41 ext ends;
the slider 332 slidably attached to the guide rail 331; and a

second | ink 329 rotatably attached to the piston 370 with a pin

32



328, couples the slider 332 with the first |link 326, and
configured to convert, when the piston 370 is brought into
contact with the stopper 321a, novenent of the first |ink 326
inthe directionof approach andretractionw threspect tothe
contact surface 22 into novenent of the slider 332 al ong the
guide rail 331. The slider 332 is attached with a cylindrical
pin 330 that extends along a width direction of the suction
openi ng 41, and a substanti al |l y U-shaped cut out that i s provi ded
in an arm 23f extending fromthe tip end 23a of the cover 23
to a side closing the suction opening 41 is rotatably engaged
with the pin 330. Further, the case 21 is connected to the
vacuum apparatus 71 and configured such that a vacuumis
produced t herein.

[ 0039]

The second | i nk 329 coupl es the slider 332withthe first
l'ink 326 i na manner that a pin 327 providedfor oneendisfitted
I nto an engagenent groove 326a of the first |link 326, and an
engagenent groove 329a provided for the other end sandw ches
a pin 330a of the slider 332. Wthin the driving unit 25, a
notor 381 for operating the slider driving mechanism 300 is
attached, and a cam383 in contact with a roller 326¢c provi ded
for atip end of a shaft 326b of the first link 326 is attached
to a rotational axis of the notor 381
[ 0040]

As descri bed above, the slider driving nechani sm 300
converts the novenment of the first link 326 in the direction

of approach and retraction with respect tothe contact surface
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22 into novenent that causes the slider 332 to nove i n parall el
with the contact surface 22 by the L-shaped second |ink 329.
Accordingly, it is possible to realize a nechani sm having a
conpact configuration, which can be contained within the
cylindrical case 21

[0041]

As illustrated in FIG 4, the sem conductor die pick-up
apparatus 100 is provided with a control unit 70 that is a
conmputer havingaCPUand theliketherein, andthedrivingunit
25, the vacuumapparatus 71, the coll et 18 and t he waf er hol der
hori zontal direction driving unit 72, and the stage vertica
di rectiondriving nechani sm73 are connectedtothecontrol unit
70. The driving unit 25, the vacuumapparatus 71, the coll et
18 and t he waf er hol der horizontal direction driving unit 72,
and t he stage vertical direction driving nmechanism73 are each
configured to be driven based on a command outputted fromthe
control unit 70. Here, alternate | ong and short dash lines in
FIG 4 indicate signal Iines that connect the control unit 70
with the driving unit 25, the vacuumapparatus 71, the coll et
18 and t he waf er hol der horizontal direction driving unit 72,
and the stage vertical direction driving nmechanism 73,
respectively.

[ 0042]

Next, an operation of picking the sem conductor die 15
havi ng t he di e attachnment fil ml1l2a onits back surface fromthe
retaining sheet 12 as a stacked body integral with the die

attachnent fil ml1l2a by t he sem conduct or di e pi ck-up appar at us
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100 wi Il be described with reference to the drawi ngs fromFI G
8to FIG 16. FIG 9, FIG 10, FIG 12, and FIG 14 to FIG
16 showstates in the pi ck-up operation, and (a) in each figure
isaplanviewillustratingthe contact surface 22withasolid
line and the sem conductor die 15 disposed thereon with an
al ternate |l ong and short dashline. Here, thecollet 18is not
illustrated in (a) in each figure. In each figure, (b) shows
a cross section of asurface includingthe communi cating hol es
37 and the subsidiary holes 35in the sliding direction of the
cover 23 of the stage 20, and not a cross section of a surface
including the primary hol es 33a-33d, but positions of the
primary holes 33a-33d inthe slidingdirection of the cover 23
are substantially the sanme as t hose of the subsi di ary hol es 35,
and therefore indicated by the reference nunerals 33a and 33b
are shown i n parent heses after the reference nuneral 35 so t hat
their functions can be described. 1In each figure, (c) shows
across sectionof asurfaceinthewdthdirectionof the cover
23 i ncl udi ngt he subsi di ary hol es 35 near t he substanti al center
of the suction opening 41, and not a cross section of a surface
i ncluding the primary holes 33a-33d. Simlarly to (b) in each
figure, however, positions of the primary hol es 33a-33d inthe
wi dth direction of the cover 23 are substantially the sane as
those of the subsidiary holes 35, and therefore indicated by
the reference nunerals 33a and 33b are shown in parentheses
after the reference nuneral 35 so that their functions can be
descri bed.

[ 0043]
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As illustratedin FIG 8 and FIG 9, the control unit 70
illustratedin FIG 4 starts an alignnent step of the stage 20
and the sem conductor die 15 in a state in which the cover 23
Is closed. As the cover 23 is at a position of closing the
suction opening 41, the tip end 23a of the cover 23 is at a
position in contact wwth the end surface 4l1la of the suction
openi ng 41, and a | ower surface of the back end 23c of the cover
23 is positioned on a front surface of the connecting rib 36
and a front surface of the sliding groove 22a and supported by
the connecting rib 36 and the sliding groove 22a. Further, a
front surface of the cover 23 and the contact surface 22 are
substantially inthe sane plane. The control unit 70 noves t he
waf er holder 10 to a waiting position on the stage 20 in the
hori zontal direction using the wafer hol der horizontal
direction driving unit 72 illustrated in FIG 4. Then, the
control unit 70 stops noving the wafer holder 10 in the
hori zontal direction when the wafer holder 10 reaches a
predet er m ned position above the waiting position of the stage
20, and noves the stage 20 upward using the stage vertica
di rection driving nechanism73 until the contact surface 22 of
the stage 20 conmes into close contact with a | ower surface of
theretai ningsheet 12. Wenthe contact surface 22 of t he st age
20 comes into close contact with the |ower surface of the
retaining sheet 12, the control unit 70 stops novi ng t he stage
20 upward. Then, thecontrol unit 70 agai n adj usts the position
of the stage 20 in the horizontal direction using the wafer

hol der horizontal directiondrivingunit 72, suchthat the four
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corners of the sem conductor die 15 to be pi cked up correspond
respectively to the centers of the primary hol es 33a-33d as
illustrated in FIG 9(a). Thereafter, upon conpletion of the
advancenent of the stage 20tothel ower surface of theretaining
sheet 12 and the alignnment between the stage 20 and the

sem conduct or die 15 to be picked up, the control unit 70 ends
the alignnment step.

[ 0044]

Inastateinwhichthe alignnent step has been conpl et ed,
while the retaining sheet 12 on the side of the outer
circunference of the stage 20 is in close contact with the
contact surface 22 of the stage 20, the retaining sheet 12 is
I n contact wth an upper end surfaces of the side projections
31 and t he end surface projection 32 aroundthe sideprojections
31 and the end surface projection 32, as illustrated in FIG
9(b) and FIG 9(c). As the height of the side projections 31
and t he end surface projection 32is onthe order of 0.3 nmand
very smal |l as conpared to the outer dianeter of the stage 20,
and as atensile forceis acting on the retaining sheet 12 due
tothe expandring 16 of t he waf er hol der 10, t he retai ni ng sheet
12 is positioned substantially parallel with the contact
surface 22 near the side projections 31 and the end surface
projection 32, and di stant upward fromthe contact surface 22
by the hei ght of the side projections 31 and the end surface
projection 32, asillustratedinFIG 9(b) and FIG 9(c). For
this reason, a gap corresponds to the height of the side

projections 31 and the end surface projection 32 is provided
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bet ween the retaining sheet 12 and the contact surface 22.
Furt her, agap corresponds tothe hei ght of the side projections
31 and the end surface projection 32 is al so provi ded bet ween
the front surface of the cover 23 in the sane plane with the
contact surface 22 and the retaining sheet.

[ 0045]

Further, as illustrated in FIG 9(a) and FIG 9(b), in
the state in which the alignnment step has been conpl eted, the
tip end 15a of the sem conductor die 15 to be picked up sticks
out fromthe end surface projection 32 either to the side of
the outer circunference of the stage or to the side opposite
fromthe suction opening 41 of the end surface projection 32.
Moreover, as illustrated in FIG 9(a) and FIG 9(c), the both
side surfaces 15b of the sem conductor die 15 to be picked up
al so stick out fromthe respective side projections 31 either
to the side of the outer circunference of the stage or to the
side opposite fromthe suction opening 41 of the side
proj ections 31.

