DESCRI PTI ON
Title of Invention
SEM CONDUCTOR DI E PI CK- UP APPARATUS AND SEM CONDUCTOR DI E

Pl CK- UP METHCD

Technical Field
[ 0001]
The present invention relates to a structure of a
sem conduct or di e pi ck-up appar at us used i n a bondi ng appar at us

as well as to a sem conductor die pick-up nethod.

Background Art
[ 0002]

A sem conductor die is manufactured by dicing a 6-inch
or 8-inch wafer into dies of a predeterm ned size. |In order
to prevent the diced sem conductor dies fromfalling apart
during dicing, a dicing sheet is applied to a back surface of
the wafer, and the wafer is cut froma front surface using a
dicing sawor thelike. At thistinme, the dicingsheet applied
to the back surface hol ds the sem conductor dies in astatein
whi ch the sheet is slightly cut in but not cut off. Then, the
di ced sem conduct or di es ar e pi cked up one by one fromt he di ci ng
sheet, andtransferredto asubsequent step such as di e bondi ng.

[ 0003]



There i s proposed a net hod of pi cki ng up a sem conduct or
die froma dicing sheet in which a dicing sheet is suctioned
to a surface of a disc-shaped suction piece, a sem conductor
die is plunged up by a plunge-up bl ock provided at a centra
portion of the suction piece while the sem conductor die is
suctioned to a collet, and the collet is noved upward to pick
up the sem conductor die fromthe dicing sheet (cf., Fig. 9
through Fig. 23 of PTL 1). 1In order to separate the
sem conductor die fromthe dicing sheet, it is effective to
first separate a portion aroundthe sem conductor di e, andthen
separate acentral portionof the sem conductor die. Therefore,
the conventional technique described in PTL 1 provides three
pl unge-up bl ocks: one for plunging up a portion around the
sem conductor die, another for plunging up a central portion
of the sem conductor die, and the |last one for plunging up a
m ddl e portion between the earlier two portions, and enpl oys
a nethod in which the three blocks are first noved up to a
predet erm ned hei ght, then the bl ocks for the m ddl e portion
and for the central portion are noved up hi gher than the bl ock
for the portion around the sem conductor die, and finally the
bl ock for the central portion is noved hi gher than bl ock for
the m ddl e portion.

[ 0004]
There is al so proposed a net hod of separating a dicing

sheet froma sem conductor die in which the dicing sheet is



suctioned to a surface of a di sc-shaped ej ector cap, a collet
and a peripheral, a mddle, and a central plunge-up bl ocks are
noved up to a predet erm ned hei ght hi gher than surface of the
ej ector cap while the sem conductor die is suctioned to the
collet, then the height of the collet is maintained as it is,
and the peripheral and the m ddl e pl unge-up bl ocks are noved
downinorder toapositionlower thanthe surface of the ejector
captoseparatethedicingsheet fromthe sem conductor die (cf.
PTL 2).

[ 0005]

When a di ci ng sheet i s separated froma sem conduct or die
by t he nmet hod described in PTL 1 or 2, as illustrated in Figs.
40, 42, and 44 of PTL 1, and in Fig. 4Ato Fig. 4d, and Fig.
5Ato Fig. 5dof PTL2, thereis acaseinwhichthesem conductor
die is defornmed and fl exed along with the dicing sheet while
the sem conductor die remains sticking to the dicing sheet
bef ore the sem conductor die is separated. |f the separation
of the dicing sheet is continued in the state in which the
sem conduct or di eis defornmed and fl exed, the sem conductor die
canlikelybedestroyed. Therefore, thereis proposeda nethod,
as illustrated in Fig. 31 of PTL 1, in which flection of the
sem conductor die is detected based on a change of aflowrate
of suctioned air fromthe collet, and that as illustrated in
Fig. 43 of PTL 1, it is determ ned that the sem conductor die

is deforned when a suctioned air flowis detected, and the



pl unge-up bl ock i s noved downward once and t hen noved upward
agai n.
[ 0006]

Further, there is al so proposed a nethod i n whi ch when
a sem conductor die is picked up, atip end of a cap on a side
for closing a suctioning opening i s caused to advance froma
cl ose-contact surface in a state in which a sem conductor die
to be picked up is suctioned by a collet, the capis caused to
slide while a dicing sheet and a sem conductor die are noved
upward to provi de a gap between t he sucti oni ng openi ng and t he
tip end of the cap, then a rear end of the cap which is on a
side for opening the cap is caused to advance fromthe
cl ose-contact surface, so that a surface of the cap is
substantially parallel withthe close-contact surface, the cap
is caused to slide by noving the dicing sheet and the
sem conductor die upward on the surface of the cap to
sequenti ally open the suctioni ng openi ng, the dicing sheet is
caused to sequentially suctioned to the opened suctioning
openi ng, and thus the dicing sheet is sequentially separated
fromthe sem conductor die to be picked up (cf.,PTL 3).
Ctation List
Patent Literature
[ 0007]

PTL 1: Japanese Patent No. 4945339

PTL 2: US Patent No. 8092645



PTL 3: Japanese Patent No. 4397429

Summary of I nvention
Techni cal Probl em
[ 0008]

Incidentally, recent sem conductor dies have becone
I ncreasingly thin, and sonme of such sem conductor dies are on
the order of 20 um, for example. In contrast, a thickness of
a dicing sheet is on the order of 100 um, which is four times
greater than that of a sem conductor die. Wen such a thin
sem conductor die is separated froma dicing sheet, the
sem conductor die beconme nore markedly susceptible to
deformation foll owi ng defornmation of the dicing sheet.
Therefore, the conventi onal techni que descri bed in any of PTLs
1- 3 has a probl emt hat a sem conductor dieisnorelikelydamged
when the sem conductor die is picked up froma dicing sheet.
[ 0009]

Thus, an object of the present invention is to allow
pi cking up of a sem conductor die effectively while reducing
occurrence of danages in the sem conductor die.

Solution to Problem
[ 0010]

A sem conduct or di e pick-up apparatus according to the

present invention includes: a stage having a suction surface

for suctioning a back surface of a dicing sheet with a front



surface to which asem conductor dieto be pickedupis applied;
a suctioning opening provided in the suction surface of the
stage; a cap configured to slide along the suction surface to
open and cl ose t he sucti oni ng openi ng; and an openi ng pressure
switch nmechani sm configured to swtch a pressure of the
suct i oni ng openi ng between afirst pressurethat i s near vacuum
and a second pressure that i s near an at nospheri c pressure, and
when t he sem conductor die is picked up, the cap is caused to
slide by apredeterm neddi stanceinanopeningdirection, every
time the pressure of the suctioning opening is switched from
the first pressure to the second pressure.

[ 0011]

Preferably, the sem conductor die pick-up apparatus
accordingtothe present inventionis configured such that when
t he sem conductor die is picked up, the cap is caused to slide
by the predeterm ned di stance in the opening direction every
time the pressure of the suctioning opening is switched from
the first pressure to the second pressure after a suction
pressure of the suction surface is maintainedto be vacuumand
the pressure of the suctioning opening is switched fromthe
second pressure to the first pressure.

[0012]

Preferably, the sem conductor die pick-up apparatus

according to the present inventionis configured such that the

cap is provided for the stage such that a surface of the cap



isallowedto freely advance fromthe sucti on surface, and when
the sem conductor die is picked up, the dicing sheet is
separated fromthe sem conductor die by causing the cap to
slightlyslidetoslightlyopenthe suctioningopening, causi ng
the surface of the cap to advance up to a predeterm ned hei ght
hi gher than the suction surface, then setting the suction
pressuretobevacuum and sw tching, after apredetermnnedtine
el apses, the pressure of the suctioni ng openi ng fromt he second
pressure to the first pressure, the dicing sheet being
posi ti oned above the slightly opened suction opening.

[ 0013]

Preferably, the sem conductor die pick-up apparatus
according to the present inventionis configured such that the
openi ng pressure swi tch nechani smswi tches the pressure of the
suct i oni ng openi ng between the first pressure and the second
pressure nore than once before causing the cap to slide by the
predeterm ned di stance in the opening direction.

[ 0014]

Preferably, the sem conductor die pick-up apparatus
according to the present inventionis configured such that the
cap is provided for the stage such that a surface of the cap
isallowedto freely advance fromthe sucti on surface, and when
t he sem conductor die is picked up, the cap is caused to slide
in a state in which the surface of the cap advances up to a

predet erm ned hei ght higher than the suction surface.



[ 0015]

It is alsopreferablethat the sem conductor die pick-up
apparatus according to the present invention includes:
separati on det ecti on neans confi gured to detect whet her or not
aportionof the sem conduct or di e positionedi mredi atel y above
t he sucti oni ng openi ng opened by causing the cap to slide is
separated fromthe front surface of the di cing sheet, and when
t he separation detection neans has detected that the portion
of the sem conductor dieis unseparated fromthe dicing sheet,
the pressure of the suctioning opening is switched fromthe
first pressure to the second pressure w t hout causing the cap
toslide, and then agai nthe pressure of the suctioni ng openi ng
is swtched fromthe second pressure to the first pressure.
[ 0016]

It is alsopreferablethat the sem conductor die pick-up
appar atus accordingtothe present i nventionincludes: acoll et
configured to suction a sem conductor die; a suctioning
mechani sm connected to the collet, and configured to suction
air froma surface of the collet; and a flow rate sensor
configured to detect an anount of air flow suctioned by the
suctioni ng mechani sm and the separation detection neans
determ nes t hat separationis successful when a nunber of tines
that a derivative si gnal changes over a predetern nedthreshol d
range i s an even nunber, and determ nes that the separationis

unsuccessful when the nunber of tines is an odd nunber, the



derivative signal bei ng obtained by derivation of a signal of
t he anmount of suctioned air flow detected by the flowrate
sensor.
[0017]

It is alsopreferablethat the sem conductor die pick-up
appar atus according to the present i nvention includes: a sheet
di spl acenent detection sensor provided near an end surface of
t he sucti oni ng openingwi thwhichatipendof thecapis brought
into contact when the suctioning opening is closed, and
configured to detect displacenent of the dicing sheet with
respect to the suction surface i n an approachi ng and departing
direction whenthe capis causedto slightly slideto slightly
open t he sucti oni ng openi ng, the di ci ng sheet bei ng positioned
above the suction opening that is slightly opened, and if the
sheet di spl acenent det ect ed by t he sheet di spl acenent det ecti on
sensor is a predeterm ned t hreshol d val ue or smal |l er when t he
pressure of the suctioning openingis swtched fromthe second
pressure to the first pressure after a predeterm ned tine
el apses after the suction pressureis set tovacuum the dicing
sheet is separated fromthe sem conductor chip by maeking the
suction pressure opento air and swtching the pressure of the
suctioning opening fromthe first pressure to the second
pressure, and agai n setting the suction pressure to vacuumand
swi tchingthe pressure of thesuctioni ngopeningfromthe second

pressure to the first pressure after the predeterm ned tine



el apses, the dicing sheet bei ng positioned above the slightly
opened suction opening. It is also preferable that the sheet
di spl acenent detection sensor uses, as a |ight source, |ight
of awavel engt hwhose |l i ght transm ssionratethroughthedicing
sheet is in arange from0%to 30% and that the sheet

di spl acenent detection sensor enploys a reflection-type
optical fiber using an LED of a short wavel ength fromO nmto
300 nmas a |light source.

[ 0018]

A sem conductor die pick-up nmethod according to the
present i nventionincludes: astep of preparinga semn conduct or
di e pick-up apparatus including: a stage having a suction
surface for suctioning a back surface of a dicing sheet havi ng
a front surface to which a sem conductor die to be picked up
i s applied; asuctioningopeningprovidedinthesuctionsurface
of the stage; a cap provided for the stage such that a surface
of thecapisallowedtofreelyadvance fromthe sucti on surface,
and configured to slide along the suction surface to open and
cl ose the suctioning opening; and an openi ng pressure switch
mechani sm configured to switch a pressure of the suctioning
openi ng betweenafirst pressurethat i s near vacuumand a second
pressure that is near an atnospheric pressure; a positioning
step of novingthestageinadirectionalongthesuctionsurface,
sothat atip end of the capin a closed state aligns with one

end of a sem conduct or di e to be picked up, and that a position
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of the capinawdth direction aligns with a position of the
sem conductor die in the wwdth direction; a first separation
step of separatingthe dicingsheet fromthe sem conductor chip
by causing the cap to slightly slide to slightly open the
sucti oni ng openi ng, causing the surface of the cap to advance
up to a predeterm ned hei ght higher than the suction surface,
then setting the suction pressure to be vacuum and sw t chi ng,
after a predetermined tinme el apses, the pressure of the
suctioning opening fromthe second pressure to the first
pressure, the dicing sheet bei ng positioned above the slightly
opened suction opening; and a second-separation step of
separating a portion of the sem conductor die fromthe front
surface of the dicing sheet by causing the cap to slide, in a
stateinwhichasurfaceof thecapadvances uptoapredeterm ned
hei ght hi gher than the suction surface, by a predeterm ned
di stance in the opening direction every tinme the pressure of
the suctioning opening is switched fromthe first pressureto
the second pressure after a suction pressure of the suction
surface is maintained to be vacuum and the pressure of the
suctioni ng opening is switched fromthe second pressure tothe
first pressure, the portion of the sem conductor die being
posi ti oned i medi at el y above t he sucti oni ng openi ng opened by
t he sliding.

