stage and the outer circumference surface of the
stepped-surface forming mechanism is separated from the
semiconductor die ehip-by switching the suction pressure from
the third pressure to the fourth pressure and the opening
pressure from the first pressure to the second pressure, and
thereafter switching the opening pressure from the second
pressure to the first pressure after a predetermined time
elapses after the suction pressure is again switched from the
fourth pressure to the third pressure. It is also preferable
that the semiconductor die pick-up apparatus according to the
present invention is configured such that the sheet
displacement detection sensor uses, as a light source, light
of a wavelength whose light transmission rate through the dicing
sheet is in a range from 0% to 30%, or that the sheet displacement
detection sensor employs a reflection~-type optical fiber using
an LED of a short wavelength from O nmto 300 nmas a 1light source.
[0016]

It is preferable that the semiconductor die pick-up
apparatus according to the present invention is configured such
that the stepped-surface forming mechanismincludes: a columnar
moving element that is disposed in a center; a plurality of
annular moving elements arranged around the columnar moving
element in a telescopical manner; and a slider movable in a
direction along the suction surface within the opening of the

stage, each of the annular moving elements includes an inclined



elements disposed in an opening provided in the suction surface
of the stage, the moving elements being movable between a first
position and a second position, the first position being a
position at which tip end surfaces of the moving elements are
higher than the suction surface, the second position being a
position at which the tip end surfaces of the moving elements
are lower than the first position; an opening pressure switch
mechanism configured to switch an opening pressure of the
opening between a first pressure that is near vacuum and a second
pressure that is near an atmospheric pressure; and a suction
pressure switch mechanism configured to switch a suction
pressure of the suction surface between a third pressure that
is near vacuum and a fourth pressure that is near the atmospheric
pressure; a positioning step of, assuming that a tip end surface
of each of the moving elements of the stepped-surface forming
mechanism is at the first position, moving the stage in a
direction along the suction surface so that the semiconductor
die to be picked up comes immediately above the stepped surface
of the stepped-surface forming mechanism; a first-separation
step of separating the dicing sheet between the inner surface
of the opening of the stage and the outer circumference surface
of the stepped-surface forming mechanism from the semiconductor
die ehip-by switching the opening pressure from the second pressure
to the first pressure after a predetermined time elapses after

the suction pressure is switched from the fourth pressure to

12



position at which tip end surfaces of the moving elements are
higher than the suction surface, the second position being a
position at which the tip end surfaces of the moving elements
are lower than the first position; an opening pressure switch
mechanism configured to switch an opening pressure of the

opening between a first pressure that is near vacuum and a second
pressure that is near an atmospheric pressure; and a suction
pressure switch mechanism configured to switch a suction

pressure of the suction surface between a third pressure that
is near vacuum and a fourth pressure that is near the atmospheric
pressure; a positioning step of, assuming that a tip end surface
of each of the moving elements of the stepped-surface forming
mechanism is at the first position, moving the stage in a

direction along the suction surface so that the semiconductor
die to be picked up comes immediately above the stepped surface
of the stepped-surface forming mechanism; a first-separation
step of separating the dicing sheet between the inner surface
of the opening of the stage and the outer circumference surface
of the stepped-surface forming mechanism from the semiconductor
die ekip-by switching the opening pressure from the second pressure
to the first pressure after a predetermined time elapses after
the suction pressure is switched from the fourth pressure to the
third pressure; and a third-separation step of separating a

portion of the semiconductor die from the surface of the dicing

sheet by moving at least one of the moving elements from the
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pressure after a predetermined time elapses after the suction
pressure 1s switched from the fourth pressure to the third
pressure, that the dicing sheet between the inner surface of
the opening of the stage and the outer circumference surface
of the stepped-surface forming mechanism is separated from the
semiconductor die ehip—1f the sheet displacement detected by
the sheet displacement detection sensor exceeds a predetermined
threshold value, and that the dicing sheet between the inner
surface of the opening of the stage and the outer circumference
surface of the stepped-surface forming mechanism is unseparated
from the semiconductor die ehip if the sheet displacement
detected by the sheet displacement detection sensor is the
predetermined threshold value or smaller; anda first retry step
of separating the dicing sheet between the inner surface of the
opening of the stage and the outer circumference surface of the
stepped-surface forming mechanism from the semiconductor die
ekip, when the dicing sheet between the inner surface of the
opening of the stage and the outer circumference surface of the
stepped-surface forming mechanism is determined to be
unseparated from the semiconductor die ehip—in the first
determination step, by switching the suction pressure from the
third pressure to the fourth pressure and the opening pressure
from the first pressure to the second pressure, and thereafter
switching the opening pressure from the second pressure to the