[ 0046]

Upon conpl etion of the alignnent step, the control unit
70 starts a retaining sheet separation step as illustrated in
FIG 10 through FIG 16. The control unit 70 illustrated in
FI G 4 produces a vacuumwi t hint he case 21 of t he stage 20 usi ng
the vacuum apparatus 71 illustrated in FIG 4. Reducing the
pressure withinthe case 21 to a vacuumproduces a vacuumwi t hi n
the four primary hol es 33a-33d, the subsidiary holes 35, and

t he communi cating hol es 37 that communicate with the interior
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of thecase2lillustratedinFIG 10(a). Then, asillustrated
in FIG 10(b) and FIG 10(c), the air within the gap between
t he contact surface 22 of the end surface projection 32 on the
side of the outer circunference of the stage or on the side
opposite fromthe suction opening 41 and the retaini ng sheet
12asillustratedinFI G 9(b) andtheair withinthe gap bet ween
the contact surface 22 of the side projections 31 on the side
of the outer circunference of the stage or on the side opposite
fromthe suctionopening4l asillustratedinFIG 9(c) and the
retaining sheet 12 are suctioned into the case 21 t hrough the
primary hol es 33a-33d and t he subsi di ary hol es 35 as i ndi cat ed
by an arrowa in FIG 10(b) and FIG 10(c). Further, as there
are the gaps between the tip end 23a of the cover 23 and the
end surface 4l1a of the suction openi ng 41 and bet ween t he si de
surface 23b of the cover 23 and the side surface 41b of the
suction opening 41, the air between the upper surface of the
cover 23 in the region surrounded by the side projections 31
and the end surface projection 32 and the retai ning sheet 12
i's suctioned into the communi cating hol es 37 through the gaps
as indicated by an arrowb in FIG 10(b) and FIG 10(c). Then,
asillustratedinFIG 10(b), theretainingsheet 12 onthe side
of the outer circunference of the stage fromthe end surface
projection 32 or on the side opposite fromthe suction opening
41 is suctioned to the contact surface 22 through the primry
hol es 33a and 33b and t he subsi di ary hol es 35, and t he retai ni ng
sheet 12 on the side of the inner circunference of the stage

the end surface projection 32 or on the side of the suction
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openi ng 41 or on the side of the cover 23 is suctioned to the
upper surface of the cover 23. Wth this, as illustrated in
FIG 10(b), the retaining sheet 12 is deforned into a peaked
shape havi ng a peak at an upper end surface of the end surface
projection 32 inclined down to right and left in FIG 10(b),
toward t he si de of the outer circunference of the stage and t he
side of the inner circunference of the stage in the sliding
direction of the cover 23. Further, as illustrated in FIG
10(c), the retaining sheet 12 on the side of the outer
ci rcunference of the stage fromthe side projections 31 or on
the side opposite fromthe suction opening 41 is suctioned to
the contact surface 22 through the primary hol es 33a-33d and
t he subsi di ary hol es 35, and the retai ni ng sheet 12 on t he si de
of the inner circunference of the stage of the side projections
31 or on the side of the suction opening 41 or on the side of
t he cover 23 is suctioned to the upper surface of the cover 23.
Then, as illustrated in FIG 10(c), the retaining sheet 12 is
def orned i nt o a peaked shape havi ng a peak at an upper end surf ace
of each of the side projections 31 inclined down in the width
direction of the cover 23 toward the side of the outer
circunference of the stage and to the side of the inner
ci rcunference of the stage.
[0047]

Wi | e a stacked body of the die attachnment fil ml2a and
the sem conductor die 15 applied to the retaining sheet 12
attenpts to deforminto the sane peaked shape follow ng the

retai ni ng sheet 12, curvature of theretainingsheet 12islarge
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near the end surface projection 32, and even the stacked body
of the die attachnent film 12a and the sem conductor die 15
having low rigidity cannot follow this curvature.
Consequently, asillustratedinFIG 10(b), the di e attachnent
filml2a and the retaining sheet 12 are separated at the tip
end 15a of the sem conductor die 15 sticking to the side of the
out er circunference of the stage of the end surface projection
32, and the air cones into the gap as indicated by an arrow c
inFIG 10(b). AsillustratedinFI G 10(b), thedi e attachnment
filml2a on the side of the tip end 15a of the seni conduct or
die 15 is separated fromthe retaining sheet 12 along wth the
sem conductor die 15 fromthe tip end 15a to a position of a
separationline53abovetheupper endsurface of theendsurface
projection32. Simlarly, the sem conductor die 15 andthedie
attachnment film12a applied to the retaining sheet 12 cannot
followlarge curvature of the retaining sheet 12 near the side
projections 31, and as illustrated in FIG 10(c), the die
attachnment film1l2a and the retai ning sheet 12 are separat ed
at the side surfaces 15b of the sem conductor die 15 sticking
to the side of the outer circunference of the stage of the side
projections 31, and the air cones into the gaps as indicated
by arrows ¢ in FIG 10(c). As illustrated in FIG 10(c), the
die attachment film 12a on the side surfaces 15b of the
sem conductor die 15 is separated fromthe retaini ng sheet 12
al ong wi th t he sem conduct or di e 15 fromt he bot h si de surfaces
15b to the position of the separation |ine 53 above the upper

end surfaces of the side projections 31. Further, although no
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proj ection stickingout fromthe contact surface 22 is provi ded
on a side of a back end 15c of the sem conductor die 15, the
retai ni ng sheet 12 near the corners on the si de of the back end
15c of the sem conductor die 15i s separated in the sanme nanner
fromthe die attachnment filml2a due to the primary hol es 33c
and 33d and the side projections 31 that are provided
i medi atel y therebel ow.
[ 0048]

As descri bed above, by produci ng a vacuumw t hi n t he case
21, the die attachnent fil ml2a and the retai ning sheet 12 are
separated at the portions projecting to the side of the outer
ci rcunference of the stage fromthe end surface projection 32
of the tip end 15a and the side projections 31 of the both side
surfaces 15b of the sem conductor die 15. At this tinme, the
positions of the sem conductor die 15 and the stage 20 are
adj usted such that the centers of the primary holes 33a-33d
correspond respectively to the four corners of the
sem conduct or di e 15, and therefore the di e attachnent fil ml2a
I's ensured to be separated fromthe retaining sheet 12 at the
four corners of the sem conductor die 15. 1In other words, by
produci ng a vacuumwi t hin the case 21, the die attachnment film
12a and t he ret ai ni ng sheet 12 are separated at the four corners
of the sem conductor die 15 and the three sides of the tip end
15a and t he bot h side surfaces 15b, and the separation |ine 53
provi ded substantially in a shape of a letter Uor aletter C
is formed as illustrated in FIG 10(a). Here, while the

separationline53includesthreestraight linesinFI G 10(a),
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thisisonly schematicillustrationof the separationline, and
the separationlineis oftennot constitutedby straight |ines.
[ 0049]

Next, the control unit illustrated in FIG 4 starts an
advancenent operation of advancing the upper surface of the
cover 23 fromthe contact surface 22. As illustrated in FIG
11, when the notor 381 of the driving unit 25 of the slider
driving nmechani sm 300 rotates based on a command fromthe
control unit 70 illustratedinFIG 4, the cam383 attached to
ashaft of thenotor 381rotates. Thecam383isinanelliptical
shape, and a camsurface is in contact with the roller 326¢
attached to atip end of the shaft 326b of the first Iink 326,
and the camsurface of the cam383 presses the roller 326¢ up
towardthe contact surface 22 whenthe camrotatesinadirection
i ndicated by anarrowinFIG 11. This novenent noves t he shaft
326b upward, and therefore the first |ink 326 as a whol e noves
up toward the contact surface 22. Wen the first |link 326 as
a whol e noves upward, the piston 370 connected on t he side of
the contact surface 22 with the spring 373 is pressed upward
with the first |ink 326, and the piston 370 as a whol e noves
uptowardthe contact surface 22. Wenthe pi ston 370 as a whol e
noves up toward the contact surface 22, the guide rail 331
attached to the side of the contact surface 22 al so noves up
toward t he contact surface 22 along with the piston 370. Wen
the guide rail 331 noves upward, the slider 332 attached so as
to slide al ong an upper surface of the guiderail 331 al so noves

up toward t he cont act surface 22. Then, as the slider 332 noves
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upward, the tip end 23a of the cover 23 rot atably engaged with
the slider 332 via the arm23f advances upward fromt he cont act
surface 22.

[ 0050]

When the tip end 23a of the cover 23 advances upward from
the contact surface 22, the tip end 23a of the cover 23 pushes
up near the retaining sheet 12 and the tip end 15a and of the
sem conductor die 15. Then, thetipend?23areceives adowward
force fromthe retai ning sheet 12, and the cover 23 rotates in
a cl ockwi se direction centering the pin 330. As illustrated
in FIG 30, upon rotation of the cover 23, a |l ower surface 23g
that i s opposite of the surface of the cover 23 that pushes up
the retai ning sheet 12 i s supported by an edge 22d bet ween t he
sliding groove 22a and the i nclined surface 22b, and t he cover
23 isinclined downward fromthe side of thetip end 23a toward
t he side of the back end 23c when the tip end 23a of the cover
23 noves upward. An inclination angle at this tinme increases
as the cover 23 slides. The inclination angle of the cover 23
when the cover 23 is fully opened is an angle o with respect
to the contact surface 22. |In contrast, the inclined surface
22b is inclined with respect to the contact surface 22 by an
angle ( that is greater than the angle o. For this reason, the
| ower surface 23g of the cover 23 is alwaysinlinecontact with
the edge 22d, and this prevents the air fromconmng into the
case 2l. Therefore, it ispossibletoprevent adegreeof vacuum
within the case 21 from decreasing during the operation of

pi cki ng up t he sem conductor die 15, andto effectively perform
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separation of theretaining sheet 12. Further, asillustrated
in FIG 30, as the back end 23c of the cover 23 noves downwar d
farther fromthe contact surface 22 as the cover 23 slides, the
back end 23c of the cover 23 is not brought into contact with
the sem conductor die 15 that is adjacent. For this reason,
even if there is the sem conductor die 15 that is adjacent on
the sliding side of the cover 23, it is possible to snoothly
performthe operations of sliding of the cover 23 and pi cki ng
up of the sem conductor die 15.