[ 0019]

11



Preferably, in the sem conductor die pick-up mnmethod
accordingtothe present i nvention, the opening pressureswtch
mechani sm switches the pressure of the suctioning opening
between the first pressure and the second pressure nore than
once before causing the cap to slide by the predeterm ned
di stance in the opening direction.

[ 0020]

Preferably, in the sem conductor die pick-up nmethod
according to the present invention, the sem conductor die
pi ck-up apparatus includes: a sheet displacenent detection
sensor provided near an end surface of the suctioni ng openi ng
with which atip end of the cap i s brought into contact when
the suctioning opening is closed, and configured to detect
di spl acenent of the dicing sheet with respect to the suction
surface i n an approachi ng and departing di recti on when t he cap
is caused to slightly slide to slightly open the suctioning
openi ng, the dicing sheet being positioned above the suction
opening that is slightly opened, and the first separation step
i ncludes: afirst separati ondeterm nationstep of determ ni ng,
when the pressure of the suctioning opening is switched from
t he second pressuretothe first pressure after a predeterm ned
time el apses after the suction pressureis set to vacuum t hat
t he di ci ng sheet positioned above the slightly opened suction
opening i s separated fromthe sem conductor chip if the sheet

di spl acenent detected by the sheet displacenent detection
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sensor exceeds a predeterm ned threshol d val ue, and that the
di ci ng sheet positioned above the slightly opened suction
openi ng i s unsepar at ed fromt he sem conductor chipif the sheet
di spl acenent detected by the sheet displacenent detection
sensor is the predeterm ned threshol d val ue or snmaller; and a
first retry stepof separating, whenthedi ci ng sheet positioned
above the slightly opened suction opening is determ ned to be
unsepar at ed fromt he sem conductor chipinthefirst separation
determi nation step, the dicing sheet fromthe sem conductor
chi p by nmaki ng the suction pressure open to air and sw tchi ng
t he pressure of the suctioning opening fromthe first pressure
to the second pressure, and agai n setting the suction pressure
to vacuumand swi t chi ng t he pressure of the suctioni ng openi ng
fromthe second pressure to the first pressure after the
predeterm ned ti ne el apses, the dicing sheet bei ng positioned
above the slightly opened suction opening. It is also
preferabl e that the sheet di spl acenent detecti on sensor uses,
as a light source, light of a wavel ength whose |ight
transm ssion rate through the dicing sheet is in arange from
0%to 30% and that the sheet displacenent detection sensor
enpl oys areflection-type optical fiber using an LED of a short
wavel ength fromO nmto 300 nmas a |ight source.
[ 0021]

Preferably, in the sem conductor die pick-up nethod

according to the present invention, the sem conductor die

13



pi ck-up apparatus includes: a collet configured to suction a
sem conduct or die; a suctioning nechani sm connected to the
collet, and configured to suction air froma surface of the
collet; and a flowrate sensor configured to detect an anount
of air flow suctioned by the suctioning nmechanism and the
second- separation step includes: a second separation
determi nation step of determning that a portion of the

sem conduct or di e positioned i medi ately above the sucti oni ng
openi ng opened by sliding the cap is separated fromthe front
surface of the dicing sheet when a nunber of tines that a
derivati ve si gnal changes over a predeterm ned threshol d range
I's an even nunber, and determ ning that the portion of the
sem conduct or di e positioned i medi ately above the sucti oni ng
openi ng opened by sliding the capis unseparated fromthe front
surface of the dicing sheet when t he nunber of tines is an odd
nunber, the derivative signal being obtained by derivation of
a signal of the amount of suctioned air flow detected by the
flowrate sensor; and a second retry step of separating, when
the portion of the sem conductor die is determned to be
unseparated fromthe front surface of the dicing sheet in the
second separation determ nation step, the portion of the
sem conductor die fromthe front surface of the dicing sheet
by switching the pressure of the suctioning opening fromthe

first pressure to the second pressure w thout causi ng the cap
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to slide, and again switching the pressure of the suctioning
openi ng fromthe second pressure to the first pressure.
Advant ageous Effects of Invention
[ 0022]

The present invention provides an effect of picking up
of a sem conductor die effectively while reduci ng occurrence

of damages in the sem conductor die.

Brief Description of Draw ngs
[ 0023]

Fig. 1is adiagramillustrating a systemconfiguration
of a sem conductor die pick-up apparatus according to an
enbodi nent of the present invention.

Fig. 2is aperspectiveviewillustrating a stage of the
sem conduct or di e pi ck-up appar at us accordi ngtothe enbodi nent
of the present invention.

Fig. 3is aplan viewillustrating the stage of the
sem conduct or di e pi ck-up appar at us accordi ngtothe enbodi nent
of the present invention.

Fig. 4Ais adetailed viewillustratingthe stage of the
sem conduct or di e pi ck- up appar atus accordi ngtothe enbodi nent
of the present invention.

Fig. 4B is a detailed view of a portion Ain Fig. 4A

15



Fig. BAis a plan viewillustrating a cap of the
sem conduct or di e pi ck- up appar at us accordi ngtothe enbodi nent
of the present invention.

Fig. 5Bis an elevational viewillustrating the cap of
the sem conduct or die pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 5Cis a detailed view of a portion Bin Fig. 5B.

Fig. 6 is a sectional view of the stage and the cap of
the sem conduct or di e pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 7 is a diagramillustrating a wafer applied to a
di ci ng sheet.

Fig. 8 is a diagramillustrating a sem conductor die
applied to the dicing sheet.

Fig. 9Ais a plan viewillustrating a configuration of
a waf er hol der.

Fig. 9B is an elevational view illustrating the
configuration of the wafer hol der.

Fig. 10Ais an elevational viewfor illustration of an
oper ati on of the sem conduct or di e pi ck-up appar at us accor di ng
to the enbodi nent of the present invention.

Fig. 10Bisaplanviewfor illustration of the operation
of the sem conductor die pick-up apparatus according to the

enbodi nent of the present invention.
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Fig. 11 is a diagramfor illustration of the operation

of the sem conductor die pick-up apparatus according to the

enbodi nent of the present

i nventi on.

Fig. 12Ais an elevational viewfor illustration of the

oper ati on of the sem conductor di e pi ck-up appar at us accor di ng

to the enbodi nent of the present
Fig. 12Bisaplanviewfor illustration of the

of the sem conductor die pick-up apparatus accord

enbodi nent of the present

Fig. 13 is a diagramfor illustration

of the sem conductor die pick-up apparatus

enbodi nent of the present

Fig. 14 is a diagramfor illustration

of the sem conductor die pick-up apparatus

enbodi nent of the present

Fig. 15 is a diagramfor illustration

of the sem conductor die pick-up apparatus

enbodi nent of the present

Fig. 16 is a diagramfor illustration

of the sem conductor die pick-up apparatus

enbodi nent of the present

Fig. 17 is a diagramfor illustration

of the sem conductor die pick-up apparatus

enbodi nent of the present

i nventi on.

i nventi on.

i nventi on.

i nventi on.

i nventi on.

i nventi on.
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Fig. 18 is a diagramfor illustration of the operation
of the sem conductor die pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 19 is a diagramfor illustration of the operation
of the sem conductor die pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 20 is a diagramfor illustration of the operation
of the sem conductor die pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 21 is a diagramfor illustration of the operation
of the sem conductor die pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 22Ais an elevational viewfor illustration of the
oper ati on of the sem conduct or di e pi ck-up appar at us accordi ng
to the enbodi nent of the present invention.

Fig. 22Bisaplanviewfor illustration of the operation
of the sem conductor die pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 23Ais achart show ng a tenporal change i n a hei ght
of a collet during the operation of the sem conductor die
pi ck-up apparatus according to the enbodi nent of the present
I nventi on.

Fig. 23Bisachart show ng atenporal changei nan openi ng
wi dth during the operation of the sem conductor die pick-up

appar at us accordi ngtothe enbodi ment of t he present i nventi on.
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Fig. 23Cis achart show ng atenporal change i na suction
pressure during the operation of the sem conductor di e pi ck-up
appar at us accordi ngtothe enbodi ment of t he present i nventi on.

Fig. 23Disachart show ngatenporal changeinapressure
of a suctioning opening during the operation of the
sem conduct or di e pi ck-up appar at us accordi ngtothe enbodi nent
of the present invention.

Fig. 23Eis achart show ng atenporal change i n an anount
of | eaked air of the collet during the operation of the
sem conduct or di e pi ck- up appar at us accordi ngtothe enbodi nent
of the present invention.

Fi g. 24Aisachart show ng atenporal changeinthe anount
of | eaked air of the col |l et when separationis successful during
an operation in a separation determ nation step of the
sem conduct or di e pi ck-up appar at us accordi ngtothe enbodi nent
of the present invention.

Fig. 24B is a chart showi ng a tenporal change in a
derivative val ue of the anmount of | eaked air of the coll et when
separationis successful duringthe operationintheseparation
determ nation step of the sem conductor di e pi ck-up appar at us
according to the enbodi nent of the present invention.

Fig. 24Cisachart show ng atenporal changeinthe anount
of | eaked air of the collet when separation is unsuccessful

during the operation in the separation determ nation step of
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t he sem conductor die pick-up apparatus according to the
enbodi nent of the present invention.

Fig. 24D is a chart showing a tenporal change in the
derivative val ue of the anmount of | eaked air of the coll et when
separation is unsuccessful during the operation in the
separati on determ nati on step of the senm conduct or di e pi ck-up
appar at us accordi ngtothe enbodi nent of the present i nventi on.

Fig. 25Ais a chart show ng a tenporal change i n a hei ght
of acollet during a different operation of the sem conduct or
di e pi ck-up appar at us accordi ngtothe enbodi nent of t he present
i nvention.

Fig. 25Bisachart showi ngatenporal changei nan opening
wi dt h during the di fferent operati on of the sem conductor die
pi ck-up apparatus according to the enbodi nent of the present
i nvention.

Fig. 25Cis achart show ng atenporal change i na suction
pressure during the different operation of the sem conduct or
di e pi ck-up appar at us accordi ngtothe enbodi nent of t he present
I nventi on.

Fig. 25Disachart show ngatenporal changeinapressure
of a suctioni ng opening during the different operation of the
sem conduct or di e pi ck- up appar atus accordi ngtothe enbodi nent
of the present invention.

Fig. 25Eis achart show ng atenporal change i n an anount

of | eaked air of the collet during the different operation of

20



t he sem conductor die pick-up apparatus according to the

enbodi nent of the present invention.