first pressure after a predetermined time elapses after the
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CLAIMS

semiconductor die to be picked up is applied;

a stepped-surface forming mechanism coyfigured to form
a stepped surface for the suction suxface, e stepped-surface
forming mechanism having a plurality oy moving elements
disposed in an opening provided in thf suction surface of the
stage, the moving elements being povable between a first
position and a second position,/the first position being a
position at which tip end surfaces of the moving elements are
higher than the suction sufface, the second position being a
position at which the tif end surfaces of the moving elements
are lower than the fjst position; and

an opening prgssure switch mechanismconfigured to switch
an opening pressyre of the opening between a first pressure that

is near vacuurnyand a second pressure that is near an atmospheric
pressure,
n the semiconductor die is picked up, at least one of
the mfving elements 1s moved from the first position to the
segbnd position every time the opening pressure is switched from

he first pressure to the second pressure.
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2. The semiconductor die pick—up apparatus according to

claim 1, comprising:

a suction pressure switch mechanism configured to syitch
a suction pressure of the suction surface between a fhird
pressure that is near vacuum and a fourth pressure thfat is near
the atmospheric pressure, wherein

when the semiconductor die is picked uy, the opening
pressure is switched in a state in which th# suction pressure

is switched from the fourth pressure tgfthe third pressure.

3. The semiconductor die piclf~up apparatus according to
claim 2, wherein

when the semiconductor flie is picked up, the opening
pressure is switched while £he suction pressure is maintained

at the third pressure.

4. The semicgnductor die pick-up apparatus according to
claim 1, wherei

the opefing pressure switch mechanism switches the
opening pr¢fssure for a plurality of times between the first
pressure/and the second pressure, before any of the moving

elemeyfts i1s first moved from the first position to the second

tion.
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5. The semiconductor die pick-up apparatus according tg
claim 2, wherein

when the semiconductor die is picked up, at least e of
the moving elements is moved from the first positiopf to the
second position every time the suction pressure is swftched from
the third pressure to the fourth pressure and e opening
pressure is switched from the first pressureg/ to the second
pressure after the opening pressure is switghied from the second
pressure to the first pressure in a stat¢/ in which the suction
pressure is switched from the fourth/pressure to the third
pressure.

6. The semiconductor djf pick-up apparatus according to
claim 1, comprising:

a separation detecplonmeans configured to detect whether
or not a portion of tfhe semiconductor die facing against any
of the tip end surffces of the moving elements that has moved
fromthe first pofition to the second position is separated from
the front surface of the dicing sheet, wherein

when fhe separation detection means has detected that the
portion Z£f the semiconductor die is unseparated from the dicing
sheet/ the opening pressure is switched from the first pressure

to fhe second pressure without moving the moving elements from

he first position to the second position, and then again the
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opening pressure i1s switched from the second pressure to the

first pressure.

7. The semiconductor die pick~up apparatus accofding to

claim 6, comprising:

a collet configured to suction a semiconglictor die;
a suctioning mechanism connected to t collet, and
configured to suction air from a surface Zf the collet; and
a flow rate sensor configured to d¢ftect an amount of air
flow suctioned by the suctioning mecfanism, wherein

the separation detection meghs determines that
separation is successful when number of times that a
derivative signal changes ovey/ a predetermined threshold range

is an even number, and detfrmines that the separation is

unsuccessful when the nfmber of times is an odd number, the
derivative signal beifig obtained by derivation of a signal of
the amount of suctfoned air flow detected by the flow rate

Sensor.

e semiconductor die pick~up apparatus according to
claim 1,/ comprising:

a sheet displacement detection sensor configured to
deffect displacement of the dicing sheet between an inner surface

f the opening of the stage and an outer circumference surface

of the stepped-surface forming mechanism, the displacement
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being in an approaching and departing direction with respec
to the suction surface, wherein

if the sheet displacement detected by the sheet
displacement detection sensor is a predetermined thyeshold
value or smaller when the opening pressure is switchfd from the
second pressure to the first pressure after a predgftermined time
elapses after the suction pressure is switcheg from the fourth
pressure to the third pressure, the dicing/ sheet between the
inner surface of the opening of the styge and the outer
circumference surface of the stepped-ghirface forming mechanism
is separated from the semiconductgr chip by switching the
suction pressure from the third gfessure to the fourth pressure
and the opening pressure from/the first pressure to the second
pressure, and thereafter itching the opening pressure from
the second pressure to the first pressure after a predetermined
time elapses after th¢ suction pressure is again switched from
the fourth pressu to the third pressure.