[ 0051]

Thereafter, when the notor 381 of the slider driving
mechani sm 300 further rotates based on a command fromthe
control unit 70, and when the first |ink 326 and t he pi ston 370
further nove up toward t he contact surface 22 with the cam383
that rotates along wth the notor 381, an end surface of the
flange 371 projecting to an outside surface of the piston 370
hits agai nst the stopper 321a provided for the case 21. Then,
as the piston 370 is prevented fromfurther advanci ng toward
the contact surface 22 with the stopper 321a, the advancenent
of the tip end 23a of the cover 23 fromthe contact surface 22
stops at a predeterm ned position, and the advancenent
operati on of the cover 23 fromthe contact surface 22 ends. As
the strength of the spring 373 of the slider driving mechani sm
300 is such that it hardly flexes by just pushing the tip end
23a of the cover 23 up fromthe contact surface 22, a distance
bet ween the piston 370 and the first Iink 326 hardly changes

even if the tip end 23a of the cover 23 is pushed up to a
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predet er m ned advancenent hei ght fromthe contact surface 22.
For this reason, the cover 23 only projects fromthe contact
surface 22 by the upward novenent of the first link 326, and
does not slide during the advancenent operation.

[ 0052]

As illustrated in FIG 12(b), upon conpletion of the
advancenent operation, the tip end 23a of the cover 23 noves
up to a position higher than the upper end surface of the end
surface projection 32 by a height h. The height h can be on
the order of 0.3 mMm simlarly tothe height of the end surface
projection 32 and the side projections 31. Wth this, the
separation |ine 53 described with reference to FIG 10 noves
inthe directionthat the cover 23 opens fromthe regi on of the
upper end surface of the end surface projection 32 to the
position of the tip end 23a of the cover 23. Further, as
illustratedinFI G 12(c), al sonear thecenter inthedirection
t hat t he cover 23 opens, the upper surface of the cover 23 noves
up to a position higher than the upper end surface of the end
surfaceprojection32. However, the hei ght of the upper surface
of the cover 23 becones | ower than that of the tip end 23a of
t he cover 23 by an anount of theinclinationof the upper surface
of the cover 23. AsillustratedinFIG 12(a) and FIG 12(c),
simlarly tothe tip end 15a, al so on the side surface 15b of
t he sem conductor die 15, the separation |ine 53 noves to the
regi on of the upper end surface of the side projections 31to
the regi on of the upper surface of the cover 23 or the region

onthe sideof i nner circunference of the stage 20. As descri bed
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above, by advanci ngthe cover 23 upward fromt he cont act surface
22 asindicated by anarrowdinFIG 12(c), thecircunferenti al
| ength of the separation |ine 53 beconmes shorter toward the
center of the sem conductor die 15, and the separated region
bet ween the di e attachment fil ml2a and the retaini ng sheet 12
I ncr eases.

[ 0053]

In the above description, the tip end 23a of the cover
23 is described as noving up to the position higher than the
upper end surface of the end surface projection 32. However,
dependi ng on an adherence property and such of the retaining
sheet 12, the tip end 23a of the cover 23 can nove up to the
sane plane with the upper end surfaces of the end surface
projection 32 and the side projections 31. In this case, the
hei ght h is zero.

[ 0054]

AsillustratedinFIG 13, thecontrol unit 70illustrated
inFIG 4startsafirst slidingoperationfor openingthe cover
23 to a first position. As illustrated in FIG 13, when the
cam 383 of the slider driving nechanism 300 further rotates
based on a command fromthe control unit 70 and the first |ink
326 i s pushed up toward the contact surface 22, the spring 373
bet ween t he pi ston 370 and the first |ink 326 that cannot nove
toward the contact surface 22 starts to be conpressed by the
notor 381 and the cam 383 in the direction of approach and
retraction with respect to the contact surface 22. Upon

conpressi on of the spring 373, the piston 370 does not advance
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toward the contact surface 22, and only the first |ink 326
advances toward t he contact surface 22. For this reason, the
pin 328 of the piston 370 does not nove up toward the cont act
surface 22, and only the pin 327 of the second link 329 fitted
i n the engagenent groove 326a of the first |ink 326 noves up
towardthe contact surface 22. Then, thesecondlink 329 starts
to rotate centering the pin 328. By this rotating novenent,
t he engagenent groove 329a at the ot her end of the second | ink
329 noves toward t he si de of t he outer circunference of the stage
20, and the slider 332 to which the pin 330a fitted in the
engagenent groove 329a is secured and the cover 23 rotatably
engaged with the pin 330 of the slider 332 viathe arm23f start
slidingtoward the side of the outer circunference of the stage
20. Wien the tip end 23a of the cover 23 slides to a first
positionthat is distant fromthe end surface 41a of the suction
opening 41 by 1/3 to 1/2 of the |l ength between the tip end 15a
and t he back end 15c¢ of the sem conductor die 15 to be picked
upintheslidingdirection, thecontrol unit 70 determ nes t hat
the cover 23 has opened to the first position and stops the
rotati on of the notor 381 and tenporarily stops the sliding of
t he cover 23.
[ 0055]

AsillustratedinFI G 14(a) and FI G 14(b), whent he cover
23 slidestothefirst position as indicated by an arrowe, the
tip end 23a of the cover 23 noves away fromthe end surface 4la
of the suction opening 41, the suction opening 41 opens, and

t he openi ng secti on 42 appears. As avacuumi s produced wi t hin
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t he case 21 of the stage 20 by the vacuumapparatus 71, the air
bel ow the retaining sheet 12 is suctioned through the
comuni cati ng hol es 37 as i ndi cated by anarrowb in FI G 14(b),
and the opening section 42 suctions the retaining sheet 12
therein. Then, the retaining sheet 12 is pulled into the
openi ng section 42 as the cover 23 slides, and the retaining
sheet 12 is separated sequentially fromthe die attachnent film
12a. As illustrated in FIG 14(b), the retaining sheet 12
pull ed i nto the openi ng section 42 sticks to a portion near the
upper surface of the connectingrib 36. Upon separation of the
retaining sheet 12 fromthe die attachnent film1l1l2a, the air
comes t herebetween fromoutside as indicated by an arrowc in
FIG 14(b). The sem conductor die 15 forns a stacked body
integral wwththedieattachnent fil ml2a, andthe sem conduct or
die 15 and the di e attachnment fil ml1l2a are not separated. The
separation line 53 on the side of the tip end 15a of the
sem conductor die 15 noves to the direction in which the cover
23 slides as the cover 23 slides. Then, when the cover 23
reaches the first position, as illustrated in FIG 14(a) and
FIG 14(b), the separation line 53 on the side of the tip end
15a of the sem conductor di e 15 has noved near the tip end 23a
of the cover 23 at the first position.
[ 0056]

As the cover 23 is inclined dowward fromthe tip end 23a
toward t he back end 23c, when the cover 23 slides as indi cated
by an arrowe in FIG 14(b), asillustratedin FIG 14(c), the

position of the upper surface of the cover 23 gradual | y noves
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upward, and, along with this, the separation |ine 53 near the
bot h side surfaces 15b of the sem conductor die 15 gradually
noves toward the center of the sem conductor die 15.

[ 0057]

As descri bed above, when the cover 23 slidestothefirst
position, the retaining sheet 12 is separated fromthe die
attachnment filml1l2a by 1/3 to 1/2 of the length of the
sem conductor die 15 fromthe ti p end 15a of the sem conduct or
di e 15 t o be pi cked up, the separated regi on of the side surface
15bis slightlylarger thanthat whenthe advancenent operati on
of the cover 23 has been conpl et ed as descri bed with reference
to FIG 12.

[ 0058]

As illustrated in FIG 15(b) and FIG 15(c), in a state
I n which a vacuumis produced in the suction holes 19 of the
coll et 18 by t he vacuumapparatus 71 illustratedinFIG 4, the
control unit 70illustratedin FIG 4 noves the collet 18 down
above t he sem conductor die 15 to be pi cked up, and causes t he
collet 18 to suction the sem conductor die 15. As the die
attachnment film212a and the retaining sheet 12 are separated
only by 1/3 or 1/2 of the entireregion, it is not possible for
the collet 18 to separate an entire stacked body of the die
attachnment film 12a and the sem conductor die 15 fromthe
retaining sheet 12 at the sanme tine as suctioning the
sem conductor die 15 and to pi ck up t he stacked body of the die
attachnent filml2a and the sem conductor die 15. Therefore,

when t he sem conductor die 15is suctioned with the collet 18,
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a portion of the stacked body of the die attachnent film 12a
and the sem conductor die 15 is suctioned with the collet 18,
and anot her portionisinclosecontact with both of the coll et
18 and the retai ni ng sheet 12. Further, asillustratedinFlI G
15(b), the upper surface of the sem conductor di e 15 ont he back
end 15c has a snmall gap between the collet 18, and therefore
not suctioned with the collet 18.

