
stage and the outer circumference surface of the 

stepped-surface forming mechanism is separated from the 

semiconductor die chip 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 0 nm to 300 nm as a light source. 

[0016] 

It is preferable that the semiconductor die pick-up 

apparatus according to the present invention is configured such 

that the stepped-surf ace 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 
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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-surf ace forming mechanism from the semiconductor 

die chip 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 



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-surf ace forming mechanism from the semiconductor 

die chip 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 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-surf ace forming mechanism is separated from the 

semiconductor die chip 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-surf ace forming mechanism is unseparated 

from the semiconductor die chip if the sheet displacement 

detected by the 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 

chip, 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 chip 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 

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 t<y which a 

semiconductor die to be picked up is applied; / 

a stepped-surf ace forming mechanism coj^igured to form 

a stepped surface for the suction surface, t/ne stepped-surf ace 

forming mechanism having a plurality oy moving elements 

disposed in an opening provided in th^s suction surface of the 

stage, the moving elements being orovable 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 fVcst position; and 

an opening pressure switch mechanism configured to switch 

an opening pressure of the opening between a first pressure that 

is near vacuun^and a second pressure that is near an atmospheric 

pressure, merein 

wtyen 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 

/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 s^.tch 

a suction pressure of the suction surface between a ithird 

pressure that is near vacuum and a fourth pressure tbrat is near 

the atmospheric pressure, wherein / 

when the semiconductor die is picked vccf, the opening 

pressure is switched in a state in which th^ suction pressure 

is switched from the fourth pressure teethe third pressure. 

3. The semiconductor die pick^-up apparatus according to 

claim 2, wherein / 

when the semiconductoryaie is picked up, the opening 

pressure is switched while /he suction pressure is maintained 

at the third pressure. / 

4 . The semiconductor die pick-up apparatus according to 

claim 1, whereinr 

the opening pressure switch mechanism switches the 

opening pressure for a plurality of times between the first 

pressur^and the second pressure, before any of the moving 

elemeonzs is first moved from the first position to the second 

poaation. 
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5. The semiconductor die pick-up apparatus according toj 

claim 2, wherein / 

when the semiconductor die is picked up, at least one of 

the moving elements is moved from the first positioar to the 

second position every time the suction pressure is svyrtched from 

the third pressure to the fourth pressure and Ime opening 

pressure is switched from the first pressur^to the second 

pressure after the opening pressure is switoned from the second 

pressure to the first pressure in a stater in which the suction 

pressure is switched from the fourtypressure to the third 

pressure. / 

6. The semiconductor dfe pick-up apparatus according to 

claim 1, comprising: / 

a separation detection means configured to detect whether 

or not a portion of tne semiconductor die facing against any 

of the tip end surfiaces 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/he separation detection means has detected that the 

portion /f. the semiconductor die is unseparated from the dicing 

sheet/the opening pressure is switched from the first pressure 

to /he 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 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 ttye collet, and 

configured to suction air from a surface jtf. the collet; and 

a flow rate sensor configured to defect an amount of air 

flow suctioned by the suctioning mechanism, wherein 

the separation detection mearis determines that 

separation is successful when ^number of times that a 

derivative signal changes ove/a predetermined threshold range 

is an even number, and derermines that the separation is 

unsuccessful when the n/mber of times is an odd number, the 

derivative signal beynq obtained by derivation of a signal of 

the amount of suctioned air flow detected by the flow rate 

sensor. 

8. X»ne semiconductor die pick-up apparatus according to 

claim 1J comprising: 

'a. sheet displacement detection sensor configured to 

detect 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 respect 

to the suction surface, wherein / 

if the sheet displacement detected by the sheet/ 

displacement detection sensor is a predetermined thy^shold 

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 switchear from the fourth 

pressure to the third pressure, the dicing sheet between the 

inner surface of the opening of the starcfe and the outer 

circumference surface of the stepped-aurface forming mechanism 

is separated from the semiconductor chip by switching the 

suction pressure from the third ocessure to the fourth pressure 

and the opening pressure frort^.he first pressure to the second 

pressure, and thereafter pitching the opening pressure from 

the second pressure to the first pressure after a predetermined 

time elapses after thsr 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 

souroe, light of a wavelength whose light transmission rate 

thorough the dicing sheet is in a range from 0% to 30%. 
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moving direction of the slider so that when the slider moves,j 

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

circumference side moves from the first position to the second 

position before a tip end surface of the different amnular 

moving element on the inner circumference sided moves. 