9. Thefsemiconductor die pick-up apparatus according to
claim 8, wherein
sheet displacement detection sensor uses, as a light

light of a wavelength whose light transmission rate

thyough the dicing sheet is in a range from 0% to 30%.
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10. The semiconductor die pick-up apparatus according
to claim 9, wherein
the sheet displacement detection sensor employs
reflection-type optical fiber using an LED of a short wavyglength
from 0 nm to 300 nm as a light source.
11. The semiconductor die pick-up appagfatus according
to claim 1, wherein
the stepped-surface forming mechaflism includes:
a columnar moving elementy/ that is disposed in a
center;
a plurality of annu)ar moving elements arranged
around the columnar moving elfment in a telescopical manner;
and
a slider movAble in a direction along the suction
surface within the opfning of the stage,
each of the ayhular moving elements includes an inclined
surface that is/in contact with the slider, and with which
corresponding/one of the annular moving elements moves between
the first psition and the second position based on movement
of the ider, and
the inclined surface of one of the annular moving elements
onAn outer circumference side and a different inclined surface

f a different one of the annular moving elements on an inner

circumference side are arranged in a displaced manner in a
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moving direction of the slider so that when the slider moves,

a tip end surface of the annular moving element on the oufer

12. The semiconductor die pick-up appgratus according
to claim 11, wherein
the columnar moving element includgs an inclined surface
that is in contact with the slider, ang/with which the columnar
moving element moves between the fifst position and the second
position, and the inclined surfgle is disposed in a displaced
manner in the moving directigh of the slider so that when the
slider moves, the tip end syfface of the annular moving element
on the inner circumfererfe side moves from the first position
to the second positio efore a tip end surface of the columnar
moving element movgs.
13. semiconductor die pick-~up apparatus according
to claim 1/ wherein
stepped-surface forming mechanism includes:
a slider movable in a direction along the suction
ace within the opening of the stage,

aplurality of plated moving elements arranged side

by side in a moving direction of the slider,
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each of the plated moving elements includes an inclined
surface that is in contact with the slider, and with whi
corresponding one of the plated moving elements moves befween
the first position and the second position based on
of the slider, and

the inclined surfaces of the plated moving/elements are
arranged in a displaced manner in the moving girection of the
slider so that the corresponding plated mgving elements
sequentiallymove fromthe first positionfo the second position
along the moving direction of the s

14. A semiconductor die pick-up method comprising:
a step of preparing a serpfconductor die pick-up apparatus
including: a stage having suction surface for suctioning a
back surface of a dicing/ sheet with a front surface to which
a semiconductor die be picked up is applied; a
stepped-surface foyming mechanism configured to form a stepped
surface for the Auction surface, the stepped-surface forming
mechanism hav/ng a plurality of moving elements disposed in an
opening profided in the suction surface of the stage, the moving
elementy/ being movable between a first position and a second
positfon, the first position being a position at which tip end
suyfaces of the moving elements are higher than the suction

urface, the second position being a position at which the tip

end surfaces of the moving elements are lower than the first
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position; an opening pressure switch mechanism configured tg
switch an opening pressure of the opening between a firs
pressure that is near vacuum and a second pressure that i near
an atmospheric pressure; and a suction pressure swijych

mechanismconfigured to switch a suction pressure of fhe suction
surface between a third pressure that is near vacuym and a fourth
pressure that is near the atmospheric press

a positioning step of, assuming thay/a tip end surface
of each of the moving elements of the stgfpped-surface forming
mechanism is at the first position, fioving the stage in a
direction along the suction surfacg so that the semiconductor
die to be picked up comes immediafely above the stepped surface
of the stepped-surface formifg mechanism;

a first-separation sfep of separating the dicing sheet
between the inner surfa of the opening of the stage and the
outer circumference rface of the stepped-surface fdrming
mechanism from the femiconductor chip by switching the opening
pressure from t second pressure to the first pressure after
a predeterminfkd time elapses after the suction pressure is
switched fyom the fourth pressure to the third pressure; and
econd-separation step of separating a portion of the
semichnductor die from the surface of the dicing sheet by moving
east one of the moving elements from the first position to

he second position every time the opening pressure is switched

from the first pressure to the second pressure in a state in
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which the suction pressure is maintained at the third pressure,
the portion of the semiconductor die facing against the tip efAd

surface of the at least one moving element.