[ 0059]

The control unit 70 agai nrot ates t he not or 381, and causes
the cover 23 to slides to further open fromthe first position
as indicated by an arrowe in FIG 16(b). As illustrated in
FIG 16(b) and FIG 16(c), as the cover 23 opens, the air bel ow
the retai ning sheet 12 i s sucti oned t hrough t he conmuni cati ng
hol es 37 as indicated by arrows bin FIG 16(b) and FIG 16(c),
and the retaining sheet 12 is pulled into the opening section
42 to separate the retai ning sheet 12 sequentially fromthe di e
attachnment film2l2a. As illustrated in FIG 16(b) and FIG
16(c), the retai ning sheet 12 pulled into the openi ng section
42 sticks to a portion near the upper surface of the connecting
rib 36. Then, as the retaining sheet 12 is separated
sequentiallyfromthedieattachnment fil ml2a, the upper surface
of the sem conductor die 15 is sequentially suctioned to the
collet 18. Thereafter, asillustrated in FIG 16(b) and FIG
16(c), when the cover 23 slides to a full open position, the
retaining sheet 12 is fully separated fromthe di e attachnent
film1l2a, and the stacked body of the die attachnment film1l2a

and t he sem conductor die 15is suctioned only with the coll et
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18. Then, as illustrated in FIG 16(a) and FIG 16(b), the
retaining sheet 12 pulled into the opening section 42 sticks
to a portion near the upper surface of the connecting rib 36
and t he bott omsur face 22a’ of the sliding groove 22a. Further,
when t he cover 23is fullyopened, the openi ng secti on 42 becones
as | arge as the suction openi ng 41. Wen the cover 23is fully
opened, the control unit 70 noves the collet 18 upward to pick
up the stacked body of the die attachnment film 12a and the

sem conductor die 15 as a whol e.

[ 0060]

As descri bed above, according to the sem conductor die
pi ck-up apparatus 100 of this enbodi nent, when a vacuumis
produced within the case 21 of the stage 20 and the retai ni ng
sheet 12 is vacuumsuctioned to the contact surface 22, the
retaining sheet 12 is defornmed into a peaked shape with al arge
curvature, having peaks at the upper end surfaces of the side
proj ections 31 and t he end surface projection 32 inclineddown
to the side of the outer circunference of the stage and to the
si de of theinner circunference of the stage, andt herefore even
the stacked body of the die attachnment film 12a and the
sem conductor die 15 having low rigidity cannot follow this
curvature. Consequently, the die attachnent film12a of the
stacked body of the die attachnent film 12a and the
sem conductor die 15 is separated fromthe retaini ng sheet 12
at the portion stickingto the side of the outer circunference
of the stage of the side projections 31 and the end surface

projection 32. Then, the suction opening 41is causedto slide
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at the sane tine as the cover 23 i s advanced fromt he cont act
surface 22, and the die attachnment filml1l2a is separated from
the retaining sheet 12 taking the first separated portion as
the starting point. Therefore, even the sem conductor die 15
that i slargelythinner thanthat conventionallyis, for exanple,
thinner than 15 um, can be easily separated from the retaining
sheet 12. Further, according to this enbodinent, it is not
necessary to hold the sem conductor die 15 with the collet 18
until the cover 23is partly opened, andthereforeit is possible
to performot her operations such as bonding to a different one
of the sem conductor dicel5withthecollet 18 duringthistine,
and thus to reduce tinme for die bonding of the sem conduct or
di ce 15.
[ 0061]

Mor eover, according to this enbodi nent, as the
i nclination angle of the inclined surface 22b provi ded on the
side of the outer circunference of the stage of the sliding
groove 22a is the angle B that is greater than the inclination
angle o of the cover 23 when the cover 23 is fully opened, the
| ower surface 23g of the cover 23 is alwaysinlinecontact with
t he edge 22d, andthe air i s prevented fromcom ngintothe case
21. Thus, it is possibleto effectively performseparation of
the retaining sheet 12. Furthernore, according to this
enbodi nent, as the back end 23c of the cover 23 noves downwar d
farther fromthe contact surface 22 as the cover 23 slides, the
back end 23c of the cover 23 is not brought into contact with

t he sem conductor die 15 that is adjacent. Accordingly, even
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if there is the sem conductor die 15 that is adjacent on the
slidingsideof thecover 23, it is possibletosnoothly perform
t he operations of sliding of the cover 23 and pi cki ng up of the
sem conductor die 15.

[ 0062]

I't has been described that evenif the collet 18 is noved
down to the upper surface of the sem conductor die 15, it is
not possible to separate an entire stacked body of the die
attachnent film 12a and the sem conductor die 15 fromthe
retaining sheet 12 at the same tine as suctioning the
sem conduct or di e 15 and to pi ck up the stacked body of the die
attachnent fil ml2a and the sem conductor di e 15. However, in
a case i n whi ch adhesi ve strength of the retaining sheet 12 1is
weak, when the collet 18 i s noved down to t he upper surface of
t he sem conductor die 15 as illustrated in FIG 17, an entire
stacked body of the die attachnent film 12a and the
sem conductor di e 15 can be separated fromthe retaini ng sheet
12 and pi ck up the stacked body at the sane ti ne as sucti oni ng
the sem conductor die 15. In this case, as the stacked body
of the die attachnment fil ml1l2a and the sem conductor di e 15 can
be pi cked up before fully opening the cover 23, it is possible
to performpi cki ng up of the sem conductor die 15 for afurther
reducedtinme. Further, intheabove enbodi ment, it isdescribed
that the stacked body of the die attachnent film12a and the
sem conductor die 15 is to be picked up. However, also in a
case in which the die attachnent filml2a is not provided and

the retaining sheet 12isdirectly appliedtothe sem conductor
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die 15, it is possible to pick up the sem conductor die 15 in
the same manner as in this enbodi nent.
[ 0063]

A different enbodi nent of the present inventionw || now
be described with reference to FIG 18 through FIG 20. Like
conponents i n the enbodi nent described wwth referenceto FIG
1 through FIG 16 are denoted by |like reference nuneral s and
descri ptions of such conponents shall be omtted. According
to this enbodi nent, after producing a vacuumw thin the case
21 of the stage 20, thecollet 18 withthe suction hol es 19 bei ng
vacuum zed i s noved down above the sem conductor die 15, and
the retai ning sheet i s sequentially separated while the coll et
18 hol ds the sem conductor die 15.

[ 0064]

As described with reference to FIG 10, after aligning
t he stage 20 and t he sem conductor di e 15, a vacuumi s produced
within the case 21 of the stage 20, and then separating the
retaining sheet 12 at the stacked body of the die attachnent
filml2a and the sem conductor die 15 sticking to the side of
the outer circunference of the stage of the end surface
projection 32 and the side projections 31 fromthe die
attachnment film212a, the control unit 70 noves the collet 18
wi ththe suction hol es 19 bei ng vacuum zed down t owar d t he upper
surface of the sem conductor die 15, as illustrated in FIG
18(b) and FIG 18(c). The collet 18 is drivenin the verti cal
directionwith avoice coil notor that i s not depi cted, and the

control unit 70 determ nes that the | ower surface of the coll et
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18 is brought into contact with the upper surface of the
sem conductor di e 15 when a di f f er ence bet ween a conmand si gnal
for a position and an actual position of the collet 18 becones
equal to or greater than a predeterm ned threshold | evel, and
st ops t he downwar d novenent of the collet 18 down. In a state
i n whi ch t he downwar d novenent of the coll et 18 stops, the side
of the tip end 15a of the sem conductor die 15 is sandw ched,
along with the retaining sheet 12 and the die attachnent film
12a, between the coll et 18 and t he upper end surface of the end
surface projection 32 as illustrated in FIG 18(b), the side
of t he si de surface 15b of the sem conductor di e 15is sandw ched,
along with the retaining sheet 12 and the die attachnent film
12a, betweenthe coll et 18 and t he upper end surface of the side
projections 3lasillustratedinFI G 18(c), andthusthe stacked
body of the die attachnment film1l2a and the sem conductor die
15isheldwiththecollet 18. Thereis agap betweenthe | ower
surface of the collet 18 and the sem conductor die 15 at the
region of the upper surface of the cover 23, and the
sem conductor die 15 of this portion is not suctioned to the
| ower surface of the collet 18.
[ 0065]

AsillustratedinFI G 19(b), thecontrol unit 70 perforns
t he advancenent operation of the cover 23 in this state.
Simlarly to the enbodi nent descri bed above, the cover 23 is
noved up to the positionat whichthetipend 23ais higher than
t he upper end surfaces of the end surface projection 32 and t he

side projections 31 by the height h. At this tinme, the collet
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18 noves its | ower surface up by the hei ght hinsynchronization
wi th the upward novenent of the tip end 23a of the cover 23 to
mai ntain the holding state of the stacked body of the die
attachnent fil ml2a and t he sem conductor die 15. Wenthetip
end 23a of the cover 23 noves upward, as illustrated in FIG
19(a), FIG 19(b), and FIG 19(c), the separation line 53 noves
slightly toward t he center of the sem conductor die 15, and t he
regi on of the sem conductor die 15 that is suctioned with the
collet 18 slightly increases.