12. The semiconductor die pick-up app^atus according 

to claim 11, wherein 

the columnar moving element includ/s an inclined surface 

that is in contact with the slider, anorwith which the columnar 

moving element moves between the position and the second 

position, and the inclined surface is disposed in a displaced 

manner in the moving directio/ 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 positior^Defore a tip end surface of the columnar 

moving element mov/s 

13. Thar semiconductor die pick-up apparatus according 

to claim 1/wherein 

tlys stepped-surface forming mechanism includes: 

a slider movable in a direction along the suction 

surface within the opening of the stage, 

a plurality 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 whicfl 

corresponding one of the plated moving elements moves be/ween 

the first position and the second position based on rpvement 

of the slider, and / 

the inclined surfaces of the plated movinc/elements are 

arranged in a displaced manner in the moving direction of the 

slider so that the corresponding plated m^/ing elements 

sequentially move from the first positionyco the second position 

along the moving direction of the slider. 

14. A semiconductor die pn.ck-up method comprising: 

a step of preparing a semiconductor die pick-up apparatus 

including: a stage having / suction surface for suctioning a 

back surface of a dicingr sheet with a front surface to which 

a semiconductor die tiro be picked up is applied; a 

stepped-surf ace forming mechanism configured to form a stepped 

surface for theysuction surface, the stepped-surface forming 

mechanism ha^yimg a plurality of moving elements disposed in an 

opening pr^ided in the suction surface of the stage, the moving 

element^being movable between a first position and a second 

position, the first position being a position at which tip end 

suj/taces 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 ta 

switch an opening pressure of the opening between a first? 

pressure that is near vacuum and a second pressure that isrnear 

an atmospheric pressure; and a suction pressure swiirch 

mechanism configured to switch a suction pressure of /he 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 thay a tip end surface 

of each of the moving elements of the stepped-surf ace forming 

mechanism is at the first position,ymoving the stage in a 

direction along the suction surfaces so that the semiconductor 

die to be picked up comes immediately above the stepped surface 

of the stepped-surface formi/g mechanism; 

a first-separation s/ep of separating the dicing sheet 

between the inner surfaare of the opening of the stage and the 

outer circumference surface of the stepped-surface forming 

mechanism from the ̂ semiconductor chip by switching the opening 

pressure from the second pressure to the first pressure after 

a predetermined time elapses after the suction pressure is 

switched f/om the fourth pressure to the third pressure; and 

a/econd-separation step of separating a portion of the 

semiconductor die from the surface of the dicing sheet by moving 

at/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 e/d 

surface of the at least one moving element. / 

15. A semiconductor die pick-up method comprising: 

a step of preparing a semiconductor die picl^ap apparatus 

including: a stage having a suction surface fior suctioning a 

back surface of a dicing sheet with a iron/ surface to which 

a semiconductor die to be picked up is ̂ applied; a 

stepped-surf ace forming mechanism configured to form a stepped 

surface for the suction surface, ttofe stepped-surface forming 

mechanism having a plurality of moving elements disposed in an 

opening provided in the suctionr surf ace of the stage, the moving 

elements being movable betyfeen 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 secondrposition being a position at which the tip 

end surfaces of^he moving elements are lower than the first 

position; an yepening pressure switch mechanism configured to 

switch an a^pening pressure of the opening between a first 

pressurerthat is near vacuum and a second pressure that is near 

an atmospheric pressure; and a suction pressure switch 

meamanism 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 surfaca 

of each of the moving elements of the stepped-surf ace form^ig 

mechanism is at the first position, moving the stage M 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 Ime dicing sheet 

between the inner surface of the opening ox the stage and the 

outer circumference surface of the stepped-surface forming 

mechanism from the semiconductor chipyoy switching the opening 

pressure from the second pressure yo the first pressure after 

a predetermined time elapses aKer the suction pressure is 

switched from the fourth pressure to the third pressure; and 

a third-separation s/ep of separating a portion of the 

semiconductor die from tbre surface of the dicing sheet by moving 

at least one of the m^ing elements from the first position to 

the second positior^very time the suction pressure is switched 

from the third pj^ssure to the fourth pressure and the opening 

pressure is switched from the first pressure to the second 

pressure aficer the opening pressure is switched from the second 

pressur^to the first pressure in a state in which the suction 

pressunre is switched from the fourth pressure to the third 

pressure, the portion of the semiconductor die facing against 

Jme 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^ieet 

displacement detection sensor configured to detect / 

displacement of the dicing sheet between an innerysurface 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 yn_th 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 pr/ssure after a predetermined time 