Descri pti on of Enbodi nent
[ 0024]

Herei nafter, a sem conductor die pick-up apparatus
according to an enbodi rent of the present invention wll be
described with reference to the drawings. Referring to Fig.
1, a sem conductor di e pick-up apparatus 500 accordingtothis
enbodi nent i ncludes: a wafer holder 10 noving in a horizont al
di rection, and hol di ng a di ci ng sheet 12 having a front surface
12a to which sem conductor dies 15 are applied; a stage 20
di sposed under t he waf er hol der 10 and havi ng a sucti on surface
22 for suctioning a back surface 12b of the dicing sheet 12;
a suctioni ng openi ng 40 provi ded for the suction surface 22 of
t he stage 20 as shown in Fig. 2; acap 23 for openi ng and cl osi ng
the suctioning opening 40; a slider drive nmechani sm 300 for
causing a slider 332 to which the cap 23 is rotatably applied
to slide as showmn in Fig. 1; a collet 18 for picking up one of
t he sem conduct or di es 15; an openi ng pressure swi tch mechani sm
80 for switching a pressure of the suctioni ng openi ng 40 of t he
stage 20; a suction pressure switch mechani sm90 for switching
a suction pressure of the suction surface 22 of the stage 20;
a suctioning nmechanism 100 for suctioning air froma surface

18a of the collet 18; a vacuum apparatus 140; a hori zont al
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waf er - hol der-drive unit 110 for driving the wafer hol der 10 in
the horizontal direction; avertical stage-drive unit 120 for
driving the stage 20 in a vertical direction; a collet drive
unit 130 for drivingthe collet 18 in avertical and hori zont al
direction; and a controller 150 for controlling driving of the
sem conductor di e pick-up apparatus 500.
[ 0025]

As illustratedinFig. 1, the slider drive nechani sm300
di sposed withinthe stage 20is configured by: afirst |ink 326
driven in a forward-backward direction with respect to the
suction surface 22 by a drive unit 25 attached to a base unit
24 of the stage 20; a piston 370 slidably provided for a housi ng
21 of the stage 20 in the forward-backward direction with
respect to the suction surface 22; a stopper 32l1la provided
wi t hi nthe housi ng 21, and engagedwi thafl ange 371 of t he pi ston
370 so as to limt an operation of the piston 370 in the
forward- backward di rectionw th respect tothe suction surface
22; aspring 373 that connects thefirst |ink 326 and t he pi ston
370 in the forward-backward direction with respect to the
suctionsurface 22; aguiderail 331 attachedtothe pi ston 370,
and extendi ng al ong a direction in which a groove 22a ext ends
that is substantially parallel to the suction surface 22; the
slider 332 slidably attachedtothe guiderail 331; and a second
link 329 that is rotatably attached to the piston 370 via a pin

328, that connects the slider 332 and the first |ink 326, and
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t hat converts, upon contact of the piston 370 with t he st opper
321a, a novenent of the first link 326 in the forward-backward
directionwithrespect tothe suctionsurface 22into anovenent
inadirection along the guide rail 331 of the slider 332. To
the slider 332, a cylindrical pin 330 extending al ong a w dth
di rectionof the groove 22ais attached. AsillustratedinFig.
5Aand Fig. 5B, thepin330isrotatably engagedw thaninverted
U-shaped cutout provided in an arm23f overhanging fromatip
end 23a of the cap 23 toward a side of an end surface 22e.
Further, the second |ink 329 connects the slider 332 and the
first link 326 by a pin 327 di sposed on one end fitted i nto an
engagenent groove 326a of the first link 326, and by an
engagenent groove 329a provi ded on the other end sandw chi ng
a pin 330a of theslider 332. Wthinthedrive unit 25, a notor
381 for operating the slider drive nechanism300 is attached.
To arotational axis of the notor 381, a cam383 in contact with
aroller 326c provided at atip end of a shaft 326b of the first
link 326 is attached. Wienthe notor 38l rotatesinadirection
i ndicated by an arrowaillustratedinFig. 1, the slider drive
mechani sm 300 causes the slider 332 to slide rightward al ong
t he suction surface 22 by an upward novenent of the first |ink
326 indicated by anarrowbillustratedinFig. 1 andarotating
novenent of the second link 329 indicated by an arrow d
illustrated in Fig. 1.

[ 0026]
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As illustrated in Fig. 1, the opening pressure switch
mechani sm80 f or switching a pressure of the sucti oni ng openi ng
40 of the stage 20 (cf., Fig. 2) or apressure w thinthe housing
21 conmuni cated with the suctioning opening 40 includes a
three-way val ve 81, and a drive unit 82 for driving to open or
cl ose the three-way val ve 81. The t hree-way val ve 81 has t hree
ports. Afirst port isconnectedtothehousing?2lconmunicated
wi t h t he sucti oni ng openi ng 40 of t he stage 20 vi a a pi pi ng 83,
a second port is connected to the vacuum apparatus 140 via a
piping 84, and a third port is connected to a piping 85 open
to air. The drive unit 82 either sets a pressure of the
suctioning opening40toafirst pressure P;that i s near vacuum
by maki ng the first port be comruni cated with the second port
and bl ocking the third port, or sets the pressure of the
suctioning opening 40 to a second pressure P, that is near
at nospheri c pressure by nmaking the first port be communi cat ed
withthethirdport and bl ocki ngthe secondport. Inthismnner,
the drive unit 82 switches the pressure of the suctioning
openi ng 40 between the first pressure P, and t he second pressure
P2.

[0027]

Simlarly to the openi ng pressure switch nechani sm 80,
t he sucti on pressure swi tch mechani sm90that switches asuction
pressure of the suction surface 22 of the stage 20 i ncl udes a

t hree-way val ve 91 having three ports, and a drive unit 92 for
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driving to open or close the three-way valve 91. Afirst port
of the three-way valve 91 is connected to a suction hole 27
comuni cat edwi t hasucti on groove 26 of t he st age 20 vi a a pi pi ng
93, a second port of the three-way valve 91 is connectedtothe
vacuum apparatus 140 via a piping 94, and a third port is
connected to a piping 95 opentoair. Thedrive unit 92 either
sets a pressure of the suction groove 26 or the suction surface
22 to the third pressure P3 that is near vacuum by maki ng t he
first port be communi cated with the second port and bl ocki ng
the third port, or sets the pressure of the suction groove 26
or the suction surface 22 to a fourth pressure P, that i s near
at nospheric pressure by nmaking the first port be communi cat ed
withthethirdport and bl ocki ngthe secondport. Inthismnner,
the drive unit 92 switches the pressure of the suction groove
26 or the suction surface 22 between the third pressure P; and
the fourth pressure Pa.
[ 0028]

Simlarly to the openi ng pressure switch nechani sm 80,
t he suctioni ng mechani sm 100 suctioning air fromthe surface
18a of the coll et 18 includes athree-way val ve 101 having t hree
ports, and a drive unit 102 for driving to open or close the
t hree-way val ve 101, and suctions air fromthe surface 18a
through a suction hole 19 of the collet 18 to vacuum ze the
surface 18a of the collet 18. To a piping 103 that connects

the suction hole 19 of the collet 18 and the three-way val ve
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101, a flowrate sensor 106 that detects an anmount of an air
fl owsuctionedtothe vacuumapparat us 140 fromt he surface 18a
of the collet 18 is attached.

[ 0029]

The hori zont al waf er-hol der-driveunit 110, the vertica
stage-drive unit 120, and the collet drive unit 130 are units
respectively for drivingthe wafer hol der 10, t he stage 20, and
the collet 18, each in the horizontal direction or in the
vertical directionbyanotor and gear provi dedi nside. Further,
as illustrated in Fig. 1, near the end surface 22e of the
suctioni ng opening 40 with which the tip end 23a of the cap 23
i s brought i ntocontact whenthe suctioni ngopening40is closed
a sheet displacenent detection sensor 107 for detecting
di spl acenent of the dicing sheet 12 in an approachi ng and
departing direction with respect to the suction surface 22 is
attached. Preferably, irradiation light froma |ight source
of the sheet di spl acenment detection sensor 107 i s |i ght having
a high reflection rate that can not influence qualities of a
di ci ng sheet, a die attach fil mbetween the dicing sheet and
adi e, and an adhesi ve |l ayer of thedieattachfilm for exanple,
short-wavel ength light fromO nmto 300 nm whose |i ght
transm ssion rate through the dicing sheet is from0%to 30%
More preferably, theirradiationlight islight from100 nmto
300 nm and nost preferably, light using a reflection-type

optical fiber having a LED of |light from200 nmto 300 nm or
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ablue LEDas alight source. Further, whil e an exanpleinwhich
areflection-type optical fiber is used is described in this
enbodi nent, other types of sensors are used as |ong as |ight
having a high reflection rate through the dicing sheet is
emtted.

[ 0030]

The controller 150 is a conputer having a CPU 151 that
perfornms arithnmetic processing, a nenory unit 152, and a
devi ce/ sensor i nterface 153. The CPU 151, the nenory unit 152,
and t he devi ce/ sensor interface 153 are connected via a data
bus 154. In the nenory unit 152, a control program 155, a
control data 156, a positioning programl57, afirst-separation
program 158, and a second-separati on program 159 are stored.
[ 0031]

The drive unit 82 of the t hree-way val ve 81 of t he openi ng
pressure switch mechani sm80, thedriveunit 92 of the three-way
val ve 91 of the suction pressure swi tch mechani sm90, the drive
unit 102 of the three-way val ve 101 of the sucti oni ng mechani sm
100, the notor 381 of the slider drive mechani sm 300, the
hori zontal wafer-holder-drive unit 110, the vertica
stage-drive unit 120, the collet drive unit 130, and t he vacuum
appar at us 140 are connected to t he devi ce/ sensor i nterface 153,
and driven by conmands fromthe controll er 150, respectively.
Further, the flowrate sensor 106 and the sheet di spl acenent

detecti on sensor 107 are connected to the devi ce/ sensor
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interface 153, and their detection signals are input to and
processed by the controller 150. It should be noted that
alternate | ong and short dashlinesinFig. 1represent signal
l'ines fromthe devicel/sensor interface 153 of the controller
150tothedriveunit 82 of thethree-way val ve 81 of t he openi ng
pressure switch mechani sm80, thedriveunit 92 of the three-way
val ve 91 of the suction pressure swi tch mechani sm90, the drive
unit 102 of the three-way val ve 101 of the sucti oni ng mechani sm
100, the notor 381 of the slider drive mechani sm 300, the
hori zontal wafer-holder-drive unit 110, the vertica
stage-drive unit 120, the collet drive unit 130, the vacuum
apparatus 140, the flow rate sensor 106, and the sheet
di spl acenent detection sensor 107.
[ 0032]

Next, the stage 20 and t he cap 23 are descri bed i n det ai |
with referenceto Fig. 2 through Fig. 6. Referringto Fig. 2,
the stage 20 includes the cylindrical housing 21 having the
suction surface 22 for suctioning the dicing sheet 12 on its
upper surface, the base unit 24 provi ded on a si de opposite of
the suction surface 22 of the housing 21, and the drive unit
25 attached to the base unit 24 and driving the slider drive
mechani sm 300 di sposed within the housing 21. The base unit
24 of the stage 20 is attached to a stage fixation unit that
Is not illustrated. The suction surface 22 is provided with

the groove 22athat i srecessedintothestage 20fromthe suction
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surface 22, a projected portion 22b di sposed wi t hin the groove
22a on aside closetothe stage 20 and proj ecting froma bottom
surface of the groove 22a. Side surfaces 22f of the groove 22a
are flush wi th gui de surfaces 22g on bot h si des of the projected
portion 22b, and extend linearly froman inner circunference
sidetoanouter circunference side of the stage. The projected
portion 22b is a step having a flat surface between the guide
surfaces 22g, and a height of the projected portion 22b is
smal | er than a depth of the groove 22a. The bottomsurface of
t he groove 22a and t he surface of the projected portion 22b are
connected by an i nclined surface 22c extendi ng fromt he bottom
surface of the groove 22atothe surface of the projectedportion
22b. The bottomsurface of the groove 22ais providedw th two
hol es 41 that are communicated with an interior of the stage
20, and arib 22d is provided in a center of each of the hol es
41 and on a side of an outer surface of the stage of each of
t he hol es 41.

[ 0033]

To the groove 22a, the cap 23 is attached. The cap 23
has a substantially identical width with a wi dth of the groove
22a and a wi dt h bet ween and t he gui de surfaces 22g, and sl i des
along a direction fromthe groove 22a toward the projected
portion 22b. The cap 23 is configured such that along the
sliding direction, the tip end 23a is on a side facing toward

the end surface 22e of the groove 22a, and a rear end 23c is
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on a side at which the cap 23 defi nes an opening. The cap 23
isinaflat-plated shape, and includes a flat portion 23h on
whi ch t he sem conduct or di es 15 are pl acedw th t he di ci ng sheet
12 interposed t herebetween, and an inclined surface 23g that
continues fromthe flat portion 23h and is inclined downward
fromthe suction surface. A length of the sliding direction
of the cap 23 is shorter than alength of the slidingdirection
of the groove 22a, and a thickness of the flat portion 23h of
thecap 23isthesane asthedepthof thegroove 22a. Therefore,
when the cap 23 is fitted into the groove 22a, so that the tip
end 23a of the cap 23 is in contact with the end surface 22e
of the groove 22a, the flat portion 23h on a surface of the cap
23 becones flush with the suction surface 22. Side surfaces
23b of the cap 23 and the side surfaces 22f of the groove 22a
constitute asliding surface. Further, at both corners of the
groove 22a on a side with which the tip end 23a of the cap 23
I's brought into contact, vertical grooves 364 for suctioning
the dicing sheet 12 are respectively provided outside of the
si de surfaces 22f of the groove 22ainaw dth direction of the
groove 22a so as to extend in the vertical directioninto the
stage 20 fromthe suction surface 22.
[ 0034]

Thus configured, the suction surface 22 is provided wi th
t he sucti oni ng openi ng 40 defined in a Ushape encl osed by t he

side surfaces 22f, the end surface 22e, and t he gui de surfaces
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22g of the groove 22a. The suctioning opening 40 is

communi cated with an interior of the housing 21. Further, as
illustrated in Fig. 2, there are three suction grooves 26
substantially in a U shape provided so as to triply surround
t he U- shaped sucti oni ng openi ng 40. On each si de of the sucti on
grooves 26, two or three suction holes 27 are provided. The
suction holes 27 are connected to the suction pressure swtch
mechani sm 90 via the piping 93 as illustrated in Fig. 1.