[ 0066]

Next, as illustrated in FIG 20(b), the control unit 70
starts the sliding operation of the cover 23. Wen the cover
23isslidasillustratedinFIG 20(b), thetip end 23a of the
cover 23 noves away fromthe end surface 41la of the suction
openi ng 41, and the opening section 42 in the vacuum state
appears. Then, as the cover 23 slides, the retaining sheet 12
IS suctioned into the opening section 42 and sequentially
separated fromthe die attachnent filml2a. The air bel owthe
retaini ng sheet 12is suctionedthroughthe comrunicating hol es
37 as indicated by an arrowb in FIG 20(b), and the retaining
sheet 12ispulledintothe openingsection42, andtheretaining
sheet 12 is sequentially separated fromthe di e attachnent film
12a. As illustratedin FIG 20(b), the retaining sheet 12 is
pull ed i nto the openi ng section 42 sticks to a portion near the
upper surface of the connecting rib 36. Further, as the
retaining sheet 12 is separated, the stacked body of the die

attachnent filml2a and the sem conductor die 15 as a whole i s
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sequentially suctionedtothecollet 18. Then, asillustrated
in FIG 20(a), FIG 20(b), and FIG 20(c), the separation |ine
53 gradual ly noves in the sliding direction of the cover 23.
And thereafter, when the cover 23 is fully opened as the cover
23 slides, the state illustrated in FIG 16 described in the
previ ous enbodi nent is realized, and the stacked body of the
di e attachnent fil ml2a and t he sem conductor die 15 as a whol e
is picked up with the collet 18.
[ 0067]

Simlarly to the enbodi nent described with reference to
FIG 1through FIG 16, the enbodi nent descri bed above provi des
an effect that even the sem conductor die 15 that is largely
t hi nner than that conventionallyis, for exanpl e, thinner than
15 um, can be easily separated from the retaining sheet 12.
Further, according to this enbodinment, as it i s not necessary
to tenporarily stop the sliding operation while the cover 23
is sliding in order to nove the collet 18 down as in the
enbodi nent previously described, the sliding operation can be
sinplified.
[ 0068]

A different enbodi nent of the present inventionw |l now
be described with reference to FIG 21 and FIG 22. FIG 21
and FIG 22 illustrate a different arrangenent and
configurationof the endsurfaceprojection32. The enbodi nent
described with reference to FIG 1 through FIG 16 descri bes
that the end surface projection 32 and the side projections 31

integrally forma Ushaped as a whol e. However, as illustrated
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in FIG 21, an end surface projection 32a can be constituted
by a band pl at e i ndependent of the side projections 31, and a
cap can be provi ded bet ween t he si de projections 31 and t he end
surface projection 32. Further, asillustrated in FIG 22, a
plurality of cylindrical stick-like projections 32b can be
arranged in a line along the end surface 41la of the suction
opening 41 to provide an end surface projection. Simlarly,
t he si de proj ecti oncan al so be provided by aligningcylindrica
proj ections. Moreover, the enbodi nent described with
reference to FIG 1 through FIG 16 describes that the
subsidiary holes 35 are arranged in addition to the primary
hol es 33a-33d. However, asillustratedinFIG 21 and FIG 22,
it ispossibletoelimnate the subsidiary hol es 35 and arrange
only the primary hol es 33a-33d.

[ 0069]

A different enbodi nent of the present inventionw |l now
be described with reference to FIG 23 through FIG 29. Like
conmponents in the enbodi nent described with reference to FI G
1 through FIG 16 are denoted by |like reference nunerals and
descriptions of such conponents shall be omtted. As
illustratedinFI G 23, this enbodi nent i s configured such that
only the side projections 31 are provi ded, and the end surface
projection32intheenbodi ment describedwithreferencetoFl G
1 through FIG 16 are omtted and the subsidiary holes 35
provi ded adj acent to the end surface projection 32 are
elimnated. Qher than this, this enbodinent is the sane as

t he enbodi nent described with referenceto FIG 1 through FI G
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16.
[ 0070]

Simlarly to the enbodi nent previously described, the
control unit 70 illustrated in FIG 4 perforns the alignnent
step between the stage 20 and t he senmi conductor die 15 in the
state in which the cover 23 is closed. AsillustratedinFIG
24(b) and FIG 24(c), inthe sate in which the alignnment step
has been conpl eted, the retaining sheet 12 is in contact with
t he upper end surface of the side projections 31 around t he side
projections 31. As the height of the side projections 31 is
on the order of 0.3 mmand very snmall as conpared to the outer
di aneter of the stage 20, and as a tensile force is acting on
the retai ning sheet 12 due to the expand ring 16 of the wafer
hol der 10, the retaining sheet 12 is positioned substantially
parallel with the contact surface 22 near the side projections
31, and di stant upward fromt he contact surface 22 by t he hei ght
of the side projections 31, as illustrated in FIG 24(b) and
FIG 24(c). For this reason, a gap corresponds to t he hei ght
of the side projections 31 is provided between the retaining
sheet 12 andt he cont act surface 22. Further, agap corresponds
tothe hei ght of thesideprojections3lisalsoprovidedbetween
the front surface of the cover 23 in the sane plane with the
contact surface 22 and the retaining sheet.

[0071]

Further, asillustratedin FIG 24(a) and FIG 24(b), in

the state in which the alignnent step has been conpl eted, the

tip end 15a of the sem conductor die 15 to be picked up sticks
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out fromthe end surface 4l1a of the suction opening 41 either
to the side of the outer circunference of the stage or to the
side opposite fromthe suction opening 41. Moreover, as
illTustrated in FIG 24(a) and FIG 24(c the both side surfaces
15b of the sem conductor die 15 to be picked up al so stick out
fromthe respective side projections 31 either to the side of
the outer circunference of the stage or to the side opposite
fromthe suction opening 41 of the side projections 31.
[0072]

Upon conpl etion of the alignnment step, the control unit
70 starts the retai ni ng sheet separation step as illustrated
in FIG 25 through FIG 29. The control unit 70 illustrated
in FIG 4 produces a vacuumw thin the case 21 of the stage 20
usi ng t he vacuumapparatus 71 illustratedin FIG 4. Reducing
the pressure wthin the case 21 to a vacuum produces a vacuum
wi t hinthe four primary hol es 33a-33d, the subsi di ary hol es 35,
and the conmmuni cating holes 37 that communicate with the
interior of the case 21 illustrated in FIG 25(a). Then, as
illustrated in FIG 25(c), and the air within the gap between
the contact surface 22 of the side projections 31 on the side
of the outer circunference of the stage or on the side opposite
fromthe suction opening 41 as illustrated in FIG 24(c) and
the retaining sheet 12 are suctioned into the case 21 t hrough
the primary hol es 33a-33d and the subsidiary holes 35 as
i ndicated by an arrowa in FIG 25(c). Further, as there are
the gaps between the tip end 23a of the cover 23 and the end

surface 4l1la of the suction opening 41 and between the side
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surface 23b of the cover 23 and the side surface 41b of the
suction opening 41, the air between the upper surface of the
cover 23 and the retaining sheet 12 is suctioned into the
comuni cat i ng hol es 37 t hr ough t he gaps as i ndi cat ed by an arr ow
bin FIG 25(c). Then, as illustrated in FIG 25(c), the
retaining sheet 12 on the side of the outer circunference of
the stage fromthe side projections 31 or on the side opposite
fromthe suction opening 41is suctionedtothe contact surface
22 through the primary hol es 33a-33d and t he subsi di ary hol es
35, and the retaining sheet 12 on the side of the inner
ci rcunference of the stage of the side projections 31 or onthe
side of the suction opening 41 or on the side of the cover 23
is suctioned to the upper surface of the cover 23. Then, as
illustrated in FIG 25(c), the retaining sheet 12 i s deforned
into a peaked shape having a peak at an upper end surface of
each of the side projections 31 inclined down in the width
direction of the cover 23 toward the side of the outer
circunference of the stage and to the side of the inner
circunference of the stage. At thistine, inthe center of the
cover 23, theretainingsheet 12is suctionedina planar manner
tothecontact surface22inthesane planew ththeupper surface
of the cover 23 and the upper surface of the cover 23 as
illustrated in FIG 25(b).
[0073]

Wi | e t he st acked body of the die attachnment fil ml2a and
the sem conductor die 15 applied to the retaining sheet 12

attenpts to deforminto the sane peaked shape follow ng the
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retai ni ng sheet 12, curvature of theretainingsheet 12islarge
near the side projections 31, and even t he st acked body of the
di e attachnent fil ml2a and t he senm conductor di e 15 havi ng | ow
rigidity cannot follow this curvature. Consequently, as
illustrated in FIG 25(c), the die attachnent filml2a and the
retai ni ng sheet 12 are separated at the both side surfaces 15b
of the sem conductor die 15 sticking to the side of the outer
ci rcunference of the stage of the side projections 31, and t he
air comes intothe gaps as indicated by arrows cin FIG 25(c).
As illustrated in FIG 25(c), the die attachnment film12a on
t he side surfaces 15b of the sem conductor die 15 i s separated
fromthe retaining sheet 12 along with the sem conductor die
15 fromthe both side surfaces 15b to the position of the
separation |line 53 above the upper end surfaces of the side
projections 31. Wil ethis enbodi nent does not i ncl ude the end
surface projection32liketheenbodi ment previ ously descri bed
the retai ning sheet 12 near the corners on the side of thetip
end 15a of the sem conductor die 15 is separated in the sane
manner fromthe di e attachnment fil ml2a duetothe prinmary hol es
33a and 33b and the side projections 31 that are provided

i mredi ately therebel ow. Further, although no projection
sticking out fromthe contact surface 22 is provided on a side
of a back end 15c of the sem conductor die 15, the retaining
sheet 12 near the corners on the side of the back end 15c of
t he sem conductor die 15 is separated in the sane manner from
the die attachnent film12a due to the primary hol es 33c and