elapses after the suction apessure is switched from the fourth 

pressure to the third pressure, that the dicing sheet between 

the inner surface of /:he opening of the stage and the outer 

circumference surface of the stepped-surface forming mechanism 

is separated from the semiconductor chip if the sheet 

displacement yaetected by the sheet displacement detection 

sensor excareds a predetermined threshold value, and that the 

dicing afreet between the inner surface of the opening of the 

stagehand the outer circumference surface of the 

stepped-surface forming mechanism is unseparated from the 

/semiconductor chip if the sheet displacement detected by the 
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sheet displacement detection sensor is the predetermined j 

threshold value or smaller; and / 

a first retry step of separating the dicingyBheet 

between the inner surface of the opening of the stag^and the 

outer circumference surface of the stepped-surfaoe forming 

mechanism from the semiconductor chip, when th^dicing sheet 

between the inner surface of the opening of tJne stage and the 

outer circumference surface of the stepp^fl-surface forming 

mechanism is determined to be unseparatred from the 

semiconductor chip in the first determination step, by 

switching the suction pressure from the third pressure to the 

fourth pressure and the opening pj^ssure from the first pressure 

to the second pressure, and thereafter switching the opening 

pressure from the second piressure 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, wharcein 

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 

aiV 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 second-separation step includes: 

a second separation determination step of / 

determining that the portion of the semiconductor die farcing 

against the tip end surface of the moving element that hars moved 

from the first position to the second position is sep^ated from 

the front surface of the dicing sheet when a numer of times 

that a derivative signal changes over a predetermined threshold 

range is an even number, and determining tjnat the portion of 

the semiconductor die is unseparated froor the front surface of 

the dicing sheet when the number of tinres is an odd number, the 

derivative signal being obtained by derivation of a signal of 

the amount of suctioned air flew detected by the flow rate 

sensor; and / 

a second retry^tep of separating the portion of 

the semiconductor die from the front surface of the dicing sheet, 

when the portion of thre semiconductor die is determined to be 

unseparated from thre front surface of the dicing sheet in the 

second separation determination step, by switching the opening 

pressure from^he first pressure to the second pressure without 

moving the snoving element from the first position to the second 

positio^ 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 



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 s/nsor 

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 senyrconductor die facing 

against the tip end surface of the moving element that has moved 

from the first position to the Seconal position is separated from 

the front surface of the dicing^heet when a number of times 

that a derivative signal changes over a predetermined threshold 

range is an even number, ai/.d determining that the portion of 

the semiconductor die i;^inseparated from the front surface of 

the dicing sheet when^he number of times is an odd number, the 

derivative signal j^eing obtained by derivation of a signal of 

the amount of sybtioned 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 tme portion of the semiconductor die is determined to be 

unseparated from the front surface of the dicing sheet in the 

:hird 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^o 

the second position, and again switching the suction pressure 

from the fourth pressure to the third pressure and th^opening 

pressure from the second pressure to the first ps^ssure. 

19. The semiconductor die pick-up method according to 

claim 16, wherein 

the sheet displacement detection a£nsor uses, as a light 

source, light of a wavelength whose^ight transmission rate 

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

20. The semiconductor^ie pick-up method according to 

claim 19, wherein 

the sheet displacement detection sensor employs a 

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

from 0 nm to 300 jfo as a light source. 

21. The semiconductor die pick-up method according to 

claim 14 o/r 15, wherein 

tiie opening pressure switch mechanism switches the 

openimg 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. 

121 



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 is 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 detection means 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 obtained by derivation of a signal of 

the amount of suctioned air flow detected by the flow rate 

sensor. 

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-surf ace 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 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. 

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 so 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 in a direction along the suction 

surface within the opening of the stage, 

a plurality of plated moving elements arranged side 

by side in a moving direction of the slider, 

112 



each of the plated moving elements includes an inclined 

surface that is 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 from the 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-surf ace 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 
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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-surf ace 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 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 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-surf ace 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-surf ace 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 light 

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 optical 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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