[ 0035]

As illustrated in Fig. 3, Fig. 4A, and Fig. 4B, when t he
tip end 23a of the cap 23 is pressed agai nst the end surface
22e of the groove 22a on the inner circunference side of the
stage 20, the suctioning opening 40 is cl osed. The suctioning
openi ng 40i s opened when he cap 23 sl i des al ongt he si de surfaces
22f and t he gui de surfaces 22g of the groove 22a fromt he i nner
circunference side toward t he outer circunference side of the
stage 20 and the tip end 23a of the cap 23 is noved away from
the end surface 22e of the groove 22a. Therefore, the end
surface 22e i s an end surface of the suctioning opening 40w th
which thetip end 23a of the cap 23 i s brought i nto contact when
the suctioning opening 40 is cl osed.

[ 0036]

As illustratedinFig. 4Aand Fig. 4B, asthetip end 23a

of the cap 23 is brought into contact wwth the end surface 22e

when the cap 23 is closed. Therefore, in a state in which the
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cap 23 is closed, the vertical grooves 364 having an about
180- degree fan-shaped cylindrical surface runs between the
suction surface 22 and the interior of the housing 21 at the
both corners of the cap 23 and the groove 22a.
[ 0037]

As illustrated in Fig. 5B and Fig. 5C, the cap 23 is in
a flat-plated shape on a side of the tip end 23a, a thickness
of the flat portion 23h on which the sem conductor dies 15 are
pl aced with the dicing sheet 12 interposed therebetween is
substantiallyuni form acurvedsurface 23dt hat rounds a cor ner
bet ween a back surface of the cap 23 and a surface of the rear
end 23c i s provi ded on t he back surface of the cap 23 on a side
of the rear end 23c, and the inclined surface 23g whose
inclinationincreases fromthe flat portion 23htoward therear
end 23c is provided on a side of the surface. The inclined
surface 23g is provided in a region where any of the
sem conductor dies 15 is not placed thereupon, and a | engt h of
the flat portion 23h is longer than a length of each of the
sem conductor dies 15. On the side of the back surface, the
cap 23 has aflat surface. Further, the both side surfaces 23b
of the cap 23 are respectively provided with chanfers 23e. On
t he back surface of the cap 23 on the side of the tip end 23a,
there aretwo arns 23f that project towardthetipend 23a. The
arns 23f are attached so as torespectively beinsertedthrough

the holes 41 in the stage 20 illustrated in Fig. 2. Each of
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the arns 23f has a U shaped engagenent groove, and as
illustratedinFig. 1, thecap 23 isrotatably attached to the
slider 332 by havi ng t he engagenent grooves be engaged with t he
pin 330 of the slider 332.
[ 0038]

As illustratedin Fig. 6, when the suctioni ng openi ng 40
Is closed by the cap 23 such that the tip end 23a of the cap
23 i s brought intocontact withthe endsurface 22e of t he groove
22a, a surface of the flat portion 23h of the cap 23 is flush
with the suction surface 22. Further, when the suctioning
opening 40 is closed such that the tip end 23a of the cap 23
isincontact wththe end surface 22e of the groove 22a, a snal |
V- shaped groove i s provi ded bet ween t he sucti on surface 22 and
the cap 23. Mreover, the width of the groove 22a, that is,
a width of the suctioning opening 40, a width of the cap 23,
a w dt h of each of the sem conductor dies 15 are substantially
identical, and the side surfaces 22f of the groove 22a are
slidably in contact with the side surfaces 23bof the cap 23.
[ 0039]

An operation of the sem conductor di e pick-up apparatus
500 thus configured will be described with reference to Fig.
7 through Fig. 23A to Fig. 23E. Here, before describing a
pi ck-up operation of a sem conductor die 15, a step of setting
the dicing sheet 12 to which the sem conductor dies 15 are

applied to the wafer holder 10 will be descri bed.
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[ 0040]

Referringto Fig. 7, on a back surface of a wafer 11, the
vi scous di ci ng sheet 12 is applied, and the dicing sheet 12 is
attached to a netallic ring 13. In this nmanner, the wafer 11
I's handl ed while being attached to the netallic ring 13 with
the dicing sheet 12 interposed therebetween. Then, as
illustrated in Fig. 8 the wafer 11 is diced into the
sem conductor dies 15 by being cut in a dicing step fromits
surface by adicing sawor thelike. Betweenthe sem conductor
dies 15, there are cut-in gaps 14 provided during dicing. A
depth of the cut-in gaps 14 is as deep as to reach a portion
of the dicing sheet 12 through the sem conductor dies 15, but
the dicing sheet 12 is not cut off, and the sem conductor di es
15 are held by the dicing sheet 12.

[ 0041]

I'n this manner, the sem conductor dies 15 to which the
di ci ng sheet 12 and the ring 13 are attached are attached to
the wafer holder 10 asillustratedin Fig. 9Aand Fig. 9B. The
waf er hol der 10 i ncl udes an annul ar expanded ring 16 having a
flange, and a ring retainer 17 that fixes the ring 13 on the
fl ange of the expandedring 16. Theringretainer 17 is driven
in the forward-backward direction toward the flange of the
expanded ring 16 by a ring retainer drive unit that is not
illustrated. An inner dianeter of the expanded ring 16 is

greater than a di aneter of the wafer for the sem conduct or di es

34



15. The expanded ring 16 has a predeterm ned thi ckness, and
its flange i s di sposed outside the expanded ring 16 so as to
protrude outwardly on an end surface side away fromt he di ci ng
sheet 12. Further, an outer circunference of the expandedring
16 on a side of thedicingsheet 12is configuredtohave acurved
surface, so that the dicing sheet 12 i s snoot hly expanded when
the dicing sheet 12 is attached to the expanded ring 16. As
illustrated in Fig. 9B, the dicing sheet 12 to which the
sem conduct or dies 15 are appliedis substantially flat before
the dicing sheet 12 is set to the expanded ring 16.
[ 0042]

As illustrated in Fig. 1, when set to the expanded ring
16, the dicing sheet 12 i s expanded al ong a curved surface on
an upper portion of the expanded ring by an anount of a step
bet ween an upper surface and a fl ange surface of the expanded
ring 16. Therefore, outwardtensionfromacenter of thedicing
sheet 12isappliedtothedicingsheet 12fi xedover t he expanded
ring 16. Further, as the dicing sheet 12 is expanded by the
tensi on, the gaps 14 between t he sem conduct or di es 15 appl i ed
to the dicing sheet 12 are al so expanded.
[ 0043]

Next, the pick-up operation of the sem conductor die 15
wi || be described. The controller 150 first executes the
positioning programl57 illustratedinFig. 1. Asillustrated

inFig. 10Aand Fig. 10B, the controller 150 starts positioning
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bet ween the cap 23 and the sem conductor die 15 in a state in
which the cap 23 is closed. As the cap 23 is at a positionto
cl ose the suctioni ng opening 40, the tip end 23a of the cap 23
isincontact with the end surface 22e of the groove 22a, and
t he back surface of the cap 23 on the side of the rear end 23c
is on a surface of the groove 22a and supported by the groove
22a. Further, the flat portion 23h on a surface of the cap 23
and is substantially flush with the suction surface 22. The
controll er 150 causes the horizontal wafer-holder-drive unit
110 illustrated in Fig. 1 to nove the wafer holder 10 in the
hori zontal direction to a standby position on the stage 20.
Then, when the wafer holder 10 is noved to a predeterm ned
positionat the standby positiononthestage 20, thecontroller
150 stops novenent of the wafer holder 10 in the horizontal
direction, and causes the vertical stage-drive unit 120
illustrated in Fig. 1 to nove the stage 20 upward until the
suction surface 22 of the stage 20 and the flat portion 23h on
the surface of the cap 23 are brought into close contact with
alower surface of thedicingsheet 12. Wenthesuctionsurface
22 of the stage 20 and the flat portion 23h on the surface of
the cap 23 are brought into cl ose contact wwththel ower surface
of the di ci ngsheet 12, the control |l er 150 st ops upwar d novenent
of the stage 20. Then, the controller 150 agai n makes

adj ust ment by causing the horizontal wafer-holder-drive unit

110 t o bri ng one end 15a of t he sem conductor di e 15t o be pi cked
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up to contact with the tip end 23a of the cap 23 at a cl osed
position, to align an across-the-w dth position of the cap 23
wi t h an across-the-w dth position of the sem conductor die 15,
and to align side surfaces the sem conductor die 15 with the
side surfaces 23b of the cap 23. The width of the cap 23 is
substantially the sane as the width of the sem conductor die
15 to be picked up, and therefore it is possible to nmake
posi tioni ng between t he si de surfaces of the sem conductor die
15 and the side surfaces 23b of the cap 23 by aligning one of
the side surfaces 23b with a correspondi ng one of the side
surfaces of the sem conductor dies 15. At thistinme, thedicing
sheet 12 is applied with tension by the expanded ring 16 of the
waf er hol der 10.

[ 0044]

Fig. 10Bis a plan viewof the suction surface 22 of the
stage 20 and the surface of the cap 23, and illustrates
positional relation between the dicing sheet 12 and the
sem conductor die 15 placed on the suction surface 22 of the
stage 20 and the surface of the cap 23 by an alternate | ong and
short dash line. In Fig. 10B, the cap 23 is shown slightly
| arger than the sem conductor die 15 in order to distinguish
the sem conductor die 15 and the cap 23 having substantially
the same width. This also applies to Fig. 12B and Fig. 22B.

As illustrated in Fig. 10B, upon positioning of the cap 23 and
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t he sem conduct or di e 15, t he sem conductor die 15i s positi oned
on the flat portion 23h of the cap 23.
[ 0045]

Upon conpl eti on of advancenent and adhesi on of the stage
20 to the | ower surface of the dicing sheet 12 and positioning
of the sem conductor die 15, the controller 150 causes the
collet driveunit 130illustratedinFig. 1to nove the coll et
18 down above t he sem conductor die 15 and to bring the surface
18a of the collet 18 in contact with the sem conductor die 15.
Upon contact of the collet 18 with the sem conductor die 15,
the controll er 150 causes the drive unit 102 of the suctioning
mechani sm 100 to switch the three-way valve 101 so as to
conmuni cat e t he suction hol e 19 of the coll et 18 with the vacuum
apparatus 140. Wth this, air in the suction hole 19 is
suctioned to the vacuumappar at us 140 as i ndi cat ed by an arr ow
301 inFig. 11 to vacuun ze the suction hole 19, and the col |l et
18 suctions and fi xes the sem conductor die 15 to the surface
18a. At this tinme, a height of the surface 18a of the coll et
18 is an initial height that is a total value of a height of
t he suction surface 22, athickness of the dicing sheet 12, and
a thickness of the sem conductor die 15. Further, in a state
i n whi ch executi on of the positioningprograml157is conpl eted,
a pressure of the suctioni ng openi ng 40, the sucti on groove 26,
or the suctionsurface 22 corresponds to an at nospheri c pressure

(conpl etion of the positioning program 157).
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[ 0046]

Next, the controller 150 executes the first-separation
program158 illustrated in Fig. 1. First, at time to shown in
Fig. 23Athrough Fig. 23E, the controller 150 out puts a comrand
for causing the slider drive nmechanism 300 to cause the fl at
portion 23h on the surface of the cap 23 to advance fromthe
suction surface 22 by a predet erm ned hei ght H;, andtoslightly
slidethecap23towardtheouter circunference side of the stage
20 to slightly open the suctioni ng opening 40. As illustrated
inFig. 12A, as the notor 381 of the drive unit 25 of the slider
dri ve nechani sm 300 rotates based on the command fromthe
controller 150, the cam 383 attached to an axis of the notor
381l rotates. The cam383 is in anelliptical shape, and a cam
surface of the camis in contact with the roller 326c¢c attached
to atip end of the shaft 326b of the first |link 326. Wen
rotated inadirectionindicated by an arrowainFig. 12A the
camsurface of the cam383 noves the roller 326¢c up toward t he
suction surface 22. This operation noves the shaft 326b upwar d
as indicated by an arrowb in Fig. 12A, and the first |ink 326
as a whol e noves upward toward the suction surface 22. Wen
the first link 326 as a whol e noves upward, the piston 370
connected to a side of the suction surface 22 via the spring
373 is noved upward by the first |ink 326, and the piston 370
as a whol e noves upward toward the suction surface 22 as

indicated by an arrowc in Fig. 12A. As the piston 370 as a
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whol e noves upward t oward t he sucti on surface 22, the gui derail
331l attachedtoasideof thesuctionsurface 22 al sonoves upward
along with the piston 370 toward the suction surface 22. As
the guide rail 331 noves upward, the slider 332 attached al ong
an upper surface the guide rail 331 al so noves upward toward
the suction surface 22. Then, the tip end 23a of the cap 23
rotatably engaged with the slider 332 via the arm23f advances
up fromthe suction surface 22 along with the upward novenent
of the slider 332.