33d and the side projections 31 that are provi ded i medi ately
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t her ebel ow.
[ 0074]

As descri bed above, by produci ng a vacuumw t hi nthe case
21, the die attachnent filml2a and the retai ning sheet 12 are
separated at the portions projecting to the side of the outer
ci rcunference of the stage fromthe side projections 31 of the
both side surfaces 15b of the sem conductor die 15. At this
time, the positions of the sem conductor die 15 and the stage
20 are adjusted such that the centers of the primary hol es
33a-33d correspond respectively to the four corners of the
sem conductor di e 15, and therefore the di e attachnent fil mil2a
is ensured to be separated fromthe retaining sheet 12 at the
four corners of the sem conductor die 15. In other words, by
produci ng a vacuumwi t hin t he case 21, the die attachnment film
12a and t he ret ai ni ng sheet 12 are separated at the four corners
of the sem conductor die 15 and t he bot h si de surfaces 15b, and
the separation line 53 is forned. Here, while the separation
line 53 includes two straight linesinFIG 25(a), thisisonly
schematic illustration of the separation |ine, and the
separation line is often not constituted by straight |ines.
[ 0075]

Simlarly to the enbodi nent previously described, the
control unit 70 perfornms t he advancenent operati on of the cover
23. As illustrated in FIG 26(b), upon conpletion of the
advancenent operation, the tip end 23a of the cover 23 noves
up to a position higher than the upper end surface of the side

proj ections 31 by t he hei ght h. The hei ght h can be on t he order
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of 0.3 mMm simlarly to the height of the side projections 31.
As the tip end 23a of the cover 23 noves upward fromt he cont act
surface 22, the cover 23 causes the retaining sheet 12 to be
liftedtoapredeterm nedheight. AsillustratedinFl G 26(b),
as the retaining sheet 12 at the contact surface 22 adjacent
tothe tip end 23a of the cover 23 is inclose contact with the
contact surface 22, the retaining sheet 12 i s pull ed downward
when the ti p end 23a of the cover 23 noves upwar d, and separ at ed
fromthe die attachment film1l2a. The air conmes i nto between
the die attachnment fil ml2a and t he retaining sheet 12 that are
separated as indicated by arrowb in FIG 26(b). Then, when
thetipend?23aof thecover 23 advances to a predet erm ned hei ght,
the separation line 53 is forned near the tip end 23a of the
cover 23. Further, asillustratedinFIG 26(c), al sonear the
center in the direction that the cover 23 opens, the upper
surface of the cover 23 noves up to a position higher than the
upper end surface of the end surface projection 32. However,
t he hei ght of the upper surface of the cover 23 becones | ower
than that of the tip end 23a of the cover 23 by an anount of
the inclination of the upper surface of the cover 23. As
illustrated in FIG 26(c), on the side surface 15b of the
sem conductor di e 15, the separationline53 novestotheregion
of the upper end surface of the sideprojections 31totheregion
of the upper surface of the cover 23 or the region on the side
of inner circunference of the stage 20. As described above,
by advanci ng the cover 23 upward fromthe contact surface 22

as indicated by an arrowd in FIG 26(b), the separation |ine
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53 noves toward the center of the sem conductor die 15, andthe
separated regi on between the die attachnent film12a and the
retai ning sheet 12 increases.

[ 0076]

In the above description, the tip end 23a of the cover
23 i s described as noving up to the position higher than the
upper end surface of the end surface projection 32. However,
dependi ng on an adherence property and such of the retaining
sheet 12, the tip end 23a of the cover 23 can nove up to the
sanme plane with the upper end surfaces of the end surface
projection 32 and the side projections 31. In this case, the
hei ght h is zero.

[0077]

As illustrated in FIG 27, the control unit 70 perforns
thefirst slidingoperationfor openingthecover 23tothefirst
position. As illustrated in FIG 27(a) and FIG 27(b), when
the cover 23 slides to the first position as indicated by an
arrowe, the tip end 23a of the cover 23 noves away fromthe
end surface 41a of the suction opening 41, the suction opening
41 opens, and t he opening 42 appears. As a vacuumi s produced
wi thin the case 21 of the stage 20 by t he vacuumapparatus 71
the air belowthe retaining sheet 12 i s suctioned through the
comuni cat i ng hol es 37 as i ndi cated by anarrowbinFI G 27(b),
and the opening section 42 suctions the retaining sheet 12
therein. Then, the retaining sheet 12 is pulled into the
openi ng section 42 as the cover 23 slides, and the retaining

sheet 12 is separated sequentially fromthe die attachnent film
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12a. As illustrated in FIG 27(b), the retaining sheet 12
pul l ed i nto the openi ng section 42 sticks to a portion near the
upper surface of the connectingrib 36. Upon separation of the
retaining sheet 12 fromthe die attachnent filml1l2a, the air
comes t herebetween fromoutside as indicated by an arrowc in
FIG 27(b). The sem conductor die 15 forns a stacked body
integral wwththedieattachnent fil ml2a, andthe sem conduct or
die 15 and the die attachnment fil ml2a are not separated. The
separation line 53 on the side of the tip end 15a of the
sem conductor die 15 noves to the direction in which the cover
23 slides as the cover 23 slides. Then, when the cover 23
reaches the first position, as illustrated in FIG 27(a) and
FIG 27(b), the separation line 53 on the side of the tip end
15a of the sem conductor di e 15 has noved near the tip end 23a
of the cover 23 at the first position.

[ 0078]

Wil e this enbodi mnent does not include the end surface
projection 32 |like the enbodi nent previously described, as
descri bed above, the retaining sheet 12 near the corners onthe
side of thetip end 15a of the sem conductor die 15i s separat ed
fromthe di eattachnent fil ml2awhen avacuumi s producedw t hin
t he case 21 of the stage 20. Accordingly, evenif the separated
region of the die attachnent film12a near the tip end 15a of
the sem conductor die 15 when the tip end 23a of the cover 23
is moved upward i s small, the retaining sheet 12 i s separated
taking the corners of the tip end 15a of the sem conductor die

15 as the starting point of separation along an entire | ength

67



of the tip end 15a as the cover 23 slides, and the separation
l'ine 53 noves as the cover 23 slides.
[ 0079]

Further, as the cover 23 is inclined dowmward fromthe
tip end 23a toward the back end 23c, when the cover 23 slides
as indicated by anarroweinFI G 27(b), asillustratedinFIG
27(c), the position of the upper surface of the cover 23
gradual | y noves upward, and, along with this, the separation
l'ine 53 near the both side surfaces 15b of the sem conductor
di e 15 gradual | y noves toward the center of the sem conduct or
di e 15.

[ 0080]

As descri bed above, when the cover 23 slidestothefirst
position, the retaining sheet 12 is separated fromthe die
attachnment film12a by 1/3 to 1/2 of the length of the
sem conductor die 15 fromthe ti p end 15a of the sem conduct or
di e 15 t o be pi cked up, the separated regi on of the side surface
15bis slightlylarger thanthat whenthe advancenent operati on
of the cover 23 has been conpl et ed as descri bed with reference
to FIG 26.

[ 0081]

Simlarly to the enbodi nent previously described, as
illustratedinFI G 28, inthestateinwhichavacuumis produced
i nthe suction holes 19 of the coll et 18 by t he vacuumappar at us
71 illustratedin FIG 4, the control unit 70 noves the col |l et
18 down above t he sem conduct or di e 15t 0 be pi cked up, and causes

the collet 18 to suction the sen conductor die 15.
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[ 0082]

Then, simlarly to the enbodi nent previously descri bed,
the control unit 70 causes the cover 23 to slides to further
open fromthe first position as illustrated in FIG 29. As
illustratedinFI G 29(b) and FIG 29(c), as the cover 23 opens,
the air belowthe retaining sheet 12 i s suctioned through the
comuni cating holes 37 as indicated by arrows b in FIG 29(b)
and FIG 29(c), and the retaining sheet 12 is pulled into the
openi ng section 42 to separate the retaining sheet 12
sequentially fromthe die attachnment filml2a. Asillustrated
inFIG 29(b) and FIG 29(c), theretainingsheet 12 pulledinto
t he openi ng section42stickstoaportionnear the upper surface
of the connecting rib 36. Then, as the retaining sheet 12 is
separated sequentially fromthe die attachnment film12a, the
upper surface of the sem conductor die 15 is sequentially
suctionedtothecollet 18. Thereafter, asillustratedin FlG
29(b) and FIG 29(c), when the cover 23 slides to a full open
position, the retaining sheet 12 is fully separated fromthe
die attachnent film 12a, and the stacked body of the die
attachnment film1l12a and the sem conductor die 15 is suctioned
only by the collet 18. Then, asillustrated in FIG 29(a) and
FIG 29(b), the retaining sheet 12 pulled into the opening
section 42 sticks to a portion near the upper surface of the
connecting rib 36 and the bottomsurface 22a’ of the sliding
groove 22a. Further, when the cover 23 is fully opened, the
openi ng section 42 becones as | arge as the sucti on openi ng 41.