15. A semiconductor die pick-up method com

a step of preparing a semiconductor die pickfup apparatus
including: a stage having a suction surface r suctioning a
back surface of a dicing sheet with a fronf surface to which
a semiconductor die to be picked up is Applied; a
stepped-surface forming mechanism configured to form a stepped
surface for the suction surface, tjfe stepped-surface forming
mechanism having a plurality of pbving elements disposed in an
opening provided in the suctioysurface of the stage, the moving
elements being movable betyfeen a first position and a second
position, the first posifion being a position at which tip end
surfaces of the movi elements are higher than the suction
surface, the secong/position being a position at which the tip
end surfaces of £he moving elements are lower than the first
position; an gpening pressure switch mechanism configured to
switch an gpening pressure of the opening between a first
pressureg/that is near vacuum and a second pressure that is near
an atpiospheric pressure; and a suction pressure switch
anism configured to switch a suction pressure of the suction

urface between a third pressure that is near vacuum and a fourth

pressure that is near the atmospheric pressure;
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a positioning step of, assuming that a tip end surface
of each of the moving elements of the stepped-surface formjhg
mechanism is at the first position, moving the stage
direction along the suction surface so that the semicgnductor
die to be picked up comes immediately above the stepfed surface
of the stepped-surface forming mechanism;

a first-separation step of separating e dicing sheet
between the inner surface of the opening of the stage and the
outer circumference surface of the stepped-surface forming
mechanism from the semiconductor chipby switching the opening
pressure from the second pressure Yo the first pressure after
a predetermined time elapses affer the suction pressure is
switched from the fourth preghfure to the third pressure; and

a third-separation sfep of separating a portion of the
semiconductor die from t surface of the dicing sheet by moving
at least one of the mgfing elements from the first position to
the second pesitionfevery time the suction pressure is switched
from the third ppessure to the fourth pressure and the opening
pressure is sfitched from the first pressure to the second
pressure affer the opening pressure is switched from the second
pressurefto the first pressure in a state in which the suction
pressyfre is switched from the fourth pressure to the third

sure, the portion of the semiconductor die facing against

e tip end surface of the at least one moving element.
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16. The semiconductor die pick-up method according to
claim 14 or 15, wherein
the semiconductor die pick-up apparatus includes a eet
displacement detection sensor configured to detect
displacement of the dicing sheet between an inner furface of
the opening of the stage and an outer circumferepfe surface of
the stepped-surface forming mechanism, the digplacement being
in an approaching and departing direction th respect to the
suction surface, and
the first separation step inclydes:
a first separation detfrmination step of

determining when the opening prfssure is switched from the
second pressure to the first prfssure after a predetermined time
elapses after the suction pfessure is switched from the fourth
pressure to the third prfssure, that the dicing sheet between
the inner surface of Ahe opening of the stage and the outer
circumference surfgle of the stepped-surface forming mechanism
is separated fr the semiconductor chip if the sheet
displacement fletected by the sheet displacement detection
sensor excgleds a predetermined threshold value, and that the
dicing eet between the inner surface of the opening of the
stage/and the outer circumference surface of the

stePped-surface forming mechanism is unseparated from the

emiconductor chip if the sheet displacement detected by the
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sheet displacement detection sensor is the predetermined
threshold value or smaller; and
a first retry step of separating the dicing fheet
between the innexr surface of the opening of the stagefand the
outer circumference surface of the stepped-surfa forming
mechanism from the semiconductor chip, when the/dicing sheet
between the inner surface of the opening of e stage and the
outer circumference surface of the steppefi-~surface forming
mechanism is determined to be unseparayed from the
semiconductor chip in the first detefmination step, by
switching the suction pressure frop the third pressure to the
fourth pressure and the opening pyessure fromthe first pressure
to the second pressure, and ereafter switching the opening
pressure from the second pyessure to the first pressure after
a predetermined time elagpses after the suction pressure is again
switched from the foyrth pressure to the third pressure.
17. The miconductor die pick-up method according to
claim 14, whegkein
the Zemiconductor die pick-up apparatus includes: a
nfigured to suction a semiconductor die; a suctioning
ism connected to the collet, and configured to suction
from a surface of the collet; and a flow rate sensor

onfigured to detect an amount of air flow suctioned by the

suctioning mechanism, and
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the second-separation step includes:

a second separation determination step of
determining that the portion of the semiconductor die ficing
against the tip end surface of the moving element that hfs moved
fromthe first position to the second position is sepgfrated from
the front surface of the dicing sheet when a nupber of times
that a derivative signal changes over a predetepmined threshold
range is an even number, and determining thlat the portion of
the semiconductor die is unseparated froyf the front surface of
the dicing sheet when the number of tigfes is an odd number, the
derivative signal being obtained by derivation of a signal of
the amount of suctioned air flof detected by the flow rate
sensor; and

a second retry/step of separating the portion of
the semiconductor die frof the front surface of the dicing sheet,
when the portion of t)fe semiconductor die is determined to be
unseparated from tife front surface of the dicing sheet in the
second separatigfl determination step, by switching the opening
pressure fromfLhe first pressure to the second pressure without
moving the floving element from the first position to the second

positio and again switching the opening pressure from the

pressure to the first pressure.

18. The semiconductor die pick-up method according to

claim 15, wherein
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the semiconductor die pick-up apparatus includes: a
collet configured to suction a semiconductor die; a suctioniyng
mechanism connected to the collet, and configured to s
air from a surface of the collet; and a flow rate sgnsor
configured to detect an amount of air flow suctighed by the
suctioning mechanism, and

the third-separation step includes:

a third separation determinatyon step of
determining that the portion of the semfconductor die facing
against the tip end surface of the movifig element that has moved
from the first position to the seconf position is separated from
the front surface of the dicing/sheet when a number of times
that a derivative signal changgs over a predetermined threshold
range is an even number, afd determining that the portion of
the semiconductor die isfunseparated from the front surface of
the dicing sheet when £he number of times is an odd number, the
derivative signal Peing obtained by derivation of a signal of
the amount of sylctioned air flow detected by the flow rate

sensor; and

a third retry step of separating the portion of the

hird separation determination step, by switching the suction

pressure from the third pressure to the fourth pressure and the

120



opening pressure from the first pressure to the second pressur
without moving the moving element from the first position/to
the second position, and again switching the suction prehsure
from the fourth pressure to the third pressure and the¢/opening

pressure from the second pressure to the first pyessure.

19. The semiconductor die pick-up met}fod according to

claim 16, wherein
the sheet displacement detection s€nsor uses, as a light
source, light of a wavelength whose/iight transmission rate

through the dicing sheet is in a fange from 0% to 30%.
20. The semiconductor/die pick-up method according to
claim 19, wherein

the sheet displagbment detection sensor employs a

reflection-type optigal fiber using an LED of a short wavelength

from 0 nm to 300 as a light source.

semiconductor die pick-up method according to

15, wherein

ssure and the second pressure, before any of the moving
elements 1s first moved from the first position to the second

position.
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CLAIMS

1. A semiconductor die pick-up apparatus comprising:

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

a stepped-surface forming mechanism configured to form
a stepped surface for the suction surface, the stepped-surface
forming mechanism having a plurality of moving elements
disposed in an opening provided in the suction surface of the
stage, the moving elements being movable between a first
position and a second position, the first position being a
position at which tip end surfaces of the moving elements are
higher than the suction surface, the second position being a
position at which the tip end surfaces of the moving elements
are lower than the first position; and

an opening pressure switch mechanism configured to switch
an opening pressure of the opening between a first pressure that
is near vacuum and a second pressure that is near an atmospheric
pressure, wherein

when the semiconductor die is picked up, at least one of
the moving elements is moved from the first position to the
second position every time the opening pressure is switched from

the first pressure to the second pressure.
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2. The semiconductor die pick-up apparatus according to
claim 1, comprising:

a suction pressure switch mechanism configured to switch
a suction pressure of the suction surface between a third
pressure that is near vacuum and a fourth pressure that is near
the atmospheric pressure, wherein

when the semiconductor die is picked up, the opening
pressure is switched in a state in which the suction pressure

is switched from the fourth pressure to the third pressure.

3. The semiconductor die pick~up apparatus according to
claim 2, wherein

when the semiconductor die 1s picked up, the opening
pressure is switched while the suction pressure is maintained

at the third pressure.

4. The semiconductor die pick~up apparatus according to
claim 1, wherein

the opening pressure switch mechanism switches the
opening pressure for a plurality of times between the first
pressure and the second pressure, before any of the moving
elements is first moved from the first position to the second

position.
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5. The semiconductor die pick-up apparatus according to
claim 2, wherein

when the semiconductor die is picked up, at least one of
the moving elements is moved from the first position to the
second position every time the suction pressure is switched from
the third pressure to the fourth pressure and the opening
pressure is switched from the first pressure to the second
pressure after the opening pressure is switched from the second
pressure to the first pressure in a state in which the suction
pressure is switched from the fourth pressure to the third

pressure.