[ 0047]

When the tip end 23a of the cap 23 advances up fromthe
suction surface 22 as i ndi cated by an arrow 201 in Fig. 13, the
tip end 23a of the cap 23 noves the dici ng sheet 12 and t he one
end 15a of the sem conductor die 15 upward. Then, the tip end
23a is applied with a downward force by the dicing sheet 12,
and the cap 23 rotates centering the pin 330 in a clockw se
direction. The | ower surface of the cap 23 on the side of the
rear end 23c i s supported by the bottomsurface of the groove
22a, and the flat portion 23h of the surface of the cap 23
pressing the di ci ng sheet 12 upward i s inclined downward to the
rear end 23c fromthe ti p end 23a of the cap 23. The controller
150 causes thecol l et driveunit 130to novethecoll et 18 upward
as t he cap 23 advances up fromt he sucti on surface 22 as i ndi cat ed
by an arrow 302 in Fig. 13. As the dicing sheet 12 is inclined

followi nganinclinationof theflat portion 23h onthe surface
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of the cap 23, the sem conductor die 15 applied to the dicing
sheet 12 is alsoinclined wth respect to the suction surface
22. Accordingly, while a side of the one end 15a of the
sem conduct or di e 15 noves upward whi | e bei ng suctioned to t he
col l et 18, a side of the other end 15b of the sem conductor die
15 is applied to the dicing sheet 12 and spaced apart fromthe
surface 18a of thecollet 18. Inthis state, the sem conductor
die 15is slightly deformed and fl exed bet ween t he si de of the
one end 15a and t he si de of the other end 15b. Further, as the
si de of the other end 15b of the sem conductor die 15 is spaced
apart fromthe surface 18a of the collet 18, air flows into the
suction hole 19 t hrough a gap between t he ot her end 15b of the
sem conduct or di e 15 and t he surface 18a as i ndi cat ed by an arr ow
303 in Fig. 13.

[ 0048]

As illustrated in Fig. 12A, as the cam383 of the slider
drive mechani sm300 further rotates based on the command from
the controller 150, and the first link 326 i s noved up toward
the suction surface 22, the spring 373 between the piston 370
t hat cannot nove toward the suction surface 22 and the first
link 326 i s conpressed in the forward-backward directionwth
respect to the suction surface 22 by the notor 381 and t he cam
383. Upon conpression of the spring 373, the piston 370 does
not advance toward the suction surface 22, and only the first

| i nk 326 advances toward t he sucti on surface 22. Accordingly,
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t he pi n 328 of t he pi ston 370 does not nove up toward t he sucti on
surface 22, but only the pin 327 of the second link 329 in the
engagenent groove 326a of the first Iink 326 noves up toward
t he suction surface 22. Then, the second link 329 starts
rotating about the pin 328. By this rotating novenent, the
engagenent groove 329a of the second | i nk 329 on t he ot her end
noves toward t he outer circunference side of the stage 20, and
the slider 332 to which the pin 330a in the engagenent groove
329aisfixedandthecap23rotatablyengagedw ththe pin 3300f
the slider 332 via the arm23f start sliding toward the outer
ci rcunference side of the stage 20.

[ 0049]

As illustratedinFig. 14, whenthe cap 23 starts sliding
toward t he outer circunference side of the stage 20, the curved
surface 23d provided at the rear end 23c on the back surface
of the cap 23 i s brought into contact with the inclined surface
22c that connects the projected portion 22b and the bottom
surface of the groove 22a. Then, as the cap 23 further slides,
as shown by an arrow 203 in Fig. 14, the curved surface 23d of
the cap 23 noves uptoward the i nclined surface 22c. Wththis,
a surface of the flat portion 23h of the cap 23 on the si de of
the rear end 23c starts advanci ng fromthe sucti on surface 22.
Then, as the cap 23 further slides, the curved surface 23d of
the cap 23 noves over the inclined surface 22c, and the back

surface of the cap 23 is brought into contact with the surface
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of the projected portion 22b. A projecting height of the
proj ect ed portion 22b proj ecting fromthe bottomsurface of the
groove 22a i s substantially equal to an advanci ng hei ght H; of
the surface of thecap 23fromthe suctionsurface22. Therefore,
when the bottomsurface of the cap 23 i s brought into contact
wi th the surface of the projected portion 22b, the flat portion
23h on the surface of the cap 23 becones substantially parall el
with the suction surface 22. As the | ower surface of the cap
23 i's supported by the surface of the projected portion 22b
illustratedinFig. 14, thelower surface of the cap 23 is apart
fromthe bottomsurface of the groove 22a. After this, the cap
23slidesinastateinwhichtheflat portion23honthe surface
of thecap 23is substantially parallel withthe suctionsurface
22.

[ 0050]

When the flat portion 23h on the surface of the cap 23
becones substantially parallel withthe suctionsurface 22, the
surface of the flat portion 23his al so substantially parall el
wth the surface 18a of the collet 18. Therefore, the side of
t he ot her end 15b of the sem conductor die 15that is apart from
thecollet 18whiletheflat portion23hof thecap?23isinclined
Is again suctioned to the surface 18a of the collet 18. As
illustrated in Fig. 14, when the flat portion 23h as a whol e
on which is the sem conductor dies 15 pl aced advances fromt he

suction surface 22 by the hei ght H;,, so that the cap 23 becones
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substantially parallel with the suction surface 22, a gap of
awdth D is provided between the tip end 23a of the cap 23
and the end surface 22e. The gap is a m nute opening 42, and
the width D, is an opening width D, of the m nute opening 42.
Further, as illustrated in Fig. 14, the height of the surface
18a of the collet 18 is a height Hc obtained by adding the
t hi ckness of the dicing sheet 12 and the thickness of the
sem conductor dies 15 to the advanci ng height H;, of the flat
portion 23h of the cap 23.
[ 0051]

Next, at tinme t;in Fig. 23C, the controller 150 outputs
a command for setting the suction pressure to be the third
pressure Pz that is near vacuum By this command, the drive
unit 92 of the suction pressure swi tch mechanism90illustrated
inFig. 1switches the three-way valve 91 so as to comruni cate
the suction hole 27 with the vacuum apparatus 140. Then, as
i ndi cated by an arrow 202 in Fig. 14, air inthe suction groove
26 i s sucti oned by t he vacuumappar at us 140 t hrough t he sucti on
hole 27, and as illustrated in Fig. 23D, the suction pressure
reaches the third pressure P; that is near vacuumat tine t,.
Thereafter, the back surface 12b of the dicing sheet 12 al ong
a circunferential edge of the suctioning opening 40 is
vacuum zed and suctioned to the suction surface 22 as
illustrated in Fig. 14. As the flat portion 23h of the cap 23

as a whol e advances fromthe suction surface 22 by the hei ght
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H;, when t he di cing sheet 12 i s vacuum zed and suctioned to the
suction surface 22, asillustratedinFig. 14, the di ci ng sheet
12 is applied with an obliquely dowward tension F;. The
tension FpisresolvedintoatensionF, for pulling the dicing
sheet 12 in alateral direction, and a tension Fz for pulling
the dicing sheet 12 in a downward direction. The tension F;
in the lateral direction produces a shear stress 1 between the
sem conductor die 15 and the front surface 12a of the dicing
sheet 12. With the shear stress 1, displacement occurs between
a near-fieldregionof the one end 15a of the sem conductor di e
15 and the front surface 12a of the dicing sheet 12. The

di spl acenent serves as a trigger for separation between the
di ci ng sheet 12 and the near-field region of the one end 15a
of the sem conductor die 15. After the suction pressureis set
to the third pressure P; that is near vacuumat tine t, as
illustrated in Fig. 23C, the controller 150 naintains the
suctionpressuretobethethirdpressure Psthat i s near vacuum
[ 0052]

As illustrated in Fig. 23D, at tine t3 at which a
predeterm ned time has el apsed after tinme t,, the controller
150 outputs a command for switching the pressure of the
suctioni ng opening 40 fromthe second pressure P, that is near
t he at nospheric pressureto the first pressure P, that i s near
vacuum By this conmand, the drive unit 82 of the opening

pressure swi tch mechani sm80 switches the three-way val ve 81
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so as to comuni cate either the suctioning opening 40 or the
i nterior of the housing 21w ththevacuumapparatus 140. Then
as indicated by an arrow 204 in Fig. 15, air in the suctioning
openi ng 40 and t he m nut e openi ng 42 i s sucti oned by t he vacuum
apparatus 140, asillustratedin Fig. 23D, the pressure of the
suct i oni ng openi ng 40 reaches the first pressure P, that i s near
vacuumat tinme t4,. Wth this, as indicated by an arrow 205 in
Fig. 15, the dicing sheet 12 imedi ately above the m nute
opening 42 is pull ed downward. Here, as indicated by a dotted
lineinFig. 23D, during a periodfromtinet3tot6, the drive
unit 82 of the opening pressure switch nechani sm80 can out put
a command for switching the pressure of the suctioni ng opening
nore than one ti ne between t he second pressure P, that is near
t he at nospheric pressure and the first pressure P, that i s near
vacuum Wththis, it is possibletofurther ensure separation
of the front surface 12a of the dicing sheet 12 fromthe
sem conductor die 15. Further, the near-field region of the
one end 15a of the sem conductor die 15 i medi atel y above t he
m nut e openi ng 42 def or ned and fl exed downwar d by bei ng pul | ed
by t he di ci ng sheet 12 as i ndi cated by an arrow206. Wththis,
the near-field region of the one end 15a of the sem conduct or
di e 15 noves away fromthe surface 18a of the collet 18. Due
to the displacenent that has occurred between the near-field
regi on of the one end 15a of the sem conductor die 15 and the

front surface 12a of the dicing sheet 12 at tine t, when the
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suction pressure becones the third pressure P3 that is near
vacuum the near-field region of the one end 15a of the
sem conductor die 15is providedwith atrigger for separation
fromthe front surface 12a of the dicing sheet 12. Therefore,
as i ndicated by the arrow206 in Fig. 15, the near-field region
of the one end 15a of the sem conductor die 15 starts to be
separated fromthe front surface 12a of the dicing sheet 12,
whi | e bei ng deforned and fl exed.
[ 0053]

As illustrated in Fig. 15, as the near-field region of
t he one end 15a of the sem conductor di e 15 noves away fromt he
surface 18a of the collet 18, air enters the suction hole 19
of the collet 18 that is being vacuunm zed as indi cated by an
arrow 207 in Fig. 15. An anount of an entering air flow that
has ent ered (anount of | eaked air) is detected by the flowrate
sensor 106. AsillustratedinFig. 23D, as the pressure of the
sucti oni ng openi ng 40 decr eases fromt he second pressure P, t hat
i s near the atnospheric pressure tothe first pressure P; t hat
is near vacuumfromtine tgtotinme t4, the near-field region
of the one end 15a of the sem conductor die 15 is defornmed and
fl exed by being pulled with the dicing sheet 12 i n t he downwar d
direction. Therefore, asillustrated in Fig. 23E, the anmount
of | eaked air entering the suction hole 19 of the collet 18
increases fromtinme tz to tinme ta.