When the cover 23 is fully opened, the control unit 70 noves
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the collet 18 upward to pick up the stacked body of the die
attachnment film1l2a and the sem conductor die 15 as a whol e.
[ 0083]

The enbodi nent descri bed above provides, in additionto
the effects of the enbodi nent describedwithreferenceto FIG
1 through FIG 16, an effect that the structure of the stage
20 can be sinplified as it is not necessary to provide the
subsidiary holes 35 that are adjacent to the end surface
projection 32 and the end surface projection32. Further, also
in this enbodinent, simlarly to the case described with
referenceto FIG 17, it i s possibleto pick upthe stacked body
of the die attachnment filml1l2a and the sem conductor die 15 at
the same tine as the collet 18 is noved down above the
sem conduct or die 15.

[ 0084]

A different enbodi nent of the present inventionw |l now
be described wwthreferenceto FIG 31. Referringto FIG 31,
| ongi t udi nal grooves 39 that comuni cate with the i nterior of
the case 21 of the stage 20 are provided at the corners of the
end surface 41a and t he si de surface 41b of the sucti on openi ng
41. AsillustratedinFIG 31, thelongitudinal grooves 39 are
in 3/4 circular cross section whose centers respectively
correspond to the corners of the end surface 41a and the si de
surface 41b of the suction opening 41, and each confi gured as
a sectoral hol e havi ng 270 degrees of central angle in a state
inwhichthetipend 23a of the cover 23 is in contact with the

end surface 4la of the suction opening 41. Further, the end
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surface of each the side projections 31 in contact with the
| ongi tudi nal groove 39isinacircular arc foll ow ngthe shape
of an outer circunference of the | ongitudinal grooves 39. By
provi di ng the | ongitudi nal grooves 39 as in this enbodi nent,
it is possibleto suctionthe corners of thetip end 15a of the
sem conductor die 15 with greater strength when a vacuumis
produced within the case 21 to increase the strength for
separating theretaining sheet 12, andthereforeit is possible
to further facilitate the separation of the retaining sheet.
Mor eover, while in the enbodi ment described with reference to
FIG 23 through FIG 29, it is described that the subsidiary
hol es 35 are arranged in additionto the primary hol es 33a-33d,
it 1s possible to elimnate the subsidiary holes 35 and to
arrange only the | ongi tudi nal groove 39 and the primary hol es
33a-33d as illustrated in FIG 31

[ 0085]

A different enbodi nent of the present inventionw || now
be describedwithreferencetoFIG 32. Wileintheenbodi nent
described with reference to FIG 30, it is described that the
i nclined surface 22b is provided on the side of the outer
circunference of the stage of the sliding groove 22a, the
st epped portion 22f can be provided instead of the inclined
surface 22b as illustrated in FIG 32. As illustratedin FIG
32, an angle of a plane including the edge 22d and an outer
ci rcunference side edge 22g of the stepped portion 22f with
respect to the contact surface 22 is an angle vy, and an

i nclination angle of thelower surface 23g of the cover 23 when
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the cover 23isfully openedw threspect tothe contact surface
22 o. As the angle v is always greater than the angle o that
i sthe angel of thel ower surface 23g of t he cover 23w threspect
to the contact surface 22 even when the cover 23 slides, the
outer circunference side edge 22g of the stepped portion 22f
does not interferew th of the back end 23c t he cover 23. Then,
whil e the cover 23 slides, the | ower surface 23g of the cover
23isalwaysinlinecontact wwththeedge 22d, andit i s possible
to prevent the air fromcomng through this portion. This
enbodi nent provi des the sanme effects as the enbodi nent
described wth reference to FIG 30.

[ 0086]

The present inventionis not [imted to the enbodi nents
descri bed above, and i ncl udes any nodi fi cati ons and al t erati ons
that are made wi thout departing fromthe technical scope and
the spirit of the present invention as defined by the scope of

the i nventi on.
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CLAI M5

1. A semconductor die pick-up apparatus for picking up a
sem conductor die applied to a retaining sheet, the apparatus
conpri si ng:

a stage conprising a contact surface configuredto bein
cl ose contact with one surface of the retaini ng sheet, the one
surface being opposite of the other surface to which
sem conduct or dice are applied;

a suction opening provided in the contact surface;

a cover provided for the stage so asto allowatip end
of the cover on a cl osi ng si de of t he sucti on openi ngto advance
freely fromthe contact surface, and configured to slide al ong
the contact surface to open and cl ose the suction openi ng;

a projectionarranged al ongacircunferential edge of the
suction opening and projects fromthe contact surface;

a plurality of suction holes provided in the contact
surface on a side of an outer circunference of the stage from
the projection; and

a collet configured to suction a sem conductor die.

2. The sem conduct or di e pi ck-up apparatus accordingto
claim1l1, wherein

when picking up the sem conductor die,

in a state in which at | east a portion of a contour of
the sem conductor die to be picked up sticks out fromthe

projection toward the outer circunference of the stage, the
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retai ni ng sheet at the portion sticking out fromthe projection
toward t he outer circunference of the stage i s suctioned into
t he suction hol es,

the tip end of the cover is caused to advance up to a
position equal to or higher than an upper end surface of the
projection fromthe contact surface,

the cover is caused to slide while the retaining sheet
and t he sem conductor die to be picked up are pushed upward to
open the suction opening sequentially,

t he opened suction opening is caused to suction the
retaining sheet sequentially to separate the retaining sheet
fromthe sem conductor die to be picked up, and

the collet is caused to suction the sem conductor dieto

be pi cked up.

3. The sem conduct or di e pi ck-up apparatus accordingto
claim2, wherein

t he suction opening extends l|inearly, and

the projection conprises two side projections
respectively provided along linearly extendi ng opposi ng
sections of the circunferential edge of the suction opening,
and an i nterval between outer surfaces of the side projections
on an opposite side of the suction opening is snaller than a

wi dth of the sem conductor die to be picked up.

4. The sem conductor di e pi ck-up apparat us accordingto

claim 3, wherein
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the projection further conprises an end surface
proj ection provi ded al ong asectionof thecircunferential edge
at an end of the suction opening which the tip end of the cover

noves closer to and away from

5. The sem conduct or di e pi ck-up apparatus accordingto
claim 3, wherein

t he suction hol es i ncl ude four primry hol es arranged at
four corners of a rectangul ar regi on that conprises the end of
t he suction opening whichthetip end of the cover noves cl oser
to and away fromand at | east a portion of the side projections,
two faci ng sides of the rectangul ar regi on being parallel with
the side projections,

a wdth of the rectangular region in a direction
perpendi cular to a direction in which the suction opening
extends is substantially the sane as a width of the
sem conductor die to be picked up, and

a length of the rectangular region in the direction in
whi ch t he sucti on openi ng extends i s substantially the sane as

a length of the sem conductor die to be picked up.

6. The sem conduct or di e pi ck-up apparatus accordingto
claim4, wherein

t he suction holes conprise four primary hol es arranged
at four corners of arectangul ar regi on that conpri ses the end
of t he suctionopeningwhichthetipendof thecover noves cl oser

to and away fromand at | east a portion of the side projections,
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two faci ng sides of the rectangul ar regi on being parallel with
the side projections,

a wdth of the rectangular region in a direction
perpendi cular to a direction in which the suction opening
extends is substantially the sane as a width of the
sem conductor die to be picked up, and

a length of the rectangular region in the direction in
whi ch t he sucti on openi ng extends i s substantially the sane as

a length of the sem conductor die to be picked up.

7. The sem conduct or di e pi ck-up apparatus accordingto
one of clains 2 to 6, wherein

when picking up the sem conductor die,

the tip end of the cover is caused to advance up to the
position equal to or higher than the upper end surface of the
projection fromthe contact surface,

the cover is caused to slide to a first predeterm ned
position while the retaining sheet and the sem conductor die
to be picked up are pushed upward to open the sucti on openi ng
sequentially to the first predeterm ned position,

t he opened suction opening is caused to suction the
retai ning sheet sequentially to separate the retaining sheet
fromthe sem conductor die to be picked up to a portion near
the first predeterm ned position, the collet is noved down
i medi atel y above the sem conductor die to be picked up to
suction a portion of the sem conductor die to be picked up,

the cover thereafter is caused to slide further in the
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sliding direction fromthe first predeterm ned position while
the retaining sheet and the sem conductor die to be picked up
are pushed upward to open the suction opening sequentially
further inthe sliding direction fromthe first predeterm ned
position,

the further opened suction opening i s caused to suction
the retaining sheet sequentially to separate the retaining
sheet fromthe sem conductor dieto be picked up further inthe
slidingdirectionfromthe portionnear thefirst predeterm ned
position, and

the collet is caused to sequentially suction the

remai ni ng portion of the sem conductor die to be picked up.

8. The sem conduct or di e pi ck-up apparatus accordingto
one of clains 2 to 6, wherein

when pi cking up the sem conductor die,

the tip end of the cover is caused to advance up to the
position equal to or higher than the upper end surface of the
projection fromthe contact surface,

the cover is caused to slide to a first predeterm ned
position while the retaining sheet and the sem conductor die
to be picked up are pushed upward to open the sucti on openi ng
sequentially to the first predeterm ned position,

t he opened suction opening is caused to suction the
retai ni ng sheet sequentially to separate the retaining sheet
fromthe sem conductor die to be picked up to a portion near

the first predeterm ned position,
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the collet is noved down i medi ately above the
sem conduct or die to be picked up to suction the sem conduct or
die to be picked up,

the cover thereafter is caused to slide further in the
sliding direction fromthe first predeterm ned position while
the retaining sheet and the sem conductor die to be picked up
are pushed upward to open the suction opening sequentially
further inthe sliding direction fromthe first predeterm ned
position, and

the further opened suction opening is caused to suction
the retaining sheet sequentially to separate the retaining
sheet fromthe sem conductor dieto be picked up further inthe
slidingdirectionfromthe portionnear thefirst predeterm ned

position.