6. The semiconductor die pick-~up apparatus according to
claim 1, comprising:

a separation detectionmeans configured to detect whether
or not a portion of the semiconductor die facing against any
of the tip end surfaces of the moving elements that has moved
from the first position to the second position is separated from
the front surface of the dicing sheet, wherein

when the separation detection means has detected that the
portion of the semiconductor die is unseparated from the dicing
sheet, the opening pressure is switched from the first pressure
to the second pressure without moving the moving elements from

the first position to the second position, and then again the
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opening pressure is switched from the second pressure to the

first pressure.

7. The semiconductor die pick-up apparatus according to
claim 6, comprising:

a collet configured to suction a semiconductor die;

a suctioning mechanism connected to the collet, and
configured to suction air from a surface of the collet; and

a flow rate sensor configured to detect an amount of air
flow suctioned by the suctioning mechanism, wherein

the separation detection means determines that
separation is successful when a number of times that a
derivative signal changes over a predetermined threshold range
is an even number, and determines that the separation is
unsuccessful when the number of times is an odd number, the
derivative signal being cobtained by derivation of a signal of
the amount of suctioned air flow detected by the flow rate

sSensor.

8. The semiconductor die pick-up apparatus according to
claim 1, comprising:

a sheet displacement detection sensor configured to
detect displacement of the dicing sheet between an inner surface
of the opening of the stage and an outer circumference surface

of the stepped-surface forming mechanism, the displacement
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being in an approaching and departing direction with respect
to the suction surface, wherein

if the sheet displacement detected by the sheet
displacement detection sensor is a predetermined threshold
value or smaller when the opening pressure is switched from the
second pressure to the first pressure after a predetermined time
elapses after the suction pressure is switched from the fourth
pressure to the third pressure, the dicing sheet between the
inner surface of the opening of the stage and the outer
circumference surface of the stepped-surface forming mechanism
is separated from the semiconductor die by switching the suction
pressure from the third pressure to the fourth pressure and the
opening pressure fromthe first pressure to the second pressure,
and thereafter switching the opening pressure from the second
pressure to the first pressure after a predetermined time
elapses after the suction pressure is again switched from the

fourth pressure to the third pressure.

9. The semiconductor die pick-up apparatus according to
claim 8, wherein

the sheet displacement detection sensor uses, as a light
source, light of a wavelength whose light transmission rate

through the dicing sheet is in a range from 0% to 30%.
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10. The semiconductor die pick-up apparatus according
to claim 9, wherein

the sheet displacement detection sensor employs a
reflection-type optical fiber using an LED of a short wavelength

from 0 nm to 300 nm as a light source.

11. The semiconductor die pick-up apparatus according
to claim 1, wherein
the stepped-surface forming mechanism includes:

a columnar moving element that is disposed in a
center;

a plurality of annular moving elements arranged
around the columnar moving element in a telescopical manner;
and

a slider movable in a direction along the suction
surface within the opening of the stage,

each of the annular moving elements includes an inclined
surface that is in contact with the slider, and with which
corresponding one of the annular moving elements moves between
the first position and the second position based on movement
of the slider, and

the inclined surface of one of the annular moving elements
on an outer circumference side and a different inclined surface
of a different one of the annular moving elements on an inner

circumference side are arranged in a displaced manner in a
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moving direction of the slider sc that when the slider moves,
a tip end surface of the annular moving element on the outer
circumference side moves from the first position to the second
position before a tip end surface of the different annular

moving element on the inner circumference sided moves.

12. The semiconductor die pick-up apparatus according
to claim 11, wherein

the columnar moving element includes an inclined surface
that is in contact with the slider, and with which the columnar
moving element moves between the first position and the second
position, and the inclined surface is disposed in a displaced
manner in the moving direction of the slider so that when the
slider moves, the tip end surface of the annular moving element
on the inner circumference side moves from the first position
to the second position before a tip end surface of the columnar

moving element moves.

13. The semiconductor die pick-up apparatus according
to claim 1, wherein
the stepped-surface forming mechanism includes:
a slider movable 1in a direction along the suction
surface within the opening of the stage,
aplurality of platedmoving elements arranged side

by side in a moving direction of the slider,
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each of the plated moving elements includes an inclined
surface that 1is in contact with the slider, and with which
corresponding one of the plated moving elements moves between
the first position and the second position based on movement
of the slider, and

the inclined surfaces of the plated moving elements are
arranged in a displaced manner in the moving direction of the
slider so that the corresponding plated moving elements
sequentially move fromthe first position to the second position

along the moving direction of the slider.