[ 0054]
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AsillustratedinFig. 23D, inastateinwhichthesuction
pressure is maintained at the third pressure P; that is near
vacuum the controller 150 mai ntai ns the sucti oni ng openi ng 40
or the mnute opening 42 of the stage 20 to be at the first
pressure P; that i s near vacuumfromtinetstotinme ts. During
this tinme period, as indicated by an arrow 208 in Fig. 16, the
near-field region of the one end 15a of the sem conductor die
15 noves back to the surface 18a of the coll et 18 due to vacuum
of the suction hole 19 of the collet 18 and elasticity of the
sem conductor die 15. As the near-field region of the one end
15a of the sem conductor die 15 noves to the surface 18a of the
collet 18, as shownby tinetstotinetsinFig. 23E, the anount
of | eaked air entering the suction hole 19 of the collet 18
decreases. As illustrated in Fig. 16, when the sem conduct or
die 15 is vacuum zed and suctioned to the surface 18a of the
collet 18 at tinme ts, the ambunt of | eaked air becones zero.
At this tine, the near-field region of the one end 15a of the
sem conductor die 15 is separated fromthe front surface 12a
of the dicing sheet 12 positioned i medi atel y above the m nute
opening 42 (initial separation). Wen initial separation of
the near-field region of the one end 15a of the sem conduct or
die 15 fromthe front surface 12a of the di ci ng sheet 12 occurs,
as illustrated in Fig. 15 and Fig. 16, the dicing sheet 12
posi ti oned i nmedi at el y above t he m nut e openi ng 42 i s di spl aced

in the downward direction. The controller 150 detects the
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di spl acenent of the dicing sheet 12 in the downward direction
(di spl acenent in the approachi ng and departing directionwth
respect tothe suction surface 22) usi ngthe sheet di spl acenent
det ecti on sensor 107, and if the detected di spl acenent i s over
a predeterm ned threshold value, determnes that initia
separation of the near-field region of the one end 15a of the
sem conductor die 15 fromthe front surface 12a of the dicing
sheet 12 positionedi medi at el y above t he m nut e openi ng 42 has
occurred. Further, if the detected displacenent is snaller
than the predeterm ned threshold value, the controller 150
determines that initial separation of the near-field region of
t he one end 15a of t he sem conductor di e 15fromt he front surface
12a of the dicing sheet 12 positioned i medi ately above the
m nut e opening 42 has not occurred (first separation
determination step). If it is determned that the initial
separation of the near-field region of the one end 15a of the
sem conductor die 15 has occurred, the controller 150 noves
the processtoaseparationstepthat conesnext. Alternatively,
if it is determned that the initial separation of the
near-field region of the one end 15a of the sem conductor die
15 has not occurred, the controller 150 perforns afirst retry
st ep.
[ 0055]

Inthefirst retry step, the controller 150 switches the

three-way val ves 81 and 91 of the opening pressure switch

49



mechani sm80 and t he suction pressure swi tch nmechani sm90, so
that air is conmuni cated with the sucti oni ng openi ng 40 or the
m nut e opening 42, and the suction groove 26, and sets the
pressure of the suctioning openi ng 40 and t he sucti on pressure
to be the second pressure P, and the fourth pressure P4 that
are near the atnospheric pressure. Thereafter, thecontroller
150 agai n switches t he t hree-way val ves 81 and 91 of t he openi ng
pressure swi tch mechani sm80 and the suction pressure switch
nmechani sm90, so that t he vacuumapparatus 140 i s conmuni cat ed
wi th the suctioning opening 40 or the m nute opening 42, and
t he sucti on groove 26, switches the pressure of the suctioning
openi ng 40 and t he suction pressure respectively to the first
pressure P; and the third pressure P; that are near vacuumfrom
t he second pressure P, and the fourth pressure P, that are near
t he atnospheric pressure, and determ nes whether or not the
di spl acenent detected by the sheet displacenent detection
sensor 107 is over the predeterm ned threshold value. Then,
i f the detecteddisplacenent i s over predeterm neddi spl acenent
the controller 150 term nates the first retry step, and noves
the process to the next separation step (end of the
first-separation progran.
[ 0056]

Next, the controller 150 executes the second-separation
program159 illustrated in Fig. 1. Asillustratedin Fig. 23C

and Fig. 23D, in the state in which the suction pressure is
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mai ntai ned at the third pressure P; that is near vacuum the
control | er 150 mai ntai ns the pressure of the sucti oni ng openi ng
40 to be at the first pressure P; that is near vacuumfor a
predeterm ned tinme period. Then, at tine ts, the controller
150 outputs a command for switching the pressure of the
suctioni ng opening 40 fromthe first pressure P, that is near
vacuumto the second pressure P, that is near the atnospheric
pressure. By this command, the drive unit 82 of the opening
pressure swi tch mechani sm80 switches the three-way val ve 81
soastocomuni catethe pi ping85opentoair wwththesuctioning
opening 40. Wth this, as indicated by an arrow 210 in Fig.
17, air enters the suctioning opening 40. Therefore, as
illustrated in Fig. 23D, fromtinetsto tinme te, the pressure
of the suctioni ng openi ng 40 i ncreases fromthe first pressure
P, that is near vacuumto the second pressure P, that is near
t he at nospheri c pressure. Upon the pressure of the suctioning
openi ng 40 reaching the second pressure P, that is near the
at nospheric pressure, the dicing sheet 12 positioned
i mredi atel y above the m nute opening 42 and pulled in the
downwar d di recti on by vacuumnoves back upward as i ndi cat ed by
an arrow 209 in Fig. 17.
[ 0057]

As illustrated in Fig. 23D, when the pressure of the
sucti oni ng openi ng 40 becones the second pressure P, that is

near the atnospheric pressure at tine tg, the controller 150
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out puts a command for having the cap 23 slide to i ncrease an
openi ng wi dth of the suctioning opening 40 fromthe opening
width Dy of the mnute opening 42 to an opening width D, as
illustratedinFig. 23B. By this command, the notor 381 of the
slider drive nechanism300illustratedinFig. 1rotatesinthe
direction indicated by the arrowa illustratedin Fig. 1, the
slider 332 slides rightward al ong t he sucti on surface 22 by t he
upwar d novenent of the first link 326 indicated by the arrow
billustratedinFig. 1andthe rotating novenent of the second
link 329 indicated by the arrowd illustrated in Fig. 1, and
the cap 23 slides as indicated by an arrow 211 in Fig. 17 in
astateinwhichthe flat portion 23h on the surface of the cap
23issubstantiallyparallel withthesuctionsurface?22. Then,
when t he openi ng wi dt h reaches d,, the control |l er 150 stops the
notor 381 tostopslidingof thecap23. AsillustratedinFig.
17, this operation opens the suctioning opening 40, and a
portion betweenthetipend 23aof the cap 23 and the end surface
22e becones an openi ng portion 43 havi ng t he openi ng wi dt h D,.
[ 0058]

As illustrated in Fig. 23D, at tine t;, the controller
150 outputs a command for switching the pressure of the
suctioni ng opening 40 fromthe second pressure P, that is near
t he at nospheric pressureto the first pressure P, that i s near
vacuum By this conmand, the drive unit 82 of the opening

pressure swi tch nmechani sm80 switches the three-way val ve 81,
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so that the suctioning opening 40 is comruni cated with the
vacuumapparatus 140. Wth this, as indicated by an arrow 212
in Fig. 18, air in the suctioning opening 40 or the opening
portion 43is suctionedtothe vacuumapparatus 140, and at ti ne
tg, and as illustrated in Fig. 23D, the pressure of the
suctioni ng opening 40 or the opening portion 43 becones the
first pressure P; that is near vacuum \Wen the pressure of
t he suctioni ng openi ng 40 or the openi ng portion 43 decreases
fromthe second pressure that i s near the at nospheric pressure
tothe first pressure P; that is near vacuum the di ci ng sheet
12 positioned i medi ately above the opening portion 43 is
suctioned into the openi ng portion 43 as i ndi cated by an arrow
213inFig. 18. Wththis, asindicated by anarrow214in Fig.
18, thenear-fieldregionof theoneend 15a of the sem conduct or
die 15is defornmedandfl exedinthe downwarddirectionand noves
apart fromthe surface 18a of the collet 18, and as i ndicated
by an arrow 215 in Fig. 18, air enters the suction hole 19 of
the collet 18. An anpunt of |eaked air entering the suction
hole 19 is detected by the flowrate sensor 106 illustrated in
Fig. 1. As illustrated in Fig. 23E, the anount of | eaked air
i ncreases fromtinme t; to tinme tg during which the pressure of
t he sucti oni ng openi ng 40 or t he openi ng portion 43 decr eases.
[ 0059]

As illustrated in Fig. 23D, at tine tg, the controller

150 outputs a command for increasing the pressure of the
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suctioni ng opening 40 fromthe first pressure P, that is near
vacuumto the second pressure P, that is near the atnospheric
pressure. By this command, the drive unit 82 of the opening
pressure swi tch nmechani sm80 switches the three-way val ve 81,
so that the suctioning opening 40 is comunicated with the

pi ping 85 opentoair. Wththis, as indicated by an arrow 216
inFig. 19, air enters the suctioni ng openi ng 40 or t he openi ng
portion 43, and asillustratedin Fig. 23D, the pressure of the
sucti oni ng openi ng 40 or the pressure of the opening portion
43 increases up to the second pressure P, that is near the

at nospheric pressure. Wththis, as indicated by an arrow 217
in Fig. 19, the dicing sheet 12 i nmedi atel y above t he openi ng
portion 43 is displaced upward. Further, alongw ththe upward
di spl acenent of the dicing sheet 12, the near-field regi on of
t he one end 15a of t he sem conductor diel5inaregionpositioned
i medi atel y above the opening portion 43 noves back to the

surface 18a of the collet 18 as indicated by an arrow 218 in
Fig. 19. Wen the sem conductor die 15 noves closer to the
surface 18a of the collet 18, the amobunt of | eaked air entering
t he suction hole 19 of the collet 18 starts decreasi ng as shown
fromtine tgto tine tg in Fig. 23E, and becones zero at tine
toinFig. 23E. At thistinme, the near-field region of the one
end 15a of the sem conductor die 15is vacuum zed and sucti oned
to the surface 18a of the collet 18, and the near-field region

of the one end 15a of the sem conductor die 15 positioned
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i mredi at el y above t he opening portion 43 is separated fromthe
front surface 12a of the dicing sheet 12 (end of first
second- separation step).

[ 0060]

At tinme tg, the controller 150 perforns a second
second- separation step. As illustrated in Fig. 23B, the
controll er 150 outputs a command for having the cap 23 slide
toincrease the openingw dth of the suctioni ng openi ng 40 from
the opening width D, to an opening width D;. By this conmand,
the slider drive mechanism300illustratedinFig. 1isdriven,
and the cap 23 slides as indicated by an arrow 219 in Fig. 20
inastate in which the flat portion 23h on the surface of the
cap 23 is substantially parallel with the suction surface 22.
Then, whent he openi ngw dt hreaches d3, the control |l er 150 st ops
the notor 381 to stop sliding of the cap 23. As illustrated
inFig. 17, this operationfurther opens the suctioni ng opening
40, and a portion between the tip end 23a of the cap 23 and t he
end surface 22e becones an openi ng porti on 44 havi ng t he openi ng
wi dt h Ds.

[ 0061]

Further, as illustrated in Fig. 23D, at tine ti, the
control |l er 150 out puts a command for swi tchi ng t he pressure of
t he suctioning opening 40 fromthe second pressure P, that is
near the at nospheric pressuretothe first pressure Py that is

near vacuum By this command, the drive unit 82 of the opening
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pressure swi tch nmechani sm80 switches the three-way val ve 81,
so that the suctioning opening 40 is comrunicated with the
vacuumappar atus 140. Wththis, asindicatedby adashed arrow
220 in Fig. 17, air inthe suctioning openi ng 40 or the openi ng
portion 43 is suctioned to the vacuum apparatus 140, and the
pressure of the suctioning opening 40 or the pressure of the
openi ng portion 44 becones the first pressure P; that is near
vacuumat tinme t;;. Then, as indicated by a dashed | i ne arrow
221inFig. 20, thedicingsheet 12is suctionedintothe opening
portion 44. At this tine, as about a half of an entire region
of the sem conductor die 15is separated fromthe di ci ng sheet
12, the sem conductor die 15is susceptible to separation from
the dicing sheet 12. Therefore, even when the dicing sheet 12
noves in the downward direction, the sem conductor die 15 can
not be di spl aced i nthe downward directionalongw ththedicing
sheet 12, and renmins vacuum zed and suctioned to the coll et
18, and a portion of the sem conductor die 15 positioned
i mredi at el y above t he opening portion 44 is separated fromthe
front surface 12a of the dicing sheet 12. Therefore, air can
not enter the suction hole 19 of the collet 18, and t he anmount
of leaked air is zero during a period fromtinme tio to tq; in
Fig. 23E
[ 0062]

As illustrated in Fig. 23D, at tine t;;, the controller

150 outputs a command for increasing the pressure of the
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suctioni ng opening 40 fromthe first pressure P, that is near
vacuumto the second pressure P, that is near the atnospheric
pressure. By this command, the drive unit 82 of the opening
pressure swi tch nmechani sm80 switches the three-way val ve 81,
so that the suctioning opening 40 is comunicated with the
piping 85 opentoair. Wththis, as indicated by an arrow 222
inFig. 20, air enters the suctioni ng openi ng 40 or t he openi ng
portion 44, and as illustratedin Fig. 23D, the pressure of the
sucti oni ng openi ng 40 or the pressure of the opening portion
44 increases up to the second pressure P, that is near the
at nospheric pressure. Wththis, as indicated by an arrow 223
in Fig. 20, the dicing sheet 12 i nmedi ately above t he openi ng
portion 44 is di splaced upward. Then, when t he pressure of the
suctioni ng openi ng 40 or the pressure of the opening portion
44 becones t he second pressure P, that is near the at nospheric
pressure at tinme ti,, the second second-separation step is
term nat ed.