9. The sem conduct or di e pi ck-up apparatus accordingto
one of clains 2 to 6, wherein

when picking up the sem conductor die, the collet
sequentially suctions the sem conduct or di e to be picked up as
the retaining sheet is sequentially separated fromthe
sem conductor dieto be pickedupinastateinwhichthecollet

hol ds the sem conductor die to be picked up.

10. The sem conductor die pick-up apparatus accordi ng
to claim9, wherein
when pi cki ng up t he sem conductor die, thecollet is noved

upwar di nsynchroni zationasthetipendof thecover i s advanced
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up tothe positionequal toor higher thanthe upper end surface

of the projection fromthe contact surface.

11. The sem conductor die pick-up apparatus accordi ng
to one of clains 2 to 6, wherein

the stage is cylindrical,

t he cover i s substantially as wi de as t he sucti on openi ng,
and when the tip end is advanced fromthe contact surface, a
surface t hat pushes up the retai ni ng sheet i sinclineddowward
froma side of thetip endto a back end on the side of openi ng
t he suction opening,

a sliding groove is provided, the sliding groove being
recessed fromthe contact surface by a thickness of the cover,
the sliding groove being substantially as wi de as the cover,
and the sliding groove extending toward an outer
circunferential surface of the stage froma position of an end
of the suction opening on an opening side of the cover to a
position on a side of an inner circunference of the stage from
a position of the back end of the cover in astate in whichthe
cover cl oses the suction opening at a position that deviates
fromoverlapping with a cylindrical surface of the outer
ci rcunference of the stage,

an inclined surface is provided, the inclined surface
extendi ng froma bottomsurface of the slidinggroove at a si de
edge of at the outer circunference of the stage toward a si de
opposite of the contact surface, and

when pi cki ng up t he sem conduct or di e, t he cover i s caused
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to slide to sequentially open the suction opening while a
surface of the cover that is opposite of a surface pushing up
t he retai ni ng sheet i s brought i ntocontact with an edge bet ween
the bottom surface of the sliding groove and the inclined

surf ace.

12. The sem conductor die pick-up apparatus according
to claim1l, wherein

aninclinationangleof theinclinedsurfacewthrespect
to the contact surface is greater than an inclination angl e of
t he surface of the cover that i s opposite of the surface pushi ng

up the retaining sheet with respect to the contact surface.

13. The sem conductor die pick-up apparatus according
to claim1l, wherein

a stepped portion is provided, the stepped portion
extending fromthe inclined surface to the outer circunference
surface of the stage along the contact surface, and

an angle of a surface conprising the edge and the side
edge of the stepped portion at the outer circunference of the
stage with respect to the contact surface is greater than an
i nclination angl e of the surface of the cover that is opposite
of the surface pushing up the retaining sheet with respect to

t he contact surface.

14. A nmethod of picking up a sem conductor die applied

toaretai ni ngsheet usi ng aseni conduct or di e pi ck-up appar at us
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for picking up a sem conductor die applied to the retaining
sheet, the apparatus conprising:
a stage conprising acontact surface configured to be in close
contact with one surface of theretainingsheet, the one surface
bei ng opposi te of the ot her surface to whi ch sem conduct or di ce
are applied; asuctionopeningprovidedinthecontact surface;
a cover provided for the stage so as to allowa tip end of the
cover on a cl osi ng si de of the suction openingto advance freely
fromthe contact surface, and configured to slide along the
contact surface to open and close the suction opening;, a
projectionarrangedal ongacircunferential edge of the suction
openi ng and projects fromthe contact surface; a plurality of
suction hol es provided in the contact surface on a side of an
outer circunference of the stage fromthe projection; and a
coll et configured to suction a sem conductor die, the nethod
conpri si ng:

an al i gnment step of, when pi cking up the sem conduct or
di e, aligning positions of the sem conductor die to be picked
up in a state in which at | east a portion of a contour of the
sem conduct or di e to be pi cked up sticks out fromthe projection
toward the outer circunference of the stage; and

a pick-up step of picking up the sem conductor die by
suctioni ng the retaining sheet at the portion stickingout from
the projectiontowardthe outer circunference of thestageinto
t he suction hol es, causing the tip end of the cover to advance
up to a position equal to or higher than an upper end surface

of the projection fromthe contact surface, causing the cover
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to slide while the retaining sheet and the sem conductor die
to be picked up are pushed upward to open the sucti on openi ng
sequenti al | y, causi ngthe opened sucti on openingtosuctionthe
retai ning sheet sequentially to separate the retaining sheet
fromthe sem conductor die to be picked up, and causing the

collet to suction the sem conductor die to be picked up.

15. The nethod of picking up a sem conductor die
according to claim 14, wherein

the pick-up step conprises, when picking up the
sem conduct or die, causing the tip end of the cover to advance
up tothe positionequal toor higher thanthe upper end surface
of the projection fromthe contact surface, causing the cover
toslidetoafirst predeterm ned position while the retaining
sheet and t he sem conduct or di et o be pi cked up ar e pushed upwar d
to open the suction opening sequentially to the first
predet erm ned position, causing the opened suction openingto
suction the retaining sheet sequentially to separate the
retaining sheet fromthe sem conductor die to be picked upto
a portion near the first predeterm ned position, noving the
col | et down i nmedi at el y above t he sem conduct or di et o be pi cked
up to suction a portion of the sem conductor die to be picked
up, thereafter causingthe cover toslidefurther inthesliding
direction fromthe first predeterm ned position while the
retai ni ng sheet and t he sem conductor die to be picked up are
pushed upward t o open t he sucti on openi ng sequentially further

intheslidingdirectionfromthefirst predeterm ned position,
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causi ng the further opened suction opening to suction the
retaining sheet sequentially to separate the retaining sheet
fromt he sem conductor dietobe pickedupfurther inthesliding
direction fromthe portion near the first predeterm ned
position, and causing the collet to sequentially suction the

remai ni ng portion of the sem conductor die to be picked up.

16. The nethod of picking up a sem conductor die
according to claim 14, wherein

the pick-up step conprises, when picking up the
sem conduct or die, causing the tip end of the cover to advance
up tothe positionequal toor higher thanthe upper end surface
of the projection fromthe contact surface, causing the cover
toslidetoafirst predeterm ned position while the retaining
sheet and t he sem conduct or di et o be pi cked up ar e pushed upwar d
to open the suction opening sequentially to the first
predet erm ned position, causing the opened suction openingto
suction the retaining sheet sequentially to separate the
retaining sheet fromthe sem conductor die to be picked upto
a portion near the first predeterm ned position, noving the
col | et down i nmedi at el y above t he sem conduct or di et o be pi cked
up to suction the sem conductor dieto be picked up, thereafter
causingthecover toslidefurther intheslidingdirectionfrom
the first predeterm ned position while the retaining sheet and
t he sem conductor di e to be pi cked up are pushed upward t o open
the suction opening sequentially further in the sliding

direction fromthe first predeterm ned position, and causi ng
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the further opened suction opening to suction the retaining
sheet sequentially to separate the retaining sheet fromthe
sem conductor die to be picked up further in the sliding
direction fromthe portion near the first predeterm ned

position.

17. The nethod of picking up a sem conductor die
according to claim14, wherein

the pick-up step conprises, when picking up the
sem conductor die, causing the collet to sequentially suction
the sem conductor die to be picked up as the retaining sheet
is sequentially separated fromthe sem conductor die to be
pickedupinastateinwhichthecollet holdsthe sem conduct or

die to be picked up.

18. The nethod of picking up a sem conductor die
according to claim17, further conpri sing:

novi ng the coll et upward, when picking up the
sem conductor die, in synchronization as the tip end of the
cover is advanced up to the position equal to or higher than
t he upper end surface of the projection fromthe contact

surface.

19. The nethod of picking up a sem conductor die
according to one of clainms 14 to 18, wherein
t he proj ecti on of t he sem conduct or di e pi ck- up appar at us

conprises two side projections respectively provi ded al ong
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i nearly extendi ng opposing sections of the circunferentia
edge of the suction opening,

t he suction hol es conprise four primary hol es arranged
at four corners of arectangul ar regi on that conprises the end
of t he suctionopeningwhichthetipendof thecover noves cl oser
to and away fromand at | east a portion of the side projections,
two faci ng sides of the rectangul ar regi on being parallel with
the side projections,

a wdth of the rectangular region in a direction
perpendi cular to a direction in which the suction opening
extends is substantially the sane as a wdth of the
sem conductor die to be picked up,

a length of the rectangular region in the direction in
whi ch t he sucti on openi ng extends i s substantially the sane as
a length of the sem conductor die to be picked up, and

the alignnent step conprises aligning the positions of
the sem conductor die to be picked up such that four corners
of the sem conduct or di e t o be pi cked up respectivel y cone above

the primary hol es.
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