14. A semiconductor die pick-up method comprising:

a step of preparing a semiconductor die pick-up apparatus
including: a stage having a suction surface for suctioning a
back surface of a dicing sheet with a front surface to which
a semiconductor die to be picked up is applied; a
stepped-surface forming mechanism configured to form a stepped
surface for the suction surface, the stepped-surface forming
mechanism having a plurality of moving elements disposed in an
opening provided in the suction surface of the stage, the moving
elements being movable between a first position and a second
position, the first position being a position at which tip end
surfaces of the moving elements are higher than the suction
surface, the second position being a position at which the tip

end surfaces of the moving elements are lower than the first
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position; an opening pressure switch mechanism configured to
switch an opening pressure of the opening between a first
pressure that is near vacuum and a second pressure that is near
an atmospheric pressure; and a suction pressure switch
mechanism configured to switch a suction pressure of the suction
surface between a third pressure that is near vacuum and a fourth
pressure that is near the atmospheric pressure;

a positioning step of, assuming that a tip end surface
of each of the moving elements of the stepped-surface forming
mechanism is at the first position, moving the stage in a
direction along the suction surface so that the semiconductor
die to be picked up comes immediately above the stepped surface
of the stepped-surface forming mechanism;

a first-separation step of separating the dicing sheet
between the inner surface of the opening of the stage and the
outer circumference surface of the stepped-surface forming
mechanism from the semiconductor die by switching the opening
pressure from the second pressure to the first pressure after
a predetermined time elapses after the suction pressure is
switched from the fourth pressure to the third pressure; and

a second-separation step of separating a portion of the
semiconductor die from the surface of the dicing sheet by moving
at least one of the moving elements from the first position to
the second position every time the opening pressure is switched

from the first pressure to the second pressure in a state in

114



which the suction pressure is maintained at the third pressure,
the portion of the semiconductor die facing against the tip end

surface of the at least one moving element.

15. A semiconductor die pick-up method comprising:

a step of preparing a semiconductor die pick-up apparatus
including: a stage having a suction surface for suctioning a
back surface of a dicing sheet with a front surface to which
a semiconductor die to be picked up is applied; a
stepped-surface forming mechanism configured to form a stepped
surface for the suction surface, the stepped-surface forming
mechanism having a plurality of moving elements disposed in an
opening provided in the suction surface of the stage, the moving
elements being movable between a first position and a second
position, the first position being a position at which tip end
surfaces of the moving elements are higher than the suction
surface, the second position being a position at which the tip
end surfaces of the moving elements are lower than the first
position; an opening pressure switch mechanism configured to
switch an opening pressure of the opening between a first
pressure that is near vacuum and a second pressure that is near
an atmospheric pressure; and a suction pressure switch
mechanism configured to switch a suction pressure of the suction
surface between a third pressure that is near vacuum and a fourth

pressure that is near the atmospheric pressure;
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a positioning step of, assuming that a tip end surface
of each of the moving elements of the stepped-surface forming
mechanism is at the first position, moving the stage in a
direction along the suction surface so that the semiconductor
die to be picked up comes immediately above the stepped surface
of the stepped-surface forming mechanism;

a first-separation step of separating the dicing sheet
between the inner surface of the opening of the stage and the
outer circumference surface of the stepped-surface forming
mechanism from the semiconductor die by switching the opening
pressure from the second pressure to the first pressure after
a predetermined time elapses after the suction pressure 1is
switched from the fourth pressure to the third pressure; and

a third-separation step of separating a portion of the
semiconductor die from the surface of the dicing sheet by moving
at least one of the moving elements from the first position to
the second position every time the suction pressure is switched
from the third pressure to the fourth pressure and the opening
pressure is switched from the first pressure to the second
pressure after the opening pressure is switched from the second
pressure to the first pressure in a state in which the suction
pressure is switched from the fourth pressure to the third
pressure, the portion of the semiconductor die facing against

the tip end surface of the at least one moving element.
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16. The semiconductor die pick-up method according to
claim 14 or 15, wherein

the semiconductor die pick-up apparatus includes a sheet
displacement detection sensor configured to detect
displacement of the dicing sheet between an inner surface of
the opening of the stage and an outer circumference surface of
the stepped-surface forming mechanism, the displacement being
in an approaching and departing direction with respect to the
suction surface, and

the first separation step includes:

a first separation determination step of
determining when the opening pressure is switched from the
second pressure to the first pressure after a predetermined time
elapses after the suction pressure is switched from the fourth
pressure to the third pressure, that the dicing sheet between
the inner surface of the opening of the stage and the outer
circumference surface of the stepped-surface forming mechanism
is separated from the semiconductor die if the sheet
displacement detected by the sheet displacement detection
sensor exceeds a predetermined threshold value, and that the
dicing sheet between the inner surface of the opening of the
stage and the outer circumference surface of the
stepped-surface forming mechanism is unseparated from the

semiconductor die if the sheet displacement detected by the
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sheet displacement detection sensor is the predetermined
threshold value or smaller; and

a first retry step of separating the dicing sheet
between the inner surface of the opening of the stage and the
outer circumference surface of the stepped-surface forming
mechanism from the semiconductor die, when the dicing sheet
between the inner surface of the opening of the stage and the
outer circumference surface of the stepped-surface forming
mechanism is determined to be unseparated from the
semiconductor die in the first determination step, by switching
the suction pressure from the third pressure to the fourth
pressure and the opening pressure from the first pressure to
the second pressure, and thereafter switching the opening
pressure from the second pressure to the first pressure after
a predetermined time elapses after the suction pressure is again

switched from the fourth pressure to the third pressure.

17. The semiconductor die pick-up method according to
claim 14, wherein

the semiconductor die pick-up apparatus includes: a
collet configured to suction a semiconductor die; a suctioning
mechanism connected to the collet, and configured to suction
air from a surface of the collet; and a flow rate sensor
configured to detect an amount of air flow suctioned by the

suctioning mechanism, and
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the second-separation step includes:

a second separation determination step of
determining that the portion of the semiconductor die facing
against the tip end surface of the moving element that has moved
from the first position to the second position is separated from
the front surface of the dicing sheet when a number of times
that a derivative signal changes over a predetermined threshold
range is an even number, and determining that the portion of
the semiconductor die is unseparated from the front surface of
the dicing sheet when the number of times is an odd number, the
derivative signal being obtained by derivation of a signal of
the amount of suctioned air flow detected by the flow rate
sensor; and

a second retry step of separating the portion of
the semiconductor die from the front surface of the dicing sheet,
when the portion of the semiconductor die is determined to be
unseparated from the front surface of the dicing sheet in the
second separation determination step, by switching the opening
pressure from the first pressure to the second pressure without
moving the moving element from the first position to the second
position, and again switching the opening pressure from the

second pressure to the first pressure.

18. The semiconductor die pick-up method according to

claim 15, wherein
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the semiconductor die pick-up apparatus includes: a
collet configured to suction a semiconductor die; a suctioning
mechanism connected to the collet, and configured to suction
air from a surface of the collet; and a flow rate sensor
configured to detect an amount of air flow suctioned by the
suctioning mechanism, and

the third-separation step includes:

a third separation determination step of
determining that the portion of the semiconductor die facing
against the tip end surface of the moving element that has moved
from the first position to the second position is separated from
the front surface of the dicing sheet when a number of times
that a derivative signal changes over a predetermined threshold
range is an even number, and determining that the portion of
the semiconductor die is unseparated from the front surface of
the dicing sheet when the number of times is an odd number, the
derivative signal being obtained by derivation of a signal of
the amount of suctioned air flow detected by the flow rate
sensor; and

a third retry step of separating the portion of the
semiconductor die from the front surface of the dicing sheet,
when the portion of the semiconductor die is determined to be
unseparated from the front surface of the dicing sheet in the
third separation determination step, by switching the suction

pressure from the third pressure to the fourth pressure and the
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opening pressure from the first pressure to the second pressure
without moving the moving element from the first position to
the second position, and again switching the suction pressure
from the fourth pressure to the third pressure and the opening

pressure from the second pressure to the first pressure.

19. The semiconductor die pick-up method according to
claim 16, wherein

the sheet displacement detection sensor uses, as a 1light
source, light of a wavelength whose light transmission rate

through the dicing sheet is in a range from 0% to 30%.

20. The semiconductor die pick-up method according to
claim 19, wherein

the sheet displacement detection sensor employs a
reflection~type cptical fiber using an LED of a short wavelength

from 0 nm to 300 nm as a light source.

21. The semiconductor die pick-up method according to
claim 14 or 15, wherein

the opening pressure switch mechanism switches the
opening pressure for a plurality of times between the first
pressure and the second pressure, before any of the moving
elements is first moved from the first position to the second

position.
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