[ 0063]

Herei nafter, the controller 150 simlarly perforns a
third second-separationstepat tineti,showmninFig. 23B. The
controller 150 has the cap 23 slide as indicated by an arrow
224 in Fig. 21to set the suctioni ng openi ng 40 t o be an openi ng
portion 45 having an opening width Dy (a width between the tip
end 23a of the cap 23 and the end surface 22e), then switches

t he pressure of the openi ng portion 45 fromthe second pressure
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P, that i s near the atnospheric pressure to the first pressure
P, that i s near vacuumat tine ti3 shownin Fig. 23Das i ndi cated
by an arrow 225 in Fig. 21, and separates a portion of the
sem conduct or di e 15 positioned i nmedi atel y above t he openi ng
portion 45 fromthe front surface 12a of the dicing sheet 12
as indicated by an arrow 226 in Fig. 21. Then, at ti4 shown in
Fig. 23D, the controller 150 switches the pressure of the
openi ng portion45fromthefirst pressure P;that i s near vacuum
tothe second pressure P, that i s near t he at nospheri c pressure,
and termnates the third second-separation step when the
pressure of the suctioning opening 40 or the pressure of the
openi ng portion 45 becones the second pressure P, that is near
t he at nospheric pressureat tinet;s. Simlarly, thecontroller
150 perforns a fourth second-separation step during a period
fromtime tis to time tig shown in Fig. 23A through Fig. 23E
The control | er 150 opens the cap 23 to an openi ng wi dt h Ds, and
separates a portion of the sem conductor die 15 positioned
i mredi at el y above the opening portion fromthe front surface
12a of the dicing sheet 12.

[ 0064]

When the cap 23 is slid and the wi dt h beconmes t he openi ng
wi dt h Ds, the sem conductor die 15is al nost separated fromthe
di ci ng sheet 12. Therefore, the controller 150 has the cap 23
slide to increase the opening wwdth fromds to d; at tine ts

asillustratedin Fig. 23B, and pi cks up t he sem conductor di e
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15 by noving the collet 18 upward as illustrated in Fig. 22A
After picking up the sem conductor die 15, the controller 150
noves the cap 23 back toaninitial positionat tinmet;,, resunes
the pressure of the suctioning opening 40 and the suction
pressure to the atnospheric pressure, and term nates the

pi ck-up operation.

[ 0065]

Accordi ng to t he sem conduct or di e pi ck-up appar at us 500
of the enbodi nent descri bed above, when the sem conductor die
15 is picked up, the dicing sheet 12 is separated fromthe
sem conduct or di e 15 st ep-by-step by repeatedly perform ngthe
second- separation step in which the cap 23 is slidto open the
suct i oni ng openi ng 40 st ep-by-step every tine the pressure of
the suctioning opening 40 is switched fromthe first pressure
P, that is near vacuumto the second pressure P, that is near
the atnospheric pressure, and therefore it is possible to
provi de an effect of suppressing damage to sem conduct or di es
during pick up
[ 0066]

In the second-separation step previously described, the
controller 150 perforns the second separation determ nation
step for determ ning whether or not the region of the
sem conduct or di e 15 positioned i nmedi atel y above t he openi ng
portion43is separated fromthe front surface 12a of t he di ci ng

sheet 12, and perfornms the secondretry stepif it is determ ned
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i nthe second separation determ nation step that the regi on of
the sem conductor die 15 positioned i medi ately above the
openi ng portion 43 is not separated fromthe front surface 12a
of the dicing sheet 12. Hereinafter, the second separation
determ nation step and the secondretry stepw || be descri bed.
It should be noted that in the pick-up operation illustrated
by Fig. 25a through Fig. 25Eto which the foll owi ng descri ption
refers, only an operation for the second retry step fromtine
tgtotime ty;; is different formthe operation illustrated by
Fig. 23A through Fig. 23E. An operation for tine to to tine
tg is the sane as that in Fig. 23A through Fig. 23E, and an
operation for timety; totinme tyzis the sane as the operation
for tinme tg to ty in Fig. 23A through Fig. 23E

[ 0067]

As descri bed above with reference to Fig. 18, when the
pressure of the suctioning opening 40 decreases down from a
second pressure P, that is near the atnospheric pressure to a
first pressure P, that is near vacuumat tinme ty as illustrated
inFig. 23E the sem conductor die 15is fl exed, deforned, and
separated fromthe surface 18a of the collet 18, and air enters
the suction hole 19. Therefore, an anmount of |eaked air
detected by the flow rate sensor 106 illustrated in Fig. 1
i ncreases. Then, asillustratedinFig. 23D, whenthe pressure
of the suctioning opening 40 starts increasing fromthe first

pressure P; that is near vacuumto the second pressure P, t hat
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I s near t he at nospheric pressureat tinetg, the anount of | eaked
air detected by the flowrate sensor 106 illustrated in Fig.
1 starts decreasing. As illustrated in Fig. 19, when the
sem conductor die 15 is suctioned to the surface 18a of the
collet 18 at tinme tg, the amount of | eaked air becones zero,
and t he sem conductor die 15in aregion positionedimed ately
above t he openi ng portion43is separated fromthe front surface
12a of the dicing sheet 12. 1In contrast, if the sem conductor
die 15 is not separated well fromthe front surface 12a of the
di ci ng sheet 12, as illustrated in Fig. 23A through Fig. 23E,
even when t he pressure of the suctioning opening 40 i ncreases
up fromthe first pressure P; that i s near vacuumto t he second
pressure P, that is near the atnospheric pressure, the anount
of | eaked air does not becone zero at tinme tg, as the

sem conductor di e 15 remai ns bei ng applied to the dicing sheet
12 and i s not vacuum zed and suctioned to the surface of the
collet 18.

[ 0068]

I nthismanner, whenthe sem conductor die 15i s separ at ed
wel | fromthe dicing sheet 12, as illustrated in Fig. 24A, the
amount of | eaked air i ncreases fromzero and t hen decr eases down
to zero. Further, when the sem conductor die 15 is not
separated wel | fromthe dicing sheet 12, asillustratedin Fig.
24C, the amount of | eaked air maintains a certain anmount and

can not decrease down to zero after increasing fromzero. As
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t he amount of | eaked air i s ananal ogvalue, inorder tocorrectly
det ect separation, i nthe second separati ondeterm nati on step,
a signal of the amount of | eaked air shown in Fig. 24A and Fi g.
24Cis differentiated to cal cul ate a derivative value for the
amount of |eaked air shown in Fig. 24B and Fig. 24D.

[ 0069]

As illustrated in Fig. 24B, if the sem conductor die 15
is separated wel |, the anpbunt of | eaked air once i ncreases up
fromzero, and then decreases down to zero. Therefore, the
derivative value for the anmount of |eaked air once takes a
positive val ue, and then takes a negative value. In contrast,
as illustratedin Fig. 24D, if the sem conductor die 15 is not
separated wel |, the amount of | eaked ai r i ncreases up fromzero
but then remains at the increased value. Therefore, the
derivative value for the amount of |eaked air once takes a
positive value, and renains at a value near zero. Thus, by
setting a range of a threshold value of the derivative val ue
for the anount of | eaked air between +S and -S as illustrated
in Fig. 24B and Fig. 24D, the derivative value for the anount
of | eaked ai r changes over t herange of the threshol d val uetw ce
(total two tines: once in a positive direction and once in a
negati ve directi on) when t he sem conductor die 15is separated
well, as illustrated in Fig. 24B. In contrast, if the
sem conduct or di e 15i s not separatedwel |, thederivative val ue

for the amount of |eaked air changes over the range of the
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threshol d value only once in the positive direction, as
illustrated in Fig. 24D. Therefore, in the second separation
determi nation step, when the derivative value for the anmount
of | eaked air during a tine period fromtine t; totinme tgin
Fi g. 23E changes over the range of the predeterm ned threshold
val ue twi ce (even nunber), it is determ ned that the

sem conduct or di e 15 has been separ ated, and t he process noves
to the next separation step. Wenthe derivative value for the
amount of | eaked ai r changes over t he range of t he predet erm ned
t hreshol d val ue once (odd nunber), it is determned that the
sem conductor die 15 has not been separated, and the process
noves to the second retry step described next.

[ 0070]

Inthe secondretry step, asillustratedinFig. 25B, the
control | er 150 decreases t he pressure of the sucti oni ng openi ng
40 fromthe second pressure P, that is near the atnospheric
pressure to the first pressure P; that is near vacuumat tine
tipoas illustrated in Fig. 25D, without causing the cap 23 to
slide. Then, as illustrated in Fig. 25D, at tine ti;, the
controll er 150i ncreases the pressure of the sucti oni ng openi ng
40 fromthe first pressure P; that i s near vacuumto t he second
pressure P, that i s near the at nospheric pressure (secondretry
step). In the second retry step, if the anount of | eaked air
decreases down to zero during a tine period fromtine ty; to

time ty, in Fig. 25E the derivative value for the anpunt of
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| eaked air during this period changes over the range of the
predet erm ned t hreshol d val ue once (changes over a threshold
value in the range on a negative side). Wth this, the
derivative value for the anmount of |eaked air during a tine
period fromtinme t; to tinme ti;, shown in Fig. 25E changes over
the range of the predeterm ned threshold value tw ce (even
nunber). Therefore, the controller 150 determ nes that the
sem conductor die 15intheregionpositionedimed ately above
t he openi ng porti on 43 has been separated fromt he front surface
12a of the dicing sheet 12, term nates the second retry step,
and resets the nunber of tines to O before the next
second-separation step (clears a counter).

[0071]

Further, inaregioninFig. 24Bin which the derivative
val ue for the anount of | eaked ai r t akes a negati ve val ue, when
t he derivative value for the amount of | eaked air reaches -S;
(at tinmet,inFig. 24Aand Fig. 24B), an actual anount of | eaked
collet air starts decreasingasillustratedinFig. 24A after
reachi ng a maxi num| eaked anount. Accordingly, after tinme t;
inFig. 24Aand Fig. 24B, it is predictedthat the sem conductor
die 15 is upright (the sem conductor die 15 faces the surface
18a of the collet 18), and therefore the threshold value -S;
is said to a turning point at which the separation starts
converging. Accordingly, it is possibletonovethe operation

tothe next separationat the point at whi chthederivative val ue
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for the amount of | eaked air reaches the threshol d val ue - S,
and thus to reduce separation tine and damage to the
sem conductor die 15.
[ 0072]

Her e, when t he second-separation step i s perforned nore
t han once, the control |l er 150 can count t he nunber of tines t hat
the derivative val ue for the anount of | eaked air changes over
the range of the predeterm ned threshold val ue, and can nove
the operationtothe next second-separation step whenthe count
I's an even nunber, and to the second retry step when t he count
is an odd nunber. For exanple, if a predeterm ned portion of
the sem conductor die 15 is separated in the first
second- separati on step, a count nunber of the derivative val ue
is 2 (odd nunber), and therefore the operation noves to the
second second-separation step. |If the predeterm ned portion
of the sem conductor die 15 is not separated in the second
second- separati on step, andthe derivative val ue for t he anount
of | eaked air changes over the range of the predeterm ned
t hreshol d val ue once, a total count nunber is 3 (odd nunber),
and therefore the operation does not nove to the third
second- separation step, but to the second retry step. |If the
predet erm ned portion of the sem conductor die 15is separated
in the second retry step, a nunber that the derivative val ue
for the amount of |eaked air changes over the range of the

predet erm ned threshol d val ue is counted once, and the total
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count nunber i s 4 (evennunber). Therefore, theoperationnoves
to the third second-separation step. As described above, by
det erm ni ng whet her or not the process noves to the next
second- separation step based on if the total count nunber is
even or odd, it is possible to determ ne only by the nunber of
count how t he nunber of tines by which the second-separation
step is perforned and whether or not the separation of the
sem conductor die is performned.

[0073]

As descri bed above, the sem conductor die pick-up
appar at us 500 according to this enbodi nent confirnms whet her or
not t he sem conductor die 15is separated fromthe di ci ng sheet
12, andt hen noves t he processtothe next separationstep. Thus,
it is possible to reduce damages to the sem conductor die 15
during the separation operation.

[ 0074]

The present inventionis not [imted to the enbodi nent
descri bed above, and i ncl udes any al terati ons and nodi fi cati ons
wi t hout departing fromthe technical scope and the spirit of

the present invention defined in the appended cl ai ns.

Ref erence Signs Li st
[ 0075]
10: wafer hol der

11: wafer
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12:

12a:

12b:

13:

14:

15:

15a:

15b:

16:

18:

18a:

19:

20:

21:

22:

22a:
22b:
22c:
22d:
22e:
22f:

224Q.

23:

23a:

23b:

di ci ng sheet
front surface
back surface

ring

gap

sem conductor die
one end
t he ot her end

expanded ring

col | et
surface

suction hol e

st age

housi ng

suction surface
groove
proj ected portion
i nclined surface
rib
end surface
si de surface
gui de surface

cap
tip end

si de surface
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23c: rear end

23d: curved surface

23e: chanfer

23f: arm

23g: inclined surface

23h: flat portion

24: base unit

25: drive unit

26: suction groove

27: suction hole

40: suctioni ng opening

41: hol e

42: m nute opening

43-45: opening portion

80: opening pressure switch nmechani sm
81, 91, 101: three-way val ve

82, 92, 102: drive unit

83-85, 93-95, 103-105: piping

90: suction pressure switch nechani sm
100: suctioni ng nmechani sm

106: flow rate sensor

107: sheet displacenent detection sensor
110: horizontal wafer-holder-drive unit
120: vertical stage-drive unit

130: collet drive unit
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140:
150:
151:
152:
153:
154:
155:
156:
157:
158:
159:
300:
321a:
326:
3264,
326b:
326¢:
327,
329:
331:
332:
364:
370:
371:

381:

vacuum appar at us
controller
CPU
menory unit
devi ce/ sensor interface
data bus
control program
control data
positioni ng program
first-separati on program
second- separati on program
slider drive nmechani sm
st opper
first link
329a: engagenent groove
shaft
roller
328, 330, 330a: pin
second |ink
gui de rai
sl i der
vertical groove
pi st on
fl ange

not or

69



383: cam

500: pick-up apparatus
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CLAI M5

1. A sem conductor die pick-up apparatus conprising:

a stage having a suction surface for suctioning a back
surface of a dicing sheet with a front surface to which a
sem conductor die to be picked up is applied,

a suctioni ng openi ng provided in the suction surface of
t he stage;

a cap configured to slide along the suction surface to
open and cl ose the suctioni ng openi ng; and

an openi ng pressure swi t ch nechani smconfiguredtosw tch
a pressure of the suctioning openi ng between a first pressure
that is near vacuum and a second pressure that is near an
at nospheric pressure, wherein

when t he sem conductor dieis pickedup, thecapis caused
to slide by a predeterm ned di stance i n an openi ng direction,
every time the pressure of the suctioning opening is swtched

fromthe first pressure to the second pressure.

2. The sem conduct or di e pi ck-up apparatus accordingto
claim1, wherein

when t he sem conduct or dieis pi cked up, thecapis caused
toslide by the predeterm ned di stanceinthe openingdirection
every time the pressure of the suctioning opening is swtched

fromthe first pressure to the second pressure after a suction
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pressure of the suction surface is nmaintainedto be vacuumand
the pressure of the suctioning opening is switched fromthe

second pressure to the first pressure.

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

the cap is provided for the stage such that a surface of
the capis allowed to freely advance fromthe suction surface,
and

when t he sem conductor dieis picked up, the dicing sheet
i's separated fromthe sem conductor die by causing the cap to
slightlyslidetoslightlyopenthe suctioningopening, causi ng
the surface of the cap to advance up to a predeterm ned hei ght
hi gher than the suction surface, then setting the suction
pressuretobevacuum andsw tching, after apredeterm nedtine
el apses, the pressure of the suctioni ng openi ng fromt he second
pressure to the first pressure, the dicing sheet being

positi oned above the slightly opened suction opening.

4. The sem conduct or di e pi ck-up apparatus accordingto
claim1 or 2, wherein

t he opening pressure switch nechani smswtches the
pressure of the suctioni ng openi ng between the first pressure
and the second pressure nore than once before causing the cap

toslidebythe predeterm neddi stanceintheopeningdirection.
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5. The sem conduct or di e pi ck-up apparatus accordingto
claiml or 2, wherein

the cap i s provided for the stage such that a surface of
the capis allowed to freely advance fromthe sucti on surface
and

when t he sem conduct or dieis picked up, thecapis caused
to slide in a state in which the surface of the cap advances

up to a predeterm ned hei ght hi gher than the suction surface.

6. The sem conduct or di e pi ck-up apparatus accordingto
claim1 or 2, conprising:

separati on detecti on neans configured to detect whet her
or not aportionof thesem conductor di e positionedimedi ately
above t he sucti oni ng openi ng opened by causi ng the capto slide
i s separated fromthe front surface of the dicingsheet, wherein

when t he separ ati on det ecti on neans has detected t hat the
portion of the sem conductor dieis unseparatedfromthe dicing
sheet, the pressure of the suctioning openingis swtched from
the first pressure to the second pressure w thout causing the
cap to slide, and then again the pressure of the suctioning
opening is swtched fromthe second pressure to the first

pressure.
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7. The sem conduct or di e pi ck-up apparatus accordingto
claim6, conprising:

a collet configured to suction a sem conductor die;

a suctioning mechani sm connected to the collet, and
configured to suction air froma surface of the collet; and

aflowrate sensor configured to detect an anount of air
fl ow suctioned by the suctioning nechanism wherein

the separation detection nmeans determn nes that
separation is successful when a nunber of tines that a
derivative signal changes over a predeterm ned threshol d range
is an even nunber, and determ nes that the separation is
unsuccessful when the nunmber of tinmes is an odd nunber, the
derivative signal bei ng obtai ned by derivation of a signal of
t he anmount of suctioned air flow detected by the flowrate

sensor.

8. The sem conduct or di e pi ck-up apparatus accordingto
claim1 or 2, conprising:

a sheet displacenent detection sensor provided near an
end surface of the suctioning opening with which a tip end of
the cap i s brought into contact when the sucti oni ng openingis
cl osed, and configured to detect displacenent of the dicing
sheet with respect tothe suction surface inan approachi ng and
departing direction when the cap is caused to slightly slide

toslightly openthe suctioni ng openi ng, the dicing sheet being
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posi ti oned above the suction opening that is slightly opened,
wherein

i f the sheet displacenent detected by the sheet
di spl acenent detection sensor is a predeterm ned threshold
val ue or smal |l er when the pressure of the suctioning opening
isswitchedfromthe second pressuretothefirst pressure after
a predetermned ti ne el apses after the suction pressure is set
t o vacuum t he di ci ng sheet i s separated fromthe sem conduct or
chi p by nmaki ng the suction pressure open to air and sw tchi ng
t he pressure of the suctioni ng opening fromthe first pressure
to the second pressure, and agai n setting the suction pressure
to vacuumand sw t chi ng t he pressure of the suctioni ng openi ng
fromthe second pressure to the first pressure after the
predeterm ned ti ne el apses, the dicing sheet bei ng positioned

above the slightly opened suction openi ng.

9. The sem conduct or di e pi ck-up apparatus accordingto
claim8, wherein

t he sheet di spl acenent detecti on sensor uses, as a light
source, light of a wavel ength whose |ight transm ssion rate

through the dicing sheet is in a range from0%to 30%

10. The sem conductor die pick-up apparatus according

to claim9, wherein
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t he sheet displacenent detection sensor enploys a
reflection-typeoptical fiber usinganLEDof ashort wavel ength

fromO nmto 300 nmas a |light source.

11. A sem conductor die pick-up nethod conpri sing:

a step of preparing a sem conduct or di e pi ck-up appar at us
I ncludi ng: a stage having a suction surface for suctioning a
back surface of a dicing sheet having a front surface to which
a sem conductor die to be picked up is applied; a suctioning
openi ng provided in the suction surface of the stage; a cap
provi ded for the stage such that a surface of thecapis all owed
to freely advance fromthe suction surface, and configured to
slide al ongthe suctionsurfacetoopenandclosethesuctioning
openi ng; and an openi ng pressure swi tch nmechani smconfi gured
toswitch a pressure of the suctioning openi ng between a first
pressure that i s near vacuumand a second pressure that i s near
an at nospheric pressure;

apositioningstepof novingthestageinadirectional ong
the suction surface, sothat atip end of the cap in a cl osed
state aligns with one end of a sem conductor die to be picked
up, and that a position of the capinawdth direction aligns
wi th apositionof thesem conductor dieinthewdthdirection;

a first separation step of separating the dicing sheet
fromt he sem conductor chi p by causingthecaptoslightlyslide

to slightly open the suctioning opening, causing the surface
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of the cap to advance up to a predeterm ned hei ght hi gher than
the suction surface, then setting the suction pressure to be
vacuum and switching, after a predeterm ned tine el apses, the
pressure of the suctioning opening fromthe second pressureto
the first pressure, the di ci ng sheet bei ng positioned above t he
slightly opened suction opening; and

a second-separation step of separating a portion of the
sem conductor die fromthe front surface of the dicing sheet
by causing the cap to slide, in a state in which a surface of
t he cap advances up to a predeterm ned hei ght hi gher than t he
suction surface, by a predeterm ned di stance in the opening
direction every tine the pressure of the suctioning openingis
switched fromthe first pressure to the second pressure after
a suction pressure of the suction surface is naintained to be
vacuumand t he pressure of the suctioning opening is swtched
fromthe second pressure tothe first pressure, the portion of
t he sem conduct or di e being positioned i nmedi ately above the

suctioni ng openi ng opened by the sliding.

12. The sem conductor die pick-up nethod according to
claim 11, wherein

t he opening pressure switch nechani smswtches the
pressure of the suctioni ng openi ng between the first pressure
and the second pressure nore than once before causing the cap

toslidebythe predeterm neddi stanceintheopeningdirection.
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13. The sem conduct or di e pick-up nethod according to
claim1l, wherein

t he sem conduct or di e pi ck-up appar at us i ncl udes: a sheet
di spl acenent detection sensor provided near an end surface of
t he sucti oni ng openingwi thwhichatipendof thecapis brought
into contact when the suctioning opening is closed, and
configured to detect displacenent of the dicing sheet with
respect to the suction surface i n an approachi ng and departing
direction whenthe capis causedto slightly slidetoslightly
open t he sucti oni ng openi ng, the di ci ng sheet bei ng positioned
above the suction opening that is slightly opened, and

the first separation step includes:

a first separation determ nation step of
determ ni ng, when the pressure of the suctioning opening is
switched fromthe second pressure to the first pressure after
a predetermned ti ne el apses after the suction pressure is set
to vacuum that the dicing sheet positioned above the slightly
opened sucti on openingis separatedfromthe sem conductor chip
i f the sheet displacenent detected by the sheet displacenent
det ecti on sensor exceeds a predeterm ned t hreshol d val ue, and
that the dicing sheet positioned above the slightly opened
suction opening is unseparated fromthe sem conductor chipif

the sheet displacenent detected by the sheet displacenent
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detection sensor is the predeterm ned threshold val ue or
smal | er; and

afirst retry step of separating, when the dicing
sheet positioned above the slightly opened suction openingis
determ ned t o be unsepar at ed fromt he sem conductor chipinthe
first separation determ nation step, the dicing sheet fromthe
sem conduct or chi p by maki ng the suction pressure opento air
and swi tching the pressure of the suctioning opening fromthe
first pressure to the second pressure, and again setting the
suction pressure to vacuumand switching the pressure of the
suctioni ng opening fromthe second pressure to the first
pressure after the predeterm nedti ne el apses, the di ci ng sheet

bei ng positioned above the slightly opened suction openi ng.

14. The sem conductor die pick-up nethod according to
claim1l, wherein

the sem conduct or di e pick-up apparatus includes: a
col l et configuredto suction a sem conductor die; asuctioning
nmechani sm connected to the collet, and configured to suction
air froma surface of the collet; and a flow rate sensor
configured to detect an anount of air flow suctioned by the
sucti oni ng nechani sm and

t he second-separation step incl udes:

a second separation determ nation step of

determi ning that a portion of the sem conductor die positioned
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i mredi at el y above t he sucti oni ng openi ng opened by slidingthe
capis separated fromthe front surface of the dicing sheet when
a nunmber of tines that a derivative signal changes over a
predeterm ned threshold range is an even nunber, and
determining that the portion of the sem conductor die
positioned i mredi at el y above t he sucti oni ng openi ng opened by
sliding the cap is unseparated fromthe front surface of the
di ci ng sheet when the nunber of tines is an odd nunber, the
derivative signal being obtained by derivation of a signal of
t he anmount of suctioned air flow detected by the flowrate
sensor; and

asecondretry step of separating, whenthe portion
of the sem conductor die is determ ned to be unseparated from
the front surface of the dicing sheet inthe second separation
determi nation step, the portion of the sem conductor die from
the front surface of the dicing sheet by switchingthe pressure
of the suctioning opening fromthe first pressuretothe second
pressure wi t hout causing the capto slide, and agai n switching
t he pressure of the suctioni ng openi ng fromthe second pressure

to the first pressure.

15. The sem conduct or di e pick-up nethod according to

claim 13, wherein
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t he sheet di spl acenent detection sensor uses, as a light
source, light of a wavel ength whose [ight transm ssion rate

through the dicing sheet is in a range from0%to 30%

16. The sem conduct or di e pick-up nethod according to
claim 15, wherein

t he sheet displacenent detection sensor enploys a
reflection-typeoptical fiber usinganLEDof ashort wavel ength

fromO nmto 300 nmas a |light source